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10.0 BIOPHYSICAL SETTING
Roberts Bank, a prominent feature of the Fraser River estuary, consists of complex intertidal
and subtidal habitats that provide important feeding, roosting, and overwintering sites for
resident and migratory birds, as well as productive feeding and rearing habitat for Pacific
salmon and other fish species. The intertidal eelgrass beds of Roberts Bank provide nursery
habitat for juvenile Dungeness crabs, while adult crabs, which support commercial,
recreational and Aboriginal fisheries, inhabit shallow intertidal to deep subtidal waters.
Several species of marine mammals, including southern resident killer whales (SRKWs),
occasionally occur at Roberts Bank.
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Sections 10.1 and 10.2 provide an introduction to the terrestrial and marine ecosystems
at Roberts Bank, respectively. Along with numerous field studies completed at Roberts Bank
and surrounding areas, modelling tools were used to inform the effects assessments for the
marine biophysical VCs described in Sections 11.0 to 16.0. An overview of the approach
used to evaluate productivity for the marine ecosystem as a whole, as well as components
of the ecosystem, is provided in Section 10.3.
In the VC sections that follow in EIS Volume 3, references are made to plant and animal
species that are of conservation concern or that have been designated as at risk. Species at
risk are considered to be those indigenous species, subspecies, or ecological communities
identified as being vulnerable by federal or provincial regulators. Further information on the
federal and provincial organisations responsible for designating species at risk, as well as
the definitions for list designations and risk status and clarification as to whether or not risk
status equates to protected status, is provided in Appendix 10-A Species at Risk –
Information on Federal and Provincial Designations.
10.1

TERRESTRIAL SETTING

The Roberts Bank area is situated within the Coastal Douglas-fir Moist Maritime (CDFmm)
biogeoclimatic zone. The CDFmm zone is restricted to low elevations along the Strait of
Georgia, including areas of Richmond, Delta, and Langley. This zone has warm, dry
summers and mild, wet winters. The growing season is long and drier sites may experience
seasonal water deficits.
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Land use in the adjoining upland is primarily agricultural and urban-residential with little
remaining in the way of native vegetation. Habitat for wildlife is provided by farm fields, old
fields,

shrubland,

hedgerows,

and

ditch-like

watercourses.

Due

to

the prevalence

of agricultural land use, freshwater features are limited to channelised ditches and
remnant sloughs.
Adjacent upland terrestrial habitats, especially agricultural fields, are used by many coastal
bird species for foraging, particularly during the winter and at high tide. This proximity of
terrestrial and marine habitats allows Roberts Bank to seasonally sustain high densities of
waterfowl and shorebird species.
At-risk terrestrial plant species that have the potential to occur in the Roberts Bank area
include streambank lupine (provincially Red-listed; Endangered, SARA1 Schedule 1) and
Vancouver Island beggarticks (provincially Blue-listed; Special Concern, SARA Schedule 1).
Neither of these species has been documented in the Project area, which includes a less
than 1 ha strip of land within the British Columbia Railway Company (BCR) right-of-way that
is disturbed due to historic development and the ongoing use of infrastructure (e.g., roads,
railways). Dominant vegetation is characteristic of roadside grass swales and low
hedgerows.
Although terrestrial wildlife habitat is limited in extent and quality in areas potentially
affected by the Project (i.e., 1 ha area in BCR right-of-way and existing habitat along the
causeway), occasional use by rare species such as barn owls (provincially Blue-listed;
Special Concern, SARA Schedule 1), barn swallow (provincially Blue-listed; Threatened,
COSEWIC2), great blue herons, short-eared owls (provincially Blue-listed; Special Concern,
SARA Schedule 1), Pacific water shrew (provincially red-listed; Endangered, SARA
Schedule 1), and northern red-legged frog (provincially Blue-listed; Special Concern, SARA
Schedule 1) may occur. Passerines such as American robin, song sparrow, and whitecrowned sparrow are the most common species in these types of disturbed habitats.
10.2

MARINE SETTING

This section presents information pertaining to the marine setting of the Project. The
combination of nutritionally rich water from the Strait of Georgia and the freshwater and
sediment inputs from the Fraser River has led to the development of a productive estuarine
ecosystem that includes the subtidal marine zone, and the intertidal zone, which includes
high intertidal marsh, as described below in Sections 10.2.2 and 10.2.3, respectively.
1
2

SARA = Species at Risk Act
COSEWIC = Committee on the Status of Endangered Wildlife in Canada
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10.2.1

Strait of Georgia

Marine areas include the deep waters of the Strait of Georgia (i.e., greater than –80 m
chart datum (CD)), the subtidal zone (0 m to –80 m CD) including the delta foreslope
(-3 m to –80 m CD), and the intertidal zone (above 0 m CD).
The Strait of Georgia supports a variety of marine mammals, including seals and sea lions
(pinnipeds), toothed whales, dolphins and porpoises (odontocetes), and baleen whales
(mysticetes). The most abundant marine mammal species, harbour seal, occur in the Strait
of Georgia and the Fraser River estuary year-round, while Steller and California sea lions
arrive in the fall and depart in the spring. Harbour porpoise, the most abundant cetacean
species, is designated as a Species of Special Concern under SARA, classified as being of
Special Concern by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) and provincially Blue-listed (Table 10.2-1).
Table 10.2-1

Marine Mammal Species at Risk in the Vicinity of the Project
Scientific Name

Federal Status*

Provincial
Status

Grey whale, Eastern North
Pacific population

Eschrichtius robustus

SC SARA-1 2005
and COSEWIC
2004

Blue-listed

Harbour porpoise, Pacific
Ocean population

Phocoena phocoena

SC SARA-1 2005
and COSEWIC
2003

Blue-listed

Humpback whale, North
Pacific population

Megaptera novaeangliae

TH SARA-1 2005;
SC COSEWIC
2011

Blue-listed

Killer whale, Northeast Pacific
southern resident population
(SRKW)

Orcinus orca pop. 5

EN SARA-1 2003
and COSEWIC
2008

Red-listed

Killer whale, Northeast Pacific
transient population

Orcinus orca pop. 3

TH SARA-1 2003
and COSEWIC
2008

Red-listed

Steller sea lion

Eumetopias jubatus

SC SARA-1 2005
and COSEWIC
2013

Blue-listed

Common Name

Notes:

* SC = Special Concern; TH = Threatened; EN = Endangered under COSEWIC and SARA-1
= Species at Risk Act, Schedule 1. Dates represent year of listing under SARA-1 or
classification by COSEWIC. For definitions of list designations and risk status refer to
Appendix 10-A.
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The federal government considers SRKW populations in B.C. to be at risk due to their small
population size, low reproductive rate, and the existence of anthropogenic threats with the
potential to prevent recovery or result in further declines (DFO 2011). These threats include
environmental contamination, reductions in the availability or quality of prey, and physical
and acoustic disturbance (DFO 2011). At Roberts Bank, as in other parts of the Fraser River
estuary, habitat use by SRKW is seasonal, peaking in late summer and fall to coincide with
the return of adult Pacific salmon to the Fraser River (DFO 2011). Killer whales from the
Northeast Pacific transient population, also provincially Red-listed and designated as
Threatened

under

SARA

and

COSEWIC,

prey

on

marine

mammals

and

may

opportunistically forage at Roberts Bank and elsewhere in the Fraser River delta when these
animals are present.
The Strait of Georgia supports a diversity of fish species, including Pacific salmon, Pacific
herring, rockfish, lingcod, sand lance, and flatfish. Adult chinook salmon are of particular
importance as prey for SRKW. Fish species of conservation concern with the potential to
occur in the vicinity of the Project are listed in Table 10.2-2. Eulachon, a culturally valued
and staple food source for many coastal Aboriginal people, historically returned to the lower
Fraser River each spring to spawn in very large numbers; however, current populations are
severely reduced. Two species of sturgeon, green sturgeon and white sturgeon, are also
considered to be at risk in the vicinity of the Project. Historically abundant, these species
have been depleted and are now rare within waters of the Fraser River estuary, including at
Roberts Bank.
Table 10.2-2

Marine Fish Species at Risk in the Vicinity of the Project

Common Name

Scientific Name

Federal Status*

Provincial Status

Westslope cutthroat trout

Oncorhynchus clarkii ssp.
Clarkia

NS

Blue-listed

Eulachon

Thaleichthys pacificus

EN/TH COSEWIC
2011

Blue-listed

Green sturgeon

Acipenser medirostris

SC SARA-1 2006
and COSEWIC
2013

Red-listed

White sturgeon, Lower
Fraser River population

Acipenser transmontanus
pop. 4

TH COSEWIC 2012

Red-listed

Notes:

* NS = no status; SC = Special Concern; TH = Threatened; EN = Endangered under
COSEWIC and SARA-1 = Species at Risk Act, Schedule 1. Dates represent year of listing
under SARA-1 or classification by COSEWIC. For definitions of list designations and risk
status refer to Appendix 10-A.
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Aggregations of orange sea pens, a type of soft coral, occupy sandy bottom habitats in
subtidal areas at Roberts Bank. Sea pens are suspension feeders that eat small organic
particulate material, larvae, and other zooplankton. In turn, they are consumed by several
benthic predators, including nudibranchs and sea stars. Sea pen presence increases
habitat complexity, benefitting fish and other macroinvertebrate species, including
Dungeness crab.
Diving birds are common in the Strait of Georgia, particularly in winter. Species that occur
in the vicinity of the Project include surf scoter (provincially Blue-listed), bufflehead,
western grebe (provincially Red-listed; COSEWIC, Special Concern), scaup species, and
pelagic cormorant.
10.2.2

Intertidal Zone

On Roberts Bank, the intertidal zone (0 m CD to the high-water level) supports
macroalgae, biofilm, biomat, eelgrass beds, and intertidal marshes. These intertidal
habitats in turn support infaunal invertebrate species, including marine worms, such as
segmented polychaetes and round nematodes, and small crustaceans, such as
amphipods and copepods. Marine invertebrates play a key ecological role in the estuary
and intertidal zone, primarily as prey for numerous species of shellfish, crustaceans, fish,
and birds.
Dungeness crab, a common species at Roberts Bank, sustains commercial, recreational, and
Aboriginal fisheries, and is of cultural value to Aboriginal groups. Dungeness crabs live out
their entire life histories at Roberts Bank. Larvae and juveniles prefer complex, vegetated
habitats in the low- to mid-intertidal zone where they are often associated with eelgrass
beds, while adults typically inhabit soft-bottom substrates in deeper waters. Bivalve shellfish
such as heart cockle have traditionally been an important food source for local Aboriginal
communities. These bivalves prefer soft substrates such as sand and mud, in low intertidal
and shallow subtidal habitats. No marine invertebrate species of conservation concern have
been observed on Roberts Bank.
The Fraser River is one of the most productive Pacific salmon rivers in the world. Intertidal
habitats throughout the estuary, including Roberts Bank, are important for juvenile salmon,
primarily chum salmon and pink salmon, and other fish species. Intertidal eelgrass beds
provide habitat for fish rearing and staging, as well as refuge from predators.
Fish serve complex ecological functions in the marine environment, both contributing to and
influencing biodiversity through predator-prey and competitive interactions. The most
common fish species found in the intertidal waters of Roberts Bank are Pacific staghorn
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sculpin, starry flounder, three-spined stickleback, and chum salmon. Pacific salmon, as well
as forage fish (e.g., surf smelt, Pacific herring, sand lance) and reef fish (e.g., lingcod,
rockfish) are important to the commercial, recreational, and Aboriginal fisheries that are
carried out on Roberts Bank.
The importance of intertidal habitats to birds is widely recognised. Some species, such as
western sandpiper, are dependent upon the intertidal habitats of the Fraser River estuary,
including Roberts Bank, as one of six key stopover sites along the Pacific Flyway between
wintering areas in South America and breeding areas in Alaska. The abundant biofilm
communities on Roberts Bank provide high-nutrient food for western sandpiper and other
shorebirds during migration.
Predatory bird species that occur in the vicinity of the Project, such as peregrine falcon
(provincially Red-listed; Special Concern, SARA Schedule 1), prey on western sandpipers
during spring and fall migration and on overwintering shorebirds (e.g., dunlin). Bald eagles
are also common year-round, likely attracted by the abundance of waterfowl, an important
prey. Many other coastal birds use intertidal habitats on Roberts Bank, including several
species of shorebirds (e.g., dunlin, black-bellied plover), waterfowl (e.g., green-winged teal,
American wigeon, northern pintail, snow goose), great blue heron (provincially Blue-listed;
Special Concern, SARA Schedule 1), diving birds (e.g., surf scoter), gulls (e.g., ring-billed
gull, glaucous-winged gull), and terns (e.g., Caspian tern (provincially Blue-listed)). A large
nesting colony of herons is located on the escarpment near the east end of the B.C. Ferries
Terminal causeway.
10.2.3

High Intertidal Marsh

The high intertidal marsh is a vegetated area at or near the high-water level of the upper
intertidal zone. The high intertidal vegetated marshes at Roberts Bank support vegetation
communities that are provincially Blue- or Red-listed, as summarised in Table 10.2-3.
Marsh habitats also provide important breeding and foraging habitat for numerous bird
species, including great blue heron, snow goose, American bittern (provincially Blue-listed),
red-winged blackbird, and marsh wren. Townsend’s vole, abundant in these habitats,
represents an important prey for great blue herons and resident and wintering raptor
species, including barn owl, short-eared owl, red-tailed hawk, and northern harrier.
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Table 10.2-3

Provincially Listed Estuarine Wetland Communities Located at
Roberts Bank

Common Name

Scientific Name

Provincial Status

Tufted Hairgrass - Meadow Barley

Deschampsia cespitosa ssp. beringensis
- Hordeum brachyantherum

Red-listed

Tufted Hairgrass - Douglas' Aster

Deschampsia cespitosa ssp. beringensis
- Symphyotrichum subspicatum

Red-listed

American Glasswort - Sea-milkwort

Sarcocornia pacifica - Glaux maritima

Red-listed

Seashore Saltgrass Herbaceous
Vegetation

Distichlis spicata var. spicata
Herbaceous Vegetation

Red-listed

Lyngbye's Sedge Herbaceous
Vegetation

Carex lyngbyei Herbaceous Vegetation

Red-listed

Common Spike-rush Herbaceous
Vegetation

Eleocharis palustris Herbaceous
Vegetation

Blue-listed

Common Cattail Marsh

Typha latifolia Marsh

Blue-listed

Hard-stemmed Bulrush Deep Marsh

Schoenoplectus acutus Deep Marsh

Blue-listed

Notes:

For definitions of risk status designations refer to Appendix 10-A.

10.3

OVERVIEW OF ASSESSING ECOSYSTEM PRODUCTIVITY

Recognising the complexity of the Roberts Bank environment, PMV has adopted an
ecosystem-based approach to evaluate both direct and indirect effects as a result of the
Project’s footprint. This approach required integrating information on the interaction of
abiotic and biotic components at Roberts Bank, as well as considering wider scientific
knowledge on the functioning of ecosystems. Recent literature (e.g., Randall et al. 2013,
Bradford et al. 2014) indicates that an ecosystem-based approach that evaluates the
potential effects of the Project both at the species-level and among marine biophysical VCs
is considered to be best practice for major projects that have the potential to result in
ecosystem change.
As described in the marine vegetation, marine invertebrates, marine fish, and coastal birds
effects assessments (Sections 11.0, 12.0, 13.0, and 15.0), multiple lines of evidence
(for example habitat suitability model, shorebird opportunity model, ecosystem model, and
empirical data) were used to assess the potential effects of Project construction and
operation on these VCs. This weight of evidence informed the assessment of potential
adverse effects on these marine biophysical VCs, their sub-components, and, if applicable,
representative species or groups, as well as the assessments of marine mammals
(Section 14.0) and the ongoing productivity of commercial, recreational, and Aboriginal
fisheries (Section 16.0).
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This section provides an overview of the approach to characterise Roberts Bank ecosystem
productivity and quantify Project-related changes in biomass for marine vegetation,
invertebrates, fish, and coastal birds. Ecosystem productivity is a measure of the amount of
plant and animal biological material (or biomass) produced within an ecosystem over a
given amount of time (e.g., tonnes per year of primary production). Biomass, a measure
of productivity, is the amount of living tissue in either an individual or cumulatively across
organisms in a population or ecosystem.
Modelling is one of several tools that have been used to inform marine VC effects
assessments (Sections 11.0, 12.0, 13.0, 15.0 and 16.0). The model is not used as a tool
in the marine mammal assessment, which is informed by other IC and marine biophysical
VC effects assessments. Marine mammals are included in the ecosystem model for their
important role as top predators. The ecosystem model also assists in determining
appropriate mitigation. An overview of the framework to mitigate Project-related effects
for Roberts

Bank

species

is

provided

in

Section

17.0

Mitigation

for

Marine

Biophysical Valued Components.
Productivity of a population reflects a species’s life history strategy, and is determined by
the rates of reproduction, growth and survival, and life history characteristics of the
population, such as fecundity and age at maturity (Randall et al. 2013). For populations,
declines in habitat suitability, fishing and hunting, and other stressors can affect
reproduction, growth, and survival rates. A highly productive species has high reproductive,
growth, and mortality rates, and consequently has a high turn-over and production-tobiomass ratio (Randall et al. 2013). Therefore, the production rate describes how quickly
an organism or species grows and reproduces. Productivity measures for populations can
include vital rates, the intrinsic rate of population growth, recruitment, biomass,
production, or annual yield per unit area, as per Randall et al. 2013.
Assessing potential changes in productivity will help to determine the quantity and type of
mitigation, including offsetting that may be required under the Fisheries Act. Randall et al.
(2013) state:
For major projects, productivity-based approaches that evaluate impacts to fisheries
will

be

more

meaningful

than

habitat

measures

when

impacts

to

aquatic

environments are evaluated in the environmental assessment process along with
social, economic and other environmental effects.
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To assess potential effects of large projects that may result in ecosystem changes, the
federal Fisheries Protection Policy Statement states that detailed estimates of effects on
productivity will be required, which may involve quantitative fish population models
(DFO 2013).
10.3.1

Model Approach and Selection

Given the importance of understanding the Roberts Bank ecosystem, and in order to select
an appropriate approach to assessing productivity at Roberts Bank, PMV obtained input
through the Productive Capacity Technical Advisory Group (TAG) process, previously
described in Section 7.4 Technical Advisory Group Process (2012 to 2013). The TAG
members were charged with providing advice on the following:


Potentially appropriate method(s) for assessing productivity in the context of the
Project;



The species and habitat types to consider in evaluating productivity; and



The information needs and study priorities associated with assessing productivity.

In the context of this EIS, productivity is presented as the measure of productive capacity
(referred to throughout this volume as productivity). Roberts Bank is an open estuary
system with many species, and there are few precedents for the assessment of productivity
in such an environment at an ecosystem scale. Few productivity assessments have been
conducted in the context of environmental assessments.
Port Metro Vancouver therefore sought feedback from TAG members on the optimal
approach to determining whether the Project would result in a net gain or net loss in
productivity for the different marine biophysical VCs, sub-components, and representative
species within the VCs.
Technical advisory group members, with expertise on marine mammals, birds, fish,
invertebrates, and marine vegetation that utilise the Roberts Bank area, reviewed key
issues relevant to the evaluation of productivity, including assessment methodologies and
approaches, and the selection of focal species. Focal species are considered to be
ecologically linked to many components of the ecosystem, and their assessment provides an
indication of changes in productivity for similar species within the ecosystem.
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Key outcomes from the TAG process included the following:
1. The Ecopath with Ecosim (EwE) model was unanimously selected as the preferred
modelling method and endorsed as a conceptually sound approach to evaluating
potential changes in productivity at Roberts Bank. The EwE model can consider an
ecosystem in its entirety, including individual species and their trophic linkages, as
well as their habitat and environmental preferences. The TAG members
recommended EwE for its ability to predict and quantify Project-related changes,
including those to marine biophysical VCs, and to help identify offsetting needs.
2. The TAG members identified and recommended the inclusion of 25 focal species in
the ecosystem assessment from the following groups: marine mammals (2), birds
(6), fish (7), invertebrates (4), and marine vegetation (6). One of the reasons these
focal species were selected was because they act as indicators for how similar
species may react to changes to the ecosystem.
10.3.2

Ecosystem Model Overview

Port Metro Vancouver assessed future ecosystem productivity at Roberts Bank using the
EwE model, as recommended through the TAG process. The EwE model methodology is well
documented in the scientific literature and the model has been widely used to quantitatively
describe marine food webs, fisheries policy exploration (regulatory decisions on managing
fisheries), ecosystem-based fisheries management, and a joint B.C.–Canada environmental
assessment. The EwE model was developed at the University of British Columbia’s Fisheries
Centre, and more than 400 ecosystem models applying the software have been published.
Thirteen of these publications describe marine areas in B.C., six of which are for the Strait
of Georgia.
The Roberts Bank ecosystem (EwE) model has three main components:
1. Ecopath – the main part of the model that provides a mass-balance snapshot of the
ecosystem;
2. Ecosim – a module of the model that incorporates temporal information; and
3. Ecospace – a module of the model that incorporates spatial information.
More than 250 species use Roberts Bank for at least some stages of their life history. To
ensure the modelling effort remained both feasible and scientifically defensible, the TAG
suggested concentrating on 25 focal species for the model. In addition to identifying these
focal species, the study team also incorporated other species that use Roberts Bank into the
model in order to represent predator-prey relationships of potential importance to the
25 focal species. To reduce the complexity of the model, species with similar ecological
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characteristics were aggregated into functional groups. These functional groups were
defined for this model specifically as a life history stage (e.g., juvenile, adult) of a species; a
community (e.g., freshwater biofilm); or generally as a functional guild of species
(e.g., macrofauna) that serves the same ecosystem function. In total, the Roberts Bank
ecosystem model incorporates 58 functional groups, including focal species. A detailed list is
provided in Appendix 10-B Roberts Bank Ecopath with Ecosim and Ecospace Model
Parameter Estimates.
10.3.3

Ecosystem Model Process

The modelling process used to predict changes to productivity at Roberts Bank over space
(i.e., within the Roberts Bank study area) and over time (i.e., future conditions with the
Project compared to without the Project) is described in Section 10.3.3.1 to 10.3.3.5.
To predict future changes to productivity, the Roberts Bank ecosystem is compared with and
without the Project, by incorporating the predicted environmental conditions that may
change (i.e., salinity, depth, bottom current, wave height, and hard or soft substrate).
Other abiotic factors not included were deemed to be representative of variables that were
already included in the model (e.g., the Fraser River plume has higher turbidity and lower
salinity than the receiving waters, and are inversely related).
The model output predicts change in productivity using biomass (measured in tonnes) and
production (measured in tonnes per year). Predicted changes in biomass are changes in the
productive potential of the ecosystem, and not actual increases or decreases. For example,
the model output of –1.6t of biomass for rockfish suggests that, with the Project, the study
area could support 9% fewer rockfish than it could without the Project. It cannot be
interpreted as 9% of rockfish biomass will be lost as a result of the Project. The difference
between potential and realised production may be dependent on how close to carrying
capacity a species is, which in turn is dependent on life history, habitat utilisation patterns,
and the trophic level of each group.
In the context of the model, with Project refers to the effect of the Project footprint and
associated

changes

in

coastal

geomorphology

(see

Section

9.5.8

Coastal

Geomorphology, Future Conditions with the Project for more information). The model
does not assess potential changes resulting from construction or operation-phase activities;
other methods were used to assess such activities, such as species-specific models and
models to characterise the changes in the physical environment, and are described in the
respective VC sections.
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The spatial and temporal scopes of the model were as follows:


The study area for the Roberts Bank ecosystem model covers an area of 54.68 km2,
and includes the intertidal and subtidal zones between Canoe Passage and B.C.
Ferries Tsawwassen Terminal, from the shoreline to the –100 m CD depth contour or
Canada-U.S.A. international border, as illustrated in Figure 10.3-1. This study area
was selected based on the anticipated extent of direct and indirect Project-related
changes to coastal geomorphology, surficial geology and marine sediment, and
marine water quality (Sections 9.5, 9.6 and 9.7, respectively), and the influence of
these changes on marine VCs. The southern extent of the study area was based on
the availability of scientific knowledge to approximately –100 m CD depth and
follows the Canada-U.S.A. border, an administrative boundary for available
information (as outlined in marine biophysical VC sections).



The Roberts Bank ecosystem model incorporates the footprint as if it occurred
instantaneously, not as a progression over the 5.5-year construction period
(described in Section 4.0 Project Description). In reality, these changes will not
be instantaneous. The model output can be thought of as two snapshots, one
showing conditions without the Project, and one taken with the Project, once the
ecosystem has stabilised to a new condition.

Model inputs were derived from a combination of recent field data, historical field data, and
literature sources. To characterise existing conditions, the primary sources of field data
were scientific studies conducted at Roberts Bank in 2012 and 2013 for the Project. For
literature sources, published field information from the study area was assigned the next
highest priority, followed by published information from sites near the study area. If local
information was not available, published studies that included sites similar to Roberts Bank
were considered.
The four main steps in the Roberts Bank ecosystem model are outlined in Figure 10.3-2
and described below. Rockfish, a focal species, is used as an illustrative example to describe
these steps (including data input and output).
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Figure 10.3-2

Roberts Bank Ecosystem Model Flow Diagram
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10.3.3.1

Step 1: Food Web Model

To predict the potential effects of RBT2 on ecosystem productivity, in step 1, linkages were
established using diet matrices among all identified functional groups, including focal
species, yielding a food web for Roberts Bank.
The biotic input included information on biomass, production and consumption rates, and
diet for each of the 58 functional groups. Appendix 10-B describes the methods used to
develop the Roberts Bank ecosystem model, including data sources and processes for
estimating model parameters. Biomass is input as tonnes per square kilometre (t/km2). The
production rate is expressed as annual production per unit biomass (i.e., tonnes per year
(t/y) produced per tonne of biomass). The consumption rate is the amount of food
consumed by an individual group over a period of time, as expressed as annual
consumption per unit biomass (i.e., t/y consumed per tonne of biomass). In ecosystem
models, the ecotrophic efficiency is also included. This is the proportion of production
utilised in the ecosystem (i.e., passed up the food web, used for biomass accumulation,
migration, or export). The model uses a diet matrix, which describes which species eat
other species, and the respective amounts are measured in percentages.
Using the example of rockfish, based on field studies conducted at Roberts Bank, the
average annual biomass of rockfish in the study area is estimated to be 18.5 t. The
production rate is estimated to be 0.22 t/y and the consumption rate is estimated at
2.85 t/y. Rockfish primarily feed on pelagic and demersal fish, and benthic crustaceans.
Their diet composition is estimated to include forage fish (62%), invertebrates including
epifaunal omnivores (14%), shrimp (6%), epifaunal sessile (5%), and other species (13%).
In the model, their predators include dolphins and porpoises, pinnipeds, SRKW, bald eagles,
gulls and terns, juvenile and adult salmon, dogfish, flatfish, large demersal fish, lingcod,
rockfish, skate, and starry flounder. Uncertainty in these estimates is explicitly considered
in step 5.
All ecosystem models contain assumptions on the amount of food that is available to
support all the predators in the ecosystem. Consumption rates for all predators in the
system are obtained from peer-reviewed scientific sources and applied to the model. If the
literature-derived consumption rate for a certain species is not supported by the estimated
prey available to it in the Roberts Bank ecosystem, the model is not balanced, and must be
balanced based on professional expertise. Balancing is a standard approach where
literature-derived

values

are

adjusted

to

more

accurately

reflect

local

conditions.

Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run provides
more information on model balancing and model representation of the food web.

Page | 10-14

PORT METRO VANCOUVER | Roberts Bank Terminal 2
At the end of step 1, the output is a model representation of the food web at Roberts Bank,
as shown on Figure 10.3-3. The focal species identified by the TAG are highlighted in
orange. The size of the circles for each functional group in the food web represents the
annual amount of biomass in the Roberts Bank ecosystem. Each linkage represents a
predator-prey relationship, or consumption of vegetation and detritus.
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Figure 10.3-3

Roberts Bank Food Web Representation of Functional Groups
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10.3.3.2

Step 2: Food Web Model over Time and Space (without Project)

In step 2, the food web is modelled over time and space to reflect conditions without the
Project by using the food web output from step 1 and abiotic (physical or chemical) and
biotic

parameters.

Abiotic

input

includes

information

derived

from

the

coastal

geomorphology model (described in detail in Section 9.5 Coastal Geomorphology). The
Roberts

Bank

ecosystem

model

included

four

abiotic

variables

from

the

coastal

geomorphology model: depth, salinity, bottom current, and wave height (see Section 9.5
for model information). These four variables were provided for the scenario depicting
conditions without the proposed Project. Other abiotic information input into the model
included the existing distribution of hard and soft substrate. For more information on the
abiotic factors incorporated into the model, refer to Appendix 10-C.
The biotic input included environmental preferences of each functional group for each abiotic
factor (depth, salinity, bottom current, and wave height), and for substrate, based on local
field surveys and relevant literature. The model determined spatial distributions based on
these environmental preferences. Appendix 10-B describes the environmental preferences
for each functional group.
For rockfish, environmental preferences used in the model for abiotic factors included the
following:


Salinity: occur in only marine water (not freshwater or brackish water);



Depth: occur in subtidal waters and may occur in lower intertidal; and



Substrate: hard bottom is preferred.

From step 2, there were two main model outputs: distribution maps and biomass values.
Maps spatially show the area at Roberts Bank where each functional group is present and its
relative abundance.

Output

maps

and

a

description

of

their

interpretation

are

provided in Appendix 10-C. An example of the model output is provided for rockfish in
Figure 10.3-4, where rockfish are found off the south side of the existing terminal. The
second output, also described in Appendix 10-C, were numerical values of the biomass
and production for each functional group without the Project. A summary of the
model’s biomass input (existing productivity) for each marine biophysical VC is provided in
Table 10.3-1.
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Figure 10.3-4

10.3.3.3

Predicted Rockfish Biomass Conditions without the Project

Step 3: Food Web Model over Time and Space (with Project)

In step 3, the Roberts Bank ecosystem model predicted the effect of the Project footprint
(and associated changes in coastal geomorphology following completion of the terminal
containment dykes in early 2020s) on biomass and production. The model assumed that the
existing spatial distributions of functional groups were associated with the five abiotic
variables of depth, salinity, bottom current, wave height, and substrate. By predicting
anticipated changes in these environmental conditions, the model was used to assess
Project footprint-related changes in biomass and production for the marine biophysical VCs.
For step 3, the Project footprint and predicted changes in water depth, salinity,
bottom current, and wave height (i.e., outputs from the coastal geomorphology model) and
Project-related distributions of hard and soft substrate are incorporated into the model
(Appendix 10-C).
The model predicted that it will take approximately 10 years (to 2030) for the ecosystem to
stabilise after the terminal containment dykes are in place (early 2020s). The future
conditions with the Project output of the model included revised spatial distributions and
abundances for each functional group, estimates of the net change in overall biomass and
production for the entire study area, and net changes in biomass and production for each of
the functional groups. The net change is measured as percent change and as a quantified
value, obtained by comparing the model results for future conditions with the Project to
conditions without the Project. A predicted change of less than 5% is a change that is
judged to be within the uncertainty of the model results. In addition to providing
information on the Roberts Bank ecosystem modelling process, Appendix 10-C also
describes the results of the key run of the model, which serves as the basis for sensitivity
analyses conducted in step 5, as well as of alternative model scenarios.
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The effects assessments for marine vegetation, marine invertebrates, marine fish, and
coastal birds provide a summary of the key run of the model outputs relevant to each
VC (see Table 10.3-1 for specific cross references to this information contained
Sections 11.0, 12.0, 13.0 and 15.0, respectively).
Figure 10.3-5 shows predicted distribution of rockfish biomass with the Project in place.
Without mitigation, the key run of the Roberts Bank ecosystem model predicts that the
study area would support fewer rockfish (9% decrease in biomass with the Project, primarily
in the vicinity of the existing terminal shoreline and rock reef structures). Decreases in
rockfish biomass are related to both direct and indirect food web effects, as there is a net
change in prey availability, slightly decreased predation, and more competition.
Figure 10.3-5

10.3.3.4

Predicted Rockfish
Differences3

Biomass

with

the

Project,

and

Predicted

Step 4: Food Web Model over Time and Space (with Project and
Proposed Onsite Offsetting)

In step 4, the Roberts Bank ecosystem model incorporated the proposed onsite offsetting
(described in Section 17.3.2 Mitigation for Marine Biophysical Valued Components,
Offsetting Potential Effects, Offsetting Framework). The proposed onsite offsetting
measures include creation of tidal (salt) marsh, sand gravel beach, mudflat, eelgrass, and
subtidal rock reef. The model predicted the effect of the Project footprint and proposed
onsite offsetting on biomass and production. Model results for onsite habitat are provided in
Appendix 10-D.

3

Difference in biomass from conditions without the Project to conditions with the Project.
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10.3.3.5

Step 5: Sensitivity Analyses

As the ecosystem model is intended to assist the VC assessment (e.g., one of several lines
of evidence used in assessment) and mitigation (offsetting requirements), it is important to
understand the confidence in results predictions. To ensure result predictions are of highest
confidence, and to address potential uncertainty, notable effort was placed on testing
the model.
Step 5 involved comprehensive sensitivity analyses to test and analyse the model’s inputs
and outputs by modifying the model’s inputs and settings on the predicted Project-related
changes in biomass and production. Methods and results of these sensitivity tests are
described in Appendix 10-D. These sensitivity analyses generally demonstrate that the
model is robust4 to sources of uncertainty in the original model inputs and settings in steps
1 and 2. The four aspects of the sensitivity analyses are presented below:
1. Predator vulnerability setting – This setting represents how far a given functional
group is from its carrying capacity. This setting is used to model time trends;
however, since no information on time trends was available, a default setting in the
model was used. The setting was increased and decreased to analyse sensitivity to
changes in predator control (top-down control) and prey control (bottom-up control),
respectively, and is a measure of the model’s robustness to changes in biotic inputs.
For rockfish, the results are relatively robust to changes in this setting (model results
varied by less than 10% across the various predation rate scenarios that were
tested).
2. Abiotic factors – The Roberts Bank ecosystem model was rerun, omitting one abiotic
factor at a time to identify its importance and influence on model results for each
functional group. Rockfish are more sensitive to the influence of depth, and are
slightly sensitive to the influence of salinity and hard sediment.
3. Changes in abiotic factors – The predicted Project-related changes on abiotic factors
were increased and decreased to determine how uncertainty in the predicted
changes to salinity, depth, bottom currents, and wave exposure could influence
changes in the biomass predictions for each functional group. For rockfish, this
sensitivity analysis demonstrated that assumptions associated with the coastal
geomorphology model input parameters are generally robust; however, rockfish
showed an increase in biomass relative to the key run when changes in salinity were
underestimated or changes in waves were overestimated.

4

The model is considered robust if it does not change from predicting an increase to a decrease in the
sensitivity analysis.
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4. Variation in biotic input parameters – Sensitivity to input parameter uncertainty
(e.g., diet composition, biomass) was evaluated through a statistical approach that
varied input parameters randomly from distributions that reflected their data quality
and confidence interval; the model was rerun 4,000 times. This analysis indicated
that the results from the key run in step 3 (a biomass decrease of 9%) may have
over-estimated the potential Project-related rockfish biomass decrease. By analysing
the variation in output across the range of possible values for the original input
parameters, this sensitivity analysis indicated that changes in rockfish biomass
related to the Project could vary between –11% (a decrease) to +1% (an increase),
with a median result of –7%.
A high-level summary of the main outcomes from the sensitivity analyses is presented in
the effects assessments for marine vegetation, marine invertebrates, marine fish, and
coastal birds (see Table 10.3-1 for specific cross references to this information contained in
Sections 11.0, 12.0, 13.0 and 15.0, respectively).
10.3.4

Roberts Bank Ecosystem Model Predictions

Detailed results and a thorough overview and discussion of the limitations associated with
the Roberts Bank ecosystem model are available in Appendices 10-B, 10-C, and 10-D. As
stated previously, a predicted change of less than 5% is a change that is judged to be
within the uncertainty of the model results. Results for sub-components and representative
species or groups are presented for each of the marine biophysical VCs in Sections 11.0,
12.0, 13.0, and 15.0 and 16.0). The results for all functional groups evaluated by the
model are provided in Appendix 10-C. The predicted productivity of Roberts Bank with
onsite habitat in place is described in Section 17.3.2 Mitigation for Marine Biophysical
Valued Components, Offsetting Potential Effects, Onsite Habitat Concepts.
Table 10.3-1

Summary of Roberts Bank Ecosystem Model Existing Biomass by
Marine Biophysical Valued Component

Marine
Biophysical VC

Sub-component and
Representative
Species/Groups
Eelgrass:
Native Eelgrass
Non-native Eelgrass

Marine Vegetation

Existing
Biomass (t)

305
7

Intertidal Marsh

1330

Macroalgae
Ulva1

6890

Rockweed and Kelp2
Biomat
Biofilm

Location of Model Results

Section 11.6.3 Marine
Vegetation, Table 11-17

448
1220
3460
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Marine
Biophysical VC

Marine
Invertebrates

Sub-component and
Representative
Species/Groups
Infaunal and Epifaunal
Invertebrates

5430

Bivalve Shellfish

6590

Dungeness Crabs

253

Orange Sea Pens

8

Pacific Salmon
Chinook (adult)
Chinook (juvenile)

0.7

Chum (adult)

112

Chum (juvenile)

0.5

18

Forage Fish
Pacific Sand lance
Other Forage Fish

3

Pacific Herring
Shiner Perch

4

Other Flatfish
5

Shorebirds
Pacific Dunlin
Western Sandpiper
Waterfowl
American Wigeon
Brant
Coastal Birds

Herons
Great Blue Heron
Diving Birds
Raptors
Bald Eagle
Other Raptors

Notes:

1
2
3
4
5
6

11

Section 13.6.3 Marine
Fish, Table 13-10

573
243
9

Flatfish
Starry Flounder

6

Section 12.6.3 Marine
Invertebrates, Table 12-8

32

Rockfish

Demersal Fish

Location of Model Results

187

Reef Fish
Lingcod
Marine Fish

Existing
Biomass (t)

11
20
4
0.5
0.06
5
1
0.7

Section 15.7.2 Coastal
Birds, Table 15-10

2
0.1
0.008

Gulls and Terns
3
Ulva was modelled as green algae in the Roberts Bank ecosystem model.
Rockweed and kelp were grouped as brown algae in the Roberts Bank ecosystem model.
Includes surf smelt.
Includes English sole.
Includes three-spined stickleback and Pacific staghorn sculpin.
Passerines were not included in the Roberts Bank ecosystem model.
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10.3.5

Roberts Bank Ecosystem Model Validation

Roberts Bank ecosystem model predictions of biomass distribution for marine vegetation
functional groups in the future without the Project are comparable to existing conditions, as
confirmed by marine vegetation field studies conducted at Roberts Bank in 2012 to 2014.
Figure 10.3-6 provides an example of the model validation against observational data for
native eelgrass. Additional comparisons of modelled vegetation biomass distributions in the
future without the Project to existing biomass distributions are provided in Appendix 10-C:
Section 3.4.
To validate ecosystem model predictions for the future with the Project case, ecosystem
model productivity predictions have been evaluated along with other lines of evidence. This
weight of evidence approach used to conclude Project-related productivity changes is
discussed further in the subsequent marine biophysical VC sections.
Figure 10.3-6

Native Eelgrass Distribution Based on (a) 2012-2014 Field Studies,
and (b) Model Predictions for the Future Without the Project Case.

Page | 10-23

PORT METRO VANCOUVER | Roberts Bank Terminal 2
10.4

REFERENCES

Bradford, M. J., Randall, R. G., Smokorowski, K. S., Keatley, B. E. and Clarke, K. D. 2014. A
Framework for Assessing Fisheries Productivity for the Fisheries Protection Program.
DFO Can. Sci. Advis. Sec. Res. Doc. 2013/067. v + 25 pgs.
Fisheries and Oceans Canada (DFO). 2011. Recovery Strategy for the Northern and
Southern Resident Killer Whales (Orcinus orca) in Canada. Species at Risk Act
Recovery Strategy Series, Fisheries and Oceans Canada, Ottawa, ix + 80 pp.
Available at
http://www.sararegistry.gc.ca/virtual_sara/files/plans/rs_epaulard_killer_whale_101
1_eng.pdf. Accessed May 2014.
DFO. 2013. Fisheries Protection Policy Statement. Fisheries and Oceans Canada, Ottawa,
Ontario. Available at http://www.dfo-mpo.gc.ca/pnw-ppe/pol/index-eng.html.
Accessed December 2014.
Randall, R. G., Bradford, M. J., Clarke, K. D., and Rice, J. C. 2013. A Science-based
Interpretation of Ongoing Productivity of Commercial, Recreational or Aboriginal
Fisheries. DFO Canadian Science Advisory Secretariat. Research Document 2012/112
iv + 26 p. Available at http://www.dfo-mpo.gc.ca/Csas-sccs/publications/resdocsdocrech/2012/2012_112-eng.pdf. Accessed May 2014.

Page | 10-24

PORT METRO VANCOUVER | Roberts Bank Terminal 2

11.0 Marine Vegetation Assessment Highlights:


Overall, net productivity of marine vegetation is expected to increase with the
Project, without mitigation, and would be further increased with the
implementation of environmental management plans and the creation of habitat.



Predicted decreases in productivity for macroalgae (seaweed) resulting from
direct mortality during Project construction can be mitigated through the
incorporation of rocky shoreline in the terminal and causeway perimeter and the
creation of subtidal rock reef habitat.



The composition of the species within the biofilm community varies between
seasons under existing conditions. With the Project, biofilm composition is
expected to change temporarily during freshet in response to decreases in
salinity, and return to existing conditions outside of the annual freshet period.



The Project is not expected to result in any significant adverse residual effects to
marine vegetation.



The Project is not expected to result in any incremental adverse cumulative
effects to marine vegetation.

11.0 MARINE VEGETATION EFFECTS ASSESSMENT
This section presents the assessment of potential Project-related and cumulative effects on
marine vegetation, and provides the rationale for the selection of marine vegetation as a
VC, as well as assessment boundaries and existing conditions relevant to the VC. This
section also includes information pertaining to assessment findings, including identification
of Project-related interactions and effects, proposed approaches to mitigation, evaluation of
potential residual Project-related and cumulative effects, and determination of significance.
Monitoring and follow-up programs to be conducted with respect to marine vegetation are
also described.
This section addresses marine vegetation-specific information requirements identified in the
EIS Guidelines, part 2, sections 9.1.4 and 9.1.6.
11.1

COMPONENT OVERVIEW AND REGULATORY SETTING

Marine vegetation, which includes plants as well as single and multi-cellular algae, forms the
basis of the estuarine food web, providing habitat and forage for invertebrates, fish, and
birds. Components of this VC also stabilise sediment, are indicators of sediment quality,
water quality, and overall ecosystem health, and some components are used traditionally by
Aboriginal people.
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The regulation and management of marine vegetation for potential Project-related effects
occurs through several acts, regulations, or policies, including the Fisheries Act; Canadian
Environmental Protection Act, 1999; The Federal Policy on Wetland Conservation; Migratory
Birds Convention Act, 1994; and the B.C. Wildlife Act.
The Roberts Bank Wildlife Management Area (WMA) has been established to conserve and
allow for the management of important habitat for the benefit of regionally or internationally
significant fish and wildlife species, including marine vegetation. In addition, Roberts Bank,
along with Sturgeon Bank and Boundary Bay, are designated as an Important Bird Area and
a Ramsar site. Section 3.2 Geographical Setting, Natural Elements provides additional
information on these protected areas.
No marine vegetation species within the lower Fraser River estuary are protected under
Schedule 1 of the Species at Risk Act. The B.C. Conservation Data Centre systematically
collects and disseminates information on plants, animals, and ecosystems (ecological
communities) at risk in B.C., and lists seven intertidal marsh communities that occur at
Roberts Bank (see Section 11.5.2).
11.2

SELECTION OF MARINE VEGETATION VALUED COMPONENT

The selection of marine vegetation as a VC followed a three-step process as set out in
Section 8.1.2 Effects Assessment Methods, Selection of Valued Components.
Marine vegetation is considered a VC in this environmental assessment (EA) as several
types of marine vegetation have the following characteristics:


Occur within and adjacent to the Project footprint;



Have the potential to interact with the Project;



Have been identified by regulatory agencies and scientific experts as important, in
particular the Canadian Wildlife Service (CWS) and experts associated with the
Shorebirds-Biofilm Technical Advisory Group (TAG) (described in Section 7.4
Technical Advisory Group Process (2012 to 2013));



Are important ecologically; or



Are of interest to Aboriginal groups, the public, and stakeholders.

The Project Interaction Matrix (Appendix 8-B) was used to identify potential interactions
between proposed Project activities and this VC. Direct interactions with marine vegetation
include activities associated with tug basin expansion, terminal construction, and causeway
widening. Indirect interactions potentially resulting in decreases in habitat availability or
quality from changes to ICs are described below.
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Changes to ICs such as Coastal Geomorphology (Section 9.5), Surficial Geology and
Marine Sediment (Section 9.6), and Marine Water Quality (Section 9.7) have the
potential to decrease marine vegetation habitat availability or quality. Potential changes to
these ICs that are relevant to marine vegetation include the following:


Alteration to bottom current velocity, leading to erosion or deposition of sediment,
resulting in marine vegetation removal or burial, and potentially affecting
productivity;



Erosion and deposition of sediment leading to changes in tidal flat elevation;



Altered hydraulic patterns, including tidal flushing and marine water influence,
affecting vegetation community composition and productivity; and



Increased total suspended solids (TSS) that reduce water column light attenuation
and ultimately reduce productivity during immersion periods, or potentially smother
vegetated areas.

Table 8-1 Intermediate Component and Valued Component Linkages summarises
the linkages between marine invertebrates and ICs, and other marine VCs, including
Marine Invertebrates (Section 12.0), Marine Fish (Section 13.0), and Coastal Birds
(Section 15.0), which all directly rely on marine vegetation habitat. Other assessments
informed by this assessment include Section 27.0 Human Health and Section 32.2
Current Use of Land and Resources for Traditional Purposes Assessment.
11.2.1

Sub-components

Five sub-components of marine vegetation were used to structure and focus the effects
assessment. Sub-components are species or groups that are similar in nature, occupy
comparable habitats, play similar ecological roles, and may be affected by the Project in
analogous ways. Importance to Aboriginal groups, regulatory bodies, stakeholders, and the
public, and professional judgement were also factors in sub-component selection. Aboriginal
traditional knowledge pertaining to marine vegetation, which PMV had access to or acquired
through engagement activities, was utilised in sub-component selection and was also taken
into account in the assessment of potential effects of the Project on marine vegetation.
For subsequent statements in this section pertaining to professional judgement or reliance,
the names and qualifications of the individuals making that judgement are listed at the
beginning of Volume 3.
The sub-components chosen for marine vegetation and the rationale for their selection are
presented in Table 11-1.
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Table 11-1
Subcomponent

Sub-components for Marine Vegetation
Representative of:

Rationale for Selection
 Both native and non-native eelgrass are important
ecologically at Roberts Bank

Eelgrass

 Native eelgrass
(Zostera marina); and
 Non-native eelgrass
(Z. japonica)

 Fish and bird habitat, indicator of ecosystem health,
proxy for water quality, food source, and carbon
sink
 Important to the public, stakeholders, regulators,
and Aboriginal groups
 Potential to be directly and indirectly affected by the
Project

 Lyngbye’s sedge
(Carex lyngbyei);

Intertidal
Marsh

 Three-square bulrush
(Schoenoplectus
pungens);
 Seacoast bulrush
Bolboschoenus
maritimus); and
 Pickleweed
(Sarcocornia pacifica)

 Fish and bird habitat, food source, stabilises
sediment, buffers against wave erosion, important
in nutrient cycling, carbon sink, and aesthetic
reasons
 Important to the public, stakeholders, regulators,
and Aboriginal groups
 Red and blue-listed1 species or ecological
communities that may be affected by the Project
 Potential to be directly and indirectly affected by the
Project
 Fish and bird habitat, food source, and carbon sink

 Sea lettuce (Ulva spp.);
Macroalgae

 Bull kelp (Nereocystis
luetkeana); and
 Rockweed
(Fucus distichus)

 Other kelp and brown algae species occur at
Roberts Bank
 Important to the public, stakeholders, and
Aboriginal groups
 Potential to be directly and indirectly affected by the
Project
 Contributes to ridge structure formation that
increases complexity in the upper intertidal zone

Biomat

 Blue-green algae and
associated diatoms

 Contributes to regional productivity
 Limited data exists and ecological role not well
defined
 Potential to be directly and indirectly affected by the
Project
 Basis of food chain and an important food source for
invertebrates, fish, and shorebirds

Biofilm

 Microphytobenthos
that are typically
dominated by diatoms

 Limited data exist and ecological role not well
defined
 Protected under the Fisheries Act and Migratory
Birds Convention Act
 Potential to be directly and indirectly affected by the
Project

1

See Appendix 10-A Species at Risk – Information on Federal and Provincial Designations for
definitions from BC Conservation Data Centre.

Page | 11-4

PORT METRO VANCOUVER | Roberts Bank Terminal 2
It is important to note that red algae (phylum Rhodophyta), phytoplankton, and English
cordgrass (Spartina anglica) are not included as sub-components in this assessment for the
reasons discussed below.
Red algae only occur on hard substrate and Roberts Bank is predominantly fine sediment.
Furthermore, red algae are sparse (1% cover) in the intertidal zone at Roberts Bank;
therefore, red algae’s contribution to productivity at Roberts Bank is low. It is anticipated
that any red algae potentially affected by Project construction will naturally recolonise rocky
substrate being installed as part of the proposed terminal.
Phytoplankton is not assessed directly as part of this VC because Project construction and
operation activities are not expected to affect physical and chemical oceanographic
processes of the marine environment such as upwelling and nutrient cycling, upon which
phytoplankton productivity depends. Phytoplankton are ubiquitous in aquatic environments
and occur throughout the Strait of Georgia and Fraser River estuary. Project activities may
displace phytoplankton from the Project footprint; however, phytoplankton at Roberts Bank
originate from the Strait of Georgia (Harrison et al. 1991, Masson and Peña 2009) and the
Fraser River. The source of phytoplankton will not be affected by the Project. Phytoplankton
in relation to biofilm is discussed in Section 11.5.5.
English cordgrass (Spartina anglica) is also not part of the marine vegetation assessment as
it is an invasive intertidal marsh plant at Roberts Bank (Williams 2004, Hemmera 2014a).
Its occurrence at Roberts Bank was first observed during 2003 (Williams 2004), has been
mapped annually since 2005 (Knight 2012) and was observed during RBT2 intertidal marsh
and non-native eelgrass studies conducted during 2012 and 2013 (Hemmera 2014a). Port
Metro Vancouver is part of the B.C. Spartina Working Group, which maps, tests eradication
methods, and supports the removal of English cordgrass from the Fraser River estuary. It is
possible that through these eradication efforts (which are occurring presently at Roberts
Bank), Spartina may not occur at Roberts Bank when Project operation begins and hence
would not be affected by the Project.
11.2.2

Indicators

Indicators are measures that provide a means of determining a Project-related change to a
VC. The indicators chosen for marine vegetation and the rationale for their selection are
presented in Table 11-2.
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Table 11-2

Indicators for Marine Vegetation

Indicator

Rationale for Selection

Direct Measures
Productivity:
1. Habitat area – for all
sub-components
2. Percent cover – for all
sub-components
1

3. Leaf Area Index (LAI)
- for native eelgrass

Biofilm Photopigment
Density (mg/m2)
1. Chlorophyll a
2. Fucoxanthin

 Habitat area and percent cover are used as indicators in other EAs
 Existing local and regional data available
 Percent cover: existing data on community composition and
species distributions

 A direct measure of biofilm density and biomass, and indirect
indicator of primary productivity potential. Differences in
photopigment density provides a measure of change within local
and regional contexts
 Chlorophyll a: Essential for photosynthetic organisms to release
chemical energy, and used as a direct measure of primary
production potential and biomass of photosynthetic organisms
 Fucoxanthin: An accessory photosynthetic pigment, which is
indicative of diatoms, the dominant group within the biofilm
assemblage at Roberts Bank
 Spatial and temporal variations in biofilm assemblage are known

Biofilm Assemblage
Composition

 Roberts Bank biofilm assemblages are consistently dominated by a
small number of diatom taxa, but dominance varies spatially within
the local context and based on several environmental factors

Indirect Measures
 Current velocity can affect vegetation productivity
Current Velocity

Water Column Salinity /
Porewater Chloride

 Changes in current velocity provide an indirect measure of VC
presence and productivity
 Water column salinity can affect eelgrass, algae, and biofilm
productivity, as well as the composition of the intertidal marsh and
biofilm communities
 Provides an indirect measure of VC productivity
 Directly linked to other parameters in the Fraser River estuary
including nutrients, temperature, and turbidity

Total Suspended Solids

 Affects light attenuation in the water column, which limits
vegetation productivity
 Provides an indirect measure of VC productivity
 A factor determining marine vegetation presence and density

Sediment Grain Size

 An indicator of wave/water movement energy
 Change to sediment grain size provides an indirect measure of
habitat suitability

Note: 1. Leaf area index (LAI) is a proxy measure of native eelgrass productivity; LAI = shoot
density x shoot length x shoot width.
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11.3

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
marine vegetation, as well as any administrative or technical boundaries that may apply.
11.3.1

Spatial Boundaries

The local assessment area (LAA), regional assessment area (RAA), and cumulative
effects assessment area for marine vegetation are defined in Table 11-3 and shown in
Figure 11-1.
The LAA was established to encompass the area within which the Project is expected to
interact with and potentially affect marine vegetation. In determining LAA boundaries,
considerations included the nature and characteristics of this VC, its potential exposure to
various influences, direct or indirect loss, and potential changes in productivity from
alterations to sediment and water quality, and coastal geomorphology.
Table 11-3

Spatial Boundary Definitions for Marine Vegetation

Spatial Boundary

Description of Assessment Area

Local
Assessment Area

Roberts Bank, from the north side of the B.C. Ferries Terminal causeway to
Canoe Passage, and the high-water mark to –40 m depth chart datum (CD).
Biofilm is only considered to a depth of 0 m CD.

Regional
Assessment Area

The LAA and the lower Fraser River estuary including Sturgeon Bank, the
lower, middle and main Arms of the Fraser River, Roberts Bank north, Canoe
Passage, south of the B.C. Ferries Terminal to the U.S.A. border, and
Boundary Bay.

An assessment area for determining future cumulative effects is not required since there are
no reasonably foreseeable projects or activities expected to influence or change the
characteristics of marine vegetation in conjunction with Project-related effects (refer to
Section 11.10 for further information).
11.3.2

Temporal Boundaries

Existing conditions for marine vegetation are characterised for 2013, the year in which the
marine vegetation studies were completed in the LAA.
Temporal characteristics of the Project’s construction and operation phases are defined in
Section 4.3 Project Description, Project Schedule. Changes to marine vegetation
related to Project construction were assessed for the horizon year 2021 as the
representative year of this phase because the majority of in-water construction activities
that may have an adverse effect on the VC will be completed and the majority of
construction-related effects will have been realised.
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Changes to marine vegetation related to Project operation were assessed for the horizon
year 2030 as the representative year of this phase, as this is when productivity of the
Roberts Bank ecosystem is predicted to reach equilibrium following construction of the
terminal containment dykes (i.e., approximately a decade after terminal footprint-related
influences). Refer to Section 10.3 Overview of Assessing Ecosystem Productivity and
supporting appendices

for more information on the rationale for post-construction

ecosystem equilibrium.
Temporal characteristics specific to marine vegetation (e.g., reproduction, seasonal habitat,
recreation, tourism) are considered in Sections 11.5 and 11.6 for existing and future
conditions, respectively.
11.3.3

Administrative Boundaries

Approximately 40% of the LAA is within the WMA, which is managed by the provincial
Ministry of Forests, Land and Natural Resources Operations (MFLNRO). Studies undertaken
for this assessment in the WMA were permitted by MFLNRO, with the exception of one
(regeneration of biofilm near Canoe Passage).
11.3.4

Technical Boundaries

Due to technical limitations, the Roberts Bank ecosystem model (Section 10.3.3
Ecosystem Model Process) assumes an instantaneous terminal footprint presence and
does not include in-water construction-related effects (that will occur gradually from
construction commencement in 2018 and last five and a half years). Potential changes in
productivity during the construction phase are therefore not captured in the ecosystem
model predictions.
Several technical boundaries existed for the assessment of biofilm, which have the potential
to constrain the assessment of this sub-component by reducing the confidence in effect
predictions. Previous to the RBT2-specific field studies (described in Section 11.4.1), there
were data gaps regarding the distribution and biological description of biofilm at Roberts
Bank. Published literature on biofilm ecology primarily exists from studies conducted in
western Europe. The studies conducted as part of this assessment represent the largest
published dataset on biofilm in North America. As this is a relatively recent area of study in
North America, there are sampling and methodological uncertainties, and long-term trends
are unknown. No long-term dataset exists for biofilm at Roberts Bank.
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11.4

INFORMATION SOURCES

The length of time different marine vegetation sub-components have been studied at
Roberts Bank varies. Eelgrass has been studied since 1959, intertidal marsh was first
mapped in the 1800s, macroalgae has been studied since 1980, and biomat was first
studied in 2002. Biofilm studies are more recent and were first conducted in 2003. Marine
vegetation studies have included hydrographic mapping, academic research, baseline
ecological assessments, habitat monitoring, and environmental impact assessments.
Previous studies relevant to the sub-components of marine vegetation include the following:


Aboriginal Traditional Knowledge on marine vegetation (Musqueam Band Council
1984, Quadra Planning Consultants and P.M. Ruby Consulting Inc. 1995, Wilson et
al. 2009, Turner and Hebda 2012, Musqueam Indian Band 2013);



Roberts Bank habitat mapping (Hales 2000, Triton 2004a, Hemmera 2009, Wootton
and Sarrazin 2011, Knight 2012, BIEAP - FREMP 2013, Community Mapping Network
2012);



Function of marine and riparian habitats (Levings and Jamieson 2001);



Native and non-native eelgrass distribution and population dynamics at Roberts Bank
(Moody 1978, Harrison 1979, 1982a, b, 1987, Nielsen 1990, Nomme and Harrison
1990, Harrison and Durance 1992, Triton 2004b, Sutherland et al. 2006, Hemmera
2008, 2009, 2010, 2011, 2012);



Native eelgrass productivity at Roberts Bank (Triton 2004a, Hemmera 2008, 2009,
2010, 2011, 2012);



Community composition, abiotic tolerances, and population dynamics of intertidal
marsh in the lower Fraser River estuary (Moody 1978, Hutchinson 1982, 1991,
Hutchinson et al. 1989, Boyd 1995, Williams 2009, G.L. Williams and Associates Ltd.
2013);



Phytoplankton distribution, variability, and dynamics at Roberts Bank (Harrison et al.
1983, Masson and Peña 2009);



Macroalgae ground cover of subtidal reefs for Deltaport Third Berth Project (DP3)
habitat compensation (Balanced Environmental 2010);



Presence of at-risk or listed species or communities at Roberts Bank (BC CDC 2013);



Climate change and sea level rise effects in the lower Fraser River estuary (Kirwan
and Murray 2008, Hill et al. 2012);



Spartina at Roberts Bank (Dresen et al. 2010, Williams et al. 2010, Community
Mapping Network 2012, Knight 2012 and 2013);



Ecological importance of biofilm at Roberts Bank (Kuwae et al. 2008, Kuwae et al.
2012); and



Biofilm taxonomic composition and biomass at Roberts Bank (Ross 1998, Beninger et
al. 2011, Coastal and Ocean Resources Inc. 2012).
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11.4.1

Desktop and Field Studies

In 2012, PMV initiated marine vegetation studies to support Project planning and
assessment, as well as to support future monitoring of environmental effects if the Project
proceeds. Building on available information and drawing on local expertise, these studies
were designed using the best available scientific methods to address known data gaps, and
issues and interests of Aboriginal groups, stakeholders, and the public. The ShorebirdsBiofilm TAG process convened both local and international experts during four different
workshops

to

discuss

known

data

gaps,

review

study

objectives,

and

scrutinise

methodologies. Study approaches were reviewed and adapted to strengthen scientific
methods and provide robust results. Meetings were also held with regulatory agencies, such
as CWS, to obtain feedback on study approaches and subsequently on study results.
Desktop and field studies conducted with respect to marine vegetation are summarised in
Table 11-4. Descriptions of the study designs, data collection and management, analysis,
mapping, and modelling methods are provided in the technical report documents identified.
Table 11-4

Desktop and Field Studies Related to Marine Vegetation

Study Name

Foreshore Habitat
and Invertebrates
Study (Hemmera
2014a)

Intertidal Marsh
Survey (Hemmera
2014a)

Eelgrass Survey
(Hemmera 2014a)

Study Purpose

Report
Accessible at:

Characterise the shoreline along the Roberts Bank
causeway and existing terminals with respect to substrate,
vegetation ground cover, and invertebrate abundance.
Classify shoreline substrate into size categories, and
measure width and slope. Identify marine vegetation
species and estimate percent cover.

RBT2 website1

Estimate percent cover of intertidal marsh plants and
determine area of intertidal marsh at Roberts Bank.
Contribute to existing data regarding community
composition within the brackish and salt marsh. Conduct a
species inventory and assess presence/absence of at-risk
or listed species.

RBT2 website

Wetlands potentially affected by Project activities were
classified according to their location, size, type (wetland
class and form), species composition and ecological
function as per the Canadian Wetland Classification System
(National Wetlands Working Group 1997).
Determine area of native and non-native eelgrass habitat
at Roberts Bank. Record shoot density and relative
productivity (LAI) for native eelgrass, and percent cover for
non-native eelgrass. Sample abiotic factors to determine if
relationships exist between these factors and native
eelgrass density and productivity.

RBT2 website
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Study Name

Study Purpose

Report
Accessible at:

Ulva Hummock
Survey (Hemmera
2014a)

Map area of recurring Ulva hummock habitat and estimate
density and size of Ulva hummocks at Roberts Bank. Use
hyperspectral data to map area and percent cover of Ulva.

RBT2 website

Biomat Study
(Hemmera 2014a)

Determine whether ridges of the biomat area are an
accreting or eroding feature. Interpret orthophotos to map
areal extent.

RBT2 website

Biofilm Community
at Roberts Bank:
Analysis to Support
Hyperspectral
Mapping
(WorleyParsons
2014a)

Map distribution and density of biofilm within the LAA
during the summer growing season (July 2012). Use
hyperspectral imagery to identify unique spectral
signatures related to diatomaceous biofilm. Collect field
samples to ground-truth measured spectral signatures.

RBT2 website

Biofilm Critical
Shear Stress
(WorleyParsons
2014a)

Assess erosion threshold of biofilm in established biofilm
areas within the LAA.

RBT2 website

Biofilm Physical
Factors
(WorleyParsons
2014b)

Review environmental factors influencing biofilm growth.
Use multivariate assessments with co-located data from
Roberts Bank to determine factors of influence on biofilm
indicators.

RBT2 website

Biofilm Annual
Variability
(WorleyParsons
2014c)

Assess variability of biofilm density and assemblage within
the LAA during periods of ecological importance for
shorebirds: northward migration (April), southward
migration (August), and over-wintering (February).

RBT2 website

Biofilm
Regeneration
(WorleyParsons
2014e)

Assess regeneration potential of biofilm within the LAA
following manual physical disturbance. Remove biofilm
within identified areas at Roberts Bank, and measure and
compare recovery with paired control sites over a 45-day
period.

RBT2 website

Note: 1. RBT2 website is http://www.portmetrovancouver.com/RBT2/environmentalassessment.

11.5

EXISTING CONDITIONS

This section characterises the existing conditions of marine vegetation within the LAA, and
describes the surrounding environment and factors influencing this VC. Aboriginal traditional
knowledge pertinent to marine vegetation is summarised in Section 32.2 Current Use of
Land and Resources for Traditional Purposes for each Aboriginal group potentially
affected by the Project. No inconsistencies between the ATK (included within this section
and in detail in Section 32.2) and the scientific and technical knowledge presented herein
were identified.
The ecological context for Roberts Bank is provided in Section 10.2 Biophysical Setting,
Marine Setting. The spatial extent of the native and non-native eelgrass, intertidal marsh,
macroalgae, biomat, and biofilm sub-components are provided in Figure 11-2.
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Each subsection below provides an overview for each VC sub-component, a description of
their ecological value, the abiotic and biotic factors of influence, and observed spatial and
temporal variation.
11.5.1

Eelgrass

Eelgrass is a type of submerged aquatic vegetation or seagrass that flowers and is
distributed globally (Hemminga and Duarte 2000). Eelgrass at Roberts Bank is represented
by two species: native eelgrass (Zostera marina) and non-native eelgrass (Z. japonica).
Eelgrass has also been used as a food source: the base of the eelgrass shoots is edible and
used to flavour meats (Turner and Hebda 2012). Lake Cowichan First Nation report that
eelgrass has been gathered in the intertidal zone at Roberts Bank (Chuuchkamalthnii 2014).
11.5.1.1

Overview

Perennial native eelgrass and annual non-native eelgrass occur in the Fraser River estuary.
Native eelgrass occurs at Boundary Bay and Roberts Bank, generally between -1.5 m chart
datum (CD) and +1.5 m CD in fine and very fine sand (Hemmera 2009) (refer to
Figure 9.5-13 Bathymetry of Southern Roberts Bank). Distribution seaward into the
subtidal zone is limited by light availability (a function of light attenuation caused by
absorption and scattering), while landward it is limited by desiccation and wave energy
(Hemminga and Duarte 2000, Stevens and Lacy 2011).
Non-native eelgrass occurs at Sturgeon and Roberts Banks and Boundary Bay between
+2 m CD and +3 m CD in relatively muddier areas that remain wetted during low tide.
Distribution seaward is limited by competition with native eelgrass, and landward by
desiccation. Both eelgrass species reproduce sexually and asexually. Based on field data and
available literature, there are an estimated 407 tonnes (t) of native eelgrass and 17 t of
non-native eelgrass within the LAA during summer (Appendix 10-B Roberts Bank
Ecopath with Ecosim and Ecospace Model Parameter Estimates).
11.5.1.2

Ecological Value

Eelgrass is important habitat to many commercially and ecologically important invertebrate
and vertebrate species (Hemminga and Duarte 2000, Wyllie-Echeverria and Ackerman
2003). The specific ecological values provided by eelgrass include protection from predators,
spawning habitat, cover at low tide, three-dimensional habitat, and indirect and direct food
sources (Baldwin and Lovvorn 1994, Hemminga and Duarte 2000, Wyllie-Echeverria and
Ackerman 2003). The high feeding opportunities for fish and invertebrates lead to greater
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biodiversity, abundance, and biomass for these species (Sogard 1992, Connolly 1994a, b).
Eelgrass beds have also been shown to lower mortality rates and increase abundance of
juvenile fish larvae (Tolan et al. 1997, Rooker and Holt 1998).
Eelgrass also serves many important abiotic ecosystem functions including filtering water,
trapping

and

binding

sediments,

reducing

wave

and

current

energy,

removing

contaminants, producing oxygen, sequestering carbon, accelerating nutrient regeneration,
and regulating nutrient cycles (Moore and Short 2006).
11.5.1.3

Abiotic Factors for Eelgrass

Existing conditions for abiotic factors (e.g., salinity, TSS, temperature) are described in
detail in Section 9.7.6 Marine Water Quality, Existing Conditions.
In summary, salinity, TSS, and water temperature at Roberts Bank are highly variable on
daily to annual scales. Salinity over the tidal flat varies from near 0 practical salinity units
(PSU) to 33 PSU during a rising or falling tide (approximately 6 hours) and seasonally
(e.g., freshet and non-freshet conditions). Concentrations of TSS are higher during the
spring freshet (May to July) relative to the rest of the year; however, in general, TSS varies
widely (see Table 9.7-3 Summary of Total Suspended Solids and Turbidity Results
for Roberts Bank (2004 to 2014)). The amount of TSS is generally higher north of
Roberts Bank causeway relative to the inter-causeway area because the inter-causeway
area is sheltered from the Fraser River plume. Water temperature over the tidal flat ranges
from 1 degree Celsius (°C) to 22° C. Influences of these abiotic factors on eelgrass are
described below.
Salinity influences the distribution and productivity of eelgrass (Biebl and McRoy 1971,
Phillips 1984). Native eelgrass occurs within a salinity range of freshwater to 42 PSU;
however, 10 PSU to 30 PSU is optimum for productivity (Phillips et al. 1983, Phillips 1984,
Thom et al. 2012). Salinity influences may vary with life history stage; low salinity enhances
germination but depresses abundance and shoot density (Thom et al. 2003, Tanner and
Parham 2010). Despite documented effects of low salinity on seed germination, low
sediment oxygen and temperature were found to be more important factors (Moore and
Short 2006).
An increase in TSS can reduce the light available for eelgrass photosynthesis and affect
productivity (Moore and Short 2006). Eelgrass colonisation depth decreases with water
turbidity, with survival only at depths where light availability is at least 11% of surface

Page | 11-13

PORT METRO VANCOUVER | Roberts Bank Terminal 2
irradiance (Olesen and Sand-Jensen 1993, Hemminga and Duarte 2000). Intertidal native
eelgrass north of Roberts Bank causeway does not seem to be light-limited during summer,
and maximum depth ranges are from -1.5 m CD to -2.5 m CD (Hemmera 2014a).
The temperature tolerance for native eelgrass ranges widely (Thom et al. 2012). In the
northeast Pacific Ocean, a water temperature of 7° C to 13° C is ideal for productivity
(Orth and Moore 1986). Although not typically experienced in the LAA, summer seawater
temperatures exceeding 25° C can lead to eelgrass shoot die-back (Orth and Moore 1986),
and shoot growth appears to stop below 5° C and above 30° C (Nejrup and Pedersen 2008).
Although eelgrass populations are declining globally, in part due to human activities
(Hemminga and Duarte 2000), the native eelgrass area at Roberts Bank has been, and
continues to be, increasing since the early 1970s (Tarbotton and Harrison 1996, Hemmera
2014a). Increases are likely due to the construction of the Roberts Bank causeway,
which reduced turbidity (and increased light availability) in the inter-causeway area, and
created the wave shadow that likely facilitated native eelgrass colonisation (Tarbotton and
Harrison 1996).
Natural and anthropogenic abiotic factors that may influence the productivity of eelgrass at
Roberts Bank include the following:


Annual cycles of decline and expansion due to seasonal changes in temperature
(Den Hartog 1987);



Pacific decadal oscillation (PDO) (Thom et al. 2003, Hemmera et al. 2013);



Yearly changes in minimum and maximum tide heights (Hemmera et al. 2013; C.
Durance, Precision Identification, personal communication);



Elevated siltation due to natural variability in the Fraser River;



Excessive nutrient inputs from agricultural run-off and other human-related inputs
decreasing water quality (Talbot et al. 1990); and



Potentially toxic elevated ammonium and nitrate concentrations due to agriculture,
industry, and coastal development (Burkholder et al. 1992, Burkholder et al. 1994,
Katwijk et al. 1998).

Marine sediments that are highly mobile due to tidal currents, wave exposure, or sediment
composition can cause successive burial and erosion and eelgrass mortality (Hemminga and
Duarte 2000). Current velocity of 50 centimetres per second (cm/s) inhibits production,
although 120 cm/s to 180 cm/s is the upper tolerance range (Fonseca and Kenworthy 1987,
Fonseca and Bell 1998, Koch 2001). Existing current velocities over Roberts Bank tidal flat
are generally below 50 cm/s (Section 9.5.6 Coastal Geomorphology, Existing
Conditions).
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At Roberts Bank, intertidal dendritic channels and a sand lobe have formed in the
inter-causeway area over the past decade (Section 9.5.6 Coastal Geomorphology,
Existing Conditions for additional information). Some channels have been recolonised with
non-native, native, or both species of eelgrass, depending on the elevation and current
velocity (Hemmera et al. 2011, 2013).
11.5.1.4

Biotic Factors for Eelgrass

Brant, Canada goose, and several species of sea ducks eat non-native and native eelgrass
rhizomes and leaves. The amount of eelgrass consumed by brant varies widely
geographically; therefore, it is unclear whether brant affect distribution of eelgrass at
Roberts Bank (Charman 1979, Nienhuis and De bree 1980, Harrison 1982b, Baldwin and
Lovvorn 1994). Canada goose consumption of native eelgrass has limited the success of
eelgrass transplants in B.C. (Butler et al. 2011).
The density of non-native eelgrass shoots has shown to be depressed when growing with
native eelgrass in the transition zone2 (Nomme and Harrison 1990).
11.5.1.5

Spatial and Temporal Variation of Eelgrass

Studies of eelgrass populations in the Fraser River estuary have documented spatial and
temporal variation in shoot density and productivity, as well as population dynamics and life
histories of native and non-native eelgrass (Bigley 1981, Harrison 1982a, Bigley and
Harrison 1986, Nomme 1989). The non-native eelgrass in the inter-causeway area has
small overwintering populations, with the areal extent varying annually, likely due to
year-specific conditions such as an abundant summer crop leading to relatively more shoots
to overwinter, or mild conditions in late summer and early fall with reduced shoot losses
(Harrison 1982a).
Native eelgrass can be interspersed with non-native eelgrass (Figure 11-2); the latter
colonises in higher elevations, especially if there are local variations in sediment elevation
(Harrison 1982b). Harrison (1982a) postulated that areas less protected by the causeways
at Roberts Bank may be less stable with respect to non-native eelgrass density and biomass
even if they are at higher elevations (such as +3 m CD).
Non-native eelgrass may vary considerably between years since it is primarily an annual
species that recruits from seed each year. Spatial and temporal variation in non-native
eelgrass spring seedling germination at Roberts Bank may be due to local climatic
2

A discrete area in the intertidal where native eelgrass and non-native eelgrass co-exist.
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conditions, and larger-scale phenomena such as long-term tide height fluctuations, PDO, El
Niño, and La Niña. Annual variation in seedling densities may be due to changes in seed
production (Harrison 1982a). Similar observations have been made at Boundary Bay
(Harrison 1982b).
Shoot densities of native eelgrass beds at Roberts Bank vary annually (Hemmera et al.
2013). The area colonised by native eelgrass increased dramatically between 1967 and
2003 in the inter-causeway area (Durance 2004), which may have been due to a number of
factors, including changes in tidal flow, introduction and expansion of non-native eelgrass
(due to ponding water during low tide), deflection of the silty Fraser River plume (increasing
light availability), and the B.C. Ferries Terminal causeway protecting the eelgrass bed from
southeasterly winter storms. Similarly, the native eelgrass bed area north of Roberts Bank
causeway has increased over 15-fold since 1994 (Tarbotton and Harrison 1996, Triton
2004a, Hemmera 2014a), possibly due to a wave shadow created by the Deltaport
Terminal. To date it appears that development at Roberts Bank has had a positive influence
on native eelgrass.
The lower limit of the eelgrass bed in the inter-causeway area has not changed between
2003 and 2012 (Hemmera et al. 2013); however, at Roberts Bank, the subtidal extent of
native eelgrass has expanded and contracted on five-year time scales from 2003 to 2013.
Sparse patches have also colonised small areas further to the north in the LAA and then
disappeared the following year.
Surveys of Roberts Bank have shown the native eelgrass LAI, a proxy for productivity, has
remained relatively stable over the past 10 years. Even when statistically significant
differences have occurred between years at Roberts Bank, similar changes have also
occurred at Boundary Bay, suggesting that variations are due to large-scale environmental
factors (Hemmera et al. 2011). For example, the DP3 Adaptive Management Strategy
program found that productivity in 2010 was more than double that of some other years at
Roberts Bank and Boundary Bay. Information from elders indicates eelgrass beds at Roberts
Bank have expanded and that this is the result of causeway development (Quadra Planning
Consultants and P.M. Ruby Consulting Inc., 1995).
In general, eelgrass beds surveyed north of Roberts Bank causeway are slightly less dense
and productive relative to the inter-causeway area. The area is strongly influenced by the
Fraser River and less protected from storms than the inter-causeway area; these factors
likely account for the lower productivity.
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Sea level rise due to climate change, described in Section 9.5.7 Coastal Geomorphology,
Expected Conditions, will cause changes to both eelgrass species at Roberts Bank (Hill et
al. 2012). The seaward distribution of native eelgrass will recede as water becomes too
deep for light requirements, but will expand shoreward into upper intertidal areas inundated
by tides for longer periods. Non-native eelgrass will also likely shift shoreward; however,
shoreward expansion by both species may be inhibited by an increase in temperature. A net
change for both eelgrass species is not expected (Hill et al. 2012).
11.5.2

Intertidal Marsh

Intertidal marsh, characterised as being exposed to air at low tide and submerged at high
tide, is representative of four predominant species (Lyngbye’s sedge, three-square bulrush,
seacoast bulrush, and pickleweed) in this assessment due to their abundance and
distributions.
11.5.2.1

Overview

The shoreline of Roberts Bank contains intertidal marsh habitat that stretches along the
Ladner dyke from the B.C. Ferries Terminal causeway to Brunswick Point (Figure 11-2).
Intertidal marsh distribution is dependent on various abiotic factors such as substrate,
salinity, and elevation. Intertidal marsh distribution also affects these abiotic factors and
their variability (Seliskar and Gallagher 1983, Van Wesenbeeck 2007). The majority of the
intertidal marsh exists as a relatively thin band immediately adjacent to the dyke, except at
the following locations:


Brunswick Point where it protrudes seaward along Canoe Passage;



The Tsawwassen salt marsh; and



Marshes at the landward end of the causeway (which are approximately 50 m
across).

There are at least 20 intertidal marsh species at Roberts Bank as described in Hemmera
2014a. Seven intertidal marsh communities are listed provincially (CDC 2013, Hemmera
2014a). Local information indicates there is very little in terms of harvestable medicinal or
traditional plants available now and that there are more invasive species (Musqueam Indian
Band 2013). Similarly, pickleweed (Sarcocornia pacifica, also known as sea asparagus) and
seaweed used to grow along the beaches and was harvested but is no longer present, at
least to a lesser extent (Musqueam Band Council 1984, Quadra Planning Consultants and
P.M. Ruby Consulting Inc. 1995, Wilson et al. 2009, Musqueam Indian Band 2013,
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Tsawwassen First Nation Elders 2014). As informed by field studies and available
literature, there are 2,220 t of intertidal marsh plants within the LAA during summer
(Appendix 10-B).
11.5.2.2

Ecological Value

Intertidal marshes perform a number of important functions and values in coastal
ecosystems including:


Sustaining the Fraser River estuary detritus food web (Kistritz 1978, Levings 2004);



Providing fish refuge from predation (Levings and Nishimura 1996);



Supporting waterfowl grazing (Boyd 1995);



Providing important foraging habitat for birds such as great blue heron (Hemmera
2010);



Cycling geochemicals (i.e., gas and nutrient regulation); and



Providing ecosystem services (Sousa et al. 2010), such as increased biological
diversity and a source of nutrients to adjacent ecosystems.

Intertidal marshes are also aesthetically pleasing, and support ecotourism industries
(Odum 1988, Pennings and Bertness 2001, McCall and Pennings 2012).
11.5.2.3

Abiotic Factors for Intertidal Marsh

Global and local abiotic or physical processes that can influence intertidal marsh distribution
include Strait of Georgia oceanographic or Fraser River fluvial processes, global sea level
rise, oceanographic cyclic phenomenon (e.g., El Niño, PDO), and anthropogenic activities in
the Fraser River estuary (Hales 2000, Kirwan and Murray 2008). The Fraser River delta is
subject to both eustatic and isostatic changes (as described in Section 9.1.3 Physical
Setting, Geotechnical Considerations and Section 9.5.6 Coastal Geomorphology,
Existing Conditions). The combined effects of these factors lead to a moderate forecast of
0.5 m of relative sea level rise by 2100, as described in Section 9.1.3.
Pacific Decadal Oscillation occurs in the Pacific Ocean climate every 20 to 30 years. The
mechanisms by which PDO fluctuations influence estuarine ecosystems are poorly
understood in relation to other natural cycles (O’Higgins and Rumrill 2007); however, PDO
forcing can increase water surface elevation in the order of 20 cm to 30 cm. During years
with elevated water levels, storm waves can penetrate further onto sand and mudflats, and
deliver more erosive energy to foreshore areas (Kirwan and Murray 2008).
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From approximately 1880 until present, small- to large-scale human activities in the Fraser
River

estuary

have

altered

natural

sedimentation

rates

(Section

9.5.6

Coastal

Geomorphology, Existing Conditions) (Hales 2000). Despite dredging activities and
installation of river-training structures to decrease sedimentation rate, Hales (2000)
estimated a 123% increase in intertidal marsh area at Brunswick Point from 1930 to 1994.
As described in Section 9.5.6 Coastal Geomorphology, Existing Conditions, the
Roberts Bank intertidal marsh is expected to continue to accrete and be in balance with sea
level rise; however, over the long term (50 to 100 years), substantial reduction may occur
due to accelerated sea level rise associated with global climate change (Hill et al. 2013).
Salinity influences the productivity of intertidal marsh plants, with above- and below-ground
biomass generally reduced in more saline conditions (Woo and Takekawa 2012). For
pickleweed, a salt-tolerant species in the LAA, seed production and seedling above-ground
biomass have been shown to decrease by 30% to 50% respectively, at high salinity
(30 PSU). Salinity also negatively affects adult flower production and seedling survival
(Woo and Takekawa 2012). Above-ground annual net primary productivity has been
observed to decrease with increasing salinity in poorly drained areas, but not in well-drained
areas (Schile et al. 2011).
Salinity effects on intertidal marsh plants vary with light level (photosynthesis decreases
with increasing soil salinity) (Warren and Brockelman 1989). In addition, intertidal marsh
plant diversity increases with decreasing salinity (Więski et al. 2010).
An increase in water column TSS can reduce the light available for vegetation, which can
affect productivity (Davies-Colley and Smith 2001). A summary of existing abiotic
conditions, including TSS, in the LAA is provided in Section 11.5.1.3.
Tsawwassen report that bulrushes from the Project area have been used for basketry, and
were also harvested for their curative properties (Tsawwassen First Nation Elders 2014).
Pickleweed had at one time been available along the side of the beach; however,
Tsawwassen Elders were not aware of any remaining harvesting locations (Tsawwassen First
Nation Elders 2014).
11.5.2.4

Biotic Factors of Intertidal Marsh

Plant communities are strongly influenced by herbivores, and can be altered through the
physical and biological processes that occur as a result of grazing (Sinclair 1995, Olff et al.
1999, Jefferies and Rockwell 2002). The effects of grazing include, but are not limited to,
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desertification, exposure of sediments and soil degradation, reduced vegetative cover,
increased salinity in soil (hypersalinic conditions), and trampling. Other effects include
changes to plant community structure, composition and diversity, and increases in net
above-ground primary production. Small-scale vegetation decreases can be exacerbated
into large-scale desertification through the interactions of soil degradation, plant mortality,
and the inability of some plants to re-establish (Graetz 1991, Srivastava and Jefferies 1996,
Jefferies and Rockwell 2002).
Populations of overwintering lesser snow geese (Chen caerulescens) are increasing in the
Fraser River estuary where they feed in intertidal marshes and mudflats, including those at
Roberts Bank (Boyd 1995). The snow goose population in the Fraser River estuary may now
be exceeding the estuary’s carrying capacity (Demarchi 2006). Simulation models predict
that Fraser River intertidal marshes are capable of supporting only 17,500 snow geese,
whereas the goose population during the 2004 and 2005 migration seasons was estimated
as 80,000 individuals (Demarchi 2006). Snow geese consume a large amount of vegetation,
which reduces plant cover, increases root loss, exposes sediments, and creates hypersaline
soil conditions (Bazely and Jefferies 1997, Zacheis et al. 2001). Over-grubbing of intertidal
marsh vegetation has led to habitat degradation, leading to reductions in some key
intertidal marsh species, well below their potential biomass (Boyd 1995, Demarchi 2006).
Snow

geese

have

been

observed

within

the

LAA

as

part

of

studies

for

RBT2

(Hemmera 2014b).
11.5.2.5

Spatial and Temporal Variation of Intertidal Marsh

Intertidal marsh habitat in the LAA is characterised by emergent vascular plants in the
elevation range of +3.2 m CD to +4.8 m CD, which is regularly covered during high tides
(Mason and Booth 2004, G. L. Williams & Associates Ltd. 2009). Intertidal marsh plant
community structure is largely influenced by elevation, as it correlates to inundation time,
salinity, and sediment composition (Hutchinson 1982). The inter-causeway area intertidal
marsh, which is highly influenced by marine water, is typically dominated by pickleweed and
saltgrass (G.L. Williams & Associates Ltd. 2009). The brackish marsh from Brunswick Point
to the Roberts Bank causeway is influenced by freshwater, which affects plant community
composition. Common species in the brackish marsh include three-square bulrush, seacoast
bulrush, and Lyngbye’s sedge (G.L. Williams & Associates Ltd. 2009). Some plant species
occur in both salt and brackish marsh (e.g., arrowgrass, Triglochin maritima) (G.L. Williams
& Associates Ltd. and NHC 2009).
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At relatively lower elevations at Roberts Bank (+3.3 m CD to +3.9 m CD), pioneering salt
marsh plant species (i.e., those species which first colonise or inhabit an area not previously
colonised) such as sandspurry (Spergularia canadensis) and pickleweed are prevalent. In
surveys conducted in 2008 at the Roberts Bank intertidal marshes, three-square
bulrush were found from +3.2 m to +3.9 m elevation, and seacoast bulrush from +3.4 m
and +4.0 m (G.L. Williams & Associates Ltd. 2009). The Roberts Bank dyke (Figure 11-2)
consists of a 2-m-wide to 5-m-wide upper intertidal marsh band. Below this band is a wide
(60 m) brackish marsh (salinity: 15 PSU) with no pioneer community, but an existing plant
community of three-square and seacoast bulrush (G.L. Williams & Associates Ltd. and
NHC 2009).
The Brunswick Point intertidal marsh is strongly influenced by freshwater outflow from the
Fraser River. The lower intertidal marsh at Brunswick Point is a well-defined band composed
of three-square bulrush and seacoast bulrush. Three-square bulrush colonises relatively
well-drained sandy silt sediments from +2.6 m CD to +3.8 m CD, and seacoast bulrush is
limited to anoxic mud near tidal channels and standing water (G.L. Williams & Associates
Ltd. and NHC 2009). The high intertidal marsh is dominated by Lyngbye’s sedge and
arrowgrass from +3.6 m to +4.2 m elevation. Cattail and softstem bulrush occur at slightly
higher elevations (+4.2 m to +5.0 m elevation) in areas near channels (G.L. Williams &
Associates Ltd. and NHC 2009).
During an Aboriginal traditional knowledge information review, specific species were
identified as being harvested traditionally within the LAA or RAA and the South Arm Marshes
WMA (see Figure 3-1 Conservation Areas) was noted by TFN, Cowichan Nation Alliance
and Musqueam as a plant gathering area. General uses of intertidal marsh plants included
the following (Turner and Hebda 2012):


Arrow-grass (Triglochin maritimum) – white base is edible during certain seasons,
poisonous otherwise;



Arrowhead or Wapato (Sagittaria latifolia) – edible, harvested for food;



Pacific silverweed or Pacific cinquefoil (Potentilla pacifica) – edible, almost all coastal
groups harvested this species for food;



Cattail (Typha latifolia) – technology, basketry, mats, and other uses;



Reed Canary Grass (Phalaris arundinacea) – technology, basketry;



Pickleweed (i.e., sea asparagus; Sarcocornia pacifica) – edible; and



Dunegrass (Elymus mollis) – used by Vancouver Island Salish for weaving tumplines
and packstraps and for tucking into the favels of reef-nets for strength.
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11.5.3

Macroalgae

Macroalgae are macroscopic, multicellular, benthic marine algae, also commonly referred
to as seaweed. In this assessment, the macroalgae sub-component represents three subgroupings that include multiple species: Ulva, bull kelp, and rockweed.
Macroalgae has been used by Aboriginal groups. The Saanich First Nations, for example,
used sea wrack (various seaweeds and kelp), bull kelp (Nereocystis luetkeana), and red
Laver (Porphyra spp.) (Tseycum, Pauquachin, Tsartlip, and Tsawout) (Turner and Hebda
2012). Also, from before contact to 1849, the Lamalchi First Nations harvested kelp and
other seaweeds from local waters and beaches. Locations (outside of the LAA) from which
marine plants (and animals) were taken (Wilson et al. 2009) include the following:
1. Reid Island, just inside Porlier Pass – kelp, seaweed;
2. Saltspring Island, Ganges Harbor – rockweed;
3. Fulford Harbour – kelp; and
4. Russel Island – seaweed.
Attached and detached kelp and seaweeds may be harvested for domestic purposes in the
Tsawwassen Fishing Area by TFN (see Section 32.2 Current Use of Land and Resources
for Traditional Purposes).
11.5.3.1

Ulva

The existing conditions in the LAA of the green algae Ulva spp. (phylum Chlorophyta), also
referred to as sea lettuce (U. lactuca) and green string lettuce (U. intestinalis), are
presented below.
Ulva is ubiquitous seaweed along the west coast of North America (Druehl 2000). Sand and
mud mounds or hummocks, especially in gently sloping areas, can be covered with Ulva,
and are referred to as Ulva hummocks. The hummocks can be a complex of green algae
species including several species of Ulva and green fish line (Lola lubrica) that have become
intertwined due to tidal action, which may or may not be attached to the substrate. Ulva
distribution during 2012 is illustrated in Figure 11-2. For details on Ulva’s life cycle refer to
Hemmera 2014a. Based on field studies and available literature, there are an estimated
17,268 t of Ulva within the LAA during summer (Appendix 10-B).
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Ecological Value
Ulva, like other macroalgae, create and modify habitat through their own growth and
productivity (Jones et al. 1994). Floating seaweed also creates three-dimensional habitat
utilised by a variety of juvenile and adult invertebrate and fish species for food, shelter,
visual orientation, and passive transport (Able and Sogard 1991, Vandendriessche et al.
2007). A variety of invertebrates depend on macroalgae during some stage of their life cycle
(Highsmith 1985).
Ulva and Ulva hummocks are high-quality refuge and nursery habitat for the commercially
and culturally important Dungeness crab (Metacarcinus magister) (McMillan et al. 1995,
Hemmera 2009). Refer to Section 12.5.3 Marine Invertebrates, Existing Conditions,
Dungeness Crabs for more information. Recruitment to nearshore waters occurs in late
spring to early summer and again in late summer (Stevens and Armstrong 1984, Orensanz
and Gallucci 1988), when algae productivity is at its highest. Positive relationships in marine
vegetation biomass and crab survivorship have been identified (Coen et al. 1981), although
not all studies have documented this trend (Wilson et al. 1990).
Abiotic Factors of Ulva
During late spring and early summer, standing biomass of Ulva and other algae species
increases dramatically due to increased light and nutrient availability (Mann 1973). The
distribution of Ulva can be patchy and ephemeral, with abundance and distribution varying
annually, likely due to the movement of biomass by tidal action (Loveland et al. 1984,
Schaadt 2005). Without this constant movement of mats and recruits, Ulva may accumulate
locally and be self-limiting as it will reduce sunlight and available nutrients (Lin and Hung
2004). The contribution of overwintering young Ulva varies between years, but it is an
important factor for developing the next generation of algae the following spring (Lotze et
al. 1999, Lotze et al. 2000). Seasonal variability was also attributed to fluctuations in
herbivory and nutrient limitation (Lotze et al. 2000).
Salinity has been shown to influence Ulva productivity. Salinity over the tidal flat varies
from near 0 PSU to 33 PSU during a rising or falling tide (approximately 6 hours)
(Section 9.7.6 Marine Water Quality, Existing Conditions). In a laboratory study, Ulva
intestinalis growth was depressed by decreasing salinity to ≤ 5 PSU from the optimum
range (15 PSU to 20 PSU) (Martins et al. 1999). The same study found that the growth rate
was not different at 8 PSU and 18 PSU. Increased nutrient levels have been shown to
decrease the negative effects of reduced salinity on U. intestinalis (Kamer and Fong 2001),
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enabling the alga to inhabit estuaries where freshwater input reduces salinity, but is
nutrient rich. As well, Reed and Russell (1979) found that U. intestinalis from estuarine
habitats had a wider range of salinity tolerance than individuals from high-salinity habitats,
and that offspring had similar patterns of salinity tolerance, suggesting that salinity
tolerance has a genetic basis.
All algae require light for photosynthesis to survive; therefore, light availability due to depth
and TSS can affect plant growth (Davies-Colley and Smith 2002). Ulva is an opportunistic
species that can be tolerant of elevated levels of sedimentation relative to ambient
conditions (Lotze et al. 1999a, Eriksson and Johansson 2005).
Biotic Factors of Ulva
Ulva productivity is influenced by biotic factors as well. Ulva can be directly consumed by a
variety of invertebrates and fishes that reduce its biomass (Schiel 2004). Ulva is also
consumed indirectly as it breaks down and contributes to water column detritus and is
consumed locally or exported by currents (Pregnall and Rudy 1985, Wernberg 2006).
Spatial and Temporal Variation of Ulva
Ulva abundance and distribution can vary seasonally. (Schaadt 2005) hypothesised that
seasonal variability in Ulva mat cover is due to tidal action that distributes Ulva biomass. Lin
and Hung (2004) suggest that without the constant movement of water moving mats and
recruits, Ulva may accumulate locally and have reduced productivity due to reduced sunlight
and nutrient availability. In California, Ulva mat biomass was shown to decrease as tidal
range increased, suggesting that Ulva mats were exported from the site (Loveland et al.
1984, Schaadt 2005). With respect to Ulva propagule variability, (Lotze et al. 1999, Lotze et
al. 2000) found that the contribution of overwintering sporophytes varied between years,
which was an important factor for recruitment. Ulva sporophyte seasonal variability was
attributed to fluctuations in herbivory and nutrient limitation (Lotze et al. 2000).
Baseline studies conducted for the DP3 expansion and the RBT2 projects described Ulva
hummock at Roberts Bank (Triton 2004a, Hemmera et al. 2009). Sand and mud mounds, or
hummocks, topped with Ulva were first observed during baseline studies conducted for the
DP3 expansion (Triton 2004a). During field studies for RBT2, (Hemmera et al. 2009)
identified Ulva hummocks immediately north of Roberts Bank terminals, and calculated
the mean area of individual Ulva hummocks as 0.5 m2 with a mean density 0.1 Ulva
hummocks per m2.
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11.5.3.2

Kelp

Kelps are large seaweeds of the class Phaeophyceae. A brief overview, their ecological
value, factors of influence, and variability are discussed below.
Low-lying and canopy-forming kelp occurs in the lower intertidal to subtidal zones
at Roberts Bank (Figure 11-2). Requiring hard substrates to attach, kelp occurs on
man-made rocky subtidal reefs immediately west of Westshore Terminals and on the tug
basin crest protection structure (Balanced Environmental 2010, Hemmera 2014a). Bull kelp
(Nereocystis luetkeana), one of four species known to occur in the area, is generally an
annual, canopy-forming species occurring in more wave-exposed areas at -3 m CD to -17 m
CD (Johnson and Koehl 1994).
There are 373 t of kelp and 300 t of rockweed at Roberts Bank (Appendix 10-B).
Ecological Value
Kelp forests affect shallow rocky reef ecosystems with their physical structure, biomass, and
associated organisms (Steneck et al. 2002). They provide three-dimensional structural
habitat (Steneck et al. 2002), reduce local current velocities, and dampen waves (Gaylord
et al. 2007), and their canopies reduce irradiance at depth, thereby affecting understorey
conditions and species assemblages (Santelices and Ojeda 1984). Kelp is eaten directly by
organisms (Bustamante et al. 1995) and provides foraging habitat for kelp-associated fishes
(Reisewitz et al. 2006, Norderhaug and Christie 2011). Kelp-derived carbon enters coastal
food webs as dissolved organic carbon released from kelp blades due to microbial activity
and direct grazing from herbivores, and as particulate organic matter as kelp blades senesce
and deteriorate (Lucas et al. 1981, Dunton and Schell 1986).
Abiotic Factors of Kelp
Abiotic factors influence the distribution and productivity of kelp (Dayton et al. 1998). Kelp
productivity studies have highlighted the importance of light, nutrients, and temperature
(Mann 1982, Dayton et al. 1998). As previously mentioned, natural sunlight availability, as
a function of depth and TSS, is an important factor in determining the depth and distribution
of algae (Davies-Colley and Smith 2001). Bull kelp in the Strait of Juan de Fuca and the
Strait of Georgia is typically found in 29-PSU to 31-PSU seawater but some species tolerate
lower-salinity waters (Druehl 1978).

Page | 11-25

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Biotic Factors of Kelp
Kelps, and other macroalgae, are grazed directly by a variety of invertebrates (Duggins et
al. 1989). Species such as urchins consume the holdfast that attaches the plant to hard
substrate, which sets the rest of the plant adrift.
Spatial and Temporal Variation of Kelp
The magnitude of kelp-derived productivity varies spatially, seasonally, and inter-annually in
response to wave disturbance, nutrient and light availability, and ocean climate (Dayton et
al. 1998, Graham et al. 2007, Reed et al. 2008, Cavanaugh et al. 2011). Kelp populations
can experience high mortality during El Niño events when there are low nutrient
concentrations (Dayton et al. 1998, Edwards 2004). Young sporophytes appear in early
spring, grow to the surface over the summer, and are then removed by winter storms
(some individuals persist for a second year). Spores are released from the kelp blades;
therefore, annual recruitment can be highly variable because released spores may not settle
near the parent kelp.
Bull kelp occurs on the habitat offsetting compensation reefs that were constructed as part
of DP3 and very sparsely along the tug basin crest protection structure (Balanced
Environmental 2010, Hemmera 2014a). Density on the subtidal reefs is 2.1 individuals per
100 m2 (Balanced Environmental 2010).
11.5.3.3

Rockweed

Rockweed, a fleshy brown perennial seaweed found attached to hard substrate, is common
on the west coast of North America in the low to high intertidal zone. It is commonly found
in estuarine to moderately wave-exposed habitats.
As stated above, kelp and rockweed combined as brown algae total 673 t at Roberts Bank
(Appendix 10-B).
Ecological Value
Similar to other macroalgae, rockweed creates complex, three-dimensional habitat that can
support a greater diversity of higher trophic levels relative to bare substrate of similar
areas, such as mudflats (Menge and Sutherland 1976, Heck and Wetstone 1977). Rockweed
provides food, habitat, and refuge for juvenile and adult stages of invertebrates and fish,
larvae recruitment habitat, and foraging habitat for birds (Duarte and Cebrian 1996, Duffy
and Hay 2000). Invertebrates such as copepods, isopods, and amphipods that are prey for
higher trophic-level fish, use intertidal vegetation as habitat (Corrigan 2003).
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Abiotic Factors of Rockweed
Rockweed distribution is influenced by a distinct suite of processes that include tidal
patterns, wave energy (Stephenson and Stephenson 1972), physiological tolerance (Somero
2002), and species interactions (Bruno and Bertness 2001), to name several. In the Pacific
Northwest, dense algal populations are common within the mid to low intertidal zone, with
rockweed being dominant (Schiel 2004). No published information was found on salinity
effects on photosynthesis in rockweed; however, Munda and Kremer (1977) found that
similar species (Fucus serratus and F. vesiculosus) experienced a slight decrease in
photosynthesis at 6 PSU relative to 10 PSU and higher under laboratory conditions. Eriksson
and Johansson (2005) found that F. vesiculosus colonisation of bare substrate was limited
by sedimentation.
Biotic Factors of Rockweed
Community structure is also largely influenced by complex biological interactions, which
include competition for space and feeding on plant material (e.g., herbivory) (Menge 2000).
Spatial and Temporal Variation of Rockweed
Many algal species propagate by larval dispersal mechanisms; variation in benthic
community structure is a function of recruitment, predation and grazing, succession events,
facilitation, and competitive hierarchies (Foster et al. 2003). As algal populations continually
experience disturbance regimes, they are well adapted to quickly recolonise bare substrate,
including rip-rap (Morley et al. 2012).
At Roberts Bank, rockweed occurs along sheltered and moderately wave-exposed, manmade cobble and rip-rap shoreline along the Roberts Bank causeway and terminals.
11.5.4

Biomat

In the literature, biomat is often described as microbial mat, which can take different forms
and be composed of a variety of single and multi-cellular organisms (Porada and Bouougri
2007, Franks and Stolz 2009). For the purposes of this assessment, biomat is defined as
blue-green algae and associated diatoms. The biomat biosedimentological zone is described
in Section 9.5.6 Coastal Geomorphology, Existing Conditions and the existing
conditions of biomat are discussed below. The term mumblies is often used informally to
describe this area.
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11.5.4.1

Overview

Within the LAA, ridges and mounds separated by channels run perpendicular to shore in the
high intertidal zone. There is a layer of cyanobacteria (blue-green algae) and diatoms
observed on the ridges that are referred to as biomat. The biomat within the LAA is
approximately 1 cm to 3 cm thick (WorleyParsons 2014a). The runnels (i.e., troughs or
channels) remain wet during all tide heights and have very sparse non-native eelgrass and
Ulva spp. Based on field studies and available literature, there are an estimated 12,019 t of
biomat within the LAA during summer (Appendix 10-B).
11.5.4.2

Ecological Value

The biomat hosts a number of species of photosynthetic microalgae, such as diatoms, Ulva
spp., and Lola spp. Like most photosynthetic organisms, the biomat’s vegetative
components require radiation from the sun for photosynthesis (Bose and Chafetz 2009,
Franks and Stolz 2009).
Areas of the biomat at Roberts Bank have sparse sandspurry (Spergularia canadensis) and
English cordgrass (an invasive species), which are both intertidal marsh plant species; this
indicates that certain areas on the biomat are suitable elevation for the early stages of
intertidal marsh formation. It is hypothesised that the biomat reduces landward wave
energy and enhances the accumulation of fine sediments, which is suitable biofilm habitat
(NHC 2014).
11.5.4.3

Abiotic Factors of Biomat

As described in Section 9.5.6 Coastal Geomorphology, Existing Conditions, tidally
induced wetting and drying of the biomat leads to the formation of polygons of biomat
separated by cracks, which is due to the upper surface of the mats experiencing greater
shrinkage than the bottom layers (Bose and Chafetz 2009). At the biomat surface,
photosynthetic microbes, which dominate the mat surfaces, hold large amounts of water
compared to the underlying sand and silt, so when the biomat dries it loses more water
than the sand underneath (Noffke et al. 2001). The difference in shrinkage leads to the
polygon edges curling upwards and creating a concave structure (i.e., a conﬁned depression
at the center of the polygon with raised edges) (Bose and Chafetz 2009). Biomat at
Roberts Bank was concentrated along the raised edges of the polygonal forms that
develop as a result of this tidally driven wetting and drying (Appendix 9.5-A Coastal
Geomorphology Study) .
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11.5.4.4

Biotic Factors of Biomat

No existing literature on biotic factors that influence biomat was found during this
assessment. Biomat is a primary producer and is likely consumed by higher trophic levels,
although to what degree or importance is uncertain. During field studies for this
assessment, Hemmera (2014c) observed large numbers of waterfowl on the biomat but it is
unclear whether or not the biomat was being consumed.
11.5.4.5

Spatial and Temporal Variation of Biomat

As described in Section 9.5.6 Coastal Geomorphology, Existing Conditions, the
textured surface provided by the biomat likely traps fine sediment, resulting in accumulation
and an increase in elevation. It is believed that the biomat accretes vertically during the
spring and summer when productivity is higher and dies back to some degree during winter
(Appendix 9.5-A).
Biomat, located in the upper intertidal area of Roberts Bank (Figure 11-2) between +3.0 m
CD and +3.5 m CD, occurs in conjunction with ridge and runnel complexes, as previously
described in Section 9.5.6 Coastal Geomorphology, Existing Conditions. Orthophoto
interpretation during 2003 and 2012 has shown the areal extent of the biomat feature has
increased in area from 39 ha to 64 ha (Triton 2004a, Hemmera 2014a). It is expected that
biomat will continue to accrete vertically and increase in area. Features similar to Roberts
Bank biomat have also been observed at Boundary Bay (Kellerhals and Murray 1969).
11.5.5

Biofilm

Biofilm, which is found on intertidal estuarine sediments, is defined as a thin (0.01 mm to
2 mm) yet dense layer of microphytobenthos, microbes, organic detritus, and sediment in a
three-dimensional mucilaginous matrix of extracellular polymeric substances (EPS)
(Kuwae et al. 2008, Compass Resource Management 2013). Figure 11-3 represents an
updated schematic of microbial biofilm, based on Decho (2000).

Page | 11-29

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Figure 11-3

Schematic of Microbial Biofilm within Intertidal Sediment

Note: Modified from Decho (2000)

11.5.5.1

Overview

Biofilm is an important component of the benthic foodweb in estuarine and coastal
ecosystems, and has been well studied in western Europe (England, Netherlands, Belgium,
Germany, and France); however, studies in North America are limited.
Biofilm biomass and EPS production are driven by microphytobenthos that are typically
dominated by diatoms (Underwood and Kromkamp 1999, Admiraal 1984); the Roberts Bank
microphytobenthos assemblage has been noted to comprise more than 95% diatoms
with a small proportion of cyanobacteria (WorleyParsons 2014a, d). The term biofilm
assemblage will be used in this assessment to refer to the microphytobenthos
composition; details on the specific taxa contained within the biofilm assemblages at
Roberts Bank are discussed in detail in WorleyParsons (2014a, d). Other components of
biofilm, including organic detritus and non-diatom microbes were not considered as they do
not represent measureable primary productivity.
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Biofilm biomass and productivity are derived from photosynthesis and hence are constrained
by maximum depth of light penetration in the sediment (usually the top 2 mm) (Herlory et
al. 2004, De Brouwer and Stal 2001). Diatoms can be attached to sediment particles
(epipsammic), but also exhibit vertical migrations, facilitated by the section of EPS (epipelic)
(MacIntyre et al. 1996; Decho 2000); such migrations are spurred by changing conditions in
the physical environment, such as light levels and water immersion and emersion (Guarini
et al. 1997, Smith and Underwood 1998).
Biofilm Establishment
During periods of standing water (e.g., slack water), diatoms settle out of the water column
phytoplankton community and establish on intertidal substrates where the production of
EPS permits motility within sediment. A direct link therefore exists between the water
column phytoplankton community and the biofilm assemblage.
During periods of turbulent water (i.e., strong tidal flows, storm events), portions of the
biofilm assemblage and EPS can be re-suspended into the water column where they
continue to photosynthesise. These re-suspended diatoms can then be removed from their
site in the water column, or re-distributed to settle elsewhere in the biofilm area.
In laboratory experiments, biofilm has been shown to achieve maximum biomass within
10 to 13 days of exposure to sterile sediments (Lundkvist et al. 2007, Tolhurst et al. 2008).
However, studies conducted under the naturally dynamic conditions at Roberts Bank show
biofilm can achieve natural densities within nine days (WorleyParsons 2014e); this
illustrates the high resiliency of biofilm with an ability to rapidly colonise and grow when
environmental conditions are suitable.
Source of Biofilm within the Local Assessment Area
Diatoms found within the biofilm assemblage in the LAA come from the phytoplankton
contained within the Fraser River estuary. Two main water sources contribute to the Fraser
River estuary: 1) The Fraser River (freshwater) and 2) the Strait of Georgia (marine).
Within the Strait of Georgia, diatoms are the dominant phytoplankton, represented by more
than 200 taxa (Harrison et al. 1983). Seasonal differences in dominance have been noted
with spring communities dominated by the genera Skeletonema and Thalassiosira with
Ditylum, Detonula, Eptocylindrus, and Nitzschia being sub-dominant (Takahashi et al. 1977,
Stockner et al. 1979, Harrison et al. 1983). Phytoplankton productivity is high in the Strait
of Georgia, averaging between 120 grams of carbon per square metre (g C/m2) and 345 g
C/m2 annually; however, strong seasonal and inter-annual variability occurs due to the
dynamic nature of the Fraser River (Masson and Peña 2009).
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11.5.5.2

Ecological Value

Biofilm is an important primary producer, providing a substantial source of energy for
grazers, deposit feeders, and filter feeders (Cahoon 1999). Furthermore, some members of
the biofilm assemblage are preferred prey of invertebrate and fish species (Sullivan and
Currin 2000). Within the Fraser River estuary, biofilm is an important food source for
higher-level consumers, including the migratory western sandpiper (Calidris mauri) (Kuwae
et al. 2008, Coastal and Ocean Resources Inc. 2012) and dunlin (C. alpina) (Elner et al.
2005). Refer to Section 15.5.3 Coastal Birds, Existing Conditions, Shorebirds
for information

on

ecological

relationships

between

migratory

birds

and

biofilm

(and invertebrates).
The average productivity of estuarine biofilm has been reported to be between 50 g C/m2
and 875 g C/m2 per year (Underwood and Barnett 2006). World-wide, primary production
attributed to marine or estuarine biofilm is estimated to be between 340 million t and
500 million t of carbon per year (Charpy-Roubaud and Sournia 1990, Cahoon 1999).
Differences in environmental parameters lead to spatial differences in productivity. For
instance, 100 g C/m2 per year is estimated for biofilm in temperate waters while 300 g C/m2
per year is suggested for tropical waters (Charpy-Roubaud and Sournia 1990). Based on
field data collected in the LAA and literature, there is an estimated 19,486 t of biofilm within
the LAA during summer (Appendix 10-B).
11.5.5.3

Abiotic Factors of Biofilm

Diatoms contained within biofilm assemblages are widely distributed in estuarine sediments
and show rapid growth under favourable conditions (Underwood 2010). Differences in key
environmental parameters will lead to differences in the biofilm assemblages, and speciesspecific productivity rates may occur. For example, in a laboratory study of five isolated
diatom species, maximum rates of EPS production ranged between 5.1 micrograms (µg)
EPS/µg (Nitzschia sigma) and 1.6 µg EPS/day (Surirella ovata) (Underwood and
Smith 1998).
Several specific abiotic parameters have been the focus of scientific research; a general
summary of these influences of light, temperature, turbidity, salinity, nutrients, elevation,
tidal cycle, predation, sediment grain size, and water velocity is provided in Table 11-5.

Page | 11-32

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Table 11-5

Abiotic and Biotic Factors Influencing Biofilm Presence and Growth

Parameter

Influence on Biofilm

Influence within the LAA

References

Light

 Increasing light levels increase primary productivity
until a maximum (when cells begin to degrade).
 Species-specific optima for light levels lead to niche
partitioning within biofilm layer.

 Reduced light levels during the winter
due to shorter day length.
 Freshet flow increases turbidity,
reducing light levels.
 Decreased productivity expected in
winter and during peak freshet flows.

Barranguet et al. 1998,
Underwood et al. 2005,
McLachlan et al. 2009,
WorleyParsons 2014d

Temperature

 Linked to light levels. Optimal temperatures for
diatoms 10º C – 30º C.
 Biofilm absent below 4º C. For most species,
decreased productivity typically observed above
40º C.

 Warmer water temperatures during
summer and fall compared to spring
and winter.
 Increased water temperatures during
spring freshet when large volumes of
freshwater are present.

Chiu et al. 2006, Scholz
and Liebezeit 2012

Turbidity

 Biofilm productivity rates decrease with increasing
turbidity (due to reductions in light). Net primary
productivity estimated 0 at 120 milligrams per litre
(mg/L).
 Turbidity also controls diatom biomass and
productivity in estuaries.

 Increased turbidity associated with
freshwater, particularly during spring
freshet flows.

Cloern 1987, Cloern et
al. 1989, Pratt et al.
2013

Salinity

 Individual species exhibit a range of salinity
tolerances. Optimal salinities for some diatoms are
provided in Species-specific optimal salinity levels
for biomass and growth are provided in Table 11-6.
Additional information is contained within
WorleyParsons (2014b, c).
 Table 11-6.
 Literature suggests salinities below 10 PSU have
potential to influence noticeable changes in
assemblage composition as marine taxa are
replaced by freshwater-tolerant taxa.
 Laboratory studies indicate optimal salinities for
biofilm productivity is between 10 PSU and 30 PSU.

 Spring freshet decreases salinity
within LAA. Decreases in biofilm
biomass and productivity expected
during this time.

Williams 1964,
Underwood et al. 1998,
Muylaert et al. 2002,
Thornton et al. 2002,
Chiu et al. 2006, Scholz
and Liebezeit 2012,
Whitfield et al. 2012,
WorleyParsons 2014c, d

Abiotic Factors
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Parameter

Influence on Biofilm

Influence within the LAA

References

Abiotic Factors

Nutrients

 Directly linked to diatom productivity. Generally,
increased nutrients lead to increased growth and
productivity. Nitrogen observed to have greatest
limiting effect for estuarine and marine species.

 Nutrient supply mostly from mixing of
deep marine water at freshwater
plume interface.
 During freshet, greater influence of
freshwater with lower nutrient value
compared to more saline waters.

Yin 1994, Yin et al.
1995a, b, Hillebrand
and Sommer 1997

Elevation
and
Immersion/
Emersion
Period

 Greatest productivity occurs during daytime
emersion (i.e., at low tides). Biofilm biomass is
generally greater at higher elevations. On long
intertidal mudflats, higher elevations are exposed to
less wave energy.

 Longer emersion times at higher
elevation leads to greater
productivity.
 Higher elevations reduce energy and
fine sediments distribution.

Pinckney and Zingmark
1991, Blanchard et al.
2006

Tidal Cycle

 Tidal cycle influences the volume of water (and
corresponding number of diatoms) that moves
overtop of intertidal mudflats. During spring tides,
water movement is maximised, leading to increased
turbulence and removal of biofilm. Decreased slacktide periods reduce ability of water column
phytoplankton to settle on sediments. In contrast,
neap tides provide less turbulence and increased
settlement ability.

 Tidal cycle controls water movement
within the LAA, which influences
diatom settlement and re-suspension
rates.

Brotas et al. 1998,
Lauria 1998, Dransfeld
2000, Jesus et al. 2009,
WorleyParsons 2014a

Sediment
Grain Size

 Larger grain sediments are indicative of higherenergy environments (i.e., wave action). Higher
energy leads to greater sediment movement, which
results in direct physical damage to biofilm cells,
thus reducing biofilm establishment and growth.

 Biofilm occurs in association with
finer sediment grain size (i.e., lowenergy environments. A relationship
with increasing biofilm biomass is
noted with increasing fine sediment
composition.

Delgado et al. 1991,
Van Colen et al. 2008,
WorleyParsons 2014c

Water
Velocity and
Wave Energy

 High water velocity and wave height are indicative
of high-energy environment and directly related to
sediment grain size. Higher water velocity and wave
energy result in increased erosion and movement of
sediment particles, ultimately damaging biofilm.

 Within the LAA, areas of low water
velocity and wave energy occur in the
upper intertidal region.

Delgado et al. 1991,
Van Colen et al. 2008,
NHC 2014

 Grazing invertebrates remove biofilm biomass, but
consumption of biofilm can stimulate productivity.
Other invertebrates can destabilise sediments,
making conditions less optimal for biofilm
establishment.

 Invertebrates can stimulate
productivity but also keep total
biomass low. No quantified
relationship between invertebrates
and biofilm grazing within the LAA.

Ross 1998, Herman et
al. 2000, Hillebrand et
al. 2000, Blanchard et
al. 2001, Evrard et al.
2010

Biotic Factors

Predation
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Species-specific optimal salinity levels for biomass and growth are provided in Table 11-6.
Additional information is contained within WorleyParsons (2014b, c).
Table 11-6

Species-specific Optimal Salinity Levels for Biomass (Chlorophyll a)
and Growth (Division Rate)
Maximum Productivity
Salinity Conditions (PSU)

Species

Reference

Amphora coffeaeformis

35 (chlorophyll a content)

Murugaraj and Jeyachandran 2007

Cyclotella meneghiniana

18 (division rate)

Roubeix and Lancelot 2008

Cylindrotheca gerstenbergeri

6 to 8 (division rate)

Williams 1964

Navicula sp.

17 to 18 (division rate)

Williams 1964

Nitzschia closterium

17 to 18 (division rate)

Williams 1964

Nitzschia laevis

17 to 18 (division rate)

Williams 1964

Nitzschia ovalis

30 (division rate)

Saks 1982

Nitzschia sigma

11 to 18 (division rate)

Williams 1964

Nitzschia thermalodies

30 to 31 (division rate)

Williams 1964

Influence of Fraser River Discharge on Phytoplankton and Biofilm
Large seasonal fluctuations in the Strait of Georgia phytoplankton community occur as
individual species become dominant (Mackas et al. 1980), especially during the spring
freshet. Increased freshwater discharge creates a large amount of nutrient upwelling in the
Fraser River estuary, which can stimulate the growth of individual species. Additionally, the
increased freshwater discharge leads to an increase in freshwater diatom species within the
Fraser River estuary (Stockner et al. 1979, Harrison et al. 1983), thus changing the
composition of phytoplankton in the water column. Given the linkage between the water
column

phytoplankton

community

and

biofilm

assemblages,

natural

variations

are

expected to occur within the biofilm assemblage at Roberts Bank related to the level of
freshwater influence.
Freshwater Dynamics in the Fraser River Estuary

As freshwater enters the Fraser River estuary, its lower density creates a stratified water
column whereby the freshwater floats on top of the denser seawater. The stratified water
column is eventually mixed by the ebb and flow of the tidal cycle; however, the level of
mixing is variable. Spring tides (high tidal range) mix the water column to a greater extent
than neap tides (low tidal range). Surface winds also create mixing as currents churn the
surface water (Yin et al. 1997). As the water column is mixed, deeper marine water is
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entrained into the upper water column. Compared to the Fraser River discharge, the
entrained marine water has increased salinity, increased nutrients (primarily nitrogen),
decreased temperature, and decreased turbidity.
Because of the variable mixing dynamics, the Fraser River estuary is characterised by
two distinct water masses, which have different chemistry and quality characteristics
(Harrison et al. 1991).
1. Riverine plume – characterised by salinities between 0 PSU and 10 PSU and is the
extent of freshwater due to river flows (Harrison et al. 1991). This plume
continuously expands and contracts in size due to daily factors including river
discharge rates and tidal conditions; and
2. Estuarine plume – the transition between the riverine plume and true marine
waters with salinities between 10 PSU and 15 PSU (Harrison et al. 1991). It is
created by freshwater and marine water mixing from tidal and wave forces. This
plume expands and contracts gradually over time due to dissipation of freshwater
and mixing influences.
As described above, the extent and position of each plume is variable and dependent upon
several offsite factors including the volume of freshwater discharge, wind, and tidal
patterns; therefore, phytoplankton and biofilm within the LAA currently experience natural
fluctuations in environmental conditions on daily, tidal, seasonal, and annual scales.
Productivity Dynamics within the Fraser River Estuary
The wide natural fluctuation of water chemistry and quality in the Fraser River estuary
(see Section 9.7.6 Marine Water Quality, Existing Conditions) has been shown to
directly influence biomass and productivity of primary producers. Phytoplankton abundance
and productivity is greatest at the edge of the estuarine plume and lowest within the
riverine plume; several correlated parameters including decreased salinity, decreased
turbidity, and increased nutrient availability are viewed as factors of influence (Parsons et
al. 1969, Stockner et al. 1979).
Natural Variability and Resilience of Biofilm at Roberts Bank
Situated adjacent to the large freshwater outflow of Canoe Passage, biofilm at Roberts Bank
currently experiences a wide range of environmental conditions. The riverine plume is in
continuous flux across the tidal flats, with the exact boundary being driven by several offsite
factors including freshwater discharge volume, tidal cycle, and wind events (Yin et al.
1997). During spring freshet, salinity in some areas is estimated to range between 0 PSU
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(freshwater) and 33 PSU (full marine) in a single day (see Section 9.7.6 Marine Water
Quality, Existing Conditions). Due to the high variability in existing conditions at Roberts
Bank, natural fluctuations in biofilm biomass, productivity, and assemblage composition
currently exists.
WorleyParsons (2014e) noted changes in biofilm biomass and assemblage structure within a
single spring-neap tidal cycle (28 days). In July and August 2013, spring tides were related
to maximum values in biofilm biomass, density, and richness. During the subsequent neap
tides, when tidal mixing is decreased, biofilm biomass and assemblage structure metrics
decreased to minimum values (WorleyParsons 2014e). A different taxonomic composition
was also observed. At the onset of the following spring tide, biomass returned to previously
high levels and the assemblage returned to a similar pre-neap tide composition and
structure.
Data collected for this assessment (see WorleyParsons 2014b) conclude that biofilm at
Roberts Bank currently experiences a wide range of environmental conditions. While
exhibiting changes in productivity and assemblage structure with changes in water quality
and chemistry parameters, biofilm is resilient and able to return to a highly productive
assemblage once optimal conditions return.
11.5.5.4

Biotic Factors of Biofilm

As an important primary producer, biofilm can be influenced by predation from higher-level
organisms. The effects of grazing pressure, along with interactions of nutrient levels, have
been noted to influence biofilm biomass (Hillebrand et al. 2000).
11.5.5.5

Spatial and Temporal Variation of Biofilm

At Roberts Bank, seasonal patterns drive variability of the physical environment, with the
most pronounced effects during the spring freshet. An increase in freshwater discharge
typically begins in April and peaks in June, before gradually tapering off through to October;
during the fall, rain from individual storm events can lead to small increases in river flows.
These increases in freshwater discharge lead to lower salinity, higher turbidity, higher
temperatures, increased fine sediment deposition, and decreased nutrients, resulting in
potential reductions in biofilm productivity as well as shifts in assemblage composition. As
discussed in Section 11.5.5.3, however, the influence of freshwater at Roberts Bank is
variable and based on several offsite factors.
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Seasonal Patterns of Biofilm within the Local Assessment Area
The Fraser River estuary is exposed to variations in day length among seasons, leading to
an optimal growing season during spring and summer. Higher values of biofilm biomass
indicators were observed in spring and summer compared to winter (WorleyParsons 2014c).
Lower biofilm biomass in winter is likely due to restricted daylight hours combined with
reduced daytime emersion periods and lower temperatures, creating a predictable decrease
in productivity (WorleyParsons 2014c). Some biofilm biomass differences may also have
been attributable to changes in the biofilm assemblage as larger-sized diatoms (which
contain greater biomass) became less dominant.
Biofilm cell density was not observed to differ among seasons, but taxonomic richness,
evenness, and diversity increased steadily from spring to summer to winter, indicating a
natural change in the composition of Roberts Bank biofilm assemblage over seasons.
Although the density of the biofilm assemblage is shown to be constant throughout the
year, changes in biomass are likely due to changing environmental conditions and the
occurrence of less productive, smaller taxa.
Throughout the LAA, three genera of diatoms were noted as being dominant within the
annual

biofilm

assemblage

at

Roberts

Bank:

Nitzschia

spp.,

Navicula

spp.,

and

Achnanthidium spp. Nitzschia spp. and Navicula spp. have been reported to dominate
other biofilm assemblages throughout the world, including Roberts Bank (WorleyParsons
2014c, d, e) and are recognised as typical estuarine and marine taxa. The genus
Achnanthidium is predominantly freshwater and found in North American rivers (Potapova
and Edlund 2008). Amphora, a typical brackish water genus in the Fraser River estuary
(Ross 1998), was also observed to be sub-dominant, but no consistent pattern was
observed. Habitat preferences of these four taxa in the LAA are summarised in Table 11-7.
Table 11-7

Genus

Habitat Types of Diatoms in Biofilm Assemblage Found in the Local
Assessment Area
Habitat Preference in LAA

Relative Cell Size Range

Nitzschia

Marine/Estuarine

Large

Navicula

Marine/Estuarine

Large

Freshwater

Small

Estuarine

Medium

Achnanthidium
Amphora
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A temporal shift was observed in the biofilm assemblage (see Figure 11-4). Although the
freshwater

Achnanthidium

spp.

was

co-dominant

within

the

annual

mean

biofilm

assemblage across Roberts Bank, it was only prevalent at all sites during spring. In the
summer, Achnanthidium spp. declined to a co-dominant taxa; it declined further to a subdominant taxa in winter (Figure 11-4). The seasonal changes in Achnanthidium spp.
dominance at Roberts Bank followed the pattern of freshwater discharge from the Fraser
River (WorleyParsons 2014d); spring sampling coincided with the highest freshwater
discharge from the Fraser River (WorleyParsons 2014d). Aside from spring, when
Achnanthidium spp. was dominant, the marine-influenced genera of Nitzschia and Navicula
were consistently dominant.
The seasonal data reported by WorleyParsons (2014d) indicates that biofilm productivity
and assemblage composition at Roberts Bank is influenced by fluctuations in freshwater
discharge from the Fraser River. Given the known dynamics and influence of the Fraser
River on the estuarine waters (Section 9.7.6

Marine

Water

Quality, Existing

Conditions) as well as the influence of abiotic factors on biofilm assemblage productivity
and composition (Section 11.5.5.3), natural variability is expected in the biofilm
assemblage across Roberts Bank. This would lead to a predicted decrease in productivity
and shift toward more freshwater-influenced assemblages during the lowest salinity periods
of freshet (Section 9.7.6 Marine Water Quality, Existing Conditions). After freshet,
when salinity is increased, more productive assemblages with a greater level of marine
influence would be expected.
Spatial Patterns of Biofilm within the Local Assessment Area
Throughout the year, factoring in the seasonal variability of the biofilm assemblage, the
highest biofilm biomass occurred on the tidal flats immediately to the west of the Roberts
Bank causeway; these included the areas defined as the upper and mid-intertidal biofilm
zones (WorleyParsons 2014c, d). Similarly high levels of biofilm density occurred within the
inter-causeway region. Samples taken from the tidal flats adjacent to Canoe Passage
possessed the lowest biofilm biomass and cell density throughout the year; however, this
area also had the greatest taxonomic richness and diversity.
In terms of the biofilm assemblage, a different assemblage was determined based on
biofilm within the defined Canoe Passage zone and the upper and mid intertidal zones
(WorleyParsons 2014d). The biofilm assemblage closer to Canoe Passage had a larger
proportion and year-round dominance of the freshwater Achnanthidium spp., indicating a
greater degree of freshwater influence. In comparison, samples collected further from
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Canoe Passage, near the Roberts Bank causeway were dominated year round by the typical
marine genera Nitzschia and Navicula (Figure 11-5), indicating a more marine-influenced
assemblage. Within the collected data, a transitional gradient is inferred as samples
between Canoe Passage and the Roberts Bank causeway were shown to possess a mixture
of both marine and freshwater-influenced taxa, depending upon season (WorleyParsons
2014d).
This spatial pattern illustrates a natural gradient from a freshwater-influenced assemblage
adjacent to Canoe Passage to a marine-influenced assemblage close to the Roberts Bank
causeway. Along this gradient, changes in biofilm biomass and assemblage composition
were noted with distance from Canoe Passage (WorleyParsons 2014c, d). A transitional zone
will therefore occur where freshwater and marine-influenced taxa will be equally dominant;
during freshet, this area is predicted to occur to the immediate east of Brunswick Point,
although the exact location of this transition zone is in constant flux due to the natural
mixing processes of the Fraser River estuary.
The biofilm assemblage at Roberts Bank is estuarine in nature, experiencing a wide range in
water column salinities. During existing freshet conditions, when freshwater discharge from
the Fraser River is naturally high, much of the biofilm at Roberts Bank will be influenced by
freshwater, as was reported by WorleyParsons (2014d). A greater marine influence was
shown during non-freshet conditions (WorleyParsons 2014d). Under existing conditions,
biofilm at Roberts Bank will have the greatest freshwater influence on neap tides during
peak freshet conditions (Section 9.7.6 Marine Water Quality, Existing Conditions).
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Figure 11-4

Seasonal Changes in the Proportion of the Mean Biofilm Composition by Taxa throughout the Local
Assessment Area
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Figure 11-5

3

Spatial Differences in the Mean Annual Biofilm Composition3

See subsection Distribution of Biofilm within the Local Asessment Area below for description of areas identified in this figure.
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Distribution of Biofilm within the Local Assessment Area
Prior to 2012, limited information existed on the distribution of biofilm at Roberts Bank. A
map by Catherine Berris Associates Inc. (2010), which was based on initial mapping by
Triton (2004a), provided the most complete pre-2012 biofilm distribution at Roberts Bank.
Biofilm was shown to be restricted to the upper intertidal region of Roberts Bank east of the
Roberts Bank causeway (Figure 11-6).
Large areas of Roberts Bank were classified as mud with the possibility of biofilm (Catherine
Berris Associates Inc. 2010). Subsequent to 2012, PMV mapped the distribution of biofilm
within the LAA using hyperspectral remote sensing (ASL Environmental Sciences 2013,
WorleyParsons 2014d). The hyperspectral sensors isolated and identified areas of biofilm
throughout the LAA that were either not accessible or not detectable by field-level personnel
(ASL Environmental Sciences 2013, WorleyParsons 2014a).
Within the LAA, approximately 325 ha of biofilm-dominated substrates were identified
through hyperspectral imaging (ASL Environmental Sciences 2013, WorleyParsons 2014d);
this

is

approximately

170%

more

biofilm

coverage

than

previously

documented.

Furthermore, biofilm in the LAA was delineated into two categories: Biofilm and Low-density
Biofilm (Figure 11-7) (ASL Environmental Sciences 2013, WorleyParsons 2014d). These
categories represent substrates where biofilm was the dominant vegetation cover
(e.g., greater than 50%) and does not include areas where biofilm was sub-dominant
(e.g., less than 50%) to other vegetation (e.g., eelgrass, macroalgae); hence, the
estimated biofilm area of approximately 325 ha is believed to under-represent the actual
distribution at Roberts Bank.
The hyperspectral survey confirmed the pre-2012 biofilm area within the upper intertidal
area, but also identified other areas of biofilm within the LAA (Figure 11-8). Five zones of
biofilm

were

delineated

based

on

distinct

geographical

location

as

described

in

WorleyParsons 2014d and summarised in Table 11-8.
Biofilm density, based on Chlorophyll a biomass (mg/m2), ranges between 30 mg and
363 mg Chlorophyll a/m2 within the LAA (Figure 11-9). For a description of the technical
analysis, see Appendix 1 in WorleyParsons (2014d).
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Table 11-8

Surface Area of Biofilm-dominated Sediments within the Local
Assessment Area

Predominant
Influence

Biofilm Zones

Marine

Biofilm Categories (ha)
Biofilm

Low-density Biofilm

Total Biofilm
Area (ha)

Upper Intertidal

55.9

2.4

58.3

Marine

Mid Intertidal

42.2

29.2

71.4

Marine

Lower Intertidal

2.0

3.7

5.7

Freshwater

Canoe Passage

82.3

73.6

155.9

Undefined

Inter-causeway

8.5

24.9

33.4

190.9

133.8

324.7

Total

The upper intertidal biofilm zone, which is recognised to be predominantly marineinfluenced, has the highest biomass, and the least proportional area classified as lowdensity biofilm. Across Roberts Bank, biofilm biomass indicators are greatest during spring
and summer and lowest in winter. Although the area of biofilm close to Canoe Passage does
constitute a larger surface area at Roberts Bank, it possesses lower mean biomass
(WorleyParsons

2014d).

Mean

biofilm

biomass

estimates

derived

from

hyperspectral imagery (ASL Environmental Sciences 2013, WorleyParsons 2014d) are
provided in Table 11-9.
Table 11-9

Predominant
Influence

Mean Density of Chlorophyll a on Biofilm-dominated Sediments
within the Local Assessment Area as Determined by Hyperspectral
Imagery

Biofilm Zone

Mean
Chlorophyll a
(mg/m2)1

Maximum
(mg/m2)

Minimum
(mg/m2)

Categorised
Biofilm
Density2

Marine

Upper Intertidal

128 ± 25

349

44

Moderate

Marine

Mid Intertidal

105 ± 21

350

44

Moderate

Marine

Lower Intertidal

95 ± 14

319

67

Low

Freshwater

Canoe Passage

94 ±16

363

42

Low

Undefined

Inter-causeway

116 ± 22

342

51

Moderate

Notes:

1
2

Calculations based on Kromkamp et al. (2006) and presented in Appendix 1 of
WorleyParsons (2014d). Error reported as Standard Deviation of the Mean.
Category Definitions: Low – calculated values of 30 mg to 100 mg Chlorophyll a/m2;
Moderate – calculated values of 101 mg to 200 mg Chlorophyll a/m2; and High –
calculated values of >200 mg Chlorophyll a/m2.
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Distribution of Biofilm in the Regional Assessment Area
Catherine Berris Associates Inc. (2010) identified large areas of mud substrates on Sturgeon
Bank and Westham Island, which may contain biofilm. At Sturgeon Bank, high densities of
biofilm cells were reported at the northern portion, near the Iona Outfall Jetty (Ross 1998),
and Amos et al. (1997) reported the presence of microalgae in the upper intertidal region.
Additionally, the 2012 hyperspectral survey identified low-density patches of biofilm north of
Canoe Passage, outside of the LAA (WorleyParsons 2014d). Biofilm has also been suggested
to occur at Boundary Bay, due to observed high shorebird usage (Coastal and Ocean
Resources Inc. 2012). See Section 15.5 Coastal Birds, Existing Conditions for more
information.
In spring 2012, sediment photopigment density samples were collected within the RAA,
including sites at Roberts Bank, Sturgeon Bank, and Boundary Bay. Based on sediment
Chlorophyll a and Fucoxanthin density, WorleyParsons (2014c) noted localised increases,
similar to those of known biofilm at Roberts Bank. These increases in biofilm-related
photopigments occurred at several locations including northern Westham Island, northern
Sturgeon Bank, and eastern Boundary Bay (Figure 11-10). Based on field observations and
shorebird usage data (Hemmera 2014c), these areas of higher-density Chlorophyll a and
Fucoxanthin are believed to be other areas of biofilm.
11.5.6

Expected Conditions

Projects and activities underway during EIS preparation and expected to be completed by
2018 Project construction start date are described in Section 3.4.3 Geographical Setting,
Projects Contributing to Expected Conditions. For the purposes of this assessment, the
expected conditions are assumed to be predominantly influenced by natural environmental
conditions and physical processes at Roberts Bank, rather than by other projects and
activities. As described in Section 3.4.3 Projects Contributing to Expected Conditions,
the nature and level of existing activities is not anticipated to change. The only expected
marine or marine vessel-based project at Roberts Bank is the Westshore Terminals –
Terminal Infrastructure Reinvestment Project. All proposed works will occur within the
existing footprint and will not involve in-water construction activities; therefore, expected
conditions for marine vegetation will be primarily influenced by environmental conditions
and physical processes at Roberts Bank at the time of Project commencement.
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Environmental conditions and physical processes (i.e., depth, salinity, bottom current, and
wave height) that influence Roberts Bank are expected to remain essentially unchanged
by 2018 (Section 9.5.7 Coastal Geomorphology, Expected Conditions). Changes in
environmental conditions and physical processes due to climate change prior to Project
commencement are likely to be negligible and within the tolerance limits of marine
vegetation.
11.6

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on marine
vegetation in relation to the indicators listed in Table 11-2. These potential effects of the
Project on the marine vegetation VC were identified through discussions with regulators,
Aboriginal groups, stakeholders, and the public, the TAG process, review of the EIS
Guidelines, published scientific literature, professional experience and information from
other similar EAs and projects, and professional judgement of the Project team. Potential
interactions between Project activities and marine vegetation during Project construction
and operation are identified in Table 11-10 and Table 11-11, respectively. Potential effect
ratings and a preliminary evaluation of the potential effects on marine vegetation associated
with these interactions is also provided, to focus the assessment on those interactions of
greatest importance. Mechanisms (e.g., direct mortality, changes in water quality) that may
lead to potential effects are described in Section 11.6.1.
Interactions resulting in no effect (those not listed in the tables, but contained within
Appendix 8-B Project Interaction Matrix) or a negligible effect are not carried forward
for assessment. Negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of the VC or sub-components. Negligible effects are
described in Section 11.6.2.
Minor or moderate potential effect ratings indicate potential consequences of the interaction
on short-term or long-term viability, and take into account both the mechanisms influencing
potential changes from the interaction, and the physical and biological aspects of natural
ecosystem variability (as described in Section 9.5.6 Coastal Geomorphology, Existing
Conditions; Section

9.6.6

Surficial

Conditions;

9.7.6

Marine

Section

Geology
Water

and

Quality,

Marine

Sediment,

Existing

Existing

Conditions;

and

Section 11.5). Potential effects considered to be of minor consequence are discussed in
Sections 11.6.3 to 11.6.4.
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Table 11-10
Project
Component

Identification of Potential Project Interactions with Marine Vegetation for Construction Phase

Project Works and Activities

Vibro-densify native soil at
terminal building foundation
areas.
Transport Fraser River sand (and
quarry sand if required) to
intermediate transfer pit (ITP)
and store.

Marine
Terminal

Potential
Effect
Rating

Negligible

Negligible

Construct permanent
containment dykes around
terminal east and west terminal
basins.

Minor

Pump excess water in terminal
basins to disposal at sea (DAS)
site.

Negligible

Vibro-densify native soil in
dredged area.

Negligible

Nature of Interaction and Effect, and Rationale for Effects Rating
Land Development
There is no spatial overlap with marine vegetation in the area of activity;
changes in water quality (TSS) are anticipated to be localised and within
natural ranges.
Changes in water quality (TSS) at the ITP are anticipated to be localised.
Since there is little to no marine vegetation at or near the ITP, effects to
marine vegetation productivity are expected to be undetectable.
Overall potential effects from this work is considered to be minor:
 Direct loss of marine vegetation at or near the construction areas will
be measurable and is expected to cause a minor adverse effect on
productivity for native eelgrass and macroalgae.
 Increases in total suspended solids from this work could cause a
temporary and localised decrease in productivity; however, effects on
productivity are unlikely to be measurable and hence are negligible.
 Changes in salinity due to altered coastal processes that will be
initiated by completion of this activity and continue through operation
will have a negligible effect on all sub-components except intertidal
marsh (minor positive effect) and biofilm (overall minor positive
effect).
 Changes to sedimentation that will occur due to altered coastal
processes will have a negligible effect on all sub-components and
representative species except native eelgrass (minor negative
effect),non-native eelgrass (minor positive effect) , intertidal marsh
(minor positive effect), and biofilm (minor positive effect).
Changes in TSS may occur and cause a temporary decrease in
productivity. Dispersion modelling predicts that increases in TSS will be
infrequent, and within the range of natural variation currently experienced
by the VC; therefore, effects are expected to be unmeasurable.
Temporary and localised changes in water quality may occur. Effects on
productivity are unlikely to be measurable as no vegetation existing in the
dredge basin or proximal area and hence are negligible.
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Project
Component

Project Works and Activities

Fill terminal basins to final grade
with sand pumped from ITP.

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating

Minor

Overall potential effects from this work are considered to be minor. The
loss of marine vegetation due to direct mortality within the footprint to be
filled is expected to have a minor effect on productivity, while increases in
TSS at the ITP are anticipated to be localised and have a negligible effect
on productivity (i.e., there is little to no marine vegetation at or near the
ITP, therefore, effects to marine vegetation productivity are expected to
be undetectable).
West Widening

Construct containment dyke
along west portion of causeway.
Remove rip-rap/shore protection
from north side of existing
causeway and use in
containment dyke, or place in
aggregate storage site at Sbend.

Widened
Causeway

Fill and preload contained area
with sand from ITP.

Minor

Direct loss of marine vegetation will occur during construction, resulting in
decreased productivity for all sub-components except biomat and biofilm.
However, since mortality is limited to the causeway footprint (not
widespread changes), and other areas of marine vegetation exist in the
LAA, the effect is considered to have a minor consequence for marine
vegetation productivity in the LAA.

Minor

Direct loss of marine vegetation will occur during infilling of contained
area and a minor decrease in productivity is expected for all subcomponents except biomat and biofilm.
East Widening

Construct containment dyke
along east portion of causeway.
Remove rip-rap/shore protection
from north side of existing
causeway and use for
containment dyke or place in
aggregate storage site at Sbend.
Fill and preload east causeway
area with west causeway preload
(dry material).

Minor

Direct mortality of marine vegetation (primarily biofilm) will occur during
construction decreasing productivity. Since the vegetation mortality is
limited to the causeway footprint (not widespread changes), and other
areas of marine vegetation exist in the LAA, the effect is considered to
have a minor consequence.

Minor

Direct loss of marine vegetation will occur during infilling of the contained
area and a minor decrease in productivity for all sub-components except
native eelgrass and biomat is anticipated.
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Project
Component

Project Works and Activities

Dredge entire tug basin area.

Expanded
Tug Basin

Dispose of dredge material at
DAS site.

Install piles, mooring floats,
gangways, navigation piles, and
construct crest protection dyke.

Potential
Effect
Rating

Minor

Nature of Interaction and Effect, and Rationale for Effects Rating
Temporary and localised changes in turbidity and TSS may occur. Direct
mortality of native eelgrass and rockweed is predicted, but it is
anticipated to have a minor effect as a result of the small area or the
proportion of productivity affected within the LAA.

Negligible

Changes in TSS may occur and cause a temporary decrease in
productivity. Dispersion modelling predicts that increases in TSS will be
infrequent in vegetated areas, and within the range of natural variation
currently experienced by the VC; therefore, effects are not expected to be
measureable.

Minor

Loss of marine vegetation at or near the construction area will be
measurable but will have a minor effect, due to existing disturbance in the
area.

Page | 11-49

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Table 11-11
Project
Component

Identification of Potential Project Interactions with Marine Vegetation for Operation Phase

Project Works and Activities

De-ballasting of ships

Stormwater collection and
discharge
Marine
Terminal

Sanitary sewage collection,
treatment, and discharge

Maintenance dredging (if
required)

Expanded
Tug Basin

Maintenance dredging (if
required)

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating

Negligible

Potential to lower productivity through changes in water quality near the
terminal, but implementation of regulatory requirements and guidelines
reduces the potential effect to negligible.

Negligible

Limited potential to lower productivity through changes in water quality
near the discharge points in subtidal waters; implementation of Operation
Environmental Management Plan and supporting plans (Section 33.4)
further reduces the potential effect.

Negligible

Limited potential to lower productivity through changes in water quality
near the discharge points in subtidal waters; implementation of Operation
Environmental Management Plan and supporting plans (Section 33.4)
further reduces the potential effect.

Negligible

Changes in water quality are anticipated to be temporary and localised.
Increases in TSS are not expected to be infrequent in vegetated areas,
and within the range of natural variation currently experienced by the VC;
therefore, effects are expected to be negligible.

Negligible

Changes in water quality are anticipated to be temporary and localised.
Increases in TSS are not expected to be infrequent in vegetated areas,
and within the range of natural variation currently experienced by the VC;
therefore, effects are expected to be negligible.
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11.6.1

Mechanisms Affecting Productivity

This section describes the mechanisms by which the Project interactions listed in
Tables Table 11-10 and Table 11-11 can influence productivity of marine vegetation.
Mechanisms include direct mortality, changes in water quality, changes in sedimentation
and coastal processes, and biotic interactions. Negligible effects resulting from these
mechanisms are described in Section 11.6.2. Changes in productivity from these
mechanisms are described for each sub-component in Section 11.6.3 and changes in
biofilm community composition are described in Section 11.6.4.
11.6.1.1

Direct Loss and Mortality

Direct loss and mortality of marine vegetation will occur with during dredging or infilling
(i.e., burial) activities associated with causeway widening, terminal construction, and tug
basin expansion. Causeway widening will occur in the intertidal zone, while terminal
construction and tug basin expansion will occur in both intertidal and subtidal zones (Figure
11-2). Decreases in marine vegetation biomass and areas of habitat loss (i.e., areas of
mortality due to Project construction) for each sub-component are summarised in Table
11-12.
Table 11-12
Vegetation

Biomass and Area Directly Lost Due to Project Footprint
Biomass (t)

Areas of Habitat Loss (ha)
Terminal

Causeway

Tug Basin

Total

Eelgrass:
Native Eelgrass
Non-native Eelgrass

2.9
0.3

2.8
0

0.5
12.3

2.7
0

6
12.3

Intertidal Marsh

1.1

0

12.3

0

12.3

258.8
82.6
1.9

1.2
0.6
0.3

17.7
4.7
0

0
0.5
0

19.0
5.7
0.3

0

0

0

0

0

1

Macroalgae :
Ulva
Rockweed
Kelp
Biomat
2

Biofilm
Notes: 1
2

11.6.1.2

71.1
0
2.5
0
2.5
Macroalgae is represented by Ulva, rockweed, and kelp.
Biofilm area is based on hyperspectral spatial data overlapped by the Project footprint.
Only estuarine/marine biofilm assemblage will be lost.

Changes in Water Quality

As discussed in Section 11.5, water quality parameters, such as salinity, TSS, turbidity,
nutrients, temperature, and dissolved oxygen can influence marine vegetation productivity
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within the LAA. Some of these parameters are predicted to change due to the Project
(see Section 9.7.8 Marine Water Quality, Future Conditions with the Project).
Within the Fraser River estuary, physical water characteristics are driven by the mixing of
freshwater and deep marine water; a positive correlation between water column salinity and
nutrients has been noted, while a negative correlation between water column salinity and
temperature also exists (Yin et al. 1995a, b). Nutrients and temperature in this assessment
are correlated to salinity; however, nutrients, temperature, and dissolved oxygen are not
considered further in this assessment as Project-related changes are not anticipated
(Section 9.7.8 Marine Water Quality, Future Conditions with the Project). Changes
in salinity and increases in total suspended solids that have the potential to affect marine
vegetation are characterised below.
Salinity
Although there is considerable variability in natural salinity conditions at Roberts Bank,
spatial and seasonal changes in freshwater influence within the LAA are predicted for the
Project construction and operation phases (see Section 9.7.8 Marine Water Quality,
Future Conditions with the Project and Section 9.5.10 Coastal Geomorphology,
Summary of Assessment). Construction of the terminal’s permanent containment dykes
around the east and west terminal basins will initiate changes in coastal geomorphology
that will cause changes to salinity within the LAA that will persist throughout the Project’s
operation phase. Effects will therefore be discussed with respect to both Project phases
simultaneously. The changes to mean water column salinity to the north of the Roberts
Bank causeway include the following:


Increases in salinity are predicted in the lower intertidal region and adjacent to
Canoe Passage; and



Decreases in salinity are predicted in the upper and mid-intertidal region.

Changes in mean water column salinity will be most pronounced during freshet periods (May
to July) when salinity is naturally lower due to increased Fraser River discharge
(Section 9.7.8 Marine Water Quality, Future Conditions with the Project). Compared
to existing conditions, a decrease in mean water column salinity is predicted to occur over
approximately half of the LAA; during non-freshet periods (October to December), mean
water column salinity is only predicted to decrease over approximately 25% of the LAA
(Figure 11-11).
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The level of decrease varies within the affected areas and depends upon seasonal and
spatial factors; in particular, some regions of the LAA are predicted to have more frequent
exposure to lower salinities for longer periods of time compared to existing conditions.
Although these decreases are within the natural annual variation of Roberts Bank (0 PSU to
33 PSU), the duration of marine vegetation exposure to lower salinities will be longer. The
effects from increased exposure to lower salinities are described for each sub-component in
Sections 11.6.3.1 to 11.6.3.5 below.
Total Suspended Solids
Physical activities during the construction phase (e.g., dredging, disposal at sea, dyke
construction) have the potential to increase TSS and turbidity within the LAA. During the
operation phase, terminal placement is predicted to alter coastal processes, leading to
increased turbidity and TSS levels from the entrainment of turbid freshwater on the tidal flat
on the north side of the Roberts Bank causeway

(see Section

9.5.8

Coastal

Geomorphology, Future Conditions with the Project and Section 9.7.8 Marine Water
Quality, Future Conditions with the Project). The amount of TSS naturally varies within
the LAA (see Table 9.7-3 Summary of Total Suspended Solids and Turbidity Results
for Roberts Bank (2004 to 2014)).
As TSS concentrations increase, light penetration declines, decreasing the potential for
primary productivity during periods of immersion. Table 11-13 presents the area and
biomass of marine vegetation sub-components affected by Project-related increases in
turbidity during the freshet. Increased TSS may also lead to increased sedimentation
(see Section 11.6.1.3 below).
Table 11-13

Area and Biomass of Marine Vegetation Affected by Increased
Turbidity Attributable to the Project during Freshet Flows

Marine Vegetation Sub-component

Area (ha)

Biomass (t)

24
43

9.5
1.2

0

0

103

952.0

Biomat

0

0

Biofilm

0

0

Eelgrass:
Native Eelgrass
Non-native Eelgrass1
Intertidal Marsh
2

Macroalgae :
Ulva

Notes:

1
2

Total
170
962.7
Approximately 29 ha of non-native eelgrass and Ulva are double-counted due to the
complexity of the habitat and overlapping habitat polygons.
Macroalgae is comprised entirely of Ulva, i.e., no rockweed or kelp is affected.
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Effluent Discharge and Other Operational Procedures
Potential operation-phase changes from wastewater (sewage) and stormwater discharges,
and discharges from ships (bilge water and ballast water) have the potential to change
marine water quality and thereby affect marine vegetation productivity.

11.6.1.3

Changes to Sedimentation and Coastal Processes

Localised changes in coastal geomorphology processes are predicted to alter sediment
deposition, which could affect the distribution and productivity of marine vegetation subcomponents.
During the construction phase (once containment dykes are constructed) and throughout
the operation phase, a combination of decreased wave energy, a back-eddy, and increased
TSS concentrations on the shoreward side of the terminal are predicted to lead to long-term
changes (i.e., for the duration of the Project) including:


Increased sediment deposition over a 41 ha area on the shoreward side of the
terminal, as illustrated by Zone 4 in Figure 9.5-35 Approximate Spatial Extent
of Potential Changes Associated with the Project Footprint;



Decreased wave energy over a 70 ha area, as illustrated by Zone 5 in
Figure 9.5-35; and



Changes in tidal current velocity across much of the Roberts Bank tidal flats, as
illustrated in Figure 9.5-28 Predicted Change in Fiftieth Percentile Currents
Associated with the Project Footprint (Future Conditions with the Project
Compared to Existing Conditions) – Freshet Period (May to July) and
Figure 9.5-29 Predicted Change in Fiftieth Percentile Currents Associated
with the Project Footprint (Future Conditions with the Project Compared to
Existing Conditions) – Non-freshet Period (October to December).

If sedimentation rates exceed tolerable levels for marine vegetation, certain areas
containing marine vegetation may be covered in sediment, potentially smothering or
reducing growth rates (Mills and Fonseca 2003, Brauman et al. 2007, Pratt et al. 2013).
11.6.1.4

Biotic Interactions

The Project will induce changes in biotic interactions, namely changing abundances of
predators relative to their prey, which has the potential to influence the productivity of not
only marine vegetation sub-components, but also higher trophic levels dependent upon
marine vegetation (e.g., marine invertebrates, marine fish, coastal birds). Predator-prey
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interactions, therefore, can have far-reaching effects on biological communities. The Roberts
Bank ecosystem model makes explicit the relationships and interdependencies within
the Roberts Bank food web (see Section 10.3.3 Ecosystem Model Process and
Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run for more
information on model representation of the food web), allowing qualitative predictions
around whether changes in food supply or predation rates contribute to predicted changes
in the productivity of marine vegetation sub-components.
11.6.2

Negligible Effects

As stated above, negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of marine vegetation sub-components. When negligible
effects are characterised quantitatively, such as in the Roberts Bank ecosystem model, this
definition applies to predicted changes (i.e., increases or decreases) in productivity between
0% and 5%. Increases or decreases less than 5% are considered to be within the margin of
error of the ecosystem model, and are therefore not considered to be detectable or
measurable (see Section 10.3.3 Ecosystem Model Process).
In the discussion and summaries that follow, changes in productivity for marine vegetation
are considered to be negligible for increases or decreases between 0% and 5%, and minor
for increases or decreases between 6% and 30% (potential minor adverse effects are
described in Section 11.6.3). Change ratings take into consideration physical and biological
aspects of natural ecosystem variability.
Changes in water quality, sedimentation and coastal processes, and biotic interactions are
expected to have a negligible influence on the productivity of some, but not all, marine
vegetation sub-components, as discussed below.
11.6.2.1

Changes in Water Quality

Salinity
Construction of the terminal’s permanent containment dykes around the east and west
terminal basins are predicted to initiate changes in coastal geomorphology resulting in
changes to salinity on the north side of the Roberts Bank causeway. These changes will
persist throughout the Project’s operation phase. Changes in water column salinity are not
expected to occur within the inter-causeway area.
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Changes in salinity on the north side of the Roberts Bank causeway are anticipated to
have a negligible influence on the productivity of eelgrass, macroalgae, and biomat
sub-components, as discussed below. Salinity is expected negatively influence intertidal
marsh productivity and biofilm, as discussed in Sections 11.6.3.2 and 11.6.3.5,
respectively.
Eelgrass

The optimal salinity range for native eelgrass is from 10 PSU to 30 PSU (Thom et al 2012).
The biomass of native eelgrass currently found at varying freshet PSU levels in the LAA is
summarised in Table 11-14. During freshet an estimated 0.5 t of native eelgrass currently
experiences average salinity of 8 PSU to 10 PSU. As summarised in Table 11-14,
Project-related changes in salinity during freshet are not expected to adversely affect the
amount of eelgrass biomass that currently experiences salinities below 10 PSU; therefore,
the effect is considered negligible and not considered further.
Table 11-14

Native Eelgrass Biomass and Associated Average Water Column
Salinity for Existing Conditions and Future Conditions with the
Project during Freshet
Biomass (t)

Eelgrass Salinity
Range (PSU)

Existing Conditions

Future Conditions with Project

Difference

8 to 10

0.5

0

-0.4

10 to 12

0.9

1.7

+0.8

12 to 14

1.5

3.8

+2.3

14 to 16

2.4

7.0

+4.6

16 to 18

1.8

14.7

+12.9

18 to 20

5.7

23.8

+18.1

20 to 22

11.6

34.4

+22.8

22 to 24

43.2

35.2

-8.0

24 to 26

42.6

11.0

-31.6

26 to 28

23.1

0

-23.1

28 to 30

264.8

264.4

-0.4

30 to 32

8.4

8.8

+0.4

Note: Salinity ranges provided are the PSU values in which eelgrass are found within the LAA.

Predicted Project-related salinity changes are not anticipated to affect non-native eelgrass
during the freshet period, as salinity is generally not a strong controlling factor on the
distribution and productivity of non-native eelgrass in North America (Kaldy 2006, Shafer
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2007, Shafer et al. 2011). Ecosystem modelling also confirmed that salinity is not a key
factor in non-native eelgrass productivity changes (for more information on predictive
modelling see Section 10.3.3 Ecosystem Model Process and Appendix 10-D Roberts
Bank Spatial Ecosystem Model Sensitivity Analysis). For these reasons, predicted
changes in salinity are expected to have a negligible effect on non-native eelgrass and are
therefore not considered further.
Macroalgae

Changes in Ulva biomass from existing conditions to future conditions with the Project due
to salinity changes are outlined in Table 11-15. Salinity has been shown to influence Ulva
productivity, with optimal growth between 15 PSU and 20 PSU and with growth depressed
at salinities less than or equal to 5 PSU (Martins et al. 1999). The same study observed that
Ulva growth rate was not different at 8 PSU and 18 PSU. At a salinity of 0 PSU, Ulva
biomass has also been shown to decrease after five days of constant exposure (Kamer and
Fong 2000); however, Ulva also occurs in freshwater environments, such as streams and
lakes (Messyasz and Rybak 2010), and tolerates 0 PSU to 51 PSU salinity (Reed and Russell
1979, Young et al. 1987).
Ecosystem modelling indicates that salinity is not a key driver in changes in Ulva
productivity (as detailed in Appendix 10-D). There is considerable Ulva biomass occurring
at all salinities within the LAA, as shown in Table 11-15. Therefore, changes in salinity are
expected to have a negligible effect on Ulva and are not considered further.
Table 11-15

Ulva Biomass and Associated Average Water Column Salinity for
Existing Conditions and Future Conditions with the Project during
Freshet

Ulva Salinity Range
(PSU)

Biomass (t)
Existing Conditions

Future Conditions with Project

Difference

0 to 2

1604.5

1921.6

+317.1

2 to 4

933.4

1064.7

+131.3

4 to 6

538.2

833.9

+295.8

6 to 8

722.4

439.2

-283.2

8 to 10

307.0

694.9

+387.9

10 to 12

443.2

1465.2

+1022.1

12 to 14

650.5

945.4

+295.0

14 to 16

907.6

1011.1

+103.5

16 to 18

912.2

615.6

-296.6
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Ulva Salinity Range
(PSU)

Biomass (t)
Existing Conditions

Future Conditions with Project

Difference

18 to 20

953.7

255.8

-697.9

20 to 22

978.1

165.4

-812.7

22 to 24

349.8

46.5

-303.3

24 to 26

310.1

5.9

-304.2

26 to 28

135.5

13.1

-122.5

28 to 30

2537.8

2536.1

-1.7

Note: Salinity ranges provided are the PSU values in which Ulva are found within the LAA.

Causeway widening will result in the direct loss or mortality of rockweed along the
northwest side of Roberts Bank causeway. As a result, decreases in salinity during freshet
due to RBT2 only have the potential to affect the recolonisation of rockweed along the
northwest side of Roberts Bank causeway. Rockweed occurs in the upper intertidal zone
(i.e., high elevation) and will not be submerged in lower salinity water for long periods of
time. No published information was found on salinity effects on rockweed photosynthesis;
however, similar species (Fucus serratus and F. vesiculosus) experienced a slight decrease
in photosynthesis at low (6 PSU) salinity (Munda and Kremer 1977). Recolonising rockweed
will not experience average salinity during freshet as low as 6 PSU; therefore, it is
anticipated that changes in salinity due to RBT2 will not measurably influence rockweed
productivity.
At Roberts Bank, kelp is found entirely in subtidal waters. Given that changes in salinity are
not predicted for subtidal areas, no interaction is expected and, therefore, kelp productivity
will not be affected.
Biomat

Changes in salinity are predicted to occur within biomat areas. As shown in Table 11-16,
more biomat biomass will experience salinities between 4 PSU and 12 PSU in the future with
the Project compared to existing conditions, although salinity was not determined to be a
driving abiotic factor for the decrease (as described in Appendix 10-D). This conclusion is
supported by Moisander et al. (2002) who reported that low salinities do not affect
cyanobacteria productivity. As a result, changes in salinity from the Project are not
anticipated to affect biomat, and this effect is not considered further.
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Table 11-16

Biomat Biomass and Associated Average Water Column Salinity for
Existing Conditions and Future Conditions with the Project during
Freshet

Biomat Salinity Range
(PSU)

Biomass (t)
Existing Conditions

Future Conditions with Project

Difference

4 to 6

0

653.1

+653.1

6 to 8

46.2

1068

+1021.8

8 to 10

670.7

4222.2

+3551.6

10 to 12

689.0

6075.8

+5386.9

12 to 14

1544.5

0

-1544.5

14 to 16

7351.4

0

-7351.4

16 to 18

1717.4

0

-1717.4

Note: Salinity ranges provided are the PSU values in which biomat are found within the LAA.

Total Suspended Sediment
Increases in TSS are anticipated from the discharge of sediment-laden water from the
terminal basins to the DAS site, vibro-densification within the dredge basin, surface DAS
disposal of material dredged from the tug basin, and operation-phase maintenance
dredging, if required (Section 9.7.8 Marine Water Quality, Future Conditions with the
Project). Elevated TSS levels from Project construction activities are predicted to have a
negligible influence on the productivity of all marine vegetation sub-components, as
discussed below, with the exception of TSS-related effects on native eelgrass as a result
of dredging the tug basin. This potential effect on native eelgrass is discussed in
Section 11.6.3.1.
Dispersion modelling predicts that increases in TSS concentrations of greater than 5 mg/L,
the most conservative TSS guideline level for the protection of aquatic life (see Table 9.7-2
Canadian Water Quality Guidelines for the Protection of Aquatic Life – Total
Suspended Solids), within the intertidal and shallow subtidal (0 m CD to -10 m CD) zone
will be minimal. The levels predicted are within the range of TSS levels that marine
vegetation currently experience. For example, while total suspended solids concentrations
greater than 5 mg/L (maximum of 10 mg/L to 12 mg/L during a strong flood tide) in the
intertidal and shallow subtidal zone north of the Roberts Bank causeway are possible, they
are only anticipated to occur less than 20% of the time that discharge of sediment-laden
water from terminal basin dredgeate to the DAS site is occurring.
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Temporary and localised increases in TSS are predicted to occur from the loading and
unloading of Fraser River sand at the ITP. Effects to productivity are not anticipated as there
is no vegetation at or immediately adjacent to the ITP (see Figure 11-2). Furthermore,
Fraser River sand has low fines content (Section 9.6.6 Surficial Geology and Marine
Sediment,

Existing

Conditions),

and

therefore,

associated

suspended

sediment

concentrations are also anticipated to be low.
Finally,

marine

vegetation

sub-components

naturally

experience

fluctuating

TSS

concentrations, particularly during freshet, and are thus considered adapted to such
conditions (Table 9.7-3 Summary of Total Suspended Solids and Turbidity Level
Results for Roberts Bank (2004 to 2014)). Given that Roberts Bank is a naturally turbid
environment, the localised nature of predicted TSS plumes, and minimal plume dispersion
into highly productive intertidal and shallow subtidal habitats, effects of Project-related
increases in TSS on the productivity of marine vegetation will be temporary and are
considered negligible (with the exception of dredging of the tug basin for native eelgrass
(see Section 11.6.3.1).
During construction and operation, changes in coastal processes will potentially increase
turbidity within the LAA during freshet (May to July)

(Section

9.5.10

Coastal

Geomorphology, Summary of Assessment), though increases are expected to remain
within the range of natural variation (<2 mg/L to 260 mg/L; see Table 9.7-3). This
mechanism is predicted to have a negligible influence on the productivity of eelgrass, and
macroalgae sub-components, and no effect on intertidal marsh, biomat, and biofilm as
discussed below.
Eelgrass

Relatively little biomass of native and non-native eelgrass is expected to be exposed to the
increase in turbidity levels resulting from coastal processes: 9.5 t (2.3% of LAA biomass)
and 1.2 t (6.8% of LAA biomass), respectively (Table 11-13). Areas of change are
predicted at higher elevations than where native eelgrass is known to occur, thereby
limiting spatial overlap. While increased turbidity levels are predicted to occur in areas of
non-native eelgrass, interaction will only take place during high tides and daytime low tides
will allow enough light for photosynthesis. Therefore, increased turbidity levels due to
terminal placement are anticipated to have a negligible effect on both eelgrass species, and
are not considered further in this assessment.
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Intertidal Marsh

Changes in turbidity levels due to changing coastal processes are not expected to overlap
spatially with the intertidal marsh; therefore, no effect is anticipated and further assessment
is not warranted.
Macroalgae

The area of increased turbidity is predicted to interact with approximately 950 t of
macroalgae (Ulva) biomass (Table 11-13). Effects due to an increase in turbidity levels are
anticipated to be negligible, as the increase is expected to be within the range of natural
variation and increases in turbidity levels are only predicted for short durations during a
flood tide in the intertidal zone. As a result, changes in productivity of Ulva due to changes
in turbidity levels are considered negligible and are not considered further.
Biomat

Changes in TSS and turbidity levels during the construction and operation phases are not
expected to overlap spatially with biomat (Table 11-13); therefore, no effects are expected
and further assessment is not warranted.
Biofilm

Increases in turbidity levels during the construction and operations phases are predicted
predominantly in areas that do not have continuous or dense biofilm. Increases in turbidity
levels within the intertidal zone are predicted to be within the range of levels currently
experienced, and well within the upper tolerance ranges. Turbidity levels will be well below
the published levels at which biofilm productivity has been noted to cease (Pratt et al.
2013). With the low potential for interactions of increased turbidity levels with known areas
of biofilm within the LAA, and predicted low-level increases in turbidity levels across the
Roberts Bank tidal flats, potential effects on biofilm are expected to be negligible and are
not assessed further.
Effluent Discharges and Other Operational Procedures
Potential operation-phase changes from wastewater (sewage) and stormwater discharges,
and discharges from ships (bilge water and ballast water) are not expected to affect marine
vegetation due to the distant location of discharges into subtidal waters, the incorporation of
management and treatment measures described in Section 4.2.1 Project Description,
Marine Terminal, and the implementation of regulatory requirements and guidelines
(refer to Section 9.7.8 Marine Water Quality, Future Conditions with the Project for
more information).
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11.6.2.2

Changes in Sedimentation and Coastal Processes

Changes in sedimentation patterns resulting from terminal placement are expected to have
a negligible influence on macroalgae productivity and no effect on biomat productivity.
Rationale for these conclusions is provided below. This mechanism of change is, however,
expected

to

influence

the

productivity

of

eelgrass,

intertidal

marsh,

and

biofilm

sub-components, as discussed in Sections 11.6.3.1, 11.6.3.2, and 11.6.3.5, respectively.
During construction and operation, increased sedimentation due to increased turbidity, a
back-eddy, and lower current velocities is predicted to occur. This increase is expected to
affect an area of 40 ha shoreward of the terminal (Zone 4; Figure 9.5-35). Approximately
56.7 t of Ulva biomass within an area of 2.5 ha may be affected by increased deposition. As
Ulva occurs in a wide range of elevations (Park and Hwang 2011, Hemmera 2014a) and
disperses by spores (Amsler and Searles 1980, Zechman and Mathieson 1985), distribution
and abundance is not anticipated to be affected by changes in sediment deposition. Ulva is
tolerant to sedimentation (Eriksson and Johansson 2005), and will recolonise areas where
sediment accumulation has occurred (Pomeroy and Stockner 1976, Lotze et al. 1999).
Changes in productivity of Ulva due to sedimentation are therefore considered negligible
and are not considered further in this assessment.
There is a lack of spatial overlap between areas of predicted change and the distribution of
biomat within the LAA; therefore, this mechanism is not expected to influence the
productivity of biomat and is not considered further in this assessment.
11.6.2.3

Biotic Interactions

Changes in biotic (i.e., food web) interactions are expected to have a negligible influence on
eelgrass and biofilm productivity, with rationale provided below; however this mechanism is
anticipated to influence intertidal marsh, macroalgae, and biomat productivity, as discussed
in Sections 11.6.3.2 to 11.6.3.4, respectively.
An evaluation of biotic interactions shows a mixture of increases and decreases across
groups that have the strongest positive and negative effects on both native and non-native
eelgrass (see Appendix 10-C Roberts Bank Ecosystem Model Development and Key
Run).

This suggests that the overall influence of changing food web relationships on

eelgrass productivity balances to neutral and that changes in this sub-component are mainly
driven by other mechanisms.
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While biotic interactions may contribute to changes in productivity for biofilm, these
changes are considered unmeasurable relative to the influence of other mechanisms,
namely decreased salinity in areas of known biofilm distribution.
11.6.3

Potential Effect – Changes in Productivity

The potential minor adverse effects on marine vegetation associated with the interactions
summarised in Table 11-10 and Table 11-11 are described below. The potential
interactions that may result in minor consequences have been grouped into two potential
effects: changes in productivity (see Section 11.6.3) and changes in biofilm assemblage
composition (see Section 11.6.4).
As stated above, changes in productivity for marine vegetation are considered to be minor
for increases or decreases between 6% and 30%, based on ecosystem model quantitative
predictions. Overall conclusions of changes in productivity, based on both quantitative and
qualitative evidence, take into consideration physical and biological aspects of natural
ecosystem variability.
Changes in marine vegetation productivity were evaluated based on a combination of
literature review, empirical field studies, and predictive modelling. Quantitative predictions
of productivity changes were calculated using empirical studies, an ecosystem model, as
well

as

statistical

analysis

specific

to

sub-components

where

data

are

available

(e.g., Appendix 15-B Shorebird Foraging Opportunity during Migration). For this
assessment, an ecosystem model was generated to predict changes in productivity
at Roberts Bank over space and time, which are reported as changes in biomass (t)
(Section 10.3.3 Ecosystem Model Process). The model incorporates five abiotic
parameters (i.e., salinity, bottom current velocity, wave height, substrate (hard vs. soft),
and depth) as well as numerous biotic factors (e.g., biomass, production, consumption, diet
composition) to quantify changes in productivity. Most values presented in subsequent
sections are results of the key run, which shows the difference in productivity between two
future cases (with and without the Project) and is used to estimate the change in
productivity as a result of RBT2 (see Appendix 10-C).
The ecosystem model uses biomass to estimate changes in productivity. Net changes in
biomass can be more accurately thought of as indicators of change in the productive
potential of the ecosystem, rather than estimates of absolute increases or decreases. For
example, a model biomass ratio output of 0.97 for non-native eelgrass suggests that, with
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the Project, the study area can support 3% less non-native eelgrass than it can without the
Project and should not be interpreted as a 3% loss of non-native eelgrass biomass as a
result of the Project. The difference between potential and realised production is dependent
on how close to carrying capacity a group is, which, in turn, is dependent on life history,
habitat utilisation patterns, and trophic level of each group.
Project-induced productivity changes are anticipated are measured through abundance,
density, and modelled productivity indicators. Based on ecosystem modelling, an overall
increase in marine vegetation productivity (t of biomass) is predicted with the Project
(Table 11-17), despite decreases in certain sub-components.
As outlined in Section 10.3.3 Ecosystem Model Process, comprehensive sensitivity
analyses were performed to evaluate the uncertainty, and understand the confidence, in
model predictions. Different analyses tested the model’s sensitivity to abiotic and
biotic factors,

as

well

as

input

parameters;

detailed

methods

and

results

are

described in Appendix 10-D while a high-level summary of the main outcomes is
presented in Table 11-17. Model key run predictions for marine vegetation were robust to
the sensitivity analyses and evaluations of uncertainty did not change model predictions.
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Table 11-17

Summary of Roberts Bank Ecosystem Model Productivity Results for Marine Vegetation
Difference
in
Productive
Potential
(%)

Difference
in
Productive
Potential
(biomass
(t))1

Predator
Vulnerability
Setting

Abiotic
Factors

Changes
in Abiotic
Factors

Variation in
Biotic Input
Parameters

Native

+4%

+11

▲

●

●

Non-native

-1%

-0.05

▲

●

+25%

+335

▲

-8%

-583

-12%

Marine
Vegetation
Sub-comp
onent

Sensitivity Analyses
● Sensitive
▲ Insensitive

Potential
Biomass
Loss2

Summary of
Change in
Productive
Potential3

▲

Yes

Negligible

●

●

Yes

Negligible

●

●

▲

Yes

Minor Increase

▲

●

●

▲

Yes

Minor Decrease

-53

▲

●

●

▲

Yes

Minor Decrease

-29%

-356

▲

●

●

▲

Yes

Minor Decrease

30%

+1050

▲

●

●

▲

Yes

Minor Increase

Eelgrass

Intertidal Marsh
Intertidal
Marsh

Macroalgae
Ulva4
Rockweed and
Kelp5

Biomat
Biomat

Biofilm
Biofilm6

VC Total
+404
Notes:
1. Biomass is a measure of productivity, and is presented as the net change in productivity resulting from Project-related changes associated
with the footprint. This measure of productivity does not include productivity gains from proposed offsetting mitigation (see Section 17.3
Offsetting Potential Effects).
2. If any of the model runs have a negative outcome (i.e., key run or one of the four sensitivity analyses), a potential biomass loss is
indicated.
3. The Summary of Change in Productive Potential column indicates the likely outcome based on the combined information from the model
key run and four types of sensitivity analyses. Change ratings (applicable to both increases and decreases): Negligible: 0% to 5% change;
Minor: 6% to 30% change. Change ratings take into consideration physical and biological aspects of natural ecosystem variability.
4. Ulva was modelled as green algae in the ecosystem model.
5. Rockweed and kelp were grouped as brown algae in the ecosystem model.
6. Represents overall predicted change in total biofilm productivity, including the future biomass of both estuarine/marine and freshwater
biofilm productivity. The percentage change = total future biomass with the Project (4,510 t) divided by the total future biomass without
the Project (3,460 t). Considered separately, estuarine/marine biofilm assemblage productivity decreased 23% while freshwater biofilm
assemblage productivity increased 89% (see Table 11-20).
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11.6.3.1

Eelgrass

The following discussion presents how the effect mechanisms (described in Section 11.6.1)
relate to changes in eelgrass productivity. The ecosystem model predicts a net gain in the
productive potential of native eelgrass (+11 t; +4%) and a net loss in the productive
potential of non-native eelgrass (-0.05 t, -1%). Increases or decreases less than 5% are
considered to be within the margin of error of the model, meaning little or no
Project-related change (see Section 10.3.3 Ecosystem Model Process). Considering all
lines of evidence, including effects of construction activities not incorporated into the
ecosystem model, all evidence aligns with that conclusion that Project-related changes in
eelgrass productivity will be negligible, as described below.
Direct Loss or Mortality
Both native and non-native eelgrass distribution partially overlap with the footprints of
Project components; as a result, some direct mortality cannot be avoided and is expected to
lead to corresponding decreases in productivity. Empirical data indicates that native
eelgrass biomass is expected to decrease by approximately 2.9 t, or 0.7%, and non-native
eelgrass biomass is expected to decrease 0.3 t (1.7%) within the LAA (Table 11-12).
Native eelgrass will be affected in the inter-causeway area (1.6 t) due to expansion of the
tug basin and in the footprint of the proposed terminal (1.3 t), while non-native eelgrass will
only be affected by the widening of the causeway.
A minor and short-term decrease in eelgrass productivity due to direct loss or mortality is
expected during the construction phase. However, this is not anticipated to compromise the
overall productivity of eelgrass within the LAA over the long-term, given that this biomass
loss represents such a small proportion of overall native and non-native eelgrass biomass
within the LAA (0.7% and 1.7%, respectively).
Changes in Water Quality
Total Suspended Solids

During dredging activities at the tug basin, an increase in sedimentation due to increased
TSS concentrations is anticipated to occur in the lower intertidal and the shallow subtidal
zones, in areas where native eelgrass currently exists. Sediment re-suspension due to
dredging at the tug basin was modelled (Section 9.6.8 Surficial Geology and Marine
Sediment, Future Conditions with the Project), and TSS concentrations greater than
5 mg/L are predicted to occur less than 30% of the time in the low intertidal zone due to
re-suspension of sediments from tug basin dredging.
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Increased sedimentation may potentially lead to mortality due to smothering (Short and
Wyllie-Echeverria 1996, Mills and Fonseca 2003). When sedimentation is more extreme, it
has been documented that burial of 25% of the leaf length can cause up to 50% mortality
of native eelgrass shoots (Mills and Fonseca 2003). Native eelgrass, however, is capable of
rapidly grow longer internodes to raise leaves above sediment in areas where above-normal
sedimentation occurs (Hemminga and Duarte 2000, Cabaço and Santos 2007). This
response may deplete energy supplies and thus negatively influence productivity in the
short-term. Overall, dredging the tug basin is anticipated to have a minor negative influence
on the productivity of eelgrass during the construction phase.
Changes to Sedimentation and Coastal Processes
During construction and operation, increased sedimentation due to increased turbidity, a
back-eddy, and lower current velocities is predicted to occur (Sections 9.5.8 Coastal
Geomorphology, Future Conditions with the Project and 9.7.8 Marine Water
Quality, Future Conditions with the Project). This will affect an area of 40 ha on the
north side of where the proposed terminal and existing terminal will meet (see Zone 4 in
Figure 9.5-35 Approximate Spatial Extent of Potential Changes Associated with the
Project Footprint).
Native eelgrass comprises 17 ha of the 40 ha predicted to experience increased deposition.
The long-term accumulation of fine-grained sediments is anticipated to increase the
elevation of this area, which may cause portions to become unsuitable for native eelgrass.
The anticipated effect is a decrease of 12.0 t of native eelgrass (worst case scenario) that
currently exists in this area, which is considered to be minor (3% of total native eelgrass
biomass within the LAA). In contrast, an increase in non-native eelgrass productivity is
anticipated to occur over the long-term due to increased elevation and the accumulation of
finer sediments, but the productivity increase is difficult to quantify.
Native eelgrass exists in approximately 4 ha (representing a biomass of 2.1 t) of the 70 ha
area where wave energy is also expected to decrease. Wave energy decreases may increase
native eelgrass productivity in this area as wave energy has been shown to be a limiting
factor in the distribution of native eelgrass (Hemmera 2014a, Stevens and Lacy 2011). It is
estimated that native eelgrass productivity will possibly increase in this area by 4 to 8 t.
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Summary
Native Eelgrass

Empirical evidence indicates there will be minor decreases in productivity from direct
mortality during the construction phase, totalling 2.9 t (4 ha) and representing 0.7% of the
total native eelgrass biomass within the LAA.
In the operation phase, longer-term changes in coastal geomorphic processes are expected
to both positively and negatively influence native eelgrass productivity. Increased deposition
in Zone 4 (see Figure 9.5-35 Approximate Spatial Extent of Potential Changes
Associated with the Project Footprint) will increase tidal flat elevation and potentially
make the area less suitable for eelgrass. The worst case scenario is a decrease of 12.0 t of
native eelgrass, which is unlikely to happen. Decreases in wave energy predicted within
Zone 5 are predicted to increase native eelgrass biomass in the wave shadow by an
estimated 4 t to 8 t, which may at least partially offset losses predicted in Zone 4.
Estimated changes in native eelgrass productivity, from both empirical and ecosystem
model predictions, are presented in Table 11-21. Overall, changes are slight and unlikely
to be measurable against natural variation and, therefore, no long-term adverse effects are
anticipated for this sub-component.
Non-native Eelgrass

Empirical evidence indicates there will be minor decreases in productivity from direct
mortality during the construction phase, totalling 0.3 t (12.3 ha) and representing 1.7% of
the total non-native eelgrass biomass within the LAA.
In the operation phase, changes in coastal geomorphic processes (i.e., sedimentation,
wave energy) are expected to improve environmental conditions and positively influence
non-native eelgrass productivity, though quantification is not possible. Such longer-term
gains may at least partially, if not fully, offset short-term construction phase losses.
Estimated changes in non-native eelgrass productivity, from both empirical and ecosystem
model predictions, are presented in Table 11-21. Overall, changes are slight and unlikely
to be measurable against natural variation and, therefore, no long-term adverse effects are
anticipated for this sub-component.
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11.6.3.2

Intertidal Marsh

The following discussion presents how the effect mechanisms (described in Section 11.6.1)
relate to change in intertidal marsh productivity. The ecosystem model predicts a net
increase in intertidal marsh productive potential with RBT2 (+335 t; +25%). Empirical
evidence suggests this value is marginally overestimated (i.e., by 1.1 t), as construction
activities were not incorporated into the model. Overall, empirical and model predictions
around a net increase are aligned, as described below.
Direct Loss or Mortality
Based on empirical data, the Project is expected to directly affect 1.1 t (12.3 ha) of
intertidal marsh biomass (Table 11-12) due to causeway widening within an area of salt
marsh. While this represents a minor and short-term decrease in productivity, overall
productivity of intertidal marsh in the LAA will not be compromised, given that this biomass
loss constitutes a very small proportion (i.e., less than 0.1%) of overall biomass in the LAA.
Changes in Water Quality
Salinity

Salinity decreases during freshet will overlap spatially with intertidal marsh in the LAA in the
future with the Project compared to the existing conditions (Table 11-18). Lower salinities
generally increase productivity of intertidal marsh plants (Crain et al. 2004, Woo and
Takekawa 2012), such that intertidal marsh productivity may increase due to less saline
waters.
Ecosystem modelling indicates that 335 t of intertidal marsh biomass will be gained due to
the Project. The increase in productivity is considered to be due to improved growing
conditions and not due to an increase in areal distribution (refer to Appendix 10-D).
Changes in current and wave height will likely not affect intertidal marsh because they do
not spatially overlap.
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Table 11-18

Intertidal Marsh Biomass and Associated Average Water Column
Salinity for Existing Conditions and Future Conditions with the
Project during Freshet
Biomass (t)

Intertidal Marsh
Salinity Range (PSU)

Existing Conditions

Future Conditions with Project

Difference

0 to 2

1368.7

1658.9

+290.2

2 to 4

483.4

276.9

-206.6

4 to 6

145.9

164.6

+18.7

6 to 8

112.7

269.4

+156.7

8 to 10

77.0

35.0

-42.0

10 to 12

0.5

0.5

0

12 to 14

0.9

0.5

-0.4

14 to 16

0.3

0.1

-0.2

16 to 18

0.3

0

-0.2

18 to 20

0.7

0

-0.7

20 to 22

0.9

0

-0.9

22 to 24

0.1

0

-0.1

24 to 26

0

0

0

26 to 28

0.2

0

-0.2

28 to 30

0.6

0.6

0

Note: Salinity ranges provided are the PSU values in which intertidal marsh is found within the LAA.

Changes to Sedimentation and Coastal Processes
Over several years, the area of increased deposition in Zone 4 in Figure 9.5-35 is
predicted to lead to increasing elevation that will provide similar habitat to the existing
causeway shoreline, which provides habitat-fringing intertidal marsh. The future areal
extent of the intertidal marsh is difficult to estimate due to the uncertainty in the spatial
variation in sedimentation rates; however, changes to sediment deposition during
construction and operation will have a positive effect on intertidal marsh productivity over
the long term.
Biotic Interactions
An evaluation of biotic (i.e., food web) interactions points to reduced food web conditions,
despite an increase in tidal marsh productivity predicted overall. This is a result of predicted
increases in groups with the strongest negative influence on tidal marsh, and declines in
groups that have the strongest positive influence (see Appendix 10-C Roberts Bank
Ecosystem Model Development and Key Run). This suggests that other mechanisms
play a larger role in driving tidal marsh productivity in the LAA.
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Summary of Potential Project-related Effects to Intertidal Marsh
Minor decreases (1.1 t) to intertidal marsh productivity from RBT2 are anticipated due to
causeway widening and, possibly to biotic interactions; however, it is anticipated that these
losses will be offset by predicted increases in productivity (335 t) over the longer-term.
Salinity changes, reduced wave and current action, and sediment deposition north of the
proposed terminal are expected to improve environmental conditions for marsh species.
Overall, a minor increase to intertidal marsh productivity due to the Project is predicted, and
no long-term adverse effects are anticipated for this sub-component.
11.6.3.3

Macroalgae

The following discussion outlines how the effect mechanisms (described in Section 11.6.1)
relate to changes in macroalgae productivity. The ecosystem model predicts a net
decrease in macroalgae productive potential with development of RBT2 (-636 t); as outlined
in Table 11-17, this result is driven by predicted decreases in both Ulva (-583 t, -8%) and
rockweed and kelp (-53 t, -12%).
Empirical predictions also indicate a net decrease in the productive potential of macroalgae,
though of a smaller magnitude for Ulva, and larger magnitude for rockweed, than predicted
by the ecosystem model, as explained below.
Direct Loss or Mortality
The only mechanism for loss of macroalgae productive potential is direct mortality from
construction activities.
Empirical calculations indicate that construction of the Project, primarily widening of the
causeway, will cause direct loss of approximately 259 t of Ulva (Table 11-12), which
represents 1.5% of its estimated total biomass within the LAA. The magnitude of loss
calculated empirically is considerably less than that predicted by the ecosystem model. This
is partially attributed to the model’s overestimation of Ulva biomass in the future without
the Project within the upper intertidal zone north of Roberts Bank causeway due to the
depth preference not being fully aligned with the Ulva productivity that occurs in the midintertidal zone.
While some direct loss of Ulva as a result of the Project is unavoidable, it is considered an
opportunistic alga that is capable of swift re-establishment through both spore dispersal
(Amsler and Searles 1980, Zechman and Mathieson 1985) and drift movement by tidal
action (Schaadt 2005). Ulva abundance and distribution varies widely intra- and inter-
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annually in time, and is ephemeral and patchy in space (see Section 11.5.3). Further, Ulva
displays a wide tolerance range for abiotic factors, e.g., salinity (Reed and Russell 1979,
Kamer and Fong 2000) and occurs over a wide range of elevations (Park and Hwang 2011,
Hemmera 2014a); therefore, Ulva productivity is unlikely to be affected by the Project over
the long term.
Empirical

calculations

indicate

that

the

direct

loss

of

rockweed

biomass

will

be

approximately 83 t, which represents 27.5% of its total biomass within the LAA. The
greatest factor in this loss is the widening of the causeway (Table 11-12). This loss in
productivity is considered short-term (i.e., temporal loss), as rockweed is expected to
quickly re-establish along the shoreline of the proposed causeway and terminal. It is also
estimated that 1.9 t (empirical estimate) of kelp will be directly lost within the terminal
footprint, where it overlaps the subtidal reefs, which represents approximately 1% of the
total kelp biomass within the LAA.
Swift recolonisation for both rockweed and kelp is expected after initial loss during
construction, as species are well adapted to recolonise bare substrate, including rip-rap
(Morley et al. 2012). Similar to Ulva, both kelp and rockweed reproduce and disperse via
spores, such that supply from nearby unaffected areas may help counter direct loss.
Further, the amount of hard substrate surface available post-construction will exceed
existing conditions, providing increased attachment surfaces for brown algae. However,
rockweed recovery is expected to take longer than kelp due to the scale of direct loss during
construction (83 t; 27.5%).
Biotic Interactions
An evaluation of trophic interactions shows that functional groups with the strongest
negative influence on Ulva, such as macrofaunal grazers, are predicted to increase while the
groups with the strongest positive influence, such predators of the grazers, are predicted to
decline. This suggests biotic interactions are contributing to predicted declines in Ulva
productivity. However, the increase in macrofauna was determined to be an overestimation
(see

Section

12.6.3

Marine

Invertebrates,

Potential

Effect

-

Changes

in

Productivity), which implies the scale of change in Ulva productivity predicted by the
ecosystem model may also be overestimated, and that realised biomass loss is likely more
closely aligned with empirical predictions.
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An evaluation of biotic interactions relating to rockweed and kelp shows that groups with
the strongest negative influence (i.e., macrofaunal grazers) are predicted to increase while
groups with the strongest positive influence are predicted to decline.

While food web

relationships may be contributing to predicted declines in brown algae productivity, this
mechanism is not considered to be a major driver of change, particularly relative to direct
mortality.
Summary of Potential Project-related Effects to Macroalgae
Empirical evidence indicates there will be minor decreases in the productive potential of
macroalgae - including Ulva, rockweed, and kelp representative species - driven by direct
mortality within the causeway and terminal footprints during the construction phase. During
the operation phase, and over the longer-term, macroalgae is expected to recolonise quickly
due to inherent biological attributes (i.e., spore dispersal) as well as increased availability of
hard substrate habitat with development of RBT2, despite initial losses during construction;
however, a lag in rockweed recovery is anticipated due to the magnitude of direct mortality
(i.e., temporal loss). Food web interactions negatively influence Ulva and rockweed and kelp
productivity but are not thought to be major drivers of predicted change.
Ecosystem model predictions also indicate a negative direction of change; however, the
extent of loss predicted for both Ulva and brown algae (i.e., rockweed and kelp) does not
fully align with professional judgement; Ulva productivity loss is considered overestimated
while rockweed productivity loss is considered underestimated. Differences are attributed to
the overestimation of Ulva biomass in the upper intertidal zone as well as overestimations of
food-web interactions.
Overall a net minor decrease is predicted for this sub-component, driven by predicted
decreases in rockweed productivity during construction, while changes in both Ulva and kelp
productivity are judged to be negligible.
11.6.3.4

Biomat

This section discusses predicted changes in biomat productivity. Ecosystem modelling
predicts biomat productivity will decrease by 29% (356 t; Table 11-17), though the extent
of this change does not fully align with professional judgement and scientific literature.
Differences are attributed to the inability of the model to capture the extent to which biomat
is capable of modifying its surrounding environment and the overestimated effects of
predation in the food web, which is discussed further below.
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The ecosystem model includes five environmental preferences for biomat. However, the
model did not include biomat establishment, expansion and self-propagation by modifying
environmental characteristics, such as water velocity, of its surroundings. Biomat slows
water current velocities, which increases sedimentation and the vertical and horizontal
growth of more biomat (Stal 2010). Existing data indicates that the biomat at Roberts Bank
is accreting and expanding in area (Section 9.5.6 Coastal Geomorphology, Existing
Conditions; Hemmera 2014a). This observed trend was not incorporated into the
ecosystem model.
Direct Loss or Mortality
The construction of the Project does not spatially overlap with biomat (Figure 11-2);
therefore, direct loss of biomat will not occur and is not considered further.
Biotic Interactions
Food web-related influences are predicted to have a negative effect on biomat due to
increases in macrofauna (27% or 788 t; Table 12-8 Summary of Roberts Bank
Ecosystem Model Productivity Results for Marine Invertebrates) and other waterfowl
(8% or 1.3 t; Table 15-10 Summary of Roberts Bank Ecosystem Model Productivity
Results

for

Coastal

Birds). However, as discussed in Section

12.6.3

Marine

Invertebrates, Potential Effect - Changes in Productivity, the magnitude of change in
macrofauna is considered to be overestimated by at least 5% such that predicted losses of
biomat productivity are likely overestimated. Further, a review of existing literature did not
indicate biomat comprises any portion of waterfowl diet and waterfowl were not observed
consuming biomat during baselines studies for RBT2 (Hemmera 2014c). This would further
reduce the magnitude of predicted biomat loss.
Summary of Potential Project-related Effects to Biomat
Biomat will not be directly affected by construction activities as biomat areas do not overlap
spatially with the Project footprint. Ecosystem modelling predicts that biomat will decrease
in productivity by 29% (356 t) largely as a result of food web-related influences.
However, effects of predation are considered to be overestimated in the case of macrofauna
(see 12.6.3 Marine Invertebrates, Potential Effect - Changes in Productivity) and
improbable in the case of waterfowl. Additionally, the ecosystem model input parameters do
not capture how biomat establishes and increases both vertically and horizontally. Overall, a
negligible change in the productive potential of biomat is anticipated.
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11.6.3.5

Biofilm

Direct Loss or Mortality
A direct and permanent loss of marine-influenced biofilm will result from widening of the
causeway. Of the approximately 325 ha of biofilm-dominated substrates identified by
hyperspectral

mapping

(ASL

Environmental Sciences

2013,

WorleyParsons

2014a),

approximately 2.5 ha, representing 0.8% of biofilm-dominated substrates within the LAA, is
anticipated to be permanently lost (Figure 11-14, Table 11-12). A total loss of 71.1 t of
marine-influenced biofilm, equaling a loss of less than 0.1% of total biomass, is predicted.
Changes in Water Quality
Salinity

Multiple lines of evidence were used to determine potential changes in biofilm productivity
due to salinity-related changes (Table 11-19 and Table 11-20).
This evidence is presented below, followed by a synthesis and summary of how salinity is
anticipated to change in biofilm productivity.
Line of Evidence 1: Empirical Studies
Biofilm at Roberts Bank currently experiences high variability in water quality and chemistry
conditions on daily, tidal, seasonal, and annual scales (Section 9.7.6 Marine Water
Quality, Existing Conditions).
Empirical studies indicate changes in salinity (beyond those occurring naturally) will occur
within areas of biofilm identified by hyperspectral mapping (ASL Environmental Sciences
2013, WorleyParsons 2014d). Areas that have been reported to be predominantly marineinfluenced (the upper and mid-intertidal area) will experience a decrease of between
3.5 PSU and 5.6 PSU in mean water column salinity (Table 11-19; Figure 11-11). Under
freshet conditions, the level of decrease varies spatially across the marine-influenced biofilm
with levels decreasing by 1 PSU on the east side of Brunswick Point to up to 8 PSU on the
north side of the Roberts Bank causeway (see Figures 11-11 to 11-13).
Overall, more than 50% of the biofilm at Roberts Bank will experience lower mean water
column salinity compared to existing conditions; some areas close to Canoe Passage are
predicted to experience an increase. During non-freshet periods, a decrease of between
3.0 PSU and 5.2 PSU is predicted for areas of predominantly marine-influenced biofilm
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(Table 11-19; Figures 11-1 to 11-13). No changes are predicted in the inter-causeway
area.
Based on coastal geomorphology modelling (Section 9.5.8 Coastal Geomorphology,
Future Conditions with the Project), the area of freshwater influence is predicted to
expand across Roberts Bank in an eastern direction toward the Roberts Bank causeway
(Figure 9.7-3 Existing Conditions 50th-Percentile Salinity Map for the 2012 Freshet
Period (May to July)). The effect will be to shift the transitional zone between freshwater
and marine-influenced biofilm assemblages further to the east, thus increasing the area of
freshwater

influence.

The

increased

freshwater

influence

is

predicted

to

reduce

the productivity of specific biofilm areas during freshet conditions. A site-specific study at
Roberts

Bank

showed

that

biofilm

biomass

increases

with

increasing

salinity

(WorleyParsons 2014c).
The optimal salinity range for biofilm productivity is not well understood. A synthesis of the
literature and professional opinion, suggests this range is between 10 PSU and 30 PSU
(Williams 1964; Scholze and Liebezeit 2012). Available literature is based on different
biofilm assemblages (than those found at Roberts Bank), however, or on laboratory
conditions in static environments.
Outside of the optimal range, estuarine and marine diatoms (the primary components of
biofilm) are expected to experience osmotic stress, leading to decreased productivity or cell
death.
Under existing conditions, the upper intertidal biofilm zone, which possesses an annual
assemblage of predominantly marine-influenced taxa as well as the highest biofilm biomass
(WorleyParsons 2014d), experiences a mean water column salinity of 9.3 PSU during
freshet (Table 11-19); only the western portion of the upper intertidal biofilm zone
experiences mean water column salinities below 10 PSU. Under existing conditions, the
biofilm

assemblage

has

been

noted

to

exhibit

a

noticeable

freshwater

influence

(WorleyParsons 2014d). The predicted decrease in salinity suggests a greater freshwater
influence may occur during periods of freshet (see WorleyParsons 2014d for detailed data).
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Project-related effects are predicted to decrease water salinity in the upper intertidal biofilm
zone to a mean water column salinity of 5.8 PSU (see Figures 11-11 to 11-13), exposing
the majority of marine-influenced biofilm to salinities below 10 PSU. This decrease in water
salinity is predicted to result in a potential decrease in productivity for the marine-influenced
biofilm assemblage during freshet.
Because of the resilience of biofilm at Roberts Bank (WorleyParsons 2014e), potential
decreases in productivity due to changes in salinity are predicted to be short term in nature.
During non-freshet periods, although decreases in salinity are predicted, the mean water
column

salinity

is

expected

to

remain

above

10

PSU.

Due

to

naturally

higher

salinities, during the non-freshet period, primary productivity is not expected to decrease
(Table 11-19; Figure 11-13).
The predicted decrease in salinity suggests a potential for reduced productivity in areas of
biofilm, primarily in the predominantly marine-influenced biofilm assemblage near the
Roberts Bank causeway.
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Table 11-19

Predominant
Influence

Mean Water Column Salinity Changes of Biofilm Area, as Defined by Hyperspectral Imaging, during
Freshet and Non-freshet Flows Attributed to Roberts Bank Terminal 2

Biofilm Zone

Freshet (May – July)
Mean Salinity (PSU)

Non-Freshet (October – December)
Mean Salinity (PSU)

Existing
Conditions

With
Project

Difference

Existing
Conditions

With
Project

Difference

9.3 ± 4.4

5.8 ± 2.7

-3.5

17.9 ± 1.3

14.9 ± 0.8

-3.0

Marine

Upper intertidal

Marine

Mid-intertidal

16.0 ± 2.5

10.4 ± 1.4

-5.6

21.8 ± 1.4

16.6 ± 1.1

-5.2

Marine

Lower intertidal

21.5 ± 2.6

16.6 ± 2.0

-4.9

26.7 ± 2.0

23.5 ± 2.2

-3.2

Freshwater

Canoe Passage

5.5 ± 3.5

5.5 ± 4.1

<1

14.4 ± 3.4

16.1 ± 3.9

-1.7

Undefined

Inter-causeway

28.8 ± 0.2

28.9 ± 0.2

<1

31.4 ± 0.1

31.2 ± 0.2

<1

Note: Variance presented as standard deviation.
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Line of Evidence 2: Ecosystem Modelling
Ecosystem modelling found salinity to be an influential factor in biofilm productivity
(Appendix

10-D).

Inclusion

of

separate

marine

and

freshwater-influenced

biofilm assemblages into the ecosystem model indicates a 23% decrease (420 t) in the
areas of marine-influenced biofilm and an 89% increase (1470 t) in the areas of
freshwater-influenced biofilm. Without the Project, modelled biomass is estimated to be
1820 t and 1640 t for marine and freshwater biofilm, respectively. With the Project,
modelled biomass is estimated to be 1400 t and 3110 t for marine and freshwater biofilm,
respectively. When both marine and freshwater biofilm assemblage biomasses are
combined, a biofilm productivity increase of 30% is predicted (Appendix 10-C). These
results indicate that while marine-influenced biofilm is likely to decrease in annual
productivity (a finding that is consistent with empirical studies, as indicated above),
increases in the freshwater-influenced biofilm have the potential to offset these losses,
resulting in a potential net increase in primary productivity.
These increases are based on predictive modelling, which is confined to the assumptions of
input data as well as ecological linkages. Several important factors, such as seasonal
variability of parameters, are not fully captured in the model, and the net increase
in productivity

(30%)

is

considered

to

be

an

overestimation.

With

respect

to

freshwater-influenced biofilm, the predicted increase is considered to be an overestimation
due to biofilm biomass increasing with the Project in areas of Brunswick Point where
intertidal marsh currently exists. It is not possible for the presence of biofilm to spatially
overlap with emergent vegetation occurring in this area. Therefore, based on professional
opinion,

the

ecosystem

model

is

likely

overestimating

the

freshwater-influenced

biofilm biomass increase by an estimated 10% to 15% (311 t to 467 t; average: 389 t) in
this area. The directions of change predicted by the ecosystem model for marine and
freshwater-influenced biofilm are, however, supported by published literature, site-specific
studies, and professional judgement.
Line of Evidence 3: Shorebird Opportunity Model
Modelling of biofilm abundance in the context of shorebird foraging opportunity was
conducted based solely on site-specific data collected for this assessment (Appendix 15-B
Shorebird Foraging Opportunity during Migration). Using the 2012 freshet salinity
data, the shorebird opportunity model predicts a minor decrease in the abundance of both
marine-influenced and freshwater-influenced biofilm during northward (May) and southward
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(July) migrations of western sandpiper; a larger decrease is predicted for the southward
migration. The 2012 freshet was a 25-year freshet (i.e., larger than average freshwater
outflow from the Fraser River); therefore, the results are atypical (see Section 9.5.5
Coastal Geomorphology, Methods). When a typical (i.e., average) freshet was modelled,
there was a minor increase (8%) in marine and freshwater-influenced biofilm during
northward migration and a negligible decrease (4%) in marine and freshwater-influenced
biofilm during southward migration (Appendix 15-B Shorebird Foraging Opportunity
during Migration).
Predicted decreases are greater during the freshet when naturally low salinities are
expected to have the greatest effect on biofilm productivity; however, modelling of
non-freshet periods indicated a lower decrease in biofilm abundance, suggesting a potential
negligible effect for this period. These modelling results are for the short term (i.e., one
year) and cannot be used to predict longer-term changes in biofilm in the LAA (e.g., the
model does not address potential benefits of changes to sediment composition (discussed
below)) or ecological linkages (i.e., grazing pressure on biofilm). The results possibly
indicate, however, that 2012 freshet salinity data is overestimating the decrease in biofilm
productivity due to RBT2 as it is not an average freshet.
Changes to Sedimentation and Coastal Processes
Biofilm biomass at Roberts Bank has been shown to be positively correlated with fine
sediment grain size (WorleyParsons 2014b, c), a characteristic associated with low-energy
environments. Reductions in wave height and tidal current velocity within the tidal flats may
therefore lead to increased biofilm productivity. In addition, increased sedimentation of
fine sediments may occur with decreased energy. These changes have the potential to
increase productivity in areas of existing biofilm as well as potentially create new areas of
biofilm-suitable habitat over the long term.
Terminal placement is predicted to create a wave shadow effect on the shoreward side (see
Figures 9.5-30 Predicted Change in the Fiftieth Percentile Wave Height Associated
with the Project Footprint (Future Conditions with the Project Compared to
Existing Conditions) – Summer Season (May to July) and 9.5-31 Predicted Change
in the Fiftieth Percentile Wave Height Associated with the Project Footprint
(Future Conditions with the Project Compared to Existing Conditions) – Winter
Season (October to December)); but this change is not predicted to spatially overlap
with existing areas of biofilm. Reductions in the maximum (90th percentile) wave height are,
however,

predicted

to

overlap

with

areas

of

biofilm

identified

within

the

Page | 11-80

PORT METRO VANCOUVER | Roberts Bank Terminal 2
freshwater-influenced biofilm adjacent to Canoe Passage. In addition, slight changes to the
mean tidal current velocity are predicted (see Figures 9.5-28 Predicted Change in
Fiftieth

Percentile

Currents

Associated

with

the

Project

Footprint

(Future

Conditions with the Project Compared to Existing Conditions) – Freshet Period
(May to July) and 9.5-29 Predicted Change in Fiftieth Percentile Currents
Associated with the Project Footprint (Future Conditions with the Project
Compared to Existing Conditions) –Non-freshet Period (October to December)).
Overall, these changes in wave energy are anticipated to negligibly affect areas of biofilm.
Ecosystem modelling predicts a large increase (89%) in the productivity of freshwaterinfluenced biofilm (Table 11-20, Appendix 10-C). Sensitivity analyses revealed that wave
height had the second largest influence over biofilm productivity. Considering that the
inputs used in the ecosystem modelling were based on maximum (90th percentile) wave
heights, an assumption was made that only extreme events influenced biofilm productivity.
Given the level of predicted change over the average wave height and current velocity
(Section 9.5.8 Coastal Geomorphology, Future Conditions with the Project), the
scale of the predicted increase in freshwater-influenced biofilm is likely overestimated by at
least 20% (622 t) based on professional judgement. Taking into consideration the 389 t of
freshwater biofilm that was overestimated above and the 622 t due to wave height, the final
increase in freshwater biofilm productivity is 459 t. The net increase of biofilm (i.e., marine
and freshwater biofilm combined) productivity is 39 t (1%; Table 11-20); therefore, RBT2
is not expected to influence biofilm productivity.
Summary of Potential Project-related Effects to Biofilm Productivity
Changes

in

biofilm

from

the

Project

are

anticipated

from

Project

construction

(approximately 2.5 ha of biofilm loss due to causeway expansion) and indirect changes in
salinity (Table 11-12). Considering all available lines of evidence (empirical studies,
ecosystem modelling, shorebird opportunity modelling, and professional opinion), overall
the Project will not negatively influence biofilm productivity. While the productivity of
marine-type biofilm is expected to decrease (temporarily, during freshet primarily), losses
will be offset by larger increases in the productivity of freshwater type biofilm (such that
there is no net change).
As indicated, changes in biofilm productivity are not anticipated as a result of RBT2 based
upon multiple lines of evidence. Due to the relatively recent understanding of biofilm to
science previous examples of observed effects of similar (to RBT2) industrial development
to biofilm are not available. Hence there is no precedence to support the predictions
made here.
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Table 11-20

Line of
Evidence

Summary of Multiple Lines of Evidence on Potential Changes to Biofilm (from Project-related
Changes in Salinity) within the Local Assessment Area
Temporal
Extent

Marineinfluenced
Biofilm

Freshwater
-influenced
Biofilm

Net Change

Comments/Summary
 Decreased productivity of marine-influenced biofilm
anticipated during freshet.

Empirical
studies

Three
periods:
April,
August,
February

 Some areas of existing marine-influenced biofilm have
potential to change to a less productive freshwaterinfluenced assemblage. This represents an expansion of
freshwater influence over biofilm.
Decrease

Increase

No estimate

 Biofilm productivity/assemblage will return to existing
conditions when salinity increases after freshet.
 Two parameters are linked to biofilm biomass: porewater
chloride (salinity) and sediment grain size. Increases in
biofilm biomass possible at areas of increased fine
sediments due to the Project (i.e., wave shadow effect).
 Studies do not enable quantitative predictions due to high
variability in biofilm (i.e., tidal cycle), seasonality of salinity
changes, and interactions with other parameters (i.e.,
temperature, nutrients, etc.).
 Gains in freshwater-influenced productivity are due to an
overestimation of freshwater biofilm distribution with the
Project (331 t to 467 t).

Increase
Ecosystem
model

Annual

Decrease
(23%)

Increase
(89%)

(ecosystem
model predicts
30%;
professional
opinion suggests
1% or 39 t)

 Overestimation may be due to the annually averaged
environmental variables (salinity, wave height, and bottom
current) overestimating the potential quality and extent of
biofilm habitat, which may vary seasonally.
 Direction of changes is consistent with literature and
professional opinion.
 Sensitivity analysis indicates that salinity plays a strong
role in biofilm productivity while wave height and bottom
current may also influence productivity of biofilm.
 Model input for wave height (90th percentile) likely
overestimated freshwater-influenced biofilm by 622 t.
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Line of
Evidence

Temporal
Extent

Marineinfluenced
Biofilm

Freshwater
-influenced
Biofilm

Net Change
Decrease

Shorebird
opportunity
model

Two
separate
months:

(atypical freshet;
4% decrease
during
northward
migration; 13%
decrease during
southward
migration)
Decrease

May, July

Decrease

Negligible
(average
freshet; 8%
increase during
northward
migration; 4%
decrease during
southward
migration)

Comments/Summary

 Analyses were conducted on two months only (and are not
indicative of annual change).
 Studies indicate large natural variability.
 Model used 2012 freshet year which is a 25-year event:
ensuing predictions on biofilm are potentially
overestimated as a consequence.
 With an average typical freshet the model predicted an 8%
increase in biofilm productivity during northward migration
and a 4% decrease during southward migration.
 Biofilm measured in Chlorophyll a abundance (mg/m2)
within two zones during northward and southward
migration
 Both zones show an increase in lower-density biofilm
(associated with an increase in freshwater-influenced
biofilm) during northward and southward migration.
 Changes are correlated with a decrease in salinity in both
zones.
 Changes in biofilm are largest during southward migration.

Note: mg/m2 – milligrams per square metre.
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11.6.3.6

Summary of Marine Vegetation Productivity Changes

The change in marine vegetation productivity anticipated with Project construction and
operation phases (prior to mitigation) is summarised in Table 11-21, and key conclusions
are as follows:


Net productivity change in the future with the Project for all marine vegetation subcomponents combined is positive;



Changes in the productivity of native and non-native eelgrass, Ulva, kelp, biomat and
biofilm (marine and freshwater combined) are considered to be negligible;



A minor decrease in rockweed productivity is anticipated; and



A minor increase in intertidal marsh productivity is anticipated.
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Table 11-21

Subcomponent

Marine Vegetation Productivity Summary (Prior to Mitigation) Based on Weight of Evidence
Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)
Gain

Loss

Professional
Opinion/
Conclusion on
Productivity
Change due to
Project**

Comments

Eelgrass
 Temporal loss due to direct mortality is negligible (2.9 t, 0.7% of
total existing biomass);
Native

4 to 8†

14.9

11

-

Negligible

 Empirically estimated loss includes direct loss (2.9 t, 0.7% of
total existing biomass) and assumes entire area of increased
sedimentation (12 t) will be lost (worst case scenario and not
likely);
 Changes in sedimentation will offset some gains from the wave
shadow.
 Temporal loss due to direct mortality is only 1.7% of total
existing biomass and considered negligible;

Non-native

◊

0.3*

-

0.05

Negligible

 Changes in TSS and salinity negligible;
 Empirical gain due to longer-term sediment deposition anticipated
from Project in localised areas.

Intertidal Marsh
 Temporal loss due to direct mortality is negligible (1.1 t, less than
0.1% of total existing biomass);
Intertidal
Marsh

◊

1.1*

335

-

Minor Increase

 Empirically estimated losses will be offset by longer-term
sediment deposition anticipated from Project in localised areas;
 Based on scientific literature, changes in salinity may increase
intertidal marsh productivity.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)
Gain

Loss

Professional
Opinion/
Conclusion on
Productivity
Change due to
Project**

Comments

Macroalgae
 Temporal loss due to direct mortality is negligible (258.8 t, 1.5%
of total existing biomass);

Ulva

-

258.8*

-

583

Negligible

 Ecosystem modelling predicted food web-related adverse effects,
which are considered to be overestimated based on macrofauna
increases;
 Opportunistic, and reproduces asexually and sexually; therefore,
it will recolonise quickly;
 Ephemeral nature and large abiotic (e.g., TSS and salinity)
tolerance will result in negligible change in productivity.

Rockweed

-

82.6*

-

-

Minor Decrease

 Temporal loss of rockweed due to direct mortality is a minor
decrease in productivity (82.6 t, 27.5% of total existing
biomass);
 Ecosystem modelling predicted food web-related adverse effects,
which are considered to be overestimated (i.e., macrofauna);
 Proposed terminal will create more substrate for rockweed
attachment.

Kelp

-

1.9*

53

Negligible

 Temporal loss due to kelp direct mortality is negligible (1.9 t,
0.5% of total existing biomass).
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)
Gain

Loss

Professional
Opinion/
Conclusion on
Productivity
Change due to
Project**

Comments

Biomat
 Studies indicate biomat increasing naturally (not related to
Project);
Biomat

-

-

-

356

Negligible

 The ecosystem model and environmental preferences do not fully
capture how biomat establishes and propagates;
 Based on scientific literature, predicted salinity changes due to
the Project will have a negligible effect on biomat;
 Increase in waterfowl was modelled to have a large negative
effect on biomat but is not supported by scientific literature.

Biofilm

Marine
Biofilm

◊

◊

-

420

Negligible

 Empirical studies indicate loss of marine-influenced biofilm
productivity due to changes in salinity;
 Changes in productivity due to changes in wave height are
predicted to be negligible;
 Shorebird foraging opportunity model indicates short-term
(during large than average freshet) minor decreases in biofilm
associated with salinity decreases and an overall short-term
minor increase during an average freshet (see Appendices 15-B
Shorebird Foraging Opportunity during Migration and 15-C
Overwintering Dunlin Foraging Opportunity); and
 Increases in predators are contributing to estimated loss;
however, empirical studies have shown that there is a large
surplus of biofilm at Roberts Bank.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Freshwater
Biofilm

Loss

Ecosystem
Model
Productivity
Change (t)
Gain

1470

Loss

-

Professional
Opinion/
Conclusion on
Productivity
Change due to
Project**

Comments

 Empirical studies indicate increase in freshwater-influence biofilm
productivity due to changes in salinity;
 Changes in productivity due to changes in wave height are
predicted to be negligible;
 Changes in wave height due to model inputs are overestimating
increase by 622 t; and
 Increase is deemed to be an overestimation. Some of the
predicted biomass increase is within the existing marsh at
Brunswick Point, thus, the biomass increase in this area is not
anticipated and is approximately 10% to 15% (311 t to 467 t;
average: 389 t) of the predicted increase.

Notes: quantitative productivity estimates presented here do not include anticipated productivity gains from mitigation.
* Productivity loss due to direct mortality
† estimate based on area affected by wave shadow (i.e., decrease in wave energy) due to the Project
◊ Productivity change predicted: quantitative productivity change estimate not available
** Professional opinion/conclusion on productivity change based on integration and consideration of all available lines of evidence (including
empirical evidence, ecosystem model results, and other models or evidence of change). Change Ratings (applicable to both increases and
decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change. Change ratings take into consideration physical and biological aspects
of natural ecosystem variability.
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11.6.4

Potential Effect – Changes in Biofilm Assemblage Composition

The potential effects on biofilm community assemblage composition from changes in salinity
are discussed below. Increases in sedimentation, and decreases in wave height and current
velocity are not expected to alter in biofilm assemblage composition and are not discussed
further.
As discussed in Section 11.6.3, the extent of freshwater influence at Roberts Bank is
predicted to change as a result of RBT2. Salinity has been shown to influence biofilm
and phytoplankton assemblage composition (see Section 11.5.5.3 and WorleyParsons
2014c, d).
Existing literature suggests a theoretical range occurs between 0.5 PSU and 10 PSU within
which marine and estuarine taxa are gradually replaced by freshwater taxa (Whitfield et al.
2012). In biofilm-specific studies, those assemblages possessing the lowest richness and
diversity measures occurred between 5 PSU and 8 PSU (Muyalert and Sabbe 1999). This
literature suggests that measureable changes in a marine-influenced assemblage can be
reasonably expected below 10 PSU; however, such changes have not been confirmed below
10 PSU for Roberts Bank due to a lack of long-term data.
As discussed in Section 11.6.3, salinities below 10 PSU also represent less optimal
conditions for the productivity of estuarine and marine biofilm taxa in laboratory
environments. Based on the weight of literature evidence and professional opinion, salinities
below 10 PSU have the potential to initiate measurable changes in biofilm.
Biofilm at Roberts Bank experiences natural salinity fluctuations on tidal, daily, seasonal,
and annual scales (see Section 11.5.5.3). As a result, a transition zone between marine
and freshwater-influenced biofilm assemblages occurs under existing conditions. This
transition zone is dynamic, particularly during freshet conditions, and shifts spatially across
Roberts Bank on various temporal scales due to natural fluctuations in freshwater discharge
and tidal mixing patterns (see Section 9.5.6 Coastal Geomorphology, Existing
Conditions). The predicted effect of the Project will be to shift the area of freshwater
influence further east, toward the Roberts Bank causeway (see Section 9.7.8 Marine
Water Quality, Future Conditions with the Project).
It

is

predicted

that

some

areas

currently

recognised

as

being

predominantly

marine-influenced may temporarily experience a greater level of freshwater influence,
potentially changing the assemblage composition. Under existing freshet conditions
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(i.e., based on the 2012 25-year freshet salinity data), it is estimated that 23% of the
biofilm in the predominantly marine-influenced assemblage is exposed to mean water
column salinities below 10 PSU; this biofilm occurs in areas closest to Canoe Passage and is
believed to be in part of the existing transition zone (Figure 11-11).
After terminal dyke construction, an increase in the area of biofilm exposed to mean water
column salinities below 10 PSU will increase to 57% (Table 11-22). Approximately 6.5 ha,
or 5% of the total known freshwater-influenced biofilm assemblage, is predicted to
experience an increase in mean water column salinity to above 10 PSU compared to existing
conditions, leading to potential increases to the marine-influenced assemblage. As a result
of the Project, during freshet conditions, 38.7 ha, or an additional 12% of existing biofilm,
will experience a mean water column salinity below 10 PSU. This will increase the
total area of biofilm exposed to transitional salinities (below 10 PSU) from 51% to 63%
(Table 11-22). Larger estuarine or marine taxa may be reduced in the biofilm assemblage
and replaced in favour of smaller freshwater taxa within this transitional zone. This change
is anticipated to have a potential negative effect on existing biofilm at Roberts Bank as the
dominant taxa in areas of high-density biofilm (upper intertidal) have the potential to be
reduced. These effects will be spread across a defined area of the Roberts Bank tidal flats,
primarily in the upper intertidal region between Brunswick Point and the Roberts Bank
causeway.
During non-freshet conditions, mean water column salinities, which are naturally higher, will
be above 10 PSU across much of Roberts Bank (Table 11-22). As such, no changes in
biofilm assemblage composition are predicted and are viewed as being negligible.
Salinity-related effects, therefore, are predicted to be seasonal in nature. Biofilm at Roberts
Bank is highly resilient and is able to quickly return to previous conditions when existing
conditions return (WorleyParsons 2014e). During non-freshet conditions, therefore, mean
water column salinity, and hence the biofilm community assemblages are predicted to
return to existing conditions.
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Table 11-22

Biofilm
Assemblage

Area of Identified Biofilm in the Local Assessment Areas Experiencing Mean Water Column
Salinities below 10 Practical Salinity Units during Freshet and Non-freshet Flows

Biofilm Zone

Total
Biofilm
Area1
(ha)

LAA Area (ha) with Mean Water Column
Salinity <10 PSU during Freshet

LAA Area (ha) with Mean Water
Column Salinity <10 PSU during
Non-Freshet

Existing
Conditions

With
Project

Difference

Existing
Conditions

With
Project

Difference

Estuarine/Marine

Upper Intertidal

58.3

27.1

56.6

+29.5

0

0

-

Estuarine/Marine

Mid-intertidal

71.4

2.1

17.8

+15.7

0

0

-

Undefined

Lower Intertidal

5.7

0

0

-

0

0

-

Freshwater

Canoe Passage

155.9

136.9

130.4

-6.5

15.7

11.8

-3.9

Inter-causeway

Inter-causeway

33.4

0

0

-

0

0

-

324.7

166.1

204.8

+38.7

15.7

11.8

-3.9

Total
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11.7

MITIGATION MEASURES

The selection of mitigation measures was informed by a review of mitigation measures and
follow-up programs undertaken for past developments at Roberts Bank; input from
regulatory agencies, the public, and Aboriginal groups; and an evaluation of technical and
economic feasibility. Measures to avoid, reduce, or minimise and offset potential effects to
marine vegetation including productivity decreases for macroalgae and changes in the
biofilm assemblage during freshet are provided below, and summarised in Table 11-23.
11.7.1

Avoidance Measures

Several Project design modifications have been made to decrease encroachment into known
areas of marine vegetation and reduce adverse effects to the marine ecosystem. As
described in Section 5.4 Alternative Means of Carrying out the Project, Location,
Orientation, Layout, and Configuration Alternatives, options that were selected as the
preferred means include the following:


Placing the marine terminal within the subtidal zone to eliminate direct effects to
intertidal habitats (predominantly native eelgrass and biofilm);



Minimising causeway expansion and optimising the footprint within the upper
intertidal biofilm zone to reduce direct losses;



Incorporation of rocky shoreline in portions of the terminal and causeway
perimeters; and



Rounding the northwest corner of the marine terminal to reduce the potential area of
scour.

Potential effects to marine vegetation have been avoided and reduced to the extent possible
through Project design; however, not all effects can be addressed through design, and
additional mitigation measures are planned, as described below.
11.7.2

Reduction and Offsetting Measures

Environmental management plans, including standard management practices or measures
developed to specifically prevent or reduce the potential adverse Project-related effects on
marine vegetation are outlined in this section and summarised in Table 11-23.
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11.7.2.1

Mitigation #1 for Changes in Sediment and Water Quality

Environmental

management

plans

for

construction

and

operation

phases

will

be

incorporated in Project planning and activities to minimise the potential for effects on
marine vegetation from increased sediment deposition and decreased water quality, and are
described below.




Construction Environmental Management Plans (see Section 33.3) – TSS and
turbidity will be monitored during in-water construction activities. Relevant plans are
listed in Table 11-23 and outlines are provided in Section 33.3. Three examples to
minimise potential changes to water quality and sediment include the following:
▫

If TSS levels exceed CCME water quality guidelines outside the immediate work
area (defined in consultation with regulatory agencies), the rate of the activity
may be adjusted or mitigation measures, such as silt curtains, may be employed.

▫

Erosion and run-off controls (e.g., silt fences) will be utilised during land-based
construction and operation activities to minimise the likelihood of increased TSS
or sedimentation in the nearshore environment at Roberts Bank.

▫

Site restoration will occur as soon as possible following construction activities.

Operation
Environmental
Management
Plans
(see
Section
33.4
Environmental Management Program) – Wastes will be managed during the
Project’s operation phase through several different plans, as listed in Table 11-23
and outlined in Section 33.4), which outline the proper collection, treatment, and
disposal practices for management of facility operations including, but not limited to,
the discharge of stormwater and treated sewage effluents.

11.7.2.2

Mitigation #2 for Productivity Losses

An approach for offsetting potential Project-related effects after steps have been taken to
prevent and reduce effects is outlined in Section 17.3 Offsetting Potential Effects. The
offsetting framework proposes non-standard, innovative approaches to mitigate predicted
decreases in the productive potential of marine vegetation. While the approaches being
proposed might be non-standard, their efficacy has been demonstrated through other
Projects (e.g., DP3, Vancouver Convention Centre) where highly productive intertidal and
subtidal habitats have been created and restored.
For decreases in the productive potential of macroalgae associated with direct footprint
losses, subtidal rocky reef habitat will be created onsite, as described in the offsetting
framework (Section 17.3.4 Onsite Offsetting).
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Although marine vegetation productivity losses are only anticipated for macroalgae within
the LAA (and will be fully offset by onsite rocky reef habitat creation), onsite and offsite
habitat creation to mitigate potential effects for other VCs, such as marine invertebrates,
marine fish, and coastal birds, will benefit marine vegetation in the local and regional area.
Three other habitat types that will benefit marine vegetation include intertidal marsh,
mudflat, and native eelgrass. Mudflat constructed will be suitable for biofilm colonisation.
11.7.3

Summary of Mitigation Measures

The predicted productivity loss for macroalgae will be mitigated, as summarised in Table
11-23, and a residual effect is not anticipated. There are no known measures to mitigate
the temporary effects to biofilm assemblage composition from changes to salinity associated
with spring freshet, and a residual effect is anticipated.
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Table 11-23

Summary of Mitigation Measures to Address Project-related Effects on Marine Vegetation

Potential Effect

Applicable
Phase(s)

Effect Mechanism and Mitigation Measure

Detectable/
Measurable
Residual Effect

Water Quality – Construction Phase
Construction Environmental Management Plan and supporting plans,
including: Construction Compliance Monitoring Plan; Environmental Training
Plan; Dredging and Sediment Discharge Plan; Sediment and Erosion Control
Plan; Hazardous Materials and Waste Management Plan; and, Spill
Preparedness and Response Plan.
Water Quality – Operation Phase
Operation Environmental Management Plan and supporting plans, including:
Operation Compliance Monitoring Plan; Environmental Training Plan;
Hazardous Materials and Waste Management Plan; Spill Preparedness and
Response Plan.
Productivity Loss for
Macroalgae

Construction/
Operation

Productivity – Construction and Operation Phases

No

Project Design: Optimised Project design including terminal placement in
subtidal waters, reduced footprint for causeway widening, terminal rounded
corner, and incorporation of rocky shoreline in portions of the terminal and
causeway perimeters.
Offsetting Plan: where losses to ongoing productivity cannot be avoided,
losses will be mitigated by the enhancement of existing or creation of new
habitats; for macroalgae, creation of subtidal rock reefs will provide suitable
habitat for attachment and re-colonisation. Offsetting for other marine
species (e.g., invertebrates and fish) will benefit all marine vegetation subcomponents. Offsetting measures will be developed in consultation with
relevant regulatory bodies and stakeholders (see Section 17.3 Offsetting
Potential Effects).

Changes in biofilm
assemblage
composition during
freshet

Construction/
Operation

There are no known measures to mitigate temporary changes in salinity.

Yes
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11.8

CHARACTERISATION OF RESIDUAL EFFECTS AND CONTEXT

This section provides a characterisation of residual effects carried forward for assessment,
as indicated in Table 11-24. Residual effects are those that cannot be fully avoided or
reduced through mitigation measures (including offsetting) described in Section 11.7.
11.8.1

Residual Effect – Changes in Biofilm Assemblage Composition

This section provides a characterisation of the anticipated residual effect from RBT2 on
changes in biofilm assemblage composition.
Definitions for ratings applied to residual effects criteria are presented in Table 11-24. A
description of this adverse residual effect is provided below, followed by a brief discussion of
the context of this residual effect. In defining these ratings, the information below was
taken into consideration.
Infrastructure development, since 1960, at Roberts Bank, has led to localised changes in
some abiotic conditions, such changes in sediment supply and water quality. Decades after
it was first affected by development, Roberts Bank is still a productive ecosystem.
In the absence of the Project, natural losses of biofilm are predicted. The intertidal marsh
vegetation along the shoreline dyke has been shown to be expanding seaward while the
biomat

has

been

shown

to

be

expanding

shoreward

(Section

9.5.6

Coastal

Geomorphology, Existing Conditions). The ultimate effect of this is encroachment of two
different marine vegetation types into areas of biofilm, and the gradual loss of suitable
biofilm habitat in the future, (irrespective of the potential effects from RBT2).
Sea level rise of 1 cm per year (Section 9.5.7 Coastal Geomorphology, Expected
Conditions) is expected to have two negative consequences for biofilm: increased water
velocity from waves travelling further toward shore; and loss of suitable habitat at lower
elevations due to increasing water depth. Hence, due to sea level rise, biofilm in the LAA is
anticipated to decrease in spatial extent and productivity.

Page | 11-96

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Table 11-24

Criteria

Criteria Used to Characterise
Assemblage Composition
Description

Residual

Effects

on

Biofilm

Definition of Rating for Biofilm

Magnitude

Expected size or
severity of the
residual effect

Low – Where 5% or less of biofilm biomass within the LAA is
affected.
Moderate – Where 5% - 25% of biofilm biomass within the LAA
is affected.
High – Where more than 25% of biofilm biomass within the LAA
is affected.

Extent

Spatial scale over
which the residual
effect is expected
to occur

Project Footprint – Limited to the immediate Project footprint.
Site-Specific – Within 1 km of the Project footprint.
Local – Effects occurs throughout the LAA.

Duration

Length of time
over which the
residual effect is
expected to
persist

Short-term – Effect present only within a defined season.
Long-term – Effect present on an annual scale.
Permanent – Effect present in perpetuity.

Reversibility

Whether or not
the residual effect
can be reversed
once the physical
work or activity
causing the effect
ceases

Fully reversible – Indicators will return to existing conditions
after Project-related effect ceases.
Partially reversible – Indicator will return to a level where
ecosystem function is not affected but to a lesser extent than
pre-effect conditions.
Irreversible – Indicator will not return to existing conditions
and effect is permanent.

Frequency

How often the
residual effect is
expected to occur

Infrequent – Effect will occur less than or equal to once per
year.
Frequent – Effect will occur once per month.
Continuous – Effect will occur at least once per day.

The level of
confidence in the
predictions of
significance and
likelihood

Low – Assigned to predictions in which site-specific data are not
available and/or uncertainty exist on model predictions and/or
no precedence exists for mitigation or describing effects.
Moderate – Assigned to predictions where site-specific data are
limited, assumptions and data used for model predictions are
applied cautiously, limited precedence exists for mitigation or
describing effects.
High – Assigned to predictions where site-specific data exist,
model predictions reflect professional judgement, precedence
exists for mitigation or describing effects.

Confidence

During freshet, when mean water column salinity is naturally low, Project-related changes
to salinity are predicted on the north side of the causeway. This effect is predicted to shift
the transitional zone (below 10 PSU) between freshwater and marine-influenced biofilm
assemblages to the east, toward the Roberts Bank causeway. As a result, an additional 12%
of known biofilm at Roberts Bank will be exposed to transitional waters. This translates into
an increase in the amount of biofilm that could experience measureable change in
assemblage composition toward greater freshwater influence taxa.
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As stated previously, larger estuarine or marine taxa may be reduced in the biofilm
assemblage and replaced in favour of smaller freshwater taxa within this transitional zone.
This change is anticipated to have a potential adverse effect on the existing ecology of
biofilm at Roberts Bank as the dominant taxa in areas of high-density biofilm (upper
intertidal) have the potential to be reduced. These effects are anticipated across the upper
intertidal region between Brunswick Point and the Roberts Bank causeway.
Portions of this area are already exposed to transitional salinities during freshet conditions;
however, areas primarily to the east of Brunswick Point have been shown to return to a
marine-influenced assemblage. Outside of freshet, therefore, when mean water column
salinities increase above 10 PSU, the biofilm assemblages are predicted to return to their
non-freshet conditions, creating a fully reversible effect.
Confidence is moderate given the availability of site-specific information, cautious use of
model results and assumptions, and lack of precedence relating to this effect (from other
industrial development). Further, the assessment of potential effects to biofilm is founded
on freshet water quality information from 2012, which is known to be a larger-than-average
freshet. Hence, it is possible that effects to biofilm identified here are conservative. The
assessment

of

salinity-related

changes

to

the

biofilm

assemblage

composition

is

summarised in Table 11-25.
Table 11-25

Criteria

Summary of
Composition
Criteria
Rating

Criteria

Ratings

for

Changes

in

Assemblage

Rationale for Criteria Rating

Magnitude

Moderate

Noticeable changes in assemblage composition and structure are
possible for between 5% and 25% of the existing biofilm within the
LAA.

Extent

Local

Effect will occur throughout the LAA.

Duration

Short
Term

Effect will only occur during the freshet season; outside of freshet,
assemblage will return to existing conditions.

Reversibility

Fully
Reversible

Marine-influenced biofilm is known to be resilient and predicted to
return to existing conditions when salinities naturally increase outside
of the freshet.

Frequency

Infrequent

Effect will occur once per year during freshet.

Confidence

Moderate

Site-specific data are available, assumptions and data used for
modelling predictions are used with caution, and no precedence
exists in relation to this effect (from other industrial development).
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11.8.2

Context of Residual Effects

Roberts Bank is known to have wide fluctuations in water quality and chemistry, driven by
factors including Fraser River discharge, tidal mixing, and tidal range. As a result, the
existing biofilm assemblage at Roberts Bank is naturally exposed to a wide salinity range on
a daily basis (Section 9.7.6 Marine Water Quality, Existing Conditions). All biofilm at
Roberts Bank currently therefore experiences some level of freshwater influence throughout
the year.
During freshet conditions, freshwater taxa have been noted throughout Roberts Bank, with
a greater influence closer to Canoe Passage. Outside of freshet, freshwater taxa are still
present, albeit at lower levels. Existing biofilm is therefore able to withstand natural
changes in assemblage composition and maintain existing ecological roles. This resiliency of
biofilm provides context that the predicted changes in assemblage composition will be
temporary and fully reversible once conditions return to optimal levels.
11.9

DETERMINATION OF SIGNIFICANCE OF RESIDUAL ADVERSE EFFECTS

This section provides the definition and determination of significance for the residual
adverse effect described above and for the marine vegetation VC.
11.9.1

Significance Definition

There are no known existing standards, guidelines, or objectives established by government
suitable for determining significance of effects pertaining to biofilm. The definition of
significance for changes in biofilm assemblage composition is based on professional
judgement and current scientific knowledge.
A significant adverse environmental effect to biofilm assemblage composition from RBT2 is
one that will affect its long-term viability. Potential effects to the role that biofilm
assemblage composition may play in the broader ecosystem are addressed in respective VC
sections (e.g., marine invertebrates (Section 12.6.3 Potential Effect – Changes in
Productivity),

coastal

birds

(Section

15.7.2

Potential

Effect

–

Changes

in

Productivity).
11.9.2

Significance Determination

This section provides a determination of significance for the adverse residual effect of
changes to biofilm assemblage composition.
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The likelihood of a significant adverse effect and the determination of its significance for the
identified residual effect is provided in Table 11-26, along with the level of confidence in
predictions of significance and likelihood. Further explanation of this determination follows.
Table 11-26

Summary of Determination of Significance of Residual Effects of
Changes in Biofilm Assemblage Composition

Residual Effect

Changes in biofilm assemblage
composition during freshet

Significance
(significant/
not significant)

Likelihood of
Residual Effect
(likely/unlikely)

Level of
Confidence
(low/moderate/
high)

Not Significant

Likely

Moderate

The predicted short-term changes in biofilm assemblage composition (due to salinity) are
similar to those that occur naturally, and are fully reversible. This short-term change in
biofilm assemblage composition is considered likely based on results from empirical
biofilm studies.
Regardless of the short-term and fully reversible changes in assemblage composition,
biofilm will persist in the LAA during and following RBT2 construction (in similar extent and
distribution as described in existing conditions including anticipated trends of natural
losses); therefore, RBT2 will not affect its long-term viability. This potential effect is
therefore considered not significant.
Confidence in this significance prediction is rated as moderate based on the availability
of site-specific studies, cautious application of modelling results, and limited precedence
relating to this effect (from industrial development elsewhere, e.g., DP3; see existing
conditions Section 11.5.5). Further, the assessment of potential effects to biofilm
are founded on freshet water quality information from 2012, which is known to be a
larger-than-average freshet; therefore, it is possible that effects to biofilm identified here
are conservative (i.e., effects to biofilm may be overestimated). The level of confidence that
the residual effect is likely is also moderate; for the same reasons described above.
As indicated in Section 11.12, potential changes to biofilm assemblage composition from
RBT2 will be monitored, to evaluate potential changes during construction and early stages
of operation.
This assessment concludes there are no significant adverse residual effects to marine
vegetation.
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11.10

CUMULATIVE EFFECTS ASSESSMENT

The potential for Project-related effects to combine with the effects of other projects and
activities that have been carried out (i.e., the existing conditions temporal case) and will
have been carried out prior to the Project (i.e., the expected conditions temporal case) were
considered in Section 11.5 and have therefore been integrated into the Project’s residual
effects.
The cumulative effects assessment for marine vegetation considered the potential for the
residual effect of the Project to combine with effects of other certain and reasonably
foreseeable

projects

and

activities

not

already

incorporated

in

the

existing

and

expected conditions cases. Other certain and reasonably foreseeable projects and activities
considered in this cumulative effects assessment are described in the Project and Activity
Inclusion List (Table 8-8 Project and Activity Inclusion List in Section 8.1.9 Effects
Assessment Methods, Cumulative Effects Assessment).
As the residual effect of changes in biofilm assemblage composition results from indirect
effects as a result of altered coastal geomorphic processes changing salinity, the cumulative
effects assessment for marine vegetation considered the cumulative effects assessments for
coastal geomorphology (Section 9.5.9 Future Conditions with the Project and Other
Certain and Reasonably Foreseeable Projects and Activities) and marine water
quality (Section 9.7.9 Future Conditions with the Project and Other Certain and
Reasonably Foreseeable Projects and Activities). Both of these IC assessments found
that reasonably foreseeable projects or activities are not expected to have an influence
beyond that of a negligible change at Roberts Bank, relative to the scale of influence from
RBT2 construction and operation activities. As a result, for the marine vegetation cumulative
effects assessment, it is assumed that other certain and reasonably foreseeable projects
and activities will not interact with the Project-related residual effect on marine vegetation
to result in a cumulative effect.
Rationales for exclusion of other certain and reasonably foreseeable projects and
activities from the assessment of cumulative effects for marine vegetation are provided in
Appendix 11-A.
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11.11

SUMMARY OF RESIDUAL EFFECTS AND RESIDUAL CUMULATIVE ENVIRONMENTAL EFFECTS

Table 11-27 provides a summary of potential residual effects on marine vegetation.
Table 11-27

Summary of Residual Effects and Residual Cumulative Effects for
Marine Vegetation
Residual Effects

Residual Effect

Magnitude, Extent,
Duration,
Reversibility,
Frequency

Significance

Changes in biofilm
assemblage
composition during
freshet

Moderate, local,
short term, fully
reversible,
infrequent

Not
significant

11.12

Residual Cumulative Effects
Magnitude, Extent,
Duration,
Reversibility,
Frequency

Significance

No cumulative interaction expected

MONITORING AND FOLLOW-UP PROGRAMS

Monitoring and follow-up programs will occur before (if warranted), during, and after the
construction of the Project, with details to be further determined collaboratively with
regulatory agencies, including DFO and CWS. Section 33.3.1 Construction Compliance
Monitoring Plan and Section 33.4.1 Operation Compliance Monitoring Plan outlines
the compliance monitoring requirements for both phases. Section 33.5 Roberts Bank
Terminal 2 Follow-up Program outlines the purpose of the program and provides
additional specifics relevant to this VC.
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11.13
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12.0 Marine Invertebrates Assessment Highlights:


Overall, a minor decrease in the net productivity of marine invertebrates (animals
that lack a spinal column) is expected.



A productivity increase of infaunal and epifaunal invertebrates (e.g., marine
worms and small crustaceans) is expected.



Productivity decreases for bivalve shellfish (e.g., clams and cockles), Dungeness
crabs, and orange sea pens (a soft coral) as a result of permanent loss of subtidal
sand habitat associated with the terminal footprint can be partially mitigated
through the implementation of environmental management plans (including
salvaging and transplanting), and the creation of onsite habitat.



The Project is not expected to result in any significant adverse residual effects to
marine invertebrates.



The Project is not expected to result in any incremental adverse cumulative
effects to marine invertebrates.

12.0 MARINE INVERTEBRATES EFFECTS ASSESSMENT
This section presents the results of the assessment of potential Project-related effects and
cumulative effects on marine invertebrates. The rationale for the selection of marine
invertebrates as a VC, assessment boundaries, and existing conditions relevant to marine
invertebrates are described. To satisfy specific requirements pertaining to marine
invertebrates outlined in the EIS Guidelines, part 2, sections 9.1.4 and 9.1.5, marine
invertebrate habitat, abundance and distribution, and predator-prey interactions in the
intertidal, subtidal and delta foreslope zones at Roberts Bank and the Fraser River estuary
are characterised.
Assessment findings, including identification of Project-related interactions and effects,
proposed approaches to mitigation, evaluation of residual Project and cumulative effects,
and determination of significance are presented. Monitoring and follow-up programs to be
conducted with respect to marine invertebrates are also described.
12.1

COMPONENT OVERVIEW AND REGULATORY SETTING

More than 200 species of invertebrates, animals that lack a spinal column, have been
documented living in and around Roberts Bank (Triton 2004a). Marine invertebrates provide
food, substrate, and refuge and rearing habitat for other invertebrates and juvenile fish.
Species such as the Dungeness crab (Metacarcinus magister) are not only important in the
context of Roberts Bank food web dynamics, but are also the target of valuable commercial,
recreational, and Aboriginal (CRA) fisheries.
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Regulation and management of marine invertebrates at Roberts Bank occurs through the
federal Fisheries Act, Species at Risk Act (SARA), the Canada Wildlife Act, as well as the
B.C. Wildlife Act.
Additionally, Fisheries and Oceans Canada (DFO) manages fish and fish habitat through
other policy and guidance documents, including the following:


Fisheries Protection Policy Statement (DFO 2013a);



The Fisheries Protection Program Operational Approach (DFO 2013b);



Fisheries Productivity Investment Policy (DFO 2013c);



Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013d);



Practitioners Guide to the Risk Management Framework for DFO Habitat Management
Staff, Version 1 (DFO 2010); and



Pacific Region Cold-Water Coral and Sponge Conservation Strategy (DFO 2011).

No marine invertebrate species that are federally or provincially listed as being of
conservation concern are currently found within the Roberts Bank study area. The historical
distribution of the Olympia oyster (Ostrea lurida; Special Concern, SARA – Schedule 1)
included Boundary Bay; however, local depletion to commercially insignificant levels was
reported in 1940 (Gillespie 1999).
12.2

SELECTION OF MARINE INVERTEBRATES VALUED COMPONENT

The selection of marine invertebrates as a VC followed a three-step selection process as set
out in Section 8.1.2 Effects Assessment Methods, Selection of Valued Components.
Marine invertebrates are considered a VC in this environmental assessment because many
invertebrate species:


Occur in and near the Project area;



Have the potential to interact with Project activities;



May be vulnerable to cumulative disturbance from the Project in combination with
other projects;



Are important ecologically;



Have been identified by regulatory agencies and scientific experts as important; and



Are of interest to Aboriginal groups, the public, and stakeholders because of their
value to CRA fisheries.
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The Project Interaction Matrix (see Appendix 8-B) was used to identify interactions
between Project activities and the marine invertebrate VC. Key interactions during
construction

include

dredging,

pile

driving,

densification,

temporary

sand

storage

(intermediate transfer pit (ITP)), and disposal at sea (DAS). During operation, key
interactions include vessel manoeuvering, stormwater and sewage discharge, de-ballasting,
and maintenance dredging (if required).
Invertebrate species of concern were identified through discussions with regulators and
Aboriginal groups, input from scientific experts during Technical Advisory Group (TAG) and
Working Group workshops, engagement with public and local governments, and professional
judgement. Technical studies enabled potential Project-related effects to be measured and
monitored, and set the foundation for future validation of effects predictions. For
subsequent statements in this section pertaining to professional judgement or reliance, the
names and qualifications of the individuals making that judgement are listed at the
beginning of Volume 3.
Several invertebrate species are vulnerable to disturbance and are ultimate receptors of
Project-related effects either directly (i.e., injury or mortality) or indirectly through changes
to ICs, including Coastal Geomorphology (Section 9.5), Surficial Geology and Marine
Sediment (Section 9.6), and Marine Water Quality (Section 9.7), which can affect
marine invertebrate productivity via a number of different pathways. Table

8-1

Intermediate Component and Valued Component Linkages summarises the linkages
between marine invertebrates and ICs. In some cases, the pathways continue to higher
trophic levels such as Marine Fish (Section 13.0), Marine Mammals (Section 14.0),
and Coastal Birds (Section 15.0) as well as to human use, such as Ongoing
Productivity of Commercial, Recreational, and Aboriginal Fisheries (Section 16.0),
Marine Commercial Use (Section 21.0), Outdoor Recreation (Section 24.0), and
Potential or Established Aboriginal and Treaty Rights and Related Interests
(Section 32.0); therefore, the residual and cumulative effects of the Project on marine
invertebrates are relevant to the assessment of effects on those VCs.
12.2.1 Sub-components
Four sub-components of marine invertebrates are used to structure and streamline the
assessment. These sub-components, if not a specific species, may be representative of
several species that are similar in nature, occupy comparable habitats, play similar
ecological roles, or may be affected by the Project in analogous ways. Importance to

Page | 12-3

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Aboriginal groups, regulatory bodies, stakeholders, and the public, as well as professional
judgement were factors in sub-component selection. Aboriginal traditional knowledge
pertaining to marine invertebrates, which PMV had access to or acquired through
engagement activities, was utilised in sub-component selection and was also taken into
account in the assessment of potential effects of the Project on marine invertebrates.
Sub-components chosen for marine invertebrates, a summary of their representation, and
the rationales for their selection are presented in Table 12-1.
Table 12-1

Sub-components for Marine Invertebrates

Sub-component
Infaunal and
Epifaunal
Invertebrate
Communities

Bivalve Shellfish

Representative of:
Macrofauna and
Meiofauna
(e.g., polychaetes,
harpacticoid
copepods)

Rationale for Selection
 Base of food chain and important food for other
invertebrates, fish, and shorebirds
 Important in cycling of nutrients and particulate
organic matter
 Indicators of ecosystem health
 Potential to be affected by the Project

Bivalve shellfish

 Culturally important to Aboriginal peoples

(e.g., clams,
cockles, mussels,
oysters)

 Indicator of toxicity and informs human health risk
assessment
 Potential to be affected by the Project
 Important to CRA fisheries
 Culturally important to Aboriginal peoples

Dungeness Crabs

Dungeness Crabs

 Fraser River estuary recognised as supporting large
numbers of Dungeness crab
 Potential to be affected by the Project
 Provides biogenic habitat and adds structural
complexity
 Dense aggregations may be unique feature in Fraser
River estuary

Orange Sea Pens

Orange Sea Pens

 Ecological role not well known, but aggregations are
suspected to be an important feature of the local
ecosystem
 Identified in DFO Cold-Water Coral and Sponge
Conservation Strategy
 Potential to be affected by the Project

Dungeness crabs and orange sea pens as sub-components may also be considered
representative of other crab or soft coral species, respectively, but the assessment focuses
on these sub-component species due to the rationale provided above.
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It is important to note that zooplankton is not assessed directly as part of this VC because
Project construction and operation activities are not expected to affect phytoplankton
productivity

(Section

11.2.1

Marine

Vegetation,

Sub-Components)

or

water

temperature (Section 9.7.8 Marine Water Quality, Future Conditions with the
Project), which are widely thought to be two major drivers of zooplankton productivity
(Bornhold 2000, Johannessen and McCarter 2010). Zooplankton overwintering or spawning
habitats are not expected to be affected by the Project, as these habitats are located at
depths well beyond the realm of influence of Project activities. In the Strait of Georgia,
zooplankton overwinter at depths of −300 m chart datum (CD) to −1,000 m CD and spawn
at depths of −250 m CD to −400 m CD (Bornhold 2000). While zooplankton may be
displaced from the Project footprint, they are ubiquitous in aquatic environments and occur
throughout the Strait of Georgia and Fraser River estuary (Bornhold 2000, Li et al. 2013,
Mackas et al. 2013).
12.2.2 Indicators
Indicators are measureable parameters and provide a means of determining a Projectrelated change to a VC. The indicators chosen for marine invertebrates and the rationale for
their selection are presented in Table 12-2.
Table 12-2
Indicator

Indicators for Marine Invertebrates
Rationale for Selection
 Indicator for all four sub-components
 Ecosystem-level and area-wide approach to assessing Project-related effects

Productivity
(biomass)

 Integrates Project-related effects across disciplines, and incorporates local, fieldcollected, and literature-based knowledge
 Indicates ecosystem health and contributes to ongoing productivity of Roberts
Bank
 Practical, measurable, and predictable parameter that will reflect potential
changes to VC in response to the Project
 Indicator for infaunal and epifaunal invertebrates, bivalve shellfish, and
Dungeness crabs (i.e., harvestable legal-sized males only); no abundance data is
available for sea pens

Abundance

 Relevance to other VCs (e.g., CRA fisheries)

Diversity

 Indicator for infaunal and epifaunal invertebrates only, because they form
community assemblages

 Contributes to ongoing productivity of Roberts Bank
 Incorporates local and regional data used in other environmental assessments
 Practical, measurable, and predictable parameter that will reflect potential
changes to VC in response to the Project

 Rationale as for Abundance above
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Indicator
Distribution

Rationale for Selection


Indicator for all four sub-components



Contributes to ongoing productivity of Roberts Bank



Incorporates local and regional data used in other environmental assessments

 Indicator for bivalve shellfish and Dungeness crabs because they are targeted in
fisheries for human consumption
Contaminant
levels

 Relevant to other VCs in terms of trophic linkages
 Incorporates local and regional data used in other environmental assessments
 Practical and measureable parameter that will reflect potential changes to VC in
response to the Project

Density

 Indicator for Dungeness crabs (juveniles) and orange sea pens
 Contributes to ongoing productivity of Roberts Bank
 Incorporates local and regional data used in other environmental assessments
 Indicator for Dungeness crabs and orange sea pens
 Contributes to ongoing productivity of Roberts Bank

Suitable
habitat area

 Incorporates local and regional data used in other environmental assessments
 Useful for identifying priority areas for mitigation
 Practical and measureable parameter that will reflect potential changes to VC in
response to the Project

12.3

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
marine invertebrates, as well as any administrative or technical boundaries that may apply.
12.3.1 Spatial Boundaries
The local assessment area (LAA), regional assessment area (RAA), and cumulative
effects assessment area for marine invertebrates are defined in Table 12-3 and shown in
Figures 12-1 and 12-2.
Table 12-3

Spatial Boundary Definitions for Marine Invertebrates

Spatial Boundary

Description of Assessment Area
Roberts Bank, from the B.C. Ferries Terminal causeway to Canoe Passage
and from the high-water mark on the shore west to −100 m depth CD.

Local assessment
area

Includes all areas where Project-related effects (direct or indirect) to marine
invertebrates are expected to occur and is based on life history information
and spatial extent of Project-related influences (e.g., total suspended solids
(TSS) levels, sediment dispersion predictions).
Informed by current and past data from Roberts Bank, and current use for
traditional purposes by Aboriginal groups.

Regional
assessment area

Includes areas south of the B.C. Ferries Terminal causeway to the U.S.A.
border, Roberts Bank North, Sturgeon Bank, and Boundary Bay.
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The LAA (approximately 5,416 ha) was established to encompass the area within which the
Project is expected to interact with, and potentially have an effect on, marine invertebrates.
In determining LAA boundaries, consideration was given to the nature and characteristics of
marine invertebrates, historical and current traditional use activities, as well as the
maximum extent of potential adverse effects on marine invertebrates.
The RAA is defined as the LAA plus Roberts Bank North (i.e., Westham Island), Sturgeon
Bank, and Boundary Bay. The RAA was established to provide a regional context for the
assessment of Project-related effects. An assessment area for determining future
cumulative effects is not required since there are no reasonably foreseeable projects or
activities expected to influence or change the characteristics of marine invertebrates in
conjunction with Project-related effects (refer to Section 12.10 for further information).
12.3.2 Temporal Boundaries
The characterisation of existing conditions is reflective of the year 2013, when marine
invertebrate studies were completed in the LAA.
Temporal characteristics of the Project’s construction and operation phases are defined in
Section 4.0 Project Description. The temporal boundaries established for the assessment
of adverse Project-related effects on marine invertebrates encompass these Project phases.
Changes to marine invertebrates related to Project construction were assessed for the
horizon year 2021, which is considered representative of the entire construction phase. This
is the year that the majority of in-water construction activities that could adversely affect
this VC will be completed, as well as the time by which the majority of construction-related
effects will have been realised.
Changes to marine invertebrates related to Project operation were assessed for the horizon
year 2030 as the representative year of this phase, as this is when the Roberts Bank
ecosystem is predicted to reach equilibrium following construction of the terminal
containment dykes (i.e., approximately a decade after terminal footprint construction).
Refer to Appendices 10-B to 10-D in Section 10.3 Overview of Assessing Ecosystem
Productivity for more information on the rationale for post-construction ecosystem
equilibrium.
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Temporal characteristics specific to marine invertebrates boundaries (e.g., peak seasons of
species abundance, timing of important life cycle stages) are described in Section 12.5 for
existing conditions and Section 12.6 for future conditions with the Project.
12.3.3 Administrative Boundaries
Fisheries and Oceans Canada data are publicly reported at Pacific Fishery Management Area
(PFMA) and PFMA sub-area scales. Pacific Fishery Management Area 29, which overlaps the
LAA, includes areas other than the Roberts Bank area (the LAA), so data reported at this
level have limits for interpreting existing conditions in the LAA. Pacific Fishery Management
Area sub-areas 29-6 and 29-7, however, are sufficiently small such that LAA harvesting
activity can be reasonably determined from reviewing data reported at this level.
12.3.4 Technical Boundaries
Technical boundaries relevant to this assessment include the following:


LAA boundaries extend to −100 m CD, to coincide with the Roberts Bank ecosystem
model bounds; however, data on marine invertebrate species composition,
abundance, and distribution are limited at depths greater than −40 m CD, which was
the maximum surveyed depth during field surveys. Information on marine
invertebrates at depths between −40 m CD and −100 m CD was obtained from the
literature, as well as from DAS characterisation surveys, which extended to −90 m
CD (Hemmera 2014a);



The current state of knowledge on orange sea pens, and on cold-water corals in
general, is limited. Little is known about their abundance, distribution, or ecological
role in B.C. and throughout the rest of their geographic range. Many aspects of
orange sea pen biology and ecology are not well studied or understood, and are
often based on speculation about possible similar traits with species in other regions,
such as the Arctic, North Atlantic, and tropical environments;



Habitat modelling assessed changes in suitable habitat for orange sea pens and
Dungeness crabs within the LAA. The model predicted species distribution based on
bathymetry, bottom current velocity, and sediment grain size, but did not consider
biotic effects (e.g., competition, predation). Further, interpolated sediment grain size
data may not accurately capture spatial heterogeneity (see Appendix 12-A Habitat
Suitability Modelling for more information);
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A Bayesian population dynamics model1 estimated Dungeness crab abundance and
productivity in the Fraser River estuary. While this type of model has a high degree
of biological realism, it is computationally complex and requires considerably more
data and biological assumptions than most other methods. Further, precision of
estimated model parameters and crab abundance, recruitment, and production
decreases as the spatial scale decreases (e.g., from DFO Management Area 29 to
Sub-areas 29-6 and 29-7; Figure 12-3) (Hemmera 2014b); and



Certain limitations are inherent in mass balance models (i.e., Roberts Bank
ecosystem model) used to quantify changes in marine invertebrate productivity
(see Section 12.6.3). The ecosystem model requires input of many parameters and,
where data were not available, input values were adapted from ecosystem models
for other sites, or were based on available literature and professional judgement,
which introduces some uncertainty. Refer to the Section 10.3.2 Ecosystem Model
Overview for more information pertaining to the ecosystem model.

12.4

INFORMATION SOURCES

Numerous literature and data sources were consulted for information on marine
invertebrates, including the following:

1



Publicly available ATK (e.g., (LGL Limited and Tsawwassen Fisheries Department
2012, 2013), workshops with Tsawwassen First Nation (TFN) and Musqueam First
Nation (2013), and ATK from Project-specific studies related to current use
(described in Section 32.2 Current Use of Land and Resources for Traditional
Purposes Assessment;



Books, academic journals, consultant technical reports, government technical
reports, and other scientific literature;



Databases (e.g., DFO WAVES Catalogue, National Oceanic and Atmospheric
Association, B.C. Conservation Data Centre, Committee on the Status of Endangered
Wildlife in Canada Wildlife Species Database, Coastal Resource Information Mapping
System, and B.C. Marine Conservation Atlas);



Previous environmental assessments and monitoring reports (e.g., Deltaport Third
Berth Project (DP3) Adaptive Management Strategy); and



Expert opinion.

Fishing of Fraser River estuary crabs generates variation in crab size composition that enables estimation of
annual recruitment and production through development of a population dynamics model. Bayesian techniques
are particularly advantageous in that existing knowledge of crab biology (termed priors) can be merged with
detailed fishery and survey size composition data to generate a more robust model.
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Marine invertebrates in the Roberts Bank area have been studied for over three decades.
Previous studies relevant to and considered in this assessment include the following:


Quantification and characterisation of benthic (infaunal and epifaunal) invertebrates;



Invertebrate tissue contamination (Pearce and McBride 1977, Stancil 1980, Hillaby
1981, Harrison et al. 1998);



Juvenile Dungeness crab habitat preferences (Triton 2004a, Hemmera 2009);



Dungeness crab population dynamics (Zhang et al. 2002, Zhang and Dunham 2013);



Orange sea pen distribution and density (Triton 2004a, Hemmera 2009, Archipelago
2011);



Zooplankton distribution, variability, and dynamics (Parsons et al. 1970, Harrison et
al. 1983, Yin et al. 1997, Campbell and Dower 2008, Johannessen and Macdonald
2009:2013, Li et al. 2013, Mackas et al. 2013); and



Climate change and sea level rise effects in the lower Fraser River estuary (Kirwan
and Murray 2008, Hill et al. 2012).

12.4.1 Desktop and Field Studies
In 2012, PMV initiated field, desktop, and modelling studies on marine invertebrates to
support Project planning and environmental assessment. Building on available information
and drawing on local expertise, these studies were designed using the best available
scientific methods to address known data gaps, and issues and interests of Aboriginal
groups, stakeholders, and the public. Table 12-4 provides a summary description of the
studies completed that informed the characterisation of existing conditions and Table 12-5
summarises the studies that contributed modelled predictions of Project-related effects, and
are provided as an appendix to this section.
Some studies pertaining to marine invertebrates were reviewed through the Biofilm and
Shorebirds TAG process, which convened both local and international experts during four
different workshops to discuss known data gaps, review study objectives, and scrutinise
methodologies. Study approaches were reviewed and adapted to strengthen scientific
methods

and

provide

robust

results.

Refer

to

Section

7.4

Engagement

and

Consultation, Technical Advisory Group Process (2012 to 2013) for further details.
Meetings were also held with regulatory agencies, such as DFO and the Canadian Wildlife
Service (CWS), to obtain feedback on study approaches and subsequently on study results.
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Table 12-4

Marine Invertebrates Studies to Support the Assessment

Study Name

Study Description

Report
Accessible
at:

Infaunal and Epifaunal Invertebrate Communities
A field study to quantify invertebrate diversity,
biomass, and abundance to inform shorebird food
availability and habitat use studies. Studies integrated
sediment characterisation data (i.e., grain size, total
organic carbon (TOC), metals, polycyclic aromatic
hydrocarbons (PAHs)) and were co-located with
surface water, sediment, and in some cases, biofilm
sampling.

RBT2 website1

A field study to quantify bivalve shellfish and
Dungeness crab soft tissue contaminant concentrations
based on hypothesised exposures to coal particulates,
and to provide data to predict human health risks
associated with consumption.

RBT2 website

Juvenile Dungeness
Crabs (Hemmera 2014e)

A field study to determine preferences in juvenile
Dungeness crab nursery habitat by quantifying and
comparing densities among different macrophyte2
habitats.

RBT2 website

Gravid Female
Dungeness Crab SCUBA
Survey
(Hemmera 2014f)

A field study to determine gravid female Dungeness
crab presence/absence, depth distribution, densities,
and habitat preferences during the winter brood
season.

RBT2 website

Dungeness Crab
Productivity Study
(Hemmera 2014b)

A Bayesian size-structured (length-based) model to
estimate abundance dynamics and production of
harvestable Dungeness crabs in Pacific Fishery
Management Area (PFMA) 29, including sub-areas 296 and 29-7 where possible. The model merges existing
knowledge of crab biology with detailed fisherydependent and fishery-independent monitoring data.

RBT2 website

Underwater Video
Survey
(Hemmera and
Archipelago 2014)

A field study to map and classify the geographic extent
of sea pen distribution at Roberts Bank.

RBT2 website

SCUBA Survey
(Hemmera and
Archipelago 2014)

A field study to collect sea pen density and associated
species information.

RBT2 website

Infaunal and Epifaunal
Invertebrate
Communities Study
(Hemmera 2014c)

Bivalve Shellfish
Shellfish Harvesting
Potential and
Contaminant-Related
Consumption Risks
(Hemmera 2014d)
Dungeness Crabs

Orange Sea Pens

A desktop study to gain a better understanding of the
spatial extent, life history, and ecological importance of
RBT2 website
sea pens along the northeast Pacific coast from local
experts.
Note: 1. RBT2 website is http://www.portmetrovancouver.com/RBT2/environmentalassessment.
Local Knowledge Survey
(Hemmera and
Archipelago 2014)

2

Generic term for aquatic plants that includes both seagrasses (e.g., eelgrass) and algae (e.g., Ulva).
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Table 12-5

Marine Invertebrates Modelling Studies Contributing to Projectrelated Predictions

Study Name

Study Description

Appendix

Dungeness Crabs
Habitat Suitability
Modelling (Hemmera
2014g)

A model to predict and quantify suitable Dungeness
crab habitat area based on known environmental
preferences.

Appendix 12-A

A model to predict and quantify suitable orange sea
pen habitat area based on known environmental
preferences.

Appendix 12-A

Orange Sea Pens
Habitat Suitability
Modelling
(Hemmera 2014g)

Descriptions of the data management, analysis, mapping, and modelling methods for
marine invertebrates are discussed in each of the documents identified in Table 12-4 and
Appendix 12-A.
12.5

EXISTING CONDITIONS

This section describes the existing conditions of marine invertebrates within the LAA as of
2013, as well as the surrounding environment and factors influencing marine invertebrates.
The existing conditions case (or the current state of marine invertebrates within the LAA)
reflects the manifestation of effects from previous developments and current activities that
have contributed to the current state of marine invertebrates at Roberts Bank. This
includes, but is not limited to, the development of the Roberts Bank and B.C. Ferries
terminals (history of development is described in Section 3.4 Geographical Setting,
Projects and Activities Contributing to Existing Conditions and Expected Conditions
while environmental influences of development are described in Section 9.5.6 Coastal
Geomorphology, Existing Conditions); the Iona Island wastewater treatment plant on
Sturgeon Bank; and intense fishing pressure on local Dungeness crab populations.
Aboriginal traditional knowledge pertinent to marine invertebrates is summarised in
Section 32.2 Current Use of Land and Resources for Traditional Purposes
Assessment

for

each

Aboriginal

group

potentially

affected

by

the

Project.

No

inconsistencies between the ATK (included within this section and in detail in Section 32.2)
and the scientific and technical knowledge presented herein were identified.
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Marine invertebrate communities are highly variable, both spatially and temporally, largely
because they are shaped by environmental factors that are not static, such as winds, tides,
waves, and decadal regimes (e.g., El Niño Southern Oscillation) (Peterson 1991, Ricciardi
and Bourget 1999). The physical environment of Roberts Bank is dynamic, and expected to
change into the future such that shifts in population indicators (i.e., productivity,
abundance, distribution, or community composition) can also be expected. Such variability
is likely to be further amplified by climate change, where sea level rise is anticipated to
cause a reduction in the intertidal mudflat area over the foreseeable future (from complete
immersion of the portion of the tidal flats that are below 0.5 m CD, and longer immersion
times for those areas above 0.5 m CD; see Section 9.5.7 Coastal Geomorphology,
Expected Conditions) and substantially reduce intertidal marsh over the longer term
(50 to 100 years; see Section 11.5.2 Marine Vegetation, Intertidal Marsh).
12.5.1 Infaunal and Epifaunal Communities
12.5.1.1

Overview

Infaunal and epifaunal invertebrates (i.e., those that reside within or on bottom substrates,
respectively) are typically divided into two size classes: meiofauna (63 to 500 micrometres
(µm)) and macrofauna (500 µm to 1 mm). The focus in this assessment is on eight
estuarine meio- and macrofaunal taxa that are abundant within the LAA or serve important
ecological

functions:

oligochaeta,

ostracoda,

foraminifera,

bivalvia,

nematoda,

harpacticoida, polychaeta, and cumacea (Pearce and McBride 1977, Bravender et al. 1993,
Sutherland et al. 2000, Mathot and Elner 2004).
Infaunal and epifaunal communities across the RAA have been studied for several decades
(Levings and Coustalin 1975, Chapman and Brinkhurst 1981, McEwan and Gordon 1985,
Sewell 1996, Sutherland et al. 2000, 2013); however, many of these studies are now dated
or have low sample sizes. Data collection to characterise marine invertebrate communities
within the LAA was therefore necessarily intensive, with 257 intertidal locations sampled
over two years in 2012 and 2013 (Figure 12-5). Because of the importance of infaunal and
epifaunal invertebrates to the diet of shorebirds, sampling was scheduled to coincide with
western sandpiper northward (April to May) and southward (July to September) migrations,
and one Pacific dunlin overwintering period (February 2013). Sampling was part of a
larger regional effort in which 657 locations were sampled across the RAA and divided into
six strata (i.e., Mud Bay, Boundary Bay, inter-causeway area, Brunswick Point, Westham
Island, and Sturgeon Bank). Two of these strata – Brunswick Point (i.e., north side of the
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causeway) and the inter-causeway area – comprise the LAA. Subtidal areas were also
sampled in 2013 and 2014 within the ITP (6 locations), candidate DAS areas (10), and the
proposed RBT2 terminal footprint (12) (Figure 12-5).
Infaunal and epifaunal communities have been closely tracked at Roberts Bank as part of
the Deltaport Third Berth Adaptive Management Strategy (AMS), an eight-year study
monitoring for negative trends in the ecosystem linked to DP3 construction and operation.
Overall, results indicate that infaunal and epifaunal populations in both the inter-causeway
area and reference area (i.e., north side of the causeway) are diverse, healthy, and well
established, and that data did not provide evidence of statistically significant spatial or
temporal trends that might be associated with the construction and operation of DP3
(Hemmera et al. 2013).
12.5.1.2

Ecological Function

Infaunal and epifaunal communities perform a number of ecosystem-level functions
including sediment bio-turbation and re-suspension; production and transfer of food,
oxygen, and nutrients; recycling of waste material; and sequestration of harmful substances
(Cooper et al. 2008). They are also key intermediate consumers, linking higher trophic
levels to basal food resources (Galvan et al. 2008). Recent isotope studies have revealed
the importance of microphytobenthos (i.e., biofilm) and benthic algae as food resources
(Galvan et al. 2008). Sutherland et al. (2013) found that Polydora (a polychaete) and
harpacticoid copepod abundance at Roberts Bank was directly linked to the abundance of
various biofilm components (e.g., chlorophyll, mucous, silt) while WorleyParsons (2014)
also documented positive relationships between polychaete density and biofilm biomass
measures (though negative relationships were observed with other members of the infauna
community).
In turn, infaunal and epifaunal invertebrates are consumed by a variety of bird and fish
species (Smith and Coull 1987, Coull 1990). Harpacticoid copepods, for example, are a
favoured prey resource for juvenile Pacific salmon during their nearshore residence period
(Gee 1989, Webb 1991a, Sutherland et al. 2013). Several taxa of benthic invertebrates
have also been shown to be important food sources for migratory western sandpipers
(Sutherland et al. 2000) and Pacific dunlin (Mathot et al. 2010). Stomach content analyses
suggest that molluscs (e.g., gastropods, bivalves), annelids (i.e., polychaete worms), and
arthropods (e.g., amphipods) are important shorebird prey (Mathot et al. 2010). Despite
their abundance, nematodes are generally avoided by shorebirds (Quammen 1984, Senner
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et al. 1989, Sutherland et al. 2000, Davis and Smith 2001, Wolf 2001, Seaman 2003).
Recent research on the capacity of infaunal and epifaunal invertebrate communities to
support migrating shorebirds indicates that, from a food perspective, there is a surplus of
both macrofauna and meiofauna within the LAA (refer to Appendix 15-B Shorebird
Foraging Opportunity during Migration for more information).
12.5.1.3

Population Characteristics

Many infaunal and epifaunal invertebrates have life history characteristics that make them
resilient3 to disturbance, including: short generation time – the life cycle of meiofauna is
typically less than one year (Warwick 1984); broadcast spawning – releasing sperm and
eggs into the water column (Crimaldi and Zimmer 2014); and a larval (planktonic) phase,
whereby they can disperse tens or even thousands of kilometres from their source
(Pechenik 1999).
Maximum infaunal and epifaunal invertebrate biomass and densities have been reported
adjacent to emergent vegetation in the high intertidal zone in the Fraser River estuary
(Levings and Coustalin 1975, McEwan and Gordon 1985), and results from RBT2 studies
confirm a statistically significant trend of lower meiofaunal biomass, abundance, and
diversity further out from shore (Hemmera 2014c). High intertidal areas within the LAA are
primarily composed of meiofaunal nematodes and harpacticoid copepods (Figure 12-4) and
macrofaunal polychaetes and oligochaetes (Figure 12-6).
During 2012-2013 northward and southward shorebird migrations, mean meiofaunal
biomass was highest in the inter-causeway area (54.9 g/m2) followed by Boundary Bay
(31.2 g/m2) and Brunswick Point (i.e., north of the Roberts Bank causeway; 30.9 g/m2)
(Figure 12-7). Community assemblages were also shown to differ on either side of the
causeway, with polychaete, cumacean, and oligochaete abundance highest at Brunswick
Point to the north, nematode, foraminifera, and harpacticoid copepod abundance highest
within the inter-causeway area, and ostracod abundance highest off Westham Island
(Hemmera 2014c). Among all strata across the RAA, meiofaunal community composition
was consistently most diverse at Brunswick Point (Figure 12-84). Additional interpretation
of meiofaunal biomass as it relates to migratory birds is provided in Section 15.5.3
Coastal Birds, Existing Conditions, Shorebirds and Appendix 15-B.

3

4

Resilience is defined as the capacity of a system to absorb disturbance and reorganise while undergoing
change so as to still retain essentially the same function, structure, identity, and feedbacks (Walker et
al. 2004).
For a description of the development of inverse distance weighting figures, refer to Section 9.6 Surficial
Geology and Marine Sediment.
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Over the same timeframe, mean macrofaunal biomass was highest at Boundary Bay
(86.6 g/m2), followed by the inter-causeway area (60.4 g/m2) and Brunswick Point
(37.7 g/m2), and lowest at Westham Island (24.4 g/m2; Figure 12-9). Similar to
meiofauna, community composition differed by strata, with polychaete, nematode,
harpacticoid, and ostracod abundance highest at Boundary Bay and the inter-causeway
areas, oligochaete abundance highest at Brunswick Point, and bivalve abundance highest at
Sturgeon Bank. As shown in Figure 12-9, macrofauna biomass in the inter-causeway area
did not change based on migration period, but biomass was higher north of the
causeway during northward migration. Macrofaunal diversity was consistently highest in the
inter-causeway area (Figure 12-10). Subtidal macrofaunal diversity (nine taxa) is
considerably lower than intertidal diversity (33 taxa) (Hemmera 2014c). Additional
interpretation of macrofaunal biomass as it relates to migratory birds is provided in
Section 15.5.3 Coastal Birds, Shorebirds and Appendix 15-B.
Several studies have demonstrated seasonal fluctuations in benthic invertebrate community
characteristics (Green and Hobson 1970, Chapman and Brinkhurst 1981, Ellison 1984,
Morrisey et al. 1992). Chapman and Brinkhurst (1981) documented seasonal shifts in
benthic invertebrate distributions in relation to the spring freshet, and Mathot and Elner
(2004) found that benthic invertebrate densities at Roberts Bank appeared to peak during
the western sandpiper migration, suggesting that migratory timing may be related to the
productivity schedule at key stopover sites.
Spatially, benthic invertebrate distribution is often described as patchy (Barry and Dayton
1991, McIntosh 1991) with high abundance in some areas and total absence in others
(Morrisey et al. 1992). Fine-scale spatial variation is likely influenced by physical
environmental factors and associated behavioural responses (Morrisey et al. 1992,
Underwood and Chapman 1996).
12.5.1.4

Key Habitat Features

Marine benthic invertebrate communities are influenced by abiotic factors, such as sediment
grain size, organic carbon concentration, depth, inundation time, and salinity (Peterson
1991, Wilson 1991, Eckman 1996, Ricciardi and Bourget 1999, Hyland et al. 2005) with
sediment grain size likely being the single best predictor of benthic invertebrate community
characteristics (Ricciardi and Bourget 1999). In general, smaller sediment grain sizes
correspond to higher invertebrate abundance, biomass, and diversity (Heck et al. 1995,
Sewell 1996, Hemmera 2014c) because of the larger available surface area for adhesion of
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organic particles (i.e., total organic carbon, TOC), which constitute an important food source
for infaunal and epifaunal invertebrates. High TOC levels can also facilitate a buildup of toxic
by-products (ammonia and sulfide) and a reduction in oxygen concentration, with negative
implications for benthic invertebrate communities (Hyland et al. 2005); however, no
statistical relationships between infaunal and epifaunal invertebrate population parameters
and sulfide concentration were observed within the LAA.
Additionally, meiofaunal assemblages tend to be most abundant in the upper few
centimetres of fine muddy sediments (Kennish 1986), as coarser grain sizes (such as sand)
may inflict physical limitations (Warwick 1984). In the LAA, higher-percent fines occur in the
immediate nearshore intertidal areas, with percent sand increasing with distance from the
shoreline (see Section 9.6.6 Surficial Geology and Marine Sediment, Existing
Conditions for more details on the characteristics of sediments in the local study area).
Eelgrass (Zostera sp.) beds are important for various benthic invertebrates, such as
harpacticoid copepods (Webb and Weaver 1988, Webb 1991b). Burd and Brinkhurst (1987)
found that infaunal and epifaunal communities in eelgrass beds are structurally different and
more diverse than those in nearby bare sediments; Leduc and Probert (2011) documented
similar results, and found that meiofaunal biomass is higher within eelgrass beds than
outside. A recent study at Roberts Bank by Sutherland et al. (2013) found direct
correlations between eelgrass attributes (i.e., root biomass, leaf area index) and infaunal
and epifaunal invertebrates, including bivalves, amphipods, and harpacticoid copepods.
Results from RBT2 studies corroborate these results, and no taxa were negatively correlated
with eelgrass presence within the LAA (Hemmera 2014c).
12.5.2 Bivalve Shellfish
12.5.2.1

Overview

Several groups of bivalves occur within the LAA and RAA including clams, cockles, oysters,
and mussels, some of which have been historically harvested and are culturally important to
Aboriginal groups (Musqueam Band Council 1984, Tsawwassen First Nation Elders 2012,
Wilson et al. 2013, Candler et al. 2014, Métis Nation BC 2014). No bivalve harvesting is
currently allowed within LAA or RAA boundaries, however, which fall under both Sanitary
and Biotoxin Shellfish Closures imposed by DFO due to concerns regarding discharges from
sanitary, stormwater, or industrial sources.
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While there are no studies at Roberts Bank of direct effects from industrial activities on
bivalves, Harrison et al. (1998) studied the impact caused by discharges of nutrients and
metals from the Iona Island wastewater treatment plant on sediments and bivalves
(i.e., Macoma balthica) on Sturgeon Bank. Effluent was discharged directly onto the tidal
flats for 26 years, before being diverted in 1988. There were no animals living in the
sediment at the outfall location in 1998; however, re-colonisation by the clam M. balthica
and other infaunal invertebrates, as well as declines in the concentration and bioavailability
of metals in the sediments, occurred within several years of diversion, underscoring the
quick recovery potential of local ecosystems within the RAA.
12.5.2.2

Ecological Function

Bivalve shellfish are predominantly filter feeders (Levings et al. 1983), whereby they
selectively process particulate organic materials such as phytoplankton and zooplankton
from the water column, reducing water turbidity and enhancing vegetative growth
(e.g., eelgrass) (Newell 2004). Macoma clams are surface deposit feeders, however, and
feed on fine organic particles in the upper few millimetres of sediment (van Leeuwen and
Vermeire 2007) and, in doing so, enrich the sediment with nutrients, which stimulates the
growth of microalgae, bacteria, and meiofaunal grazers (i.e., their own food source)
(Reise 1983).
Oyster and mussel beds create structural complexity in open substrates, providing refuge
habitats to marine species including small fish, marine worms, barnacles, and juvenile
Dungeness crabs (Dumbauld et al. 2000, Ruesink et al. 2005, Smith et al. 2006) which, in
turn, are potential prey for other VCs such as migratory shorebirds (Escapa et al. 2004).
Predation by a variety of higher-trophic-level species is a major source of adult bivalve
shellfish mortality (Pearson et al. 1981, Gallucci and Gallucci 1982, Hiddink et al. 2002,
Dunham et al. 2007). Common predators include marine snails, sea stars, octopi, crabs,
marine birds, fish, and marine mammals (Quayle and Bourne 1972, Hartwick et al. 1981,
Cranford et al. 1985, Harrison et al. 1998).
12.5.2.3

Population Characteristics

Bivalve shellfish are broadcast spawners, releasing great numbers of sperm and eggs into
the water column (Quayle and Bourne 1972, DFO 2013e). Larvae remain in the plankton for
several weeks and, consequently, they have the potential to disperse long distances (Caddy
1967, Van Colen et al. 2009). Age at sexual maturity varies depending on the species, and
can range from one year in mussels (Newell and Moran 1989) and oysters (Pauley et al.
1988) to several years (i.e., 2 to 3) for littleneck clams and cockles (Quayle 1943, Gallucci
and Gallucci 1982, Hemmera 2014e).
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The heart cockle (Clinocardium nuttallii) is widely distributed and generally common along
the Pacific coast, from southern California to Alaska (Quayle 1960). Within the LAA, cockles
are common, but not found in high abundance, with densities averaging 0.15 cockles/m2 in
the sandy substrates of the low intertidal (Hemmera 2014d).
Pacific littleneck clams (Protothaca staminea), one of four intertidal clam species harvested
in B.C. (DFO 2013e), are widely distributed from Alaska to California, and are particularly
abundant in shallow nearshore (i.e., most common above −3 m CD). Within the LAA,
distribution is clumped and patchy, with densities averaging 14.6 clams/m2 (Hemmera
2014d). Although adult littlenecks are sedentary, they are capable of moving to new
locations by extending their muscular foot (Quayle and Bourne 1972).
Macoma clams are widely distributed across the northern Pacific Ocean (Coan et al. 2000),
with three species known to occur within the LAA (Triton 2004b). Macoma clams are the
most ubiquitous and abundant bivalve species in the mid to low intertidal zone at Roberts
Bank, with densities ranging from 16 to 336 clams/m2, although densities were observed to
be lower within and around eelgrass beds (Hemmera 2014d).
The Pacific oyster (Crassostrea gigas), native to the northwestern Pacific (i.e., Japan), was
introduced to coastal B.C. during the early 1920s for aquaculture purposes and is currently
the second most valuable shellfish resource in B.C. (Quayle 1969, Gillespie et al. 2012). In
the LAA, Pacific oyster were recorded in the low intertidal zone attached to the rip-rap on
the northwest edge of Westshore Terminals at average densities of 1.2 oysters/m2
(Hemmera 2014h).
The Bay mussel (Mytilus trossulus) is native to the north Pacific Ocean, and is distributed
from Alaska to central California (Seed 1992, Riginos and Cunningham 2005). In the LAA,
mussels are abundant (i.e., average densities of 34 mussels/m2) on intertidal rip-rap on the
north side of the Roberts Bank causeway, and intermixed with Pacific oysters (Hemmera
2014h).
12.5.2.4

Key Habitat Features

Bivalves are benthic and either live within soft sediments, or are attached to the surfaces of
hard substrates such as rocks, pilings, or marine vegetation. In many estuaries and shallow
water coastal ecosystems including the Strait of Georgia, bivalves are dominant invertebrate
species in highly oxygenated, shallow mud or sand-silt habitats (Levings et al. 1983, Burd et
al. 2008a). Mid-depth sandy sediments close to the Fraser River delta that are commonly
characterised by fluctuating water oxygen levels and high sedimentation levels, also support
a broad range of burrowing bivalve species (Burd et al. 2008b).
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Cockles are generally found in low intertidal and subtidal zones to −200 m CD, in fine sand
and eelgrass areas (Clayton 2003). Within the LAA and RAA (i.e., at Boundary Bay), cockles
are predominantly encountered in sandy substrates in the low intertidal zone, either
associated with native eelgrass beds or flowing tidal channels (Hemmera 2014d).
Pacific littleneck clams typically inhabit sand and sand-mud habitats (Quayle and Bourne
1972, Gillespie and Bourne 1998, Chew and Ma 1987). Habitat preferences at Roberts Bank
corroborate the literature, with highest abundance recorded in mid to low intertidal areas
and associated with fine, and slightly muddy, sand (Hemmera 2014d).
Macoma clams inhabit protected intertidal bays, channels, and estuarine habitats (Levings
et al. 1983) in a range of sediment types, including silt and clay substrates, mixed gravel,
and shell sediments (Dunnill and Ellis 1969, Hemmera 2014d), and habitats, such as
eelgrass beds (Dethier 2006, Hemmera 2014d). Similar to littlenecks, Macoma clams are
abundant in coarse to muddy sand sediments at Roberts Bank, and found higher in the
intertidal zone than other bivalve species. Macomas can tolerate a wide range of salinities
and even function in freshwater (Rasmussen 1973).
Pacific oysters are well established in intertidal habitats of estuaries and protected bays,
where they live attached to hard substrates such as compact gravel or mud bottoms, rocks,
debris, or other oyster shells (Quayle 1969, Pauley et al. 1988, Gillespie et al. 2012). The
presence of anthropogenic infrastructure at Roberts Bank has provided additional habitat
complexity, such as rip-rap and pilings, creating more habitat for oysters.
Bay mussels typically reside in estuarine or near-shore habitats characterised by low
salinity, large tidal influences, and variable surface water temperatures (Braby and Somero
2006). Similar to Pacific oysters, bay mussels attach to hard substrates, both natural
(e.g., rocks, other mussels) and man-made (e.g., rip-rap, pilings), creating dense
aggregations (Elliott et al. 2008). Similarly, at Roberts Bank, the presence of man-made
structures such as rip-rap and pilings has benefitted mussels by increasing available habitat.
12.5.2.5

Contamination

Bivalves are often used as biological indicators of ecosystem health (Newell 2004) and are
often the focus of human impact studies, as contamination is an environmental and public
health concern in B.C. (Pearce and McBride 1977, Harrison et al. 1998). Despite existing
biotoxin and sanitary closures, contamination of bivalves is of concern to local Aboriginal
communities (Tsawwassen First Nation Fishers 2012, Musqueam First Nation 2013).
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To address concerns of Aboriginal groups, RBT2 studies analysed contaminant levels in
bivalve shellfish, with a focus on substances associated with coal particulates (especially
PAHs, arsenic, bismuth, cadmium, selenium, and vanadium), and calculated associated
human consumption risks.
Results demonstrate that, while presence of PAHs is detectable in bivalve tissue,
concentrations are acceptably low from a human health perspective (using incremental
lifetime cancer risk and risk quotient thresholds (Hemmera 2014d)). Additionally, tissue
concentrations are much lower those in surrounding sediments (Hemmera 2014d). There is
increasing evidence that only a small fraction of sediment-bound PAHs are actually
bioavailable (Cornelissen et al. 1997, Kraaij et al. 2002); for example, research on PAH
contaminated sediments by Ahrens et al. (2005) suggested that only a fraction, generally
less than 20% of measurable PAHs, are bioavailable and accumulated by resident shellfish.
Reduced bioavailability can be the result of contaminant aging processes (Alexander 2000)
or sediment organic carbon phases. Refer to Section 27.5.4 Human Health, Exposure to
Shellfish Contamination for more information on consumption risks.
12.5.2.6

Traditional Use

Bivalve shellfish have comprised an important marine resource for coastal Aboriginal
communities, harvested for food and other purposes, including trade and ceremonial regalia
(Tsawwassen First Nation Elders 2012, Candler et al. 2014). Members of local Aboriginal
communities have historically used the intertidal mudflats in the LAA and RAA to harvest
shellfish, such as oysters, clams, cockles, and mussels (Salas et al. 1988, Tsawwassen First
Nation Elders 2012, Wilson et al. 2013, Candler et al. 2014, Métis Nation BC 2014, Woolman
2014). Ham (2014) reports Musqueam names for shellfish species obtained off the west side
of Point Roberts, including horse clams, butter clams, little neck clams, and basket cockles
as well as the native oysters, barnacles, and bay mussels, which occur in higher rocky
areas. 5 Due to DFO’s sanitary and biotoxin closures, however, bivalves are no longer
collected in the area. Rather, Members of TFN gather bivalves in the Tsawwassen Intertidal
Bivalve Fishing Area located in the Gulf Islands, using typical hand-picking techniques such
as shovels, rakes, and buckets (LGL Limited and Tsawwassen Fisheries Department 2012).

5

Names identified by James Point in 1962, cited at page 12 in Ham 2014.

Page | 12-21

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Further information on traditional and current use of invertebrates by various Aboriginal
Groups is found in Section 32.2.4 Current Use of Land and Resources for Traditional
Purposes Assessment, Existing Conditions.
12.5.3 Dungeness Crabs
12.5.3.1

Overview

Dungeness crabs (Metacarcinus magister) are widely distributed along the western coast of
North America where they occur from the low intertidal to depths of −230 m CD (DFO
2014). In the LAA, Dungeness crabs are valuable as a CRA fishery (DFO 2014) and
important to coastal Aboriginal peoples for food and cultural identity (Salas et al. 1988,
Tsawwassen First Nation 2012b, Wilson et al. 2013, Candler et al. 2014, Métis Nation British
Columbia 2014, Woolman 2014).
The major source of adult Dungeness mortality in the Strait of Georgia are CRA fisheries;
each year, over 90% of legal sized males are harvested in fisheries within the Fraser River
estuary (Zhang et al. 2002, Zhang and Dunham 2013). Commercial landings in the PFMA
sub-areas relevant to Roberts Bank (29-6 and 29-7; Figure 12-3), averaged 157 tonnes (t)
and 34 t, respectively, over a 21-year time series from 1990 to 2011 (Hemmera 2014b);
refer to Section 16.5 Ongoing Productivity of Commercial, Recreational, and
Aboriginal Fisheries, Existing Conditions for more information pertaining to Dungeness
crab fisheries.
Deltaport Third Berth construction (2007 to 2010) and operation (2010 to present) have not
appeared to adversely affect local crab abundance, as they are currently among the most
abundant organisms in subtidal waters at Roberts Bank (Archipelago 2014, Hemmera
2014h). In addition, the inter-causeway area continues to serve as an important juvenile
settlement and rearing area (Hemmera 2014e).
12.5.3.2

Ecological Function

Dungeness crabs occupy ecological niches in both marine and estuarine waters and are
ecologically important as both predator and prey at all life stages. Dungeness larvae are
among the dominant species in the plankton community in the Strait of Georgia and are
influential in marine food web dynamics (Mackas et al. 2013), feeding on other planktonic
species (e.g., diatoms) (Rasmuson 2013) and being consumed by numerous higher trophic
species, including economically valuable fish species (e.g., Chinook salmon) (Johannessen
et al. 2008, Li et al. 2013).
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Juvenile Dungeness crabs are common prey to marine birds and a wide range of fish
species, including starry flounder, English sole, and staghorn sculpin (Armstrong et al. 1995,
DFO 2012). Additionally, cannibalism is prevalent among juvenile crabs (Stevens et al.
1982, Fernandez et al. 1993).
Juvenile and adult Dungeness crabs are opportunistic omnivorous predators of a wide range
of crustaceans, marine worms, bivalves (clam and mussel), and other mollusc species,
though adult diet is more heavily composed of bivalves (Rasmuson 2013). Dungeness crabs
are often dominant predators in intertidal areas during flood tides (especially in estuarine
systems), and several authors have concluded that predation by migrating crabs is a
mechanism that both reduces intertidal prey populations and structures associated benthic
communities (Boulding 1984, Gee et al. 1985, Yamada and Boulding 1996).
12.5.3.3

Population Characteristics

A summary of larval, juvenile, and adult life history stages is provided below.
Larvae
Dungeness crabs exhibit distinct patterns of depth distribution, habitat use, and activity
related to life history stage (Stone and O’Clair 2002). Larvae are planktonic and spend three
to four months in the water column before migrating nearshore to settle (Rasmuson 2013).
Recruitment to nearshore areas is tremendously variable (Dumbauld and Armstrong 1987,
Armstrong et al. 1989), and thought to be influenced by density-dependent biological
mechanisms (e.g., competition, predation, cannibalism) and environmental mechanisms
(e.g., changes in water temperature, ocean currents, wind stress) (Johnson et al. 1986,
Berryman 1991, McConnaughey et al. 1992, Botsford 2001). Recruitment has also been
linked to oceanic processes affecting deep-water estuarine exchanges influencing timing of
spring phytoplankton blooms (e.g., North Pacific Gyre Oscillation, warm currents produced
by El Niño Southern Oscillation events) (Hobbs et al. 1992, Mackas et al. 2013, Rasmuson
2013), making this species vulnerable to the effects of climate change.
Juveniles
Juvenile crabs rely heavily on estuaries with mixed sand or gravel areas that feature
vegetated cover as nurseries (Fernandez et al. 1993, Armstrong et al. 2003, Holsman et al.
2006). Site-specific studies on the value of the LAA as settlement and nursery habitat by
Dungeness crabs have been intermittently conducted since 1982 (Waddell 1984, Triton
2004b, Martel 2009). Results of recent sampling (2012 and 2013) indicate that while
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juvenile Dungeness crabs settle and rear within the LAA, densities fluctuate extensively
across survey years, which aligns with findings reported from other northeast Pacific sites
(Dumbauld et al. 1993, Visser et al. 2004, Hemmera 2014e).
Dungeness crabs partition habitat by size, meaning they shift between habitats as they
grow, due to changing food and refuge requirements (Armstrong et al. 1989, McMillan et al.
1995). Within the LAA, densities of recently settled crabs were higher in areas of Ulva6 than
in eelgrass beds (Hemmera 2014e), likely because Ulva offers more three-dimensional
complexity in which to hide from predators (Heck and Orth 1980).
Juvenile crabs emigrate from intertidal areas into subtidal channels once a carapace width
of approximately 30 mm is reached (Henrys et al. 1986, Dumbauld and Armstrong 1987).
In the LAA, larger juveniles, including sub-adults, are abundant in native eelgrass beds and
unvegetated tidal channels in the low intertidal zone, suggesting that crabs require less
cover as they increase in size (Hemmera 2014e).
Adults
Adult Dungeness crabs are most common on subtidal sand or mud bottoms, and are
frequently found near eelgrass beds (Cleaver 1949, Dunham et al. 2011). They tend to
congregate on the outer slope of Roberts Bank (Waddell 1984) and remain inactive and
buried in the soft sediment during the day (McGaw 2005), but migrate to shallow intertidal
flats to forage during nocturnal high tides (Holsman et al. 2006, Curtis and McGaw 2012).
Adult Dungeness crabs are among the most abundant organisms at Roberts Bank in shallow
(i.e., intertidal to −30 m CD), sandy habitat along the delta foreslope (Archipelago 2014,
Hemmera 2014h). Remote-operated vehicle surveys of proposed DAS areas found that total
densities of Dungeness crabs were also high at depths up to −45 m CD, decreasing with
increasing depth (Hemmera 2014a).
High

natural

variability

in

Dungeness

crab

populations

is

influenced

by

biotic

(e.g., predation, competition, food availability) and abiotic (e.g., temperature, winds,
currents) factors and further tied to large-scale climatic-forcing regimes (e.g., Pacific
Decadal Oscillation), which make it difficult to obtain reliable abundance estimates from
year to year (Fong and Gillespie 2008). Aboriginal crabbers have emphasised the historical
abundance of crab within the LAA, and its importance to fishing (Tsawwassen First Nation
Elders 2012, Tsawwassen First Nation Fishers 2012, Wilson et al. 2013, Chuuchkamalthnii
2014, Woolman 2014), and have expressed concern at the declines noted in recent years
(Tsawwassen First Nation Fishers 2012).
6

In the LAA, Ulva tends to deposit in mounds, termed Ulva hummocks.
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Long-term DFO fishery datasets (i.e., covering the period 1990 to 2011) were collated and
used to develop a model of crab population dynamics that estimates adult recruitment,
biomass, and production in PFMA 29 and sub-areas 29-6 and 29-7 where possible. The
model confirms that the Fraser River estuary (i.e., PFMA 29) is a productive area
for Dungeness crabs, with annual production of harvestable crabs averaging 629 t over the
21-year time series (Hemmera 2014b); however, productivity fluctuates widely, and this
variability is consistent with studies of Dungeness crab in other areas (e.g., the Columbia
River estuary (McCabe and McConnell 1989)). Production patterns predicted by the model
suggest that there were three years of exceptional crab production in Area 29 and sub-area
29-6 that subsequently influenced biomass and fishery catch for the four-year period 2006
to 2009 (Hemmera 2014b); however, production (and associated fisheries landings) have
since

declined,

returning

to

levels

similar

to

those

experienced

prior

to

2006

(Hemmera 2014b).
Within the adult life stage, gravid female crabs are considered particularly vulnerable to
disturbance. Gravid crabs, each bearing approximately two million fertilised eggs, typically
form aggregations during the late fall and winter to brood (i.e., incubate their eggs) (Shirley
et al. 1987, O’Clair et al. 1996, Scheding et al. 2001). Brooding times range from 65 to
130 days, during which females bury themselves in the sand (5 cm to 10 cm deep) to
maintain attachment of the eggs to their underside (O’Clair et al. 1996) and remain
relatively inactive until the eggs are ready to hatch (late winter to early spring) (Dunham et
al. 2011). Gravid crabs typically do not forage, and results from laboratory studies have
shown females are able to survive up to six months without feeding (Schultz et al. 1996).
It is known that gravid females use the ship turning basin in the inter-causeway area, as
concentrations were recorded in September 2003 (Triton 2004); however, less is known
about the area within the proposed Project footprint. Self-contained underwater breathing
apparatus (SCUBA) surveys conducted in late January 2013 to document use of sandy
subtidal habitat in the Project footprint found four solitary gravid female crabs and no
aggregations (Hemmera 2014f). Although female densities within brooding aggregations can
be highly variable (Stone and O’Clair 2002), densities found in the LAA (0.0008 gravid
crabs/m2) are considerably lower than what has been reported for other northern estuarine
ecosystems (i.e., Alaska) with reports ranging from 0.75 to 0.86 crabs/m2 (Scheding et al.
2001), to 2.6-5.6 crabs/m2 (O’Clair et al. 1996) to more than 20 crabs/m2 (Stone and
O’Clair 2002). Results are instead consistent with densities at locations peripheral to
brooding aggregations (O’Clair et al. 1996, Stone and O’Clair 2002); this implies that the
brooding area may be somewhere nearby, though the exact location remains unknown.
Results may be biased due to limitations in survey design (Hemmera 2014f).
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12.5.3.4

Key Habitat Features

Areas that offer a complex refuge (e.g., shell middens, vegetation) harbour greater
densities of juvenile Dungeness crabs than less complex habitats (e.g., flat mud, sand)
(Henrys et al. 1986, Fernandez et al. 1993, McMillan et al. 1995). Recent studies found that
macrophyte cover was positively correlated with juvenile crab densities, and that no juvenile
crabs were observed on bare sand or mud substrate; in particular, juvenile crabs were
associated with Ulva and both native and non-native eelgrass habitats within the LAA
(Hemmera 2014e).
Brooding habitats for gravid female crabs are characterised by homogeneous sandy
substrate that is highly permeable and well oxygenated, and are used for many years
(O’Clair et al. 1996, Scheding et al. 2001, Stone and O’Clair 2002). In Alaska, brooding
aggregations have been identified at depths ranging from approximately −10 m CD (O’Clair
et al. 1996) to approximately −26 m CD (Stone and O’Clair 2002). Very little data exist for
gravid female habitat distribution or preference in B.C. in general, and the Fraser River
estuary in particular. Aboriginal crabbers from Tsawwassen First Nation and Musqueam First
Nation report catching gravid females all year round in the shallows all along the estuary,
including around the proposed terminal and ITP footprints, but have observed higher
numbers in the winter (Tsawwassen First Nation Fishers 2012, Musqueam First Nation
2013).
Habitat suitability modelling indicates Roberts Bank currently contains 1,951 ha of moderate
to highly suitable adult Dungeness crab habitat; 3,001 ha of moderate to highly suitable
juvenile Dungeness habitat; and 854 ha of moderate to highly suitable gravid female
Dungeness crab habitat (Figure 12-11; details provided in Appendix 12-A). This implies
Dungeness crabs are currently not habitat limited within the LAA.
12.5.3.5

Contamination

Contamination of crabs associated with industrial activities (i.e., coal dust releases) have
been identified to be of concern to local Aboriginal communities (Tsawwassen First Nation
Fishers 2012, Musqueam First Nation 2013). Tsawwassen and Musqueam Members have
reported black material under the shell of Dungeness crabs, which they believe is coal dust
(Tsawwassen First Nation Fishers 2012, Musqueam First Nation 2013, Tsawwassen First
Nation Elders 2014). To address concerns of Aboriginal groups, RBT2 studies analysed
contaminant levels in bivalve shellfish, with a focus on substances associated with coal
particulates (especially PAHs, arsenic, bismuth, cadmium, selenium, and vanadium), and
calculated associated human consumption risks.
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Results indicate that there were no detectable PAHs in samples of leg muscle from
Dungeness crabs collected on Roberts Bank, based on use of sensitive analytical techniques
with extremely low detection limits. Only one contaminant of potential concern, arsenic, was
observed in Dungeness crab muscle tissue at a concentration that was statistically and
significantly different from the reference site on the northern edge of Roberts Bank.
Typically, only very small portions of arsenic in marine crustaceans and bivalves occur in
inorganic forms that relate to cancer and other health effects (Borak and Hosgood 2007).
A quantitative human health risk assessment for arsenic concluded acceptably low
consumption risk, even under the conservative assumption that all arsenic in muscle tissue
was bioavailable and in toxic form (Hemmera 2014d). Please refer to Section 27.5.4
Human Health, Exposure to Shellfish Contamination for more information on
consumption risks associated with Dungeness crab.
12.5.3.6

Traditional Use

Dungeness crabs are an important Aboriginal food source and are central to ceremonial
practices, such as potlatches; Members of TFN consider crab, and fishing for crab, to be part
of their cultural identity (Tsawwassen First Nation Elders 2012). Members of local Aboriginal
communities, including but not limited to Tsawwassen First Nation, Musqueam First Nation,
Hwlitsum First Nation, Lyackson First Nation, and Métis Nation, have reported that they
have been harvesting Dungeness crab at Roberts Bank for centuries (Salas et al. 1988,
Tsawwassen First Nation Elders 2012, Wilson et al. 2013, Candler et al. 2014, Métis Nation
BC 2014, Woolman 2014). While any member of the community used to be able to walk out
on the tidal flats and collect crabs, changes in tidal flat substrate (from sand to mud) and
crab distribution (from shallow to deep) has changed the nature of the harvest, which is
now done by representative fishers on behalf of the community (Tsawwassen First Nation
Elders 2012, Tsawwassen First Nation Fishers 2012). Section 32.2.4 Current Use of Land
and Resources for Traditional Purposes Assessment, Existing Conditions provides
further information on traditional use of marine invertebrates.
12.5.4 Orange Sea Pens
12.5.4.1

Overview

Orange sea pens (Ptilosarcus gurneyi) are soft corals that are widely distributed along the
Pacific coast from Alaska to southern California (Gotshall and Laurent 1979, Shimek 2011).
Each individual sea pen is actually a colony comprising thousands of small polyps specialised
for different activities such as feeding, reproduction, or pumping water (Shimek 2011). Like
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other cold-water corals, orange sea pens are slow-growing and long-living (up to 15 years
(Birkeland 1969). Individuals can grow as large as 60 cm above the sediment, with their
base (i.e., peduncle) extending 15 to 30 cm into the sediments (Shimek 2011).
12.5.4.2

Ecological Function

Little is known about sea pen abundance, distribution, or their ecological role. Many aspects
of orange sea pen biology and ecology are not well studied or understood, and are often
based on similar traits with species in other regions (DFO 2011).
Sea pens are considered ecosystem engineers, shaping the environment by burrowing into
soft sediments, enabling oxygen penetration, and modifying hydrodynamics, allowing
nutrients and plankton to be retained near the sediment surface, thereby supplying the
detrital food chain (Tissot et al. 2006, Boutillier et al. 2010, Shimek 2011). Sea pen beds
provide habitat for many benthic organisms and likely play a role in maintaining
species richness in near-shore communities (Fuller et al. 2008, Boutillier et al. 2010,
Buhl-Mortensen et al. 2010).
Underwater video and SCUBA surveys in 2003, 2008, and 2011 in the LAA frequently
observed clams, sea stars, marine worms, Dungeness crabs, and several fish species
including lingcod, kelp greenling, Pacific sanddab, starry flounder, and spiny dogfish in sea
pen beds (Triton 2004b, Archipelago 2009, Hemmera and Archipelago 2014). Additionally,
when the distribution of four faunal groups (i.e., crustacean, sea star, anemone, fish) was
modelled against sea pen distribution, results indicated that fauna were more likely to occur
in areas of continuous to dense sea pens than in areas with no sea pens (Hemmera and
Archipelago 2014).
While not protected under any provincial or federal legislation, the sensitivity of orange pen
beds to human activities is acknowledged by the Pacific Region Cold-Water Coral and
Sponge Conservation Strategy (DFO 2011).
12.5.4.3

Population Characteristics

Orange sea pens are characteristic of shallow (0 m CD to −30 m CD) sand-silt habitats in
the Strait of Georgia (Burd et al. 2008a). While capable of forming dense aggregations
(i.e., beds), sea pens typically occur at low densities (Fuller et al. 2008). At Roberts Bank,
underwater video surveys were conducted (2003, 2008, and 2011) to delineate the extent
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of orange sea pen distribution7. Two large patches of continuous to densely distributed sea
pens (i.e., 15.6 ha and 7.6 ha) were documented in mixed sand-silt and diatom-covered
substrates along the delta foreslope between −2.5 m CD and −19 m CD, surrounded by a
larger area (114 ha) with few to patchy sea pens (Figure 12-12) (Hemmera and
Archipelago 2014).
Larval settlement appears to be largely governed by sediment size and the presence of
other sea pens (Chia and Crawford 1973, Shimek 2011). Earlier (i.e., pre-2012) studies
suggested the sea pen aggregations within the LAA were reproductively inactive because of
the absence of smaller individuals (Archipelago 2009); however, juvenile sea pens
(less than 15 cm height) were documented in 2011 during underwater video and SCUBA
surveys (Hemmera and Archipelago 2014). These observations are consistent with literature
that reports larval settlement can be patchy in space and highly episodic in time, giving rise
to discontinuous populations differing in age and size (Birkeland 1969, 1974).
In 2011, SCUBA surveys found sea pen densities ranged from 2 to 13 sea pens/m2 in the
dense portion of the aggregation and from 0 to 2 sea pens/m2 in the patchy portion
(Hemmera and Archipelago 2014). These numbers align with earlier surveys, which
reported density ranges from 1 to 8 sea pens/m2 (Gartner Lee 1992, Triton 2004b,
Archipelago 2009). Natural variation in the sea pen numbers at each location between years
is expected, considering dynamic oceanographic conditions (for larval dispersal and
mortality), food availability, and predation. Density differences may also be partly due to
underestimation, since adults can retract entirely into the sediment making them
imperceptible (Birkeland 1974).
A Local Knowledge Study was undertaken in January 2013, which polled people with
relevant direct knowledge (i.e., scientific experts, dive shop and tourism operators,
fishermen, aquarists) on the life history, spatial extent, and ecological importance of orange
sea pens. Relatively nearby aggregations were reported from the Gulf Islands, Puget Sound,
and the San Juan Islands, as well as Howe Sound, but no other aggregations were reported
from elsewhere in the Fraser River estuary; as such, the orange sea pen beds within the
LAA are assumed to be a unique feature (Hemmera and Archipelago 2014).

7

Note that mapped distributions are a function of sampling effort (i.e., trackline spacing and length) and
interpolation based on researcher experience and professional judgement. Additional sea pens may be present
in the area, but were not captured within the spatial boundaries of the underwater video study (Hemmera and
Archipelago 2014)
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12.5.4.4

Key Habitat Features

Orange sea pens are passive suspension feeders that depend on ambient flow conditions for
feeding (Best 1988); therefore, preferred habitat is typically subject to strong tidal outflows
and oceanic currents (Burd et al. 2008a, Shimek 2011). Current measuring equipment
deployed at two locations within the sea pen bed (i.e., continuous to dense, and few to
patchy) in the LAA found that bottom current velocities in areas of continuous to dense sea
pens were 4% higher, on average, than in areas with sparse sea pens, which may represent
a greater food delivery rate (Hemmera 2014g).
Sea pens are anchored in soft (i.e., sand and silt) sediments (Levings et al. 1983, Burd et
al. 2008a). Sediment sampling in sea pen areas at Roberts Bank show that sea pens are
most abundant in areas of coarse sand, and that density is strongly and negatively
correlated with percent fines (i.e., clay) (Hemmera 2014g). Some sea pens are capable of
passive locomotion by inflating their bodies with water, releasing from the sediment, and
drifting in the currents (Fuller et al. 2008, Shimek 2011); however, there is no information
on what level of environmental change, if any, would elicit such a response.
The relationship between field observations of sea pen occurrence and three environmental
predictor variables (i.e., bottom current velocity, wave height, and bathymetric position
index8) was modelled to identify areas where sea pens are most likely to occur at Roberts
Bank (details provided in Appendix 12-A). The model predicted that approximately 318 ha
of suitable sea pen habitat currently exists at Roberts Bank, of which 110.5 ha is high
suitability and 207.9 ha is moderately suitable (Figure 12-13); high probability of
occurrence was identified for areas located along the slope ridge with moderately high wave
height and moderate bottom current velocities. Certain areas along the delta foreslope are
prone to extensive sediment slumping and channelisation, and thus are unsuitable as sea
pen habitat; slumping can be identified using multi-beam imagery and, where possible,
these areas were not included in the model (see inset, Figure 12-13).
In nearby Puget Sound, predation by sea stars and nudibranchs, primarily in the first
two years after settlement, is the main source of orange sea pen mortality (99%) (Birkeland
1974). Underwater video and dive surveys in the LAA in 2008 and 2011 documented a
general lack of natural sea pen predators and a near absence of sea pen-specialist
predatory nudibranchs, and it was suggested that predation may not play a major role in
8

Bathymetric position index is a measure of the position of a given point relative to the overall surrounding
landscape.
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influencing sea pen abundance in the area (Hemmera and Archipelago 2014). The striped
nudibranch (Armina californica) was observed directly feeding on orange sea pens during
SCUBA monitoring of the aggregation in the LAA during the transplant pilot program in
September 2014 (Hemmera 2015), indicating that local populations are indeed subject to
predation pressure.
12.5.5 Expected Conditions
Projects and activities underway during EIS preparation and expected to be completed by
Project commencement are described in Section 3.4.3 Geographical Setting, Projects
Contributing to Expected Conditions. For the purposes of this assessment, the expected
conditions are assumed to be predominantly influenced by natural environmental conditions
and physical processes at Roberts Bank, rather than by other projects and activities. As
described in Section 3.4.3 Projects Contributing to Expected Conditions, the nature
and level of existing activities is not anticipated to change. The only marine-based project
identified at or near Roberts Bank is the Terminal Infrastructure Reinvestment Project
initiated by Westshore Terminals Ltd.; however, all proposed works will be undertaken
within the terminal’s existing footprint and will not involve in-water work (SNC-Lavalin
2013). Expected conditions, therefore, will be influenced predominantly by natural
environmental conditions and physical processes at Roberts Bank, rather than other projects
and activities.
While coastal geomorphology is anticipated to change in the future in response to ongoing
processes, as well as climate change, factors that influence Roberts Bank (i.e., depth,
salinity, bottom current velocities, and wave height) are expected to remain essentially
unchanged prior to Project construction (see Section 9.5.7 Coastal Geomorphology,
Expected

Conditions).
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invertebrates. Long-term effects of climate change are discussed in Section 9.5.7 Coastal
Geomorphology, Expected Conditions, though implications for the ecosystem in general,
and marine invertebrate populations in particular, are yet unknown.
12.6

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on marine
invertebrates in relation to the indicators listed in Table 12-2. Potential effects associated
with identified Project-marine invertebrate interactions for the construction and operation
phases were identified through discussions with regulators, Aboriginal groups, and
stakeholders, review of the EIS Guidelines, and professional judgement, and are presented
in Table 12-6 and Table 12-7, respectively.
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Potential effect ratings and a preliminary evaluation of the potential effects on marine
invertebrates associated with these interactions is also provided, to focus the assessment on
those interactions of greatest importance. Mechanisms (e.g., direct mortality, changes in
water quality) that may lead to potential effects are described in Section 12.6.1.
Interactions resulting in no effect (those not listed in the tables, but contained within
Appendix 8-B Project Interaction Matrix) or a negligible effect are not carried forward
for assessment. Negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of the VC or sub-components. Negligible effects are
described in Section 12.6.2.
Minor, moderate or high potential effect ratings indicate potential consequences of the
interaction on short-term or long-term viability of the VC, and take into account both the
multiple mechanisms influencing potential changes from the interaction, as well as the
physical and biological aspects of natural ecosystem variability (as described in Section
9.5.6 Coastal Geomorphology, Existing Conditions; Section 9.6.6 Surficial Geology
and Marine Sediment, Existing Conditions; Section 9.7.6 Marine Water Quality,
Existing Conditions; and Section 12.5). Potential effects considered to be of minor,
moderate, or high consequence to the overall marine invertebrate VC are discussed in
Section 12.6.3, and on a sub-component basis in Sections 12.6.3.1 to 12.6.3.4.
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Table 12-6

Project
Component

Identification of Potential Project Interactions with Marine Invertebrates during the Construction
Phase
Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
Land Development

Vibro-densify native soil at
terminal building
foundation areas

Minor

Area is small and localised, so only slight potential to decrease productivity
through direct mortality (burial) and changes in water quality (increases in total
suspended solids (TSS)).

Minor

Placement of sand in the ITP has the potential to decrease productivity through
direct mortality (burial), increases in TSS, and changes in habitat availability
(i.e., shift from mud to sand). Limited interaction with VC because activity is
localised to ITP area.

Minor

Small potential to decrease productivity through direct mortality (burial),
increases in TSS; and changes in habitat availability (i.e., loss of soft, but gain
of hard, substrate through infrastructure placement). Limited interaction with
VC because activity is temporary and localised.

Minor

Only six piles will be installed; therefore, small potential to decrease
productivity through direct mortality, increases in TSS, and changes in habitat
availability (i.e., loss of soft, but gain of hard, substrate through infrastructure
placement). Limited interaction with VC because activity is temporary and
localised, and piles will be removed at end of construction phase.

Construct permanent
containment dykes around
terminal east and west
terminal basins

High

Scale of overlap between this activity and the VC will lower productivity
through direct mortality (burial), increases in TSS, changes in sediment (scour
and deposition), changes in habitat availability, and changes in biotic
interactions (i.e., predator-prey interactions). Potential to cause changes in
distribution or community composition shoreward of terminal through changes
in salinity. Contained areas will no longer be available as benthic habitat, and
100% mortality is assumed for individuals within contained areas, particularly
of sessile species (i.e., benthic invertebrates, shellfish).

Dredge the dredge basin,
and pump material to east
and west terminal basins

High

Scale of overlap between this activity and the VC is expected to lower
productivity through direct mortality (burial and entrainment), and possibly
through increases in TSS.

Transport Fraser River
sand (and quarry sand if
required) to ITP and store
Install temporary pipeline
between ITP and Project fill
sites
Marine
Terminal

Install piles and barge
ramps
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Pump excess water in
terminal basins to DAS site

Minor

Vibro-densify native soil in
dredged area

Minor

Fill terminal basins to final
grade with sand pumped
from ITP

High

Place sacrificial rock, slope
buttress rock, then
mattress rock in dredge
basin
Vibro-densify mattress rock
in dredge basin, then pump
silty material to terminal
basins
Level mattress rock layer;
apply screed layer in
caisson area
Add toe and scour
protection rock in berth
pocket
Fill apron area with
terminal basin and
causeway preload material;
vibro-densify closure dykes
and compact sand
Install marine fenders,
wharf hardware, mooring
dolphin and access bridge

Nature of Interaction and Effect, and Rationale for Effects Rating
Potential to decrease productivity through direct mortality (burial), and
increases in TSS and sediment deposition. Activity has limited spatial overlap
with areas of highest VC productivity, as DAS discharge point is at −45 m CD.
Effects will be most pronounced at, and proximal to, discharge point, otherwise
modelled plume concentrations and depositional thicknesses are predicted to
be within range of ambient conditions currently experienced by the VC.
The area is already dredged and disturbed, so only slight potential to decrease
productivity through direct mortality (burial) and increases in TSS.
This activity has the potential to decrease productivity through direct mortality
within the enclosed basins - 100% mortality is assumed for individuals within
basins, particularly of sessile species (i.e., benthic invertebrates, shellfish, and
orange sea pens). Basin areas within dykes will no longer be available as
benthic habitat.
Wharf Construction

Negligible

While these activities have the potential to decrease productivity, the area will
have been already dredged (therefore unlikely to cause direct mortality/injury),
and elevated TSS levels will be temporary and localised

Negligible

Activities unlikely to cause decreases in productivity as the area will have been
disturbed (dredging, placement of rock), and elevated TSS levels will be
temporary and plume will be pumped to DAS location.

Negligible

Activities unlikely to cause decreases in productivity as the area will have been
disturbed (dredging, placement of rock, vibro-densifying) and changes in water
quality through sediment re-suspension anticipated to be minimal.

Negligible

Activity is temporary and very localised, with limited interaction with VC;
therefore, small potential to decrease productivity through direct mortality
(burial), and changes in habitat availability (i.e., loss of soft, but gain of hard,
substrate through infrastructure placement).
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
West Widening

Widened
Causeway

Construct containment
dyke along west portion of
causeway

Moderate

Productivity will be lowered through direct mortality (burial), particularly of
sessile species (i.e., infaunal and epifaunal communities, shellfish); and
changes in habitat availability (i.e., contained areas will no longer be available
as benthic habitat).

Remove rip-rap/shore
protection from north side
of existing causeway and
use in containment dyke or
place in aggregate storage
site at S-bend

Moderate

Potential to decrease productivity through direct mortality (particularly of
oyster and mussel species attached to rip-rap); increases in TSS; and changes
in habitat availability (removal of hard substrate).

Negligible

While these activities have the potential to decrease productivity, the area is
already disturbed (i.e., during dyking and riprap removal); therefore, they
unlikely to cause direct mortality/injury. Elevated TSS levels will be temporary
and localised.

Fill and preload contained
area with sand from ITP

East Widening
Construct containment
dyke along east portion of
causeway

Moderate

Productivity will be lowered through direct mortality and injury, particularly of
sessile species (i.e., benthic invertebrates, shellfish) as well as habitat
availability; contained areas will no longer be available as benthic habitat.

Remove rip-rap/shore
protection from north side
of existing causeway and
use for containment dyke
or place in aggregate
storage site at S-bend

Moderate

Potential to decrease productivity through direct mortality (particularly of
oyster and mussel species attached to rip-rap), increases in TSS, and loss of
habitat availability (removal of hard substrate).

Fill and preload east
causeway area with west
causeway preload (dry
material)

Negligible

While fill activities have the potential to decrease productivity through direct
mortality, the area is already disturbed (i.e., during dyking and riprap
removal).
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Project
Component

Expanded
Tug Basin

Project Works and
Activities

Potential
Effect
Rating

Dredge entire tug basin
area

Moderate

Dispose of dredge material
to DAS site

Install piles, mooring
floats, gangways,
navigation piles, and
construct crest protection
dyke

Nature of Interaction and Effect, and Rationale for Effects Rating
Scale of overlap (~2.5 ha) between this activity and the VC is expected to
lower productivity through direct mortality (burial and entrainment), and
possibly through increases in TSS.

Minor

If surface disposal, potential to decrease productivity through direct mortality
(burial) and increases in TSS and sediment deposition. Modelled plume
concentrations and depositional thicknesses are predicted to be within range of
ambient conditions. If used as general fill, effects to productivity are not
anticipated.

Minor

Activity is temporary and localised, with limited interaction with VC; therefore,
small potential to decrease productivity through direct mortality (burial),
increases in TSS, and changes in habitat availability (i.e., loss of soft, but gain
of hard, substrate through infrastructure placement).

Decommissioning of Temporary Construction Infrastructure
Remove ITP pipelines
Remove discharge pipe/pump
infrastructure
Remove temporary piles at barge ramps,
ramps, pivot ramp abutments & navigation
markers

Negligible

Activities are temporary and localised, with limited interaction with VC;
therefore, very small potential to decrease productivity through direct mortality
or habitat changes (i.e., shift from hard substrate back to soft substrate or
temporary increases in TSS from substrate disturbance).

Minor

Potential to decrease productivity through direct mortality (burial), increases in
TSS, and changes in habitat (i.e., shift from hard back to soft substrate).
Effects, however, would be temporary and localised.
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Table 12-7
Project
Component

Identification of Potential Project Interactions with Marine Invertebrates during Operation Phase
Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating

Negligible

Potential to lower productivity through changes in water quality near the
terminal, but implementation of regulatory requirements and guidelines
reduces the potential effect to negligible.

Negligible

Potential to lower productivity through changes in water quality near the
discharge points, but implementation of Operation Environmental
Management Plan and supporting plans (Section 33.4) reduces the
potential effect to negligible.

Maintenance dredging (if required)

Moderate

Potential to lower productivity in the local area through direct mortality
(burial and entrainment), or through increases in TSS and
sedimentation.

Maintenance dredging (if required)

Moderate

Potential to lower productivity through direct mortality (burial and
entrainment), or through increases in TSS and sedimentation.

Project Works and Activities

De-ballasting of ships

Marine
Terminal

Expanded
Tug Basin

Stormwater collection and
discharge
Sanitary sewage collection,
treatment, and discharge
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12.6.1 Mechanisms Affecting Productivity
Marine invertebrate productivity is considered to be the sustained yield of populations and
their habitat that support and contribute to the maintenance of ecosystem structure and
function (Koops et al. 2013, Bradford et al. 2014). For this assessment, an ecosystem
model was generated to predict changes in productivity associated with development of the
Project, over space and time, which are reported as changes in biomass (tonnes; t).
This section describes mechanisms by which the Project interactions listed in Table 12-6
and Table 12-7 above can influence the productivity of marine invertebrates, including
direct mortality, water quality, sedimentation and coastal processes, habitat availability, and
biotic interactions. Productivity changes, by mechanism, for each sub-component are
described in Sections 12.6.3.1 to 12.6.3.4.
12.6.1.1

Direct Mortality

Direct mortality resulting in productivity loss can result from entrainment, burial, or physical
disturbance associated with dredging, land development (including piling, densification,
placement of fill, removal of existing and temporary infrastructure, and placement of new
structures), use of the ITP, and DAS. Entrainment or burial may result in physical abrasion
of the body surface and physiological stress in response to respiratory obstruction and
anoxic conditions (Johnston 1981, Essink 1999). All invertebrate life stages can be affected,
although egg and larval stages are particularly vulnerable as they are unable to actively
avoid or move away from areas of Project activity.
The potential for entrainment of marine invertebrates depends on the type of dredge used.
Hydraulic dredges (i.e., cutter suction) have higher entrainment rates than mechanical
dredges (i.e., clamshell) (Armstrong et al. 1987, Larson and Patterson 1989, Wainwright
et al. 1992, Reine and Clarke 1998, Nightingale and Simenstad 2001). As described in
Section 4.0 Project Description, dredging of the dredge basin (i.e., berth pocket and
caisson trench) will be performed using cutter suction equipment, while the tug basin
expansion will employ clamshell excavation. The vulnerability of species within proposed
dredge areas largely depends on their mobility, with slow-moving or sessile species
(e.g., infaunal and epifaunal invertebrates, bivalves, orange sea pens) more likely to
experience mortality. Similarly, sessile organisms under the Project footprint are vulnerable
to mortality from densification and fill placement, as they are unable to escape burial, and
100% mortality is assumed for these areas.
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Mortality by burial from sediment deposited from both dredging and DAS activities is not
expected, with the exception of the immediate vicinity of the DAS discharge point.
Deposition of fine sediments from construction activities is not predicted to exceed 1.7 mm
in thickness, which is less than the low range of the estimated natural sedimentation rate
for Roberts Bank (i.e., 2 mm/y to 20 mm/y), as described in Section 9.6.10 Surficial
Geology and Marine Sediment, Summary of Assessment. Further, the bulk of the fines
material generated during construction will be diluted to below 1 mg/L and flushed from the
Strait of Georgia by natural tidal action and oceanic currents.
Maintenance dredging of the berth pocket or tug basin during the operation phase, although
not anticipated to be required, has the potential to cause mortality to marine invertebrates.
Effects are anticipated to be less than construction-phase dredging activities due to the
reduced areas of physical disturbance.
12.6.1.2

Changes in Water Quality

Construction and placement of the marine terminal is predicted to affect marine water
quality, specifically via contaminant re-suspension, increased TSS concentrations, changes
in salinity, and effluent discharge and other operational procedures which, in turn, may
influence the productivity of marine invertebrate sub-components.
Contaminant Re-suspension
Sediments are the primary reservoir for pollutants entering the marine environment and
may be a source of contaminants for sediment-associated benthic fauna or life history
stages (Latimer et al. 1999, Johannessen and Macdonald 2009). Project activities
(i.e., dredging, vibro-densification, dyke construction, and use of the ITP) are anticipated to
result in sediment re-suspension, leading to changes in sediment dispersion and minimal
increases in sediment deposition.
There is concern that these activities may also disturb historical deposits of sediment-bound
contaminants (particularly those associated with the release of coal particulates); when
re-suspended, contaminants may be ingested or indirectly consumed through the food chain
by,

for

example,

binding

to small

carbon-rich

particles

(e.g.,

phytoplankton

and

zooplankton) that are filtered by bivalves, or accumulating in respiratory structures in
Dungeness crabs (Pearce and McBride 1977, Harrison et al. 1998).
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Total Suspended Solids
Physical activities during the construction phase (i.e., dredging activities in the terminal
dredge basin and tug basin, vibro-densification, DAS, and use of the ITP) have the potential
to increase TSS within the LAA. Elevated TSS, in turn, may influence the productivity of
marine invertebrates, as suspended particles can abrade and clog filtering organs
(e.g., gills, siphons) (Johnston 1981, Martens and Servizi 1993, Wilber and Clarke 2001),
which prevents passage of water and oxygen, and can lead to extensive tissue damage,
hypersecretion of mucous, decreased gas exchange, respiratory distress, and mortality
(Appleby and Scarratt 1989, Lake and Hinch 1999). Long-term effects of elevated TSS
levels include physiological stress leading to reduced growth, immune system suppression,
osmotic dysfunction, and increased susceptibility to disease-causing parasites (Everhart and
Duckrow 1970, O’Connor et al. 1977, Redding and Schreck 1983, Redding et al. 1987).
Sessile or early life history stages of marine invertebrates are generally more sensitive to
high TSS levels (Appleby and Scarratt 1989).
Increases in total suspended solid concentrations in the Fraser River estuary are naturally
influenced by wave action, silt-laden riverine flows, and sediment movement (Mackas and
Harrison 1997, Bolam and Rees 2003), with TSS levels naturally varying between 2 mg/L9
(during non-freshet) to 260 mg/L (during freshet) within the LAA (see Section 9.7.6
Marine Water Quality, Existing Conditions).
Construction activities are expected to drive changes to water quality through increased TSS
and turbidity; however, these changes are expected to be temporary and limited to the
duration of construction. A summary of predicted TSS results, including a description of the
dispersion plume, anticipated maximum TSS concentrations, and plume characteristics in
the intertidal zone and across the Canada-U.S.A border, is provided in Section 9.7.8
Marine Water Quality, Future Conditions with the Project.
Note that the CCME clear-flow guideline was used to contextualise predicted increases in
TSS levels as it is the most conservative guideline for the evaluation of Project-related
changes to marine water quality; however, this guideline is not considered biologically
meaningful to estuarine invertebrates, which are adapted to naturally high background TSS
levels as well as large seasonal variations. Therefore, the clear flow guideline is not used in
the assessment of Project-related TSS change on marine invertebrates. Rather, the CCME
9

2 mg/L is the lab detection limit for routine water sample analyses; therefore, concentrations may be lower
than 2 mg/L but are reported at the lab detection limit.
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high-flow period guideline (i.e., 25 mg/L over background when background levels are
between 25-250 mg/L) is considered more relevant to marine invertebrates at Roberts
Bank, enabling a more realistic evaluation of potential effects, and is therefore used in this
assessment.
In general, dispersion modelling results indicate that predicted TSS concentrations are
expected to be within the ambient range beyond the localised area of activity (i.e., with
ambient concentrations up to 60 mg/L in subtidal waters and up to 260 mg/L in intertidal
waters during the spring freshet period). With the exception of localised areas of activity,
TSS concentrations are not predicted to exceed the high-flow guideline (see Table 9.7-4).
Maximum TSS levels in subtidal waters (approximately 100 mg/L and 150 mg/L10 during a
flood tide and ebb tide, respectively) are predicted near the DAS discharge point, but are
expected

to

dissipate

along

the

delta

foreslope

with

distance

from

the

outfall

(to approximately 10 mg/L to 20 mg/L).
While the maximum resulting TSS concentrations from dredging or DAS is not likely to
exceed the existing maximum levels associated with estuarine circulation, the relative
proportion of time that a turbid condition is likely to be encountered at specific locations in
the LAA will increase from Project construction activities. For the operation phase, effects
from maintenance dredging (if required) are assumed to be less than those experienced
during construction-phase dredging activities in the dredge basin and tug basin, based on
smaller anticipated dredge areas.
Salinity
Estuaries, such as the Fraser River estuary, are characterised by changing water flow
patterns, either from seasonal (e.g., freshet) or daily (e.g., river inputs, tidal cycles) events
that cause large fluctuations in salinity; as a result, estuaries contain a varied fauna that are
euryhaline, or well adapted to a wide range of salinities.
Construction of the terminal’s permanent containment dykes around the east and west
terminal basins will initiate changes in coastal geomorphology, including changes in salinity,
within the LAA that will persist throughout the Project’s operation phase. As discussed in
Section 9.7.8 Marine Water Quality, Future Conditions with the Project while
approximately the same amount of fresh water will flow into Roberts Bank, the Project is
10

As detailed in Section 9.7.5 Marine Water Quality, Methods, results are compared to an assumed ambient
background of 0 mg/L for the purpose of clearly identifying and evaluating potential Project-related changes.
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expected to change the dominant direction of flow in the mid-elevation tidal flats, resulting
in some areas experiencing higher average salinity (i.e., outer tidal flats between the most
seaward extent of Canoe Passage and the Project), and other areas experiencing lower
average salinity (i.e., the region shoreward of the terminal and north of the causeway,
extending 2 km to 3 km laterally), relative to existing conditions. This is the case for both
freshet and non-freshet periods, though predicted changes for non-freshet periods are less,
reflecting the much smaller volume of freshwater mixing over the tidal flats. It is important
to note that the range of salinity will not change – it will continue to fluctuate daily based on
tides and seasonally based on the freshet; rather, changes will manifest as increased
frequency of time and area over which biota will experience either lower or higher salinity
conditions, depending on location.
Although marine invertebrate species can adjust to changes in salinity, there are upper and
lower limits to their tolerance. Low-salinity conditions have been shown to impair
fertilisation success and early development (Qiu et al. 2002, Ushakova and Sarantchova
2004),

as

well

as

physiological

processes

controlling

feeding,

growth,

and

other

physiological activities (Baker et al. 2007).
Effluent Discharge and Other Operational Procedures
Potential operation-phase changes from wastewater (sewage) and stormwater discharges,
and discharges from ships (bilge water and ballast water) have the potential to change
marine water quality and thereby affect marine invertebrate productivity.
12.6.1.3

Changes in Sedimentation and Coastal Processes

Results from coastal geomorphology modelling predict a number of morphological changes
from the Project, starting once the containment dykes are constructed, including: localised
sea bed scour and subsequent deposition near the northwest edge of the terminal, localised
reduction in tidal currents and increased deposition of fine sediments over a 40-ha area on
the shoreward side of the terminal, and decreased wave energy (i.e., a 50% to 100%
reduction in 50th-percentile wave height) over a 70-ha area behind the terminal. These
changes are described in detail in Section 9.5.10 Coastal Geomorphology, Summary of
Assessment and presented as Zones in Figure 9.5-35 Approximate Spatial Extent of
Potential Changes Associated with the Project Footprint.
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Changes in sedimentation patterns may cause areas to become more or less suitable for
marine invertebrates, depending on the species. Increased deposition is unlikely to increase
susceptibility to burial, as discussed above, because sedimentation rates are low due to a
limited annual supply of sediment (Section 9.5.10 Coastal Geomorphology, Summary
of Assessment). A shift to finer grain sizes may clog gills or filtering mechanisms of certain
species while a shift to coarser grain sizes may cause injury through physical abrasion to
soft-bodied invertebrates.
12.6.1.4

Changes in Habitat Availability

Project component footprints in the marine environment, such as the terminal and widened
causeway, are anticipated to result in the permanent loss of both intertidal and subtidal
habitat, and the various ecotypes within (e.g., sand, eelgrass, biomat). Reductions in the
amount of habitat available to marine invertebrates lower the overall productive capacity of
the ecosystem by affecting abundance, density, and productivity. It may also influence
individual fitness by forcing behavioural change and increasing physiological stress through
increased energy expenditure.
12.6.1.5

Biotic Interactions

The Project will induce changes in biotic interactions, namely changing abundances of
predators relative to their prey, which influences the productivity of not only marine
invertebrate populations, but of trophic levels both above (e.g., marine fish, coastal birds)
and below (e.g., marine vegetation). In this way, predator-prey interactions can have
far-reaching effects on biological communities. The Roberts Bank ecosystem model makes
explicit the relationships and interdependencies within the Roberts Bank food web
(see Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run for
more information on model representation of the food web), allowing qualitative predictions
around whether changes in food supply or predation rates contribute to predicted changes
in the productivity of marine invertebrate sub-components.
12.6.2

Negligible Effects

As stated above, negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of marine invertebrates sub-components. When negligible
effects are characterised quantitatively, such as in the Roberts Bank ecosystem model, this
definition applies to predicted changes (i.e., increases or decreases) in productivity between
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0% and 5%. Increases or decreases less than 5% are considered to be within the margin of
error of the ecosystem model, and are therefore not considered to be detectable or
measurable (see Section 10.3.3 Ecosystem Model Process).
In the discussion and summaries that follow, changes in productivity for marine
invertebrates are considered to be negligible for increases or decreases between 0% and
5%, minor for increases or decreases between 6% and 30%, and moderate for increases or
decreases between 31% and 60% (potential minor and moderate adverse effects are
described in Section 12.6.3). Change ratings take into consideration physical and biological
aspects of natural ecosystem variability.
Changes in water quality (i.e. contaminant re-suspension, TSS, salinity, and effluent
discharge and other operational procedures) and changes in sedimentation and coastal
processes (i.e., sediment scour and deposition) are expected to have a negligible influence
on the productivity of some, but not all, marine invertebrate sub-components, as discussed
below.
12.6.2.1

Changes in Water Quality

Contaminant Re-suspension
As outlined in Section 9.6.8 Surficial Geology and

Marine

Sediment, Future

Conditions with the Project, while contaminants are present at Roberts Bank, they are
closely associated with fine sediment and have therefore accumulated in locations outside
those that will be disturbed by Project activities, such as the upper intertidal zone north of
the causeway. No appreciable sediment contamination was observed in Project areas.
Because sediments that will be re-suspended and deposited as a result of constructionphase activities are not contaminated, changes in contaminant concentrations bioavailable
to the food chain are not anticipated.
As described in Sections 12.5.2.5 and 12.5.3.5, contamination of bivalve shellfish and
Dungeness crabs associated with coal dust releases has been identified to be of concern to
local Aboriginal communities (Tsawwassen First Nation Fishers 2012, Musqueam First Nation
2013). In the LAA, the majority of sediment samples analysed for coal showed
concentrations less than the analytical detection limit (1%), and the maximum observed
content was 2.9% (see Section 9.6.6 Surficial Geology and Marine Sediment, Existing
Conditions).
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Because no thresholds for coal exist, sediment concentrations of substances associated with
coal particulates (i.e., PAHs, arsenic, bismuth, cadmium, selenium, and vanadium) were
compared against two CCME thresholds to evaluate contamination risk: (i) probable effect
level (PEL)[1] is a chemical concentration that, when ingested by an organism, is likely to
cause an adverse effect; and (ii) interim sediment quality guidelines (ISQG) - the
recommended guidelines and are representative of concentrations below which adverse
biological effects are expected to be rare.
Existing concentrations of all substances of potential concern were less than ISQG
thresholds within the LAA (Section 9.6.6 Surficial Geology and Marine Sediment,
Existing Conditions), with the exception of arsenic (within the tug basin expansion area)
and copper (within all sampled locations at Roberts Bank). Both metals commonly occur in
sediments throughout the Fraser River estuary and levels appear to reflect natural
concentrations attributed to the presence of geological-origin (Section 9.6.6 Surficial
Geology and Marine Sediment, Existing Conditions), and neither were found in
concentrations that exceeded their respective biological PEL thresholds.
Overall, contaminant re-suspension is not considered to affect marine invertebrate
productivity because: (i) there are no Project-related inputs of contaminants in the LAA;
(ii) no appreciable sediment contamination was observed in Project areas; and (iii) where
contaminants are present, concentrations are either below ISQG or PEL thresholds in
sediments or below consumption thresholds in bivalve shellfish and Dungeness crab tissue
based on rigorous human health risk assessment (Sections 12.5.2.5 and 12.5.3.5).
Project-related contamination is therefore unlikely to occur.
Total Suspended Solids
Overall, given that Roberts Bank is a naturally turbid environment, the localised nature of
above CCME high-flow guideline plumes, and minimal plume dispersion into highly
productive intertidal and shallow subtidal habitats, effects of Project-related increases in
TSS on bivalve shellfish, Dungeness crab, and orange sea pen productivity is considered
negligible, with detailed rationale provided below for each sub-component; however, a
minor decrease in infaunal and epifaunal invertebrate productivity is expected in the
immediate vicinity of the DAS outfall, as discussed in Section 12.6.3.1.

[1]

PEL is recommended as an additional sediment quality assessment tool that can be useful in identifying
sediments in which adverse biological effects are more likely to occur.
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Bivalve Shellfish

Project-related increases in TSS are expected to be negligible to bivalve productivity. Adult
infaunal bivalves are considered relatively resilient to high TSS levels (Sherk et al. 1975,
Appleby and Scarratt 1989, Nightingale and Simenstad 2001, Wilber and Clarke 2001), as
evidenced by burrowing species such as clams commonly occurring in sand and mud
habitats characterised by fluctuating water oxygen levels and high sedimentation levels
(Burd et al. 2008a). Similarly, epifaunal mussels and oysters frequently occupy naturally
turbid environments, and some species increase filter-feeding and growth rates under
slightly higher than natural sedimentation levels (Hawkins et al. 1996, Wilber and Clarke
2001). Elevated TSS levels may also reduce growth rates by stimulating energy-consuming
sediment rejection behaviours and production of particle-expelling mucus (Quayle 1969,
Widdows et al. 1979, Johnston 1981, Hawkins 1986, Hawkins et al. 1996). Maximum
Project-related TSS concentrations of 100 to 150 mg/L near the DAS discharge point,
however, are well below published concentrations of harm, which range between
1,000 mg/L to 10,000 mg/L depending on species and life stage (Kennedy and Breisch
1981, Chew and Ma 1987, Wilber and Clarke 2001), and are therefore not expected to
measurably affect bivalve productivity.
Dungeness Crab

Project-related TSS is considered to have a negligible effect on Dungeness crab productivity.
While elevated TSS has the potential to negatively affect Dungeness crab productivity by
abrading and clogging gills, causing physiological stress, and smothering eggs (Dumbauld et
al. 2000, Scheding et al. 2001), maximum Project-related concentrations are not expected
to reach harm-inducing levels. Mortality rates among adult crabs were demonstrated to
range between 5 to 50% after eight days of exposure to fine suspended sediments at
9,200 mg/L TSS and 32,000 mg/L TSS, respectively (McFarland and Peddicord 1980) –
these reported concentrations are orders of magnitude higher than those expected for the
Project, where the maximum TSS concentration predicted at the end of the DAS discharge
pipe is 150 mg/L (see Section 9.7.8 Marine Water Quality, Future Conditions with the
Project). Behavioural avoidance of areas where TSS plumes are most concentrated is
possible, as Dungeness crabs are mobile and capable of moving away from areas of activity,
reducing the potential for exposure.
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Orange Sea Pens

Orange sea pens can be sensitive to large-scale physical disturbance (i.e., bottom trawling)
(Ardron et al. 2007, Hixon and Tissot 2007, Fuller et al. 2008); however, they are passive
suspension feeders that rely on suspended sediments to feed, and hence will likely cope well
with elevated TSS levels, (as has been shown for sea whips, Marszalek 1981, DFO 2011).
Adverse effects relating to TSS on orange sea pens may include inhibiting feeding (by
clogging polyps), depleting oxygen, or smothering (Johnston 1981); however, TSS levels
capable of negatively affecting sea pens are not currently known. Areas experiencing
highest Project-induced elevations of TSS are those immediately adjacent to the DAS outfall
pipe at −45 m CD, and along the shelf face. While orange sea pens can occur at this depth,
they do so at lower densities as their optimal depth range is shallower; at Roberts Bank, the
dense portion of the aggregation occurs between depths of −3.5 m CD to −18 m CD, and
therefore will not come into contact with the most concentrated TSS plumes (100 to 150
mg/L at the DAS discharge point; see Section 9.7.8 Marine Water Quality, Future
Conditions with the Project). Total suspended solid levels are therefore anticipated to
have a negligible effect on orange sea pen productivity.
Salinity
Changes in salinity are anticipated to have a negligible influence on the productivity of
Dungeness crabs and no effect on orange sea pens, with rationale provided below; however,
minor changes in infaunal and epifaunal invertebrate as well as bivalve shellfish productivity
are anticipated, as discussed in Sections 12.6.3.1 and 12.6.3.2, respectively.
Dungeness Crab

Project-related changes in salinity are expected to have a negligible impact on Dungeness
crab productivity, at both adult and juvenile life stages. Despite living in estuaries, adult
Dungeness crabs are sensitive to changing salinity (Engelhardt and Dehnel 1973),
displaying physiological stress (e.g., increased heart rate, oxygen uptake, ventilation) at
levels below 24 PSU (McGaw and McMahon 1996, McGaw 2006, Curtis and McGaw 2008),
and are unable to tolerate prolonged exposure below 12 PSU (Cleaver 1949).
While the Project will reduce average water column salinity relative to existing conditions in
the mid to high intertidal zone, particularly during freshet (refer to Figures 9.7-12
Predicted Change in 50th-percentile Salinity Associated with the Proposed
Terminal Footprint – Freshet Period (May to July) and 9.7-13 Predicted Change
in 50th-percentile Salinity Associated with the Proposed Terminal Footprint –
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Non-freshet Period (October to December) for the predicted change in 50th-percentile
salinity associated with the proposed terminal footprint during freshet and non-freshet
periods, respectively), this region does not substantially overlap with adult Dungeness crab
distribution, which is predominantly subtidal (Dunham et al. 2011) and along the outer
slope of Roberts Bank (Waddell 1984). Adults do migrate into intertidal areas, spending
brief periods in low salinity to forage (Holsman et al. 2006, Curtis and McGaw 2008), but
these forays tend to correspond to nocturnal high tides that provide the least amount of
salinity stress (Gunderson et al. 1990). Given their preference for subtidal habitats, adult
Dungeness crabs are not expected to be affected by decreased salinity in intertidal areas.
In contrast, early crab instars have high tolerance to low salinities (Dunham et al. 2011)
and juvenile crabs are known to be most abundant in estuaries (Armstrong et al. 2003),
indicating that early life stages are better able to cope with low salinity conditions than adult
crabs. This indication is supported by observations at Roberts Bank where peak Dungeness
crab settlement occurs in summer (Hemmera 2014e) when freshet flows are highest;
therefore, salinity changes due to the Project are not expected to measurably affect young
Dungeness crabs.
Orange Sea Pens

At Roberts Bank, orange sea pens are found entirely in subtidal waters beginning at depths
below −3.5 m CD (Hemmera and Archipelago 2014). Given that changes in salinity are not
predicted for subtidal areas, no interaction is expected and, therefore, orange sea pen
productivity will not be affected.
Effluent Discharges and Other Operational Procedures
Potential operation-phase changes from wastewater (sewage) and stormwater discharges,
oil or fuel pollution, anti-fouling chemicals, and discharges from ships (bilge water and
ballast water) are not expected to affect marine invertebrates due to the incorporation of
management and treatment measures described in Section 4.2.1 Project Description,
Marine Terminal and current regulatory requirements and guidelines (refer to Section
9.7.8

Marine

Water

Quality,

Future

Conditions

with

the

Project

for more

information).
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12.6.2.2

Changes in Sedimentation and Coastal Processes

Changes in sedimentation patterns (i.e., scour and deposition) resulting from terminal
placement are expected to have a negligible influence on Dungeness crab productivity, as
described below; however, this mechanism is expected to drive changes in infaunal and
epifaunal invertebrate, bivalve shellfish, and orange sea pen productivity, as discussed in
Sections 12.6.3.1, 12.6.3.2 and 12.6.3.4, respectively.
Localised scour in Zone 1 (see Figure 9.5-35 Approximate Spatial Extent of Potential
Changes Associated with the Project Footprint for zone locations referred to in this
section) is expected to have a negligible effect on Dungeness crab productivity. Crabs in
highly mobile life stages (i.e., sub-adults and adults) reside in subtidal waters where scour
is predicted to occur, and are capable of relocating when environmental conditions become
sub-optimal or intolerable. Deposition of sediment along the west side of the terminal
(Zone 2) is also not expected to negatively influence Dungeness crab productivity for the
same reasons.
A decrease in wave energy and a back-eddy on the north side of the terminal in Zone 4 will
cause an increase in fine sediment deposition in this area; being highly mobile, crabs will
likely be able to tolerate such changes. However, sedimentation may cause portions of this
area to become unsuitable for native eelgrass, considered high-value habitat for adult
Dungeness crabs; a worst case scenario estimates 12 t of eelgrass may be affected,
discussed in Section 11.6.3 Marine Vegetation, Potential Effect – Changes in
Productivity. In contrast, a decrease in wave energy predicted within Zone 5 is anticipated
to increase native eelgrass biomass by an estimated 4 t to 8 t (see Section 11.6.3 Marine
Vegetation, Potential Effect – Changes in Productivity). Overall, changes in productive
potential of native eelgrass are considered negligible (see Table 11-21 Marine Vegetation
Productivity Summary (Prior to Mitigation) Based on Weight of Evidence) and will
therefore have a negligible influence on Dungeness crab productivity.
12.6.3

Potential Effect – Changes in Productivity

Mechanisms, including direct mortality, changes in water quality, changes in sediment scour
and deposition, changes in habitat availability, and changes in biotic interactions that may
lead to changes in productivity, are described in Section 12.6.1. The influence of these
mechanisms on marine invertebrate productivity is discussed below for each sub-component
(i.e., Sections 12.6.3.1 to 12.6.3.4).
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The Roberts Bank ecosystem model (referred to as ecosystem model from here on) was
developed to predict changes in productivity associated with the Project, over space and
time, using biomass as an indicator. Net changes in biomass can be more accurately
thought of as indicators of change in the productive potential of the ecosystem, rather than
estimates of absolute increases or decreases. For example, a model biomass ratio output of
0.97 for Dungeness crab suggests that, with the Project, the study area can support 3%
fewer crab than it can without the Project and should not be interpreted as a 3% loss of
crab biomass as a result of the Project. The difference between potential and realised
production is dependent on how close to carrying capacity a group is, which, in turn, is
dependent on life history, habitat utilisation patterns, and trophic level.
The ecosystem model incorporates five abiotic parameters (i.e., salinity, bottom current
velocity, wave height, substrate (hard vs. soft), and depth) as well as numerous biotic
factors (e.g., biomass, production, consumption, diet composition) to quantify changes in
productivity (refer to Appendix 10-B Roberts Bank Ecopath with Ecosim and
Ecospace Model Parameter Estimates for more information). Most values presented in
subsequent sections are results of the key run, which shows the difference in productivity
between two future cases (with and without the Project) and is used to estimate the change
in productivity as a result of RBT2 (see Appendix 10-C Roberts Bank Ecosystem Model
Development and Key Run for more information).
The ecosystem model does not take into account construction activities; rather, it models
future conditions with and without the Project, such that losses in productivity resulting
from mechanisms associated with construction are not adequately captured. The ecosystem
model was therefore not solely relied upon to draw conclusions, and changes in marine
invertebrate productivity were evaluated both qualitatively and quantitatively using a
combination of literature review, empirical field studies, and predictive modelling such as
the habitat suitability model (see Appendix 12-A), shorebird foraging opportunity model
(SFOM) (see Appendix 15-B).
Based on the ecosystem model results, the Project has the potential to affect marine
invertebrate productivity. In the discussion and summaries that follow, changes in
productivity for marine invertebrates are considered to be negligible for increases or
decreases between 0% and 5%, minor for increases or decreases between 6% and 30%,
and moderate for increases or decreases between 31% and 65%. Change ratings take into
consideration physical and biological aspects of natural ecosystem variability.
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Project-related productivity changes are anticipated for all four sub-components ranging
from -55% to +27% and, as shown in Table 12-8, an overall net increase (+256 t) in VC
productive potential in the LAA is predicted by the ecosystem model. This result is driven by
predicted increases in the productive potential of the infaunal and epifaunal invertebrate
sub-component, which overrides predicted declines in the other three sub-components. The
net +256 t increase in biomass due to the Project is very small when considered against the
overall VC biomass in the LAA (19,116 t), representing 1.3% of this total, and will not be
measurable against natural variation.
As outlined in Section 10.3.3 Ecosystem Model Process, comprehensive sensitivity
analyses were performed to evaluate the uncertainty, and understand the confidence, in
model predictions. Different analyses tested the model’s sensitivity to abiotic and biotic
factors, as well as input parameters; detailed methods and results are described in
Appendix 10-D Roberts Bank Spatial Ecosystem Model Sensitivity Analysis while a
high-level summary of the main outcomes is presented in Table 12-8. Model key run
predictions for marine invertebrates were quite robust to the sensitivity analyses and
evaluations of uncertainty did not substantively change model predictions. Results,
however, suggest that, in some instances (i.e., bivalve shellfish, Dungeness crabs), the
magnitude of change may be slightly underestimated while in other instances (i.e., infaunal
and epifaunal invertebrates), it may be overestimated.
Overall, considering effects to marine invertebrates using a multiple lines of evidence
approach, a minor decrease in productive potential of the VC is predicted pre-mitigation for
both construction and operation phases. Net changes in productivity are discussed in
Sections 12.6.3.1 through 12.6.3.4 on a sub-component basis and summarised in
Section 12.6.3.5.
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Table 12-8

Summary of Roberts Bank Ecosystem Model Productivity Results for Marine Invertebrates

Difference in
Productive
Potential
(%)2

Difference in
Productive
Potential
(biomass1,2, t)

+27

Bivalve
Shellfish
Dungeness
Crabs

Subcomponent

Infaunal and
Epifaunal
Invertebrates

Orange
Pens

Sea

VC Total

Sensitivity Analyses
● Sensitive
▲ Insensitive

Potential
Biomass
Loss5

Summary
of Change
in
Productive
Potential3,4

Predator
Vulnerability
Setting

Abiotic
Factors

Changes in
Abiotic
Factors

Variation in
Biotic Input
Parameters5

+788

●

●

●

●

No

Minor
Increase

-8

-519

▲

●

●

●

Yes

Minor
Decrease

-3

-9

●

●

●

●

Yes

Negligible

-55

-4

▲

●

●

●

Yes

Moderate
Decrease

-

+256

-

-

-

-

-

-

Notes:
1
Biomass is a measure of productivity, and is presented as the net change in productivity resulting from Project-related changes associated
with the footprint. This measure of productivity does not include productivity gains from proposed offsetting mitigation, as described in
Section 17.3.2 Mitigation for Marine Biophysical Valued Components, Offsetting Framework.
2
Productivity estimates presented here and in Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run differ
because only values relating to the four sub-components are presented here, while the ecosystem model included 13 marine invertebrate
functional groups. When all 13 functional groups are considered, biomass loss totals -238 t, representing less than 1.0% of total marine
invertebrate biomass (25,040 t). Note that only the four sub-components were assessed.
3
The Summary of Change in Productive Potential column indicates the likely outcome based on the combined information from key run and
sensitivity analyses.
4
Productivity change Ratings (applicable to both increases and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change;
Moderate: 31% to 60% change. Change ratings take into consideration physical and biological aspects of natural ecosystem variability.
5
If any of the model runs have a negative outcome (i.e., key run or one of the four sensitivity analyses), a potential biomass loss is
indicated.
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12.6.3.1

Changes in Productivity
Communities

of

Infaunal

and

Epifaunal

Invertebrate

The following discussion describes how effect mechanisms (described in Section 12.6.1)
relate to predicted changes in infaunal and epifaunal invertebrate productivity. The
ecosystem model predicts a net gain in the productive potential of infaunal and epifaunal
invertebrate communities with development of RBT2 (+788 t); as outlined in Table 12-8,
this result is driven by predicted increases in both macrofauna (27% or 733 t) and
meiofauna (11% or 175 t), minus the predicted decrease in polychaetes (-11% or -120 t).
Sensitivity analyses indicate that these predictions, while robust, are likely slight
overestimates (i.e., up to 5%; refer to Appendix 10-D).
Results from the SFOM (refer to Appendix 15-B) do not completely align with ecosystem
model predictions. The SFOM predicted 13% and 11% decreases in total available
meiofaunal biomass, and 14% and 11% decreases in total available macrofaunal biomass in
the LAA during northward and southward western sandpiper migrations, respectively, with
the Project in place. Discrepancy with the ecosystem model may be at least partially
explained by several factors including using different spatial and temporal scales to estimate
potential effects, as well as biotic interactions not being considered in the SFOM. Despite
predicted decreases, SFOM results suggest that, even with development of RBT2, there will
be abundant meiofauna and macrofauna within the LAA to support shorebirds during
northward and southward migrations.
Based on multiple lines of evidence (explained in sections below), a net increase in the
productive potential of infaunal and epifaunal invertebrate communities is deduced, though
of smaller magnitude than predicted by the ecosystem model. Because the ecosystem
model only accounts for footprint-related effects, not construction-related effects, the
influence of construction on infaunal and epifaunal invertebrate productivity was evaluated
qualitatively.
Direct Mortality
Most infaunal and epifaunal invertebrates inhabit the uppermost layers of sediment;
therefore, dredging activities in the terminal dredge basin and tug basin, burial from dyke
and fill placement, causeway widening, and use of the ITP, will reduce the abundance,
biomass, and productivity of animals in these habitats (Hill et al. 2011). Because their
mobility is so limited, 100% mortality is expected for areas under the Project footprint. Loss
of biomass will lead to corresponding decreases in productivity. It is important to note,
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however, that infaunal and epifaunal invertebrate communities are inherently dynamic and
continually changing in response to various types and scales of disturbance (Thistle 1981,
Zajac and Whitlatch 1982a, b, Johnson 1973).
The terminal (116 ha) and dredge (17 ha) footprints will affect an assemblage of species
primarily composed of macrofaunal bivalves, polychaete worms, and amphipods. Average
macrofaunal biomass in these subtidal areas is 73 g/m2 (Hemmera 2014c), and construction
of the terminal footprint and dredge pocket is estimated to result in biomass losses of 85 t
and 13 t, respectively. This combined biomass loss (85 plus 13 = 98 t), however, accounts
for a relatively small proportion (7.5%) of overall subtidal biomass within the LAA (1300 t),
assuming uniform productivity across the LAA.
Causeway expansion (42 ha) will affect a different assemblage of marine invertebrates,
including

intertidal

infaunal

and

epifaunal

communities

dominated

by

macrofaunal

polychaetes and oligochaetes, and meiofaunal nematodes and harpacticoid copepods
(see Section 12.5.1.3). Average biomass in intertidal areas on the north side of the
causeway is 38 g/m2 for macrofauna and 31 g/m2 for meiofauna (Hemmera 2014c), with
causeway expansion estimated to result in total biomass losses of 16 t and 13 t,
respectively. This biomass loss is a small proportion (1.2%) of overall intertidal biomass
within the LAA (1370 t for macrofauna and 1122 t for meiofauna), assuming uniform
productivity across the LAA.
Mortality via smothering from DAS related sediment deposition is not likely. This is
because only a thin layer of deposition from DAS is anticipated (i.e., maximum 1.7 mm;
see Section 9.6.8 Surficial Geology and Marine Sediment, Future Conditions with
the Project), and because infaunal invertebrates are capable of migrating upwards through
the deposited sediment to restore contact with the new sediment-water interface (Maurer et
al. 1981, Schratzberger et al. 2000). Most infaunal species will likely be able to retain
contact with the sediment surface for ventilation and feeding after sediment deposition as
they occupy the top 10 cm of the seabed (Chang and Levings 1978, Miller et al. 2002).
Project-related deposition is estimated to be substantially lower than sedimentation rates
naturally occurring at Roberts Bank (i.e., 2 to 30 mm/y; Section 9.6.6 Surficial Geology
and Marine Sediment, Existing Conditions), and the bulk of fines material generated
during construction will not be deposited but, rather, will be diluted to below 1 mg/L and
flushed into the Strait of Georgia.
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While some direct mortality of infaunal and epifaunal invertebrates is unavoidable, these
species possess life history characteristics such as high fecundity, short generation time,
and broadcast spawning, which confer resilience to disturbance (as previously described in
Section 12.5.1). Shorebird Foraging Opportunity Model biomass estimates across the FRE
confirm a large standing stock of biomass exists outside the area likely to be affected by the
proposed Project (Appendix 15-B). As affected species are abundant and widely
distributed, both in the LAA and RAA (McEwan and Gordon 1985, Burd et al. 2008a,
Hemmera 2014c), recovery in areas outside of the Project footprint may be aided by
localised breeding and immigration of adults or supply of larvae from nearby unaffected
areas (Hill et al. 2011), thereby partially reversing productivity losses sustained during
Project construction.
Changes in Water Quality
Total Suspended Solids

During the construction phase, Project-related increases in TSS will have a minor negative
influence on productivity of infaunal and epifaunal invertebrates within localised areas of
construction activity, and is considered negligible outside these areas (i.e., in intertidal
areas, across the international border).
Limited mortality is expected for communities living in and around the DAS discharge point
via TSS plumes that, at maximum, are predicted to reach 100 to 150 mg/L on strong flood
and ebb tides, respectively; such areas do not overlap with areas of highest infaunal and
epifaunal invertebrate productivity (high intertidal zone). Total suspended solids levels are
expected to dissipate with distance from the discharge point, lowering to concentrations of
10 mg/L to 20 mg/L along the delta foreslope.
Plume dispersion into the intertidal zone (i.e., areas of high productivity) is expected
to be minimal and, where it occurs, concentrations are not predicted to exceed the CCME
high-flow guideline of 25 mg/L above background levels. Given that Roberts Bank is a
naturally turbid environment due to silt-laden freshwater outflow from the Fraser River
(i.e., TSS at Roberts Bank naturally varies between approximately 2 mg/L to 260 mg/L),
Project-related TSS concentrations are expected to remain within the ambient range beyond
localised areas of activity.
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Salinity

While salinity is expected to have a minor influence on infaunal and epifaunal invertebrate
productivity, changes may be positive or negative depending on the species. Because
declines in some species can be masked by increases in others, overall changes will be
difficult to detect and measure.
Shorebird Foraging Opportunity Model results suggest that water column salinity is
predicted to be the primary driving factor behind estimated decreases in both meiofauna
and macrofauna with development of RBT2 (see Appendix 15-B Shorebird Foraging
Opportunity during Migration). However, predictions were made based on data from a 1
in 25 year freshet event in 2012; when estimates of change were made for a typical freshet
using revised salinity values, estimates of percent change resulted in smaller declines and,
in the case of macrofauna during southward migration, increased total biomass.
In contrast, there is evidence in the literature to suggest infaunal invertebrates are not
influenced directly by salinity changes in the water column, but rather by salinities within
sediments (i.e., interstitial), which remain relatively constant despite daily changes in water
column salinities caused by tidal influences (Chapman and Brinkhurst 1981). Interstitial
salinities of silty sediments (such as those found in the high intertidal biofilm zone and along
the causeway) do not vary daily, but the transition zone between salt and fresh interstitial
water shifts in relation to freshwater discharge.
In the Fraser River estuary, Chapman and Brinkhurst (1981) found that seasonal variations
in interstitial salinities are correlated with the distribution of benthic infaunal species. The
authors showed that distributions of two freshwater oligochaete species shifted downstream
during freshet (i.e., when interstitial salinities are lowest), and distributions of three marine
polychaete species shifted upstream during winter (i.e., when interstitial salinities are
highest). The phenomenon of seasonal shifts in benthic populations is not restricted to the
Fraser River estuary. In the estuaries of the Thames and St. John rivers in England, Birtwell
(1972) and Gillis (1978) documented movements of communities in response to interstitial
salinity variations.
Infaunal and epifaunal invertebrate communities can tolerate a range of salinity levels,
based on individual species preferences. For example, while polychaete worms of the family
Nereididae are chiefly marine, there are a number of species that can live in freshwater
conditions for a long time (Ushakova and Sarantchova 2004); further, freshwater nematode

Page | 12-56

PORT METRO VANCOUVER | Roberts Bank Terminal 2
species are capable of penetrating into brackish water up to 10 practical salinity units (PSU)
while marine nematode species have been documented in freshwater down to 0.5 PSU in
relatively high densities (Heip et al. 1985). Because infaunal and epifaunal invertebrate
communities within the LAA are so diverse, shifts in salinity are expected to be tolerable to
some species and less so for others (e.g., as salinity changes during freshet conditions,
more saline tolerant meio- and macrofauna will be replaced by more freshwater-associated
species),

resulting

in

an

overall

unmeasurable

effect

on

invertebrate

community

productivity.
Changes in Sedimentation and Coastal Processes
Effects caused by terminal placement (i.e., construction of containment dykes) are indirect
and have the potential to influence productivity by altering the quality of infaunal and
epifaunal invertebrate habitat over the long term. The location of the terminal will direct
more turbid water along the causeway and, over time, result in increased fine sediment
deposition over a 40-ha area on the shoreward side of the terminal.
Strong relationships exist between the distribution and abundance of infaunal and epifaunal
invertebrates inhabiting soft-bottom environments and the size and texture of sediments
(Wieser 1959, Heip et al. 1985, Mendez and Ruiz 1998, Lourido et al. 2008). As outlined in
Section 12.5.1, higher infaunal and epifaunal invertebrate abundance, biomass, and
diversity are correlated with smaller grain sizes. The deposition of fine sediments north of
the terminal, therefore, is anticipated to create more favourable environmental conditions
than currently exist in the LAA; this mechanism is likely driving the increase in infaunal and
epifaunal invertebrate productive potential predicted by the ecosystem model.
Additionally, increased deposition of fine sediment (mainly silt) and a corresponding
increase in bed elevation over time may alter community composition, as species shift
according to their grain size preferences. In Puget Sound, Wieser (1959) documented
distributional limits for several infaunal and epifaunal invertebrate taxa based on grain size;
for example, the nematode Steineria phimifera displayed a preference for relatively coarser
substrate and was never found in sediments less than 200 µm in diameter, while another
nematode, Enoploides harpax, displayed a preference for finer substrate and was never
found in sediments greater than 100 µm in diameter. Changes in community composition
reflect species’ environmental preferences and may or may not have associated implications
for productivity.
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Changes in Habitat Availability
The terminal and dredge footprints combine to yield a 133-ha permanent loss of
subtidal sand habitat, while a widened causeway yields a permanent 40-ha loss of intertidal
sand-mud habitat. This corresponds to an overall 3% loss of habitat within the LAA. While
these areas will no longer be available to other infaunal and epifaunal invertebrates that
may re-colonise the area over time, distribution is extremely patchy in space, and
communities in the LAA are unlikely to be habitat-limited. Habitat loss is expected to
decrease infaunal and epifaunal invertebrate productivity in the short-term; however,
because there is ample area remaining for these communities to establish and expand,
changes in habitat availability are not considered to influence long-term productivity for this
sub-component.
Biotic Interactions
An evaluation of trophic interactions shows that functional groups with strongest negative
influence on infaunal and epifaunal communities, such as predators (e.g., epifaunal
grazers), are predicted to decrease, while the groups with the strongest positive influence,
such as food (e.g., detritus), show less change (refer to Appendix 10-B Roberts Bank
Ecopath with Ecosim and Ecospace Model Parameter Estimates). While this indicates
increased productive potential for infaunal and epifaunal invertebrates, it is not enough to
explain the predicted 27% increase. Biotic interactions are unlikely to be a major driver of
predicted changes in infaunal and epifaunal invertebrate productive potential.
Summary
Qualitative and empirical evidence indicate there will be minor decreases in productivity
from direct mortality and loss of habitat under the Project footprint during the construction
phase. While there is potential for minor productivity losses resulting from TSS plumes in
localised areas of activity, such as the DAS discharge point, effects beyond these areas
(i.e., further along the delta front-slope or intertidal zones) are considered negligible.
In the operation phase, longer-term changes in coastal geomorphic processes will improve
conditions for infaunal and epifaunal invertebrates shoreward of the terminal (via reductions
in wave height and increase deposition of fine sediment). Project-related shifts in salinity
are expected to be tolerable to some species and less so for others, resulting in an overall
unmeasurable effect on invertebrate community productivity. Additionally, changing food
web interactions point to increased productive potential for infaunal and epifaunal
invertebrates, but are considered minor.
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The ecosystem model predicts increases in infaunal and epifaunal invertebrate productive
potential over the long-term; however, sensitivity analyses indicate that it may slightly
overestimate biomass production (especially considering construction-related effects could
not be incorporated). A slight decrease in productive potential with the Project is also
plausible, as predicted by the SFOM, though this model did not include the entire LAA nor
consider biotic interactions.
Overall, a net minor increase for infaunal and epifaunal invertebrates is predicted, and no
long-term adverse effects are anticipated for this sub-component.
12.6.3.2

Changes in Productivity of Bivalve Shellfish

The following discussion outlines how effect mechanisms (described in Section 12.6.1)
relate to changes in bivalve shellfish productivity. The ecosystem model predicts a net loss
in productive potential (–8% or –519 t) with development of the Project (Table 12-8).
Sensitivity analyses indicate that these predictions are fairly accurate, but that the scale of
loss may be slightly underestimated (i.e., by 2%; as summarised in Appendix 10-D).
Empirical evidence also aligns with a negative direction of change. It should be noted,
however, that only the infaunal bivalve functional group from the ecosystem model was
used to inform this assessment, despite certain relevant bivalve species (such as oysters
and mussels) belonging to the epifaunal sessile functional group. Because the epifaunal
sessile group is comprised of 15 species, it is not possible to tease out numbers relating
solely to oysters and mussels; as such, they will be addressed qualitatively. This approach is
considered conservative, as the productive potential of epifaunal bivalves is expected to
increase because the Project will increase the amount of hard surface habitat for
attachment. Additionally, similar to the assessment for infaunal and epifaunal invertebrate
communities above, the influence of construction activities on bivalve productivity was
evaluated qualitatively.
Direct Mortality
During the construction phase, a minor decrease in infaunal bivalve productivity is predicted
via direct mortality from dredging activities in the terminal dredge basin and tug basin,
burial from dyke and fills placement, and causeway widening. Because their mobility is so
limited, 100% mortality is expected for areas under the Project footprint. Average bivalve
biomass was calculated to be 120.7 t/km2 in the LAA (terminal and dredge basin footprints:
161 t; causeway footprint: 51 t). This combined biomass loss (161 plus 51 = 212 t)
comprises only 3% of overall estimated bivalve biomass at Roberts Bank (6,595 t).
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Mortality via smothering from DAS related sediment deposition is not likely. Most infaunal
bivalves are capable of surviving fairly deep instantaneous burial and can stay ahead of
continuous deposition rates by using their siphons to restore contact with a new sedimentwater interface; however, bivalves with shorter siphons, such as heart cockles, are more
vulnerable to burial. As outlined in Section 9.7.8 Marine Water Quality, Future
Conditions with the Project, a maximum deposition of 1.7 mm of fines material from
DAS activities is predicted, which is less than the lowest natural annual sediment deposition
rate (i.e., 2 mm/y). Given these predictions, burrowing bivalve species, including cockles,
will be able to retain contact with the sediment surface for ventilation and feeding after
sediment deposition (Chang and Levings 1978, Miller et al. 2002).
Sessile epifaunal bivalves, including bay mussels and Pacific oysters, are attached to
intertidal rip-rap along the perimeter of Roberts Bank terminals (Hemmera 2014d). Direct
mortality from removal of 5.8 ha of existing rip-rap will occur; however, the amount of hard
substrate surface area available post-construction (e.g., rip-rap, caissons, piles) will exceed
existing conditions by 6 ha, providing increased suitable attachment surfaces for bay
mussels and Pacific oysters and increasing productive potential over the long-term.
While some direct mortality of bivalve shellfish is unavoidable, these species possess life
history characteristics such as high fecundity and broadcast spawning, which confer
resilience to disturbance (as outlined in Section 12.5.2). Additionally, immigration of adults
or supply of larvae from nearby unaffected areas may help counter productivity losses
sustained during Project construction.
Changes in Water Quality
Salinity

Changes in salinity are expected to have a minor negative influence on bivalve productivity.
While salinity is capable of affecting energy budget and growth (Kautsky 1982), bivalve
species within the LAA are expected to respond differently to salinity, depending on species
and stage of maturity. Salinities of 20 PSU to 30 PSU are considered the optimal
physiological range for bivalves, where activities such as feeding and growth, are maximised
(Pauley et al. 1988). Bivalves can adjust to salinity changes by controlling their shell
opening and by molecular processes regulating ion exchange, but there are limits to their
tolerance. Bivalves show increasing sensitivity to salinities under 20 PSU with harmful
effects below 10 PSU (Pauley et al. 1988). Larvae are more sensitive to fluctuations in water
salinity than adults; for example, Pacific oyster larvae require salinities around 30 PSU for
normal development (Pauley et al. 1988).
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Common (Macoma) clams can tolerate a wide range of salinities and even function in
freshwater (Rasmussen 1973), and bay mussels frequently occupy habitats characterised by
low salinity and large riverine influences (Mann et al. 1991, Braby and Somero 2006).
Potential changes to these species are therefore considered negligible.
Effects of salinity on Pacific littleneck clam productivity are predicted to be minor as their
distribution includes the mid-intertidal zone, where water column salinities are expected to
drop to approximately 15 PSU 11 during freshet, below the 20 PSU to 30 PSU optimal
range but within the range of tolerance (refer to Figures 9.7-12 Predicted Change in
50th-percentile Salinity Associated with the Proposed Terminal Footprint – Freshet
Period (May to July) and 9.7-13 Predicted Change in 50th-percentile Salinity
Associated with the Proposed Terminal Footprint – Non-freshet Period (October to
December) for the predicted change in 50th-percentile salinity associated with the proposed
terminal footprint during freshet and non-freshet periods, respectively). Effects are likely to
be most pronounced at the peak of the freshet; however, increased salinity is predicted for
areas of mid-intertidal near Canoe Passage, to which littleneck clams could migrate or
settle. Littleneck clams will continue to occupy intertidal and subtidal zones where salinities
are predicted to remain in the optimal range.
At Roberts Bank, heart cockles and Pacific oysters are found in greatest abundance in the
low intertidal zone (Hemmera 2014d), where effects of salinity changes due to the Project
are the least pronounced (refer to Figures 9.7-12 and 9.7-13). Salinity is not predicted to
drop below 20 PSU in areas of high oyster density (i.e., low intertidal rip-rap along the
northwest side of the existing terminal) (refer to Figures 9.7-12 and 9.7-13); therefore,
effects

are

considered

negligible.

Areas

of

cockle

distribution

immediately

north

(i.e., shoreward) of the terminal will experience 18 PSU to 19 PSU waters. While this is
below their optimal range, cockles are able to tolerate these conditions and will likely persist
in these areas at lower productivity. Additionally, minor increases (i.e., up to 5 PSU) in
salinity predicted for low intertidal areas northwest of the terminal during both freshet and
non-freshet periods will maintain salinity in the optimal range of bivalves and therefore have
negligible or slightly positive effects on these species.
Overall, Project-related changes in salinity are expected to have a minor negative effect on
bivalve productivity.

11

Results of salinity modelling are reported as 50th percentile, or median, which is that value below or above
which 50% of the observations may be found. A 15 PSU value therefore indicates that salinity is above 15 PSU
half the time and below 15 PSU the other half.
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Changes in Sedimentation and Coastal Processes
Localised scour in Zone 1 (see Figure 9.5-35 Approximate Spatial Extent of Potential
Changes Associated with the Project Footprint for location) is expected to have a
negligible effect on bivalve shellfish productivity, as they live within the sediment, and will
likely stay ahead of scour by burying deeper as sediment is transported away. Deposition of
sediment along the west side of the terminal (Zone 2) is also expected to have a negligible
effect on burrowing bivalve species, which have been shown to migrate to the surface
following burial of up to 20 cm (as observed for heart cockle by Chang and Levings (1978)).
More mobile species such as littleneck clams can relocate to new locations and re-burrow,
and thus are less affected by long-term alterations to bottom sediments (Paul and
Feder 1973).
Fining of sediments in Zones 4, 5, and 7 will have a minor negative impact on bivalve
productivity by reducing habitat quality for bivalve species that prefer sandier substrates,
such as cockles. Additionally, increasing deposition of fines may affect larval settlement of
certain invertebrate species (Grigg 1970). For example, oyster larvae require clean, hard
substrate for attachment and are only able to tolerate thin layers (approximately 1 mm) of
sediment (Ray et al. 2005). After attachment, oyster larvae can withstand 2 mm to 3 mm of
deposition, with levels of greater than 3 mm to 5 mm likely resulting in damaging effects
(Ray et al. 2005). This is expected to cause small-scale shifts in distribution (i.e., avoidance
of more silty areas) with an associated minor negative influence on productivity.
Changes in Habitat Availability
The terminal and dredge footprints combine to yield a 133-ha permanent loss of subtidal
sand habitat, while the widened causeway yields a permanent 40-ha loss of intertidal
sand-mud habitat. While loss of sand cannot be mitigated, the addition of Fraser River sand
to the ITP may be temporarily favourable for bivalve species that prefer coarse sand
substrates for burying.
Heart cockles have been shown to be closely associated with native eelgrass beds in low
intertidal and shallow subtidal areas at Roberts Bank (Section 12.5.2). Changes in native
eelgrass due to the Project are anticipated to be negligible (see Section 11.6.3 Marine
Vegetation, Potential Effect – Changes in Productivity), and should therefore not
affect cockle productivity.
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Despite initial short-term losses, the Project will increase the amount of hard substrate
available within the LAA by a total of 6 ha, which will benefit epifaunal bivalves including
Pacific oysters and bay mussels. Both of these species require hard surfaces, such as
rip-rap, for attachment (Section 12.5.2).
While some re-colonisation (either through immigration from nearby unaffected areas or
from larval supply from distant areas) will occur, permanent loss of subtidal sand habitat is
expected to limit recovery. This mechanism is likely driving decreases in bivalve productive
potential predicted by the ecosystem model.
Biotic Interactions
Bivalve shellfish are key prey items to numerous species of invertebrates, fish, birds, and
mammals. An evaluation of biotic (i.e., food web) interactions shows that declines are
predicted for functional groups with the strongest negative effects on infaunal bivalves, such
as predators (e.g., Dungeness crab), while groups with the strongest positive effects,
such as

prey

(e.g.,

phytoplankton),

show

a

mixture

of

increases

and

declines

(see Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run).
Overall, this indicates that the food web effects should be positive or neutral for bivalves.
Summary
Qualitative and empirical evidence indicate there will be minor decreases in bivalve
productivity from direct mortality during the construction phase. During the operation
phase, key mechanisms reducing shellfish productivity relate to permanent losses in both
subtidal and intertidal sand habitat from the Project footprint and fining of intertidal sand
through changes in coastal processes. While bivalves possess biological attributes that
facilitate re-colonisation (i.e., high fecundity, broadcast spawning, pelagic larvae), reduction
of the amount and quality of infaunal bivalve habitat in the LAA is expected to limit
recovery. Food web interactions are considered to be positive or neutral.
The ecosystem model predicts a decrease in infaunal bivalve productive potential (-8%, 519 t), which aligns with empirical predictions. Increases in epifaunal bivalve productivity
(i.e., Pacific oyster and bay mussel) are expected, however, due to increased hard substrate
surface area with development of RBT2.
Overall, a minor adverse effect is expected for this sub-component.
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12.6.3.3

Changes in Productivity of Dungeness Crabs

The following discussion outlines how the effect mechanisms (described in Section 12.6.1)
relate to changes in Dungeness crab productivity. The ecosystem model predicts a negligible
change (-3%; -9 t) in Dungeness crab productive potential with RBT2 (Table 12-8); while
the direction is negative, increases or decreases less than 5% are considered to be
within the margin of error of the model, meaning little or no Project-related change
(see Section 10.3.3 Ecosystem Model Process). Sensitivity analyses indicate that these
predictions are fairly accurate, but that the change may be slightly underestimated (i.e., by
2%) (see Appendix 10-D for more information). However, when considering all lines of
evidence, including effects of construction activities not incorporated into the ecosystem
model, a minor decrease in Dungeness crab productive potential is predicted, as
described below.
Direct Mortality
Dungeness crabs are among the most abundant benthic species within the LAA
(see Section 12.5.3). During the construction phase, Project-related mortality will occur at
all life stages, particularly as a result of entrainment from dredging activities in the terminal
dredge basin and tug basin, burial from dyke and fill placement, and use of the ITP. While
adults are capable of moving away from disturbance (Chang and Levings 1978, Archibald
1983, Dumbauld et al. 1993), post-larval and juvenile crabs are less agile and therefore
more susceptible to entrainment (Larson and Patterson 1989, Nightingale and Simenstad
2001). Within the LAA, however, juvenile crabs settle and rear in intertidal habitats
(Hemmera 2014e) (Figure 12-11), while terminal construction activities are predominantly
subtidal; therefore, little direct interaction between construction activities and juvenile crabs
is expected.
Mortality via smothering from DAS related sediment deposition is not likely, as maximum
predicted deposition (1.7 mm) is below natural levels (i.e., 2 to 30 mm/y; Section 9.7.8
Marine Water Quality, Future Conditions with the Project), and crabs in the LAA are
habituated to high ambient sedimentation levels within the Fraser River estuary.
Seasonal timing of Project activities may also influence the potential for, and magnitude of,
crab mortality. Specifically, the gravid life-history phase is considered particularly sensitive
to disturbance because female crabs tend to aggregate and bury in relatively high densities
and remain inactive over the winter (i.e., October to March) (see Section 12.5.3). While
studies in the Project footprint suggest female brooding in this area is low, there is relatively
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low confidence in these results due to study limitations (Hemmera 2014f). Dredging has
therefore been deliberately scheduled to observe DFO’s sensitive timing window (October 15
to March 31) (see Section 12.7).
It should be noted that the predicted 9 t loss in productive potential includes both male and
female crabs, while CRA fisheries comprise only male crabs. Therefore, when discussing
fisheries related effects, here and in Section 16.0 Ongoing Productivity of Commercial,
Recreational, and Aboriginal Fisheries, the value was adjusted to reflect the loss of
harvestable male crabs in the LAA, which was estimated at 4.3 t12. A 4.3-t loss in biomass
represents 0.7% of overall RAA harvestable crab biomass (i.e., total Area 29 fisheries
production), which has averaged 630 t over the last two decades (Hemmera 2014b).
Potential Project-related declines in crab biomass are minor when considered relative to
commercial fishing activities, with exploitation rates of legal sized male crabs exceeding
90% (Zhang et al. 2002, Hemmera 2014b).
Overall, minor short-term productivity losses are expected as a result of direct mortality
during the construction phase; however, this is not expected to have population level
consequences because local Dungeness crab populations are sustained by larvae originating
over a large geographical area, which may help to replenish productivity losses.
Changes in Habitat Availability
Permanent losses of soft subtidal and intertidal sediment from the Project will affect
Dungeness crab habitat and, by association, productivity, as crab abundance is determined
by habitat size (i.e., larger estuaries support more crabs) (Harding and Reynolds 2014). A
habitat suitability model of the LAA was created to quantify the amount of optimal
Dungeness crab habitat, by life stage, and compare it to the footprints of various Project
components (i.e., terminal, berth pocket, causeway, and tug basin). Model results are
presented in Figure 12-11 and Table 12-9 below, and indicate that, while each life stage
will experience a reduction of suitable habitat, substantial amounts of highly and moderately
suitable habitat will remain available to crabs outside Project component footprints. Despite
remaining habitat availability, permanent displacement from highly suitable subtidal sand
habitat is considered to have a minor negative effect on Dungeness crab productivity. For
more information on the Dungeness crab habitat suitability model, refer to Appendix 12-A.
It should be noted that while the ITP is located within highly suitable gravid female

12

Calculation assumes a 50% (female) to 50% (male) sex ratio and that 5% of harvestable male biomass will
remain unfished.
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Dungeness crab habitat (Figure 12-11), it is a temporary work area to be used only during
the Project construction phase. It is expected that the ITP area will recover rapidly following
its use and, therefore, no long-term productivity implications for Dungeness crabs are
predicted in this particular area.
Additionally, changes in the productivity of marine vegetation upon which Dungeness crabs
(particularly juveniles) depend, such as native and non-native eelgrass and Ulva, have been
deemed to be negligible (see Table 11-21 Marine Vegetation Productivity Summary
(Prior to Mitigation) Based on Weight of Evidence) and, therefore, will not negatively
affect Dungeness crab productivity.
Table 12-9

Life
Stage

Adult

Juvenile
Gravid
Female

Dungeness Crab Habitat Suitability in the Local Assessment Area with
Roberts Bank Terminal 2 and Areas of Overlap (ha) with Project
Component Footprints, by Life Stage

Habitat
Suitability

Total
Suitable
Habitat With
RBT2 (ha)

High

Footprint Overlap (ha)
Terminal

Causeway

Berth
Pocket

Tug
Basin

Total
Loss

899

117

0

17

2

136

Moderate

916

0

0

0

0

0

High

1818

2

5

0

2

9

Moderate

1048

116

1

7

2

126

High

461

44

0

13

0

57

Moderate

258

72

0

4

2

78

Biotic Interactions
Evaluation

of

food

which Dungeness

web

crab

interactions
productivity

shows

decreases

depends,

in

particularly

functional
bivalve

groups

upon

shellfish

prey

(see Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run).
Therefore, the decrease predicted in bivalve shellfish productivity (-8% or 519 t) with the
Project is likely contributing to the decrease predicted for Dungeness crabs by the
ecosystem model.
Summary
Qualitative and empirical evidence indicates there will be minor decreases in crab
productivity from direct mortality during the construction phase. During the operation phase
and in the longer term, key mechanisms negatively influencing Dungeness crab productivity
relate to footprint losses of high-suitability subtidal sand habitat and negative biotic
interactions through a reduced prey base (bivalves).
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While the decrease predicted by the ecosystem model (-3%, -9 t) is negligible, as changes
less than 5% are judged to fall within the uncertainty of the model), sensitivity analyses
indicate this value may be underestimated by 2%. Further, because construction activities
were not incorporated into the ecosystem model, associated effects are deemed to be
underestimated in the model. Overall, considering all lines of evidence, a minor adverse
effect is expected for this sub-component.
12.6.3.4

Changes in Productivity of Orange Sea Pens

This section relates effect mechanisms (described in Section 12.6.1) to predicted changes
in orange sea pen productivity. The ecosystem model predicts a moderate decrease (–55%;
–4 t) in orange sea pen productivity with RBT2 (Table 12-8). Sensitivity analyses indicate
that these predictions are accurate (see Appendix 10-D). This result is consistent with
qualitative predictions, which predict similar decreases based on the combination of
mechanisms described below.
Direct Mortality
The major mechanism for productivity loss is direct mortality from construction activities in
the terminal and dredge area footprints. The proposed terminal and dredge basin overlap
with 92 ha of orange sea pen distribution (i.e., 16 ha of continuous to densely distributed
sea pens and 76 ha of few to patchy sea pens) (see Section 12.5.4). While sea pens may
be capable of passive movement, they are considered a sessile species (Triton 2004a,
Hemmera and Archipelago 2014); therefore, 100% mortality is assumed for all sea pens in
areas of overlap with the Project footprint.
Biomass loss at this scale will not only affect sea pens currently inhabiting this site, but may
also have implications for larval settlement, which is likely governed by both cues from
substrate as well as presence of other sea pens (Chia and Crawford 1973, Hemmera and
Archipelago 2014).
Changes in Sedimentation and Coastal Processes
Effects of scour in Zone 1 (see Figure 9.5-35 Approximate Spatial Extent of Potential
Changes Associated with the Project Footprint for location) are expected to be
beneficial for orange sea pens. Under existing conditions, sea pens are clustered around
edges of the existing Westshore Terminals (Figure 12-13), likely because flow accelerates
as water moves around the structure, thereby increasing food delivery to sea pens
(Hemmera 2014g). Habitat modelling predicts that RBT2 will create similar favourable
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feeding conditions at its edges, which may attract sea pens back to the area over time
(Figure 12-14); however, rates of recovery are unknown, and re-colonisation may be
subject to density-dependent limitations.
Effects of fine sediment deposition are not anticipated for orange sea pens because there
will be no spatial overlap. As mentioned above, orange sea pens are a subtidal species while
areas of predicted deposition are intertidal.
Changes in Habitat Availability
Permanent losses of soft subtidal sediment from the Project footprint will affect orange sea
pen habitat and, by association, productivity. A habitat suitability model of the LAA was
created to quantify the amounts of suitable orange sea pen habitat prior to and following
Project implementation. Model results are presented in Table 12-10 below, and indicate
that

suitable

habitat

will

remain

available

to

orange

sea

pens

following

Project

implementation. Suitability was calculated as a probability of occurrence; for more
information on the orange sea pen habitat suitability model, refer to Appendix 12-A.
A total of 86.1 ha, or 27%, of suitable (i.e., high plus moderate suitability) orange sea
pen habitat is predicted to be permanently lost to RBT2 construction (Table 12-10,
Figure 12-13). However, this value is driven by the loss of moderate suitability habitat, as
the model predicts a net increase of highly suitable habitat (3.4 ha). The increase results
from moderate suitability habitat increasing to high suitability habitat in localised areas
around the terminal. As discussed for scour above, accelerations of bottom-current
velocities around the edges of the terminal may enhance food delivery rates to passive
suspension-feeding orange sea pens. Overall, permanent loss of habitat availability is
considered a major reason for the moderate adverse effect anticipated for orange sea
pen productivity.
Table 12-10

Habitat Suitability (ha) for Orange Sea Pens in the Local
Assessment Area in Future Cases With and Without Roberts Bank
Terminal 2
Without RBT2 (ha)

With RBT2 (ha)

Loss (-)/Gain (+)
(ha)

High Suitability (>0.8)

110.5

113.9

+3.4

Moderate Suitability (0.55 – 0.8)

207.9

118.4

- 89.5

Low Suitability (<0.55)

5,110.8

5,017.2

-87.2

Total

5,429.1

5,249.5

-173.3

Suitability Ranking
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Biotic Interactions
Biotic interactions are not expected to influence orange sea pen productivity, especially
when considered against the magnitude of direct mortality and habitat loss.
Summary
During the construction phase, direct mortality will have a major negative influence on
orange sea pen productivity, as a result of dredging and fill placement overlapping with 92
ha of both dense and patchy sea pen distribution.
During operation, key mechanisms negatively influencing orange sea pen productivity
relate to footprint losses of suitable subtidal sand habitat, which will no longer be available
for re-colonisation, and which cannot be mitigated. Some recovery is expected within
predicted scour areas, which improve habitat suitability through enhanced food delivery
rates.
The ecosystem model and sensitivity analyses predict a –55% decrease in orange sea pen
productive potential with development of the Project, which aligns with empirical
predictions. When all lines of evidence are considered, a moderate adverse effect is
expected for this sub-component.
12.6.3.5

Summary of Marine Invertebrate Productivity Changes

Summary of marine invertebrate productivity changes (due to RBT2) prior to mitigation
includes the following (Table 12-11):


A net minor decrease is
sub-components combined);

anticipated

overall

(i.e.,

all

marine

invertebrate



A minor decrease in the productive potential of infaunal and epifaunal invertebrate
communities is anticipated during the construction phase and a minor increase is
anticipated during the operation phase;



Minor decreases in the productive potential of bivalve shellfish and Dungeness crabs
are anticipated during both construction and operation phases; and



A moderate decrease in the productive potential of orange sea pens is anticipated
during both construction and operation phases.
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Table 12-11

Subcomponent

Marine Invertebrates Productivity Summary (Prior to Mitigation) Based on Weight of Evidence
Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Infaunal and
Epifaunal
Invertebrate
Communities

Bivalve
Shellfish

◊

-

Loss

-

◊

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

788

-

Loss

-

519

Minor
Decrease

Minor
Decrease

Comments

Operation

Minor
Increase

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
dredging)
 Long-term increases (i.e., during operation phase) in
productive potential predicted by ecosystem model likely
driven by improved environmental conditions shoreward
of the terminal (e.g., wave shadow)
 Sensitivity analyses support potential for positive
direction of change but suggest predicted increase likely
an overestimate (i.e., up to 5%)
 SFOM (Appendix 15-B) predicts a minor decrease in
available biomass, and discrepancy between ecosystem
model and SFOM results can be partially attributed to
lack of food web impacts considered in SFOM and
differences in spatial and temporal scales

Minor
Decrease

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
dredging)
 Long-term increases (i.e., during operation phase) in
productive potential predicted by ecosystem model
primarily due to habitat loss associated with footprint,
but also less favourable environmental conditions behind
the terminal over the long-term (e.g., fine sediment
deposition)
 Sensitivity analyses suggest magnitude of decrease is
slightly underestimated (i.e., by 2%)
 Possess biological attributes (e.g., short generation time,
broadcast spawning, pelagic larvae) that facilitate recolonisation
 Quantitative and qualitative predictions around a minor
decrease align
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Dungeness
Crabs

Orange Sea
Pens

-

-

Loss

◊

◊

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

-

-

Loss

9

4

Minor
Decrease

Moderate
Decrease

Comments

Operation

Minor
Decrease

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
dredging)
 Long-term (i.e., during operation phase) change
predicted by ecosystem model (-3%) is negligible, falling
within margin of error of the model (+/- 5%)
 Long-term decreases in productive potential predicted
qualitatively/empirically primarily due to permanent
habitat loss associated with footprint
 Changes in marine vegetation upon which crabs
(particularly juveniles) depend are deemed negligible
 Sensitivity analyses suggest magnitude of decrease is
slightly underestimated (i.e., by 2%)
 Local populations are sustained by larvae originating over
a large geographical area, which may help to replenish
productivity losses.

Moderate
Decrease

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
dredging)
 Long-term decreases (i.e., during operation phase) in
productive potential predicted by ecosystem model
primarily due to habitat loss associated with footprint
 Sensitivity analyses suggest magnitude of decrease is
accurate
 Presence of terminal predicted to cause localised
accelerations in current flow at edges, which may
enhance food delivery rates and attract sea pens back to
area over time
 Modelled and empirical predictions around a moderate
decrease align
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

VC Total
Change

-

Loss

◊

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

+256

Loss

-

Minor
Decrease

Comments

Operation

Minor
Decrease

 Overall net increase in productive potential predicted by
ecosystem model entirely driven by high biomass of
infaunal and epifaunal invertebrates, which are
considered to be overestimates, and therefore skewing
results.
 Other three sub-components anticipated to experience
minor to moderate decreases based on all lines of
evidence.

Legend
◊ Productivity change predicted: quantitative productivity change estimate not available
* Professional opinion/conclusion on productivity change based on integration and consideration of all available lines of evidence (including
empirical evidence, ecosystem model results, and other models or evidence of change). Productivity change ratings (applicable to both
increases and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change; Moderate: 31% to 60% change. Change ratings take
into consideration physical and biological aspects of natural ecosystem variability.
Note: quantitative productivity estimates presented here do not include anticipated productivity gains from mitigation.
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12.7

MITIGATION MEASURES

Mitigation measures, including any standard operating practices as well as management
practices or measures developed to specifically avoid or reduce the potential adverse
effects of the Project on marine invertebrates, are described below and summarised in
Table 12-12 at the end of this section. Note that several mitigation measures are specific
to the effect mechanisms, rather than the effect of productivity loss itself.
Selection of mitigation measures was informed by a review of mitigation measures and
follow-up programs undertaken for past developments at Roberts Bank; regulator, public,
and Aboriginal group input; and internal evaluation of technical and economic feasibility and
efficacy.
Standard industry practices and standard management practices proposed to avoid or
reduce adverse effects on marine invertebrates were informed by the following sources:


Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013d);



Fisheries Productivity Investment Policy: A Proponent’s Guide to Offsetting (DFO
2013c);



Land Development Guidelines for the Protection of Aquatic Habitat (Chilibeck et al.
1993);



Environmental Management Strategy for Dredging in the Fraser River estuary
(FREMP 2006);



Dredge Management Guidelines (FREMP 2005); and



Develop with Care 2012: Environmental Guidelines for Urban and Rural Land
Development in British Columbia (BC MOE 2012).

Additionally, mitigation and monitoring measures implemented for other projects and
activities were considered. For example, project-related adverse effects of DP3 were
mitigated in several ways, including development of an environmental management
program for construction activities; observance of SMPs (e.g., use of containment dykes,
stormwater

treatment,

ballast

water

management);

adherence

to

timing

windows

(e.g., Dungeness crab closure); crab salvages; and habitat compensation. In particular, the
habitat compensation plan identified technically feasible compensation measures to ensure
no net loss of fish (including invertebrates) and fish habitat at Roberts Bank. Additionally,
the AMS, an eight-year monitoring study (2007 to 2014), was designed as an early warning
system to identify risks (e.g., potential eutrophication, tidal channel formation) and
implement mitigation before VCs would be affected.
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12.7.1 Avoidance Measures
This section summarises the design and scheduling considerations that have been
incorporated into the Project Description (Section 4.0 Project Description), intended to
reduce Project-related effects to marine invertebrates.
12.7.1.1

Project Placement and Design

Specific modifications to Project component locations and designs, as described in
Section 5.0 Alternative Means of Carrying out the Project, that will reduce potential
effects to marine invertebrates include the following:


Locating the terminal in subtidal waters to avoid overlap with sensitive intertidal
habitats (e.g., native eelgrass beds);



Incorporation of rocky substrate in portions of terminal and causeway perimeters;



Minimising the causeway expansion footprint in the high intertidal zone; and



Rounding of the northwest corner of the terminal to reduce the predicted scour area
and potential tidal channel formation.

12.7.1.2

Timing Windows

To minimise direct mortality and physical injury effects of construction activities, dredging
guidelines have been established by DFO for the protection of marine resources. To protect
gravid Dungeness crab females, the guidelines include a fisheries-sensitive window from
October 15 to March 30 below −5 m CD. In concordance with this window, dredging is
scheduled to only occur from April 1 to October 14 at depths below −5.0 m CD. While
timing windows have proven effective in reducing interactions between Project activities and
gravid crabs (and all other marine invertebrates inhabiting waters greater than −5 m CD),
some sub-components with sensitive life periods outside this temporal window will still be at
risk of adverse effects.
Since not all effects on marine invertebrates can be addressed through avoidance measures,
additional mitigation measures are planned, as outlined below.
12.7.2 Mitigation # 1 for Direct Mortality
Mitigation

measures

have

been

identified

to

prevent

direct

mortality

of

marine

invertebrates. A Marine Species Salvage Plan will be developed and described in the
Construction Environmental Management Plan (EMP), and will include a description of the
strategy, procedures, and timing (Section 33.3.12 Marine Species Salvage Plan). The
subsections that follow provide details on proposed marine species salvage plans that relate
to marine invertebrates.
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12.7.2.1

Crab Salvages

Where possible, Dungeness crabs will be salvaged prior to dredging, infilling containment
dykes (i.e., terminal and causeway), and storing sand at the ITP. The salvages will use crab
traps or SCUBA divers to capture individuals and relocate them to nearby suitable areas
undisturbed by the Project. This mitigation was used for DP3, and is considered to be
effective at minimising the number of individuals exposed to and affected by construction
activities.
12.7.2.2

Orange Sea Pen Transplant

A transplant program is proposed to partially mitigate direct mortality of orange sea pens
from terminal construction. Via SCUBA, a small portion of the orange sea pen bed will
be transplanted

to

nearby

sites

identified

as

suitable

through

habitat

modelling

(see Appendix 12-A). Orange sea pens have long been collected for aquariums, and there
is confidence that proposed handling techniques will pose little to no risk to individual
specimen survival.
As there is no precedent for sea pen transplants in the wild, a pilot study was conducted
prior to this assessment to examine the ecological and logistical feasibility of transplanting
sea pens. A total of 1,200 orange sea pens were successfully transplanted to three sites
within the LAA as part of the pilot program. Survivorship averaged 72% across treatments
and sites after a single monitoring event, conducted one month after the transplant.
Estimates of survivorship may be higher as, at the time of monitoring, poor visibility
conditions combined with sea pen burying behaviour likely resulted in lower detections.
Additional monitoring is planned to confirm transplant success over the mid to long-term. If
deemed to be a feasible mitigation measure, a transplant strategy will be developed in
conjunction with DFO to ensure alignment with actions identified in DFO’s Pacific Region
Cold-Water Coral and Sponge Conservation Strategy (DFO 2011).
12.7.3 Mitigation #2 for Changes in Sediment and Water Quality
Several standard mitigation practices, with proven track records of efficacy, will be used to
minimise the potential for marine invertebrates to be affected via sediment and water
quality pathways during the Project’s construction and operation phases, including
implementation of a Construction Environmental Management Plan and supporting plans
(Section

33.3

Construction

Environmental

Management

Plans).

Compliance

monitoring parameters for the protection of aquatic life from TSS and turbidity (and other
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physical, chemical, or biological parameters, where applicable) will be described in the
Construction Compliance Monitoring Plan (Section 33.3.1 Construction Compliance
Monitoring Plan). For more details on sediment and water quality mitigation, refer to
Sections 9.6.8 Surficial Geology and Marine Sediment, Future Conditions with the
Project and 9.7.8 Marine Water Quality, Future Conditions with the Project,
respectively.
12.7.4 Mitigation #3 for Productivity Losses – Offsetting
An approach for offsetting potential and unavoidable Project-related effects after steps have
been taken to avoid and mitigate impacts is outlined in Section 17.3.2 Mitigation for
Marine Biophysical Valued Components, Offsetting Framework. The offsetting
framework proposes non-standard, innovative approaches to mitigating adverse effects on
the ongoing productivity of marine invertebrate populations and associated CRA fisheries.
While the approaches being proposed might be non-standard, their efficacy has been
demonstrated through other Projects (e.g., DP3, Vancouver Convention Centre) where
highly productive intertidal and subtidal habitats have been created and restored. Onsite
offsetting concepts that will benefit marine invertebrates are described below.
12.7.4.1

Eelgrass

Eelgrass provides important habitat for a number of marine invertebrates including
Dungeness crabs, heart cockles, and infaunal and epifaunal communities (particularly
harpacticoid copepods). Native eelgrass transplants are planned within the LAA, and
methods are considered to be proven and effective.
12.7.4.2

Tidal Marsh

Tidal marshes provide food and shelter for a number of invertebrates, including infaunal and
epifaunal communities and bivalve shellfish. Creation of salt marsh is proposed along the
new causeway, and within the elbow of the proposed terminal. Note that while an increase
in the productive potential of infaunal and epifaunal invertebrate communities is predicted,
they are an important food source for fish (e.g., juvenile Pacific salmon) and diving birds
(e.g., scoters) for which minor decreases are predicted (pre-mitigation); therefore, creation
of habitat for infaunal and epifaunal invertebrates will benefit higher trophic levels that
require offsetting.
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12.7.4.3

Mudflat

Mudflat provides habitat for infaunal and epifaunal communities and bivalve shellfish.
Creation of mudflat is proposed near the saltmarsh created along the terminal and elbow.
As indicated above, while infaunal and epifaunal invertebrate communities don’t require
offsetting, increases in their productivity through creation of habitat will create more food
for higher trophic levels that require offsetting.
12.7.4.4

Sandy Gravel Beach

As discussed in Section 12.5.2, bivalve shellfish occupy highly oxygenated, shallow mud or
sand-silt habitats (Levings et al. 1983, Burd et al. 2008a). As such, creation of sandy gravel
beaches can help to partially offset predicted decreases in bivalve productivity. Base
elevations will be from approximately +1.5 m to +4.8 m CD.
12.7.4.5

Subtidal Rock Reefs

During RBT2 construction, some of the existing rip-rap, which has been colonised by bay
mussel and Pacific oysters, will be removed. Construction of subtidal rock reefs is expected
to provide suitable habitat for epifaunal bivalve attachment. This is considered a highly
effective measure, as evidenced by the extent of colonisation of hard surface habitat utilised
for DP3.
Table 12-12 below summarises the mitigation measures developed to address anticipated
adverse effects on marine invertebrates.
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Table 12-12

Potential Effect

Productivity loss
for bivalve
shellfish,
Dungeness crabs,
and orange sea
pens

Summary of Mitigation
Invertebrates

Measures

to

Address

Adverse

Project-related

Effects

on

Marine

Applicable
Phase(s)

Effect Mechanism and Mitigation Measure

Detectable/
Measurable
Residual Effect

Construction
/ Operation

Direct Mortality – Construction Phase
Timing Windows: DFO least-risk timing window for crabs (October 15 to March
30) will protect gravid females from activities occurring below −5.0 m CD.
Crab Salvage Program: will take place prior to commencing dredging activities,
transfer of sand to ITP, and infilling containment dykes (terminal and causeway).
Crabs will be trapped and released to suitable habitat distant from Project
activities.
Orange Sea Pen Transplant: Will employ SCUBA to collect a small portion of the
orange sea pen bed for transplant to suitable sites adjacent to, but outside of,
Project-affected areas at Roberts Bank.
Water Quality – Construction Phase
Construction Environmental Management Plan and supporting plans, including:
Construction Compliance Monitoring Plan; Environmental Training Plan; Dredging
and Sediment Discharge Plan; Sediment and Erosion Control Plan; Hazardous
Materials and Waste Management Plan; and, Spill Preparedness and Response
Plan.
Water Quality – Operation Phase
Operation Environmental Management Plan and supporting plans, including:
Operation Compliance Monitoring Plan; Environmental Training Plan; Hazardous
Materials and Waste Management Plan; Spill Preparedness and Response Plan.
Productivity – Construction and Operation Phases
Project Design: Optimised Project design including terminal placement in subtidal
waters, reduced footprint for causeway widening, terminal rounded corner, and
incorporation of rocky shoreline in portions of the terminal and causeway
perimeters.
Offsetting Plan: where losses to ongoing productivity of marine invertebrates
cannot be avoided, losses will be mitigated by the enhancement of existing or
creation of new habitats, such as eelgrass, tidal marsh, mudflat, sandy gravel
beaches, and subtidal rock reefs. Offsetting measures will be developed in
consultation with relevant regulatory bodies and stakeholders (see Section
17.3.2 Mitigation for Marine Biophysical Valued Components, Offsetting
Framework).

Yes for bivalve
shellfish,
Dungeness crabs,
and orange sea
pens
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12.8

CHARACTERISATION OF RESIDUAL EFFECTS AND CONTEXT

This section provides a characterisation of residual effects carried forward for assessment,
as indicated in Table 12-12. Residual effects are those that cannot be fully avoided or
reduced through mitigation measures (including offsetting).
12.8.1 Residual Effect - Characterisation of Productivity Loss
With the implementation of mitigation measures described above, effects to marine
invertebrate sub-components will be reduced. Specifically, the following outcomes are
anticipated:


For infaunal and epifaunal invertebrates, short-term productivity losses associated
with construction activities (direct mortality, changes in water quality) will be offset
by gains from improved habitat suitability shoreward of the terminal. Overall, a
minor increase in productive potential is predicted for this sub-component.



For bivalve shellfish, residual loss of productivity is expected through (1) direct
mortality and loss of habitat in the Project footprint; and (2) reduction in suitable
habitat shoreward of the terminal.



For Dungeness crab, potential effects of injury and mortality are anticipated to be
effectively reduced through avoidance and mitigation, particularly through the use of
timing windows and salvages. Residual loss of productivity, however, is expected
with the loss of suitable habitat due to the Project footprint.



Mitigation will reduce, but not fully avoid, orange sea pen productivity loss; residual
productivity loss is anticipated from direct mortality and loss of suitable habitat in
the terminal footprint.

Potential residual effects to marine invertebrates were characterised by qualitatively
assessing the magnitude, extent, duration, reversibility, and frequency. Definitions for
ratings applied to residual effects criteria, developed with specific reference to marine
invertebrates, are presented in Table 12-13.
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Table 12-13

Criteria

Criteria Used to Characterise Adverse Residual Effects on Marine
Invertebrates
Description

Definition of Rating
Low (L) - a measurable change but within the range of natural
variability that will not affect population integrity or function

Magnitude

Extent

Duration

Reversibility

Frequency

Expected size or
severity of the
residual effect

Moderate (M) - measurable change outside natural variability
that may affect population integrity OR function, but not both

Spatial scale
over which the
residual effect is
expected to
occur

Site-specific – Limited to areas within and immediately adjacent
to the Project footprint

Length of time
over which the
residual effect is
expected to
persist

Short-term – Effect limited to specific construction activities or
entire construction phase, or only present on a seasonal basis

Whether or not
the residual
effect can be
reversed once
the physical
work or activity
causing the
effect ceases
How often the
residual effect is
expected to
occur

High (H) - measurable change that exceeds the limits of natural
variability and may affect long-term population integrity and
function

Local – Effects limited to Roberts Bank within the LAA
Regional – Does not apply to marine invertebrates

Long-term – Effect begins during the construction phase and
persists into operation phase
Permanent – Effect present indefinitely
Fully reversible – Indicator(s) will return to existing conditions
after Project-related effects cease
Partially reversible – Indicator(s) will trend toward but not
return to existing conditions
Irreversible – Indicator(s) will not return to existing conditions
Infrequent – Effect(s) occur once
Frequent – Effect(s) occur repeatedly during Project construction
or operation
Continuous –Effect(s) occur continuously throughout the Project
phases

The Roberts Bank ecosystem model predicts an overall increase in VC biomass (+256 t) for
future conditions with the Project, driven primarily by an increase in the infaunal and
epifaunal invertebrates sub-component. This increase, however, is considered to be
overestimated based on sensitivity analyses and other lines of evidence. Decreases in
productive potential of the other three sub-components predicted by the ecosystem model
align with qualitative predictions. Overall, residual effects are anticipated only for bivalve
shellfish, Dungeness crab, and orange sea pen sub-components, and are characterised
below.
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Ratings for this effect were developed from professional judgement, drawing on a
combination of ecosystem model outputs, literature, and results from RBT2-specific
empirical studies and statistical modelling.
Magnitude is rated as moderate based on the following rationale:


For orange sea pens, a 55% decrease in productive potential is considered moderate
as it is likely outside the natural range of variability and may affect ecological
function in the LAA, as no other species can substitute the extent of habitat
complexity and sediment bio-turbation provided by sea pens;



For other sub-components (bivalve shellfish, and Dungeness crab), magnitude is
considered low because the Project is unlikely to result in changes in productivity
outside the range of natural variability and, in the case of Dungeness crabs, outside
levels of fishing mortality; and



Many marine invertebrates possess life history characteristics (e.g., high fecundity)
that make them resilient to physical and environmental changes. Negative
differences in productivity for all sub-components will be lessened by natural
recovery (i.e., recruitment or immigration) or mitigation measures.

Extent is rated as local based on the following rationale:


Injury and direct mortality are not expected beyond the Project footprint (i.e.,
localised and site-specific); and



Habitat availability effects on productivity (i.e., through loss of subtidal and intertidal
sand habitat) will be limited to the LAA.

Duration is rated as long-term to permanent, based on the following rationale:


Direct mortality and water quality-related mechanisms are considered short term as
they are only anticipated during the Project’s construction phase, but may result
from different construction components (e.g., dredging, infilling) at different times
over several years;



Changes in geomorphic processes that cause changes in water and sediment (i.e.,
salinity, deposition) are due to terminal placement, which is permanent; however,
loss of productivity is not considered indefinite as recovery is expected, both
naturally and through mitigation or onsite offsetting measures; and



Loss of subtidal sand from terminal placement is permanent because no mitigation is
available.
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Reversibility is rated as partial based on the following rationale:


While the mortality of organisms lost directly to RBT2 will be irreversible,
productivity can be recovered. Population recovery is variable and depends on a
range of environmental and biological factors; in some cases (i.e., infaunal and
epifaunal invertebrates), productivity is projected to increase beyond existing
conditions while in other cases (i.e., orange sea pens), full recovery is unlikely; and



Habitats with the shortest recovery times reportedly occur in estuaries or on highly
mobile sands under conditions of strong tidal flushing (Newell et al. 1998, Hill et al.
2011), such as Roberts Bank.

Frequency was rated as frequent based on the following rationale:


Placement of terminal and associated habitat loss is a one-time event and thus
considered infrequent;



Losses of productivity through injury or direct mortality are only anticipated during
the Project’s construction phase but may result from different construction activities
(e.g., dredging, infilling) at different times over several years; and



Losses in productivity resulting from reduced habitat quality or changes in
geomorphic processes from RBT2 placement will occur on an annual basis, but are
strongest on a seasonal basis: changes are expected for both freshet and nonfreshet periods, but are expected to be less intense during non-freshet.

Table 12-14 below presents a summary of criteria ratings for the predicted Project-related
losses in productivity.
Table 12-14
Criteria

Magnitude

Summary of Criteria Ratings for Productivity Losses
Criteria
Rating

Moderate

Rationale for Criteria Rating
Rating based on evaluation of orange sea pens, where a 55%
decrease in productivity is considered outside the natural range of
variability, and may affect overall sea pen ecological function in the
LAA.
For bivalve shellfish, and Dungeness crab sub-components, the
magnitude is considered low as the Project is unlikely to result in
changes in productivity outside the range of natural variability or
compromise ecological function.

Extent

Local

Effects are limited to the LAA.

Duration

Long
term

Some mechanisms (i.e., direct mortality, elevated TSS levels) will be
present only during the construction phase. Other mechanisms (e.g.,
salinity, sediment deposition) will be present throughout the year, but
with strong seasonal components (i.e., more drastic during freshet).
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Criteria

Reversibility

Frequency

Criteria
Rating

Rationale for Criteria Rating

Partially
reversible

Population recovery is variable and dependant on a range of
environmental and biological factors; in some cases (i.e., infaunal and
epifaunal invertebrates), productivity is projected to increase beyond
existing conditions while in other cases (i.e., orange sea pens)
productivity may rebound, but full recovery is unlikely.

Frequent

Placement of terminal and associated loss of habitat availability is a
one-time event and thus considered infrequent. Losses in productivity
through direct mortality are only anticipated during the construction
phase, but may result from different activities at different times over
several years. Losses in productivity resulting from reduced habitat
quality or changes in geomorphic processes (i.e., water and sediment)
from RBT2 placement will occur on an annual basis, but are strongest
on a seasonal basis.

12.8.2 Context of Residual Effects
Roberts Bank is a dynamic and diverse estuarine environment with seasonal events
(e.g., freshet), Fraser river inputs, wave action, and tidal cycles producing large fluxes in
water and sediment movement. Natural activity, coupled with anthropogenic development
(e.g., dykes, terminals, causeways), influences the morphology of the tidal flats and has
resulted in the formation of various biosedimentological zones (i.e., intertidal marsh,
biomat; see Section 9.5.6 Coastal Geomorphology, Existing Conditions), which
support distinct biological communities. Estuarine species are well adapted and resilient to a
wide range of abiotic conditions (e.g., salinity, sediment grain size, turbidity); however,
different species display different ranges of tolerance.
While not considered directly in the assessment of Project-related effects, it is also
important to note that climate change will play an increasingly large role in shaping the
Roberts Bank tidal flats into the future. Water depths are anticipated to increase with time,
and the seaward edge of the tidal flats is predicted to retreat due to a combination of
predicted sea level rise, subsidence, and exclusion of sand inputs by the two existing
causeways (Section 9.5.7, Coastal Geomorphology, Expected Conditions). Future
responses of the Fraser River estuary to climate change are complex, and are discussed in
more detail in Appendix 9.5-A Roberts Bank Terminal 2 Technical Report, Coastal
Geomorphology Study.
Driven by constantly changing abiotic conditions, including climate change, marine
invertebrate population indicators are extremely variable in space and time, and this high
degree of natural variability was considered when characterising Project-induced changes.
Further, the biological sensitivity and resilience of marine invertebrates were also taken into
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account during the ranking process, based on existing conditions identified within the LAA
and life histories of sub-components (see Section 12.5). Additionally, effects were
considered in the context of functional ecology – the role that particular species and
community assemblages play in the broader ecosystem. Recovery considers the functional
capacity (i.e., the processes and properties) of the ecosystem rather than the number and
proportion of species and individuals. Decline or loss of species in a functional group may
not affect the ecosystem if the function is taken up by another member of the same
functional group (Cooper et al. 2008).
12.9

DETERMINATION OF SIGNIFICANCE OF RESIDUAL ADVERSE EFFECTS

This section provides a determination of significance for the marine invertebrates VC.
12.9.1 Significance Definition
Significant adverse effects on marine invertebrates occur when residual effects alter
population and community characteristics (i.e., abundance, biomass, diversity, distribution)
such that: a) the long-term integrity of the population and community is compromised; and
b) the population and community function in the wider marine ecosystem is not maintained.
12.9.2 Significance Determination
The determination of significance of each residual effect is provided in Table 12-15, along
with the likelihood of the residual effect, and the level of confidence associated with
determinations of likelihood and significance.
Likelihood characterisation was based on professional judgement, with unlikely effects
defined as those having a low probability of occurring, and likely effects having a higher
probability. A low level of confidence is assigned to effects predictions with little or no
empirical data, whereas a moderate level of confidence is assigned to predictions that were
based on data sources such as predictive model outputs and published literature. A high
level of confidence is assigned to predictions that have direct, site-specific quantitative data
to support the prediction.
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Table 12-15

Summary of Determination of Significance of Residual Effects for
Marine Invertebrates

Residual Effect
Productivity Loss for
bivalve shellfish,
Dungeness crabs, and
orange sea pens

Significance
(significant/
not significant)

Likelihood of
Residual Effect
(likely/unlikely)

Not Significant

Likely

Level of Confidence
(low/moderate/high)
High for bivalve shellfish
and Dungeness crabs
Moderate for orange sea
pens

Since most marine invertebrate species are either sessile (e.g., bay mussels), have limited
motility (e.g., infaunal and epifaunal invertebrates, cockles), or have fairly small home
ranges (i.e., Dungeness crabs), direct mortality is unavoidable. There is a high likelihood,
however, of re-colonisation of non-footprint areas following Project construction given the
broadcast spawning life history strategies of marine invertebrates and the temporary nature
of the disturbance. For example, pelagic larvae of Dungeness crabs are expected to
continue drifting to Roberts Bank from adjacent spawning locations within the RAA. Larval
recruitment is spatially and temporally variable, which may result in patchy and
unpredictable re-colonisation (Hill et al. 2011).
The physical environment of Roberts Bank is dynamic, and is expected to continue to
change into the future. Shifts in population indicators of marine invertebrates are expected
in response; however, invertebrates that inhabit Roberts Bank are well adapted to extreme
environmental fluctuations. While RBT2 will cause losses of productivity of certain subcomponents, the scale of change is minor in the context of such natural variability and will
not compromise the population integrity or ecological function.
Confidence was rated as moderate for orange sea pens and high for bivalve shellfish and
Dungeness crabs based on the following rationale:


Roberts Bank is a well-studied ecosystem. Site-specific data were available from two
years of field collection efforts, as well as from the literature and other
environmental assessments (i.e., DP3) in the area;



Model results (ecosystem, habitat suitability, or Bayesian population dynamics
models) were critically evaluated and used alongside other tools to make VC
predictions; and



Precedence exists for all mitigation measures, except for the orange sea pen
transplant.
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For the reasons listed above, the residual effect of the Project on marine invertebrates in
combination with the effects of other projects and activities that have been carried out (as
reflected in Section 12.5) are determined to be not significant. This non-significant residual
effect is carried forward in the cumulative effects assessment below.
12.10 CUMULATIVE EFFECTS ASSESSMENT
The potential for Project-related effects to combine with the effects of other projects and
activities that have been carried out (i.e., the existing conditions temporal case) and will
have been carried out prior to the Project (i.e., the expected conditions temporal case) was
considered in Section 12.5 and has therefore been integrated into the Project’s residual
effects (see Section 12.8).
This section describes the potential for the residual effects of the Project to combine with
the incremental effects of other certain and reasonably foreseeable projects and activities
that will be carried out (i.e., those not already considered in the existing and expected
conditions cases). These other certain and reasonably foreseeable projects and activities are
identified in Table 8-8 Project and Activity Inclusion List.
There were no projects or activities identified on a regional scale with effects that would
interact with the residual effects of the Project, such that a cumulative effect on marine
invertebrates would be likely. Further, as the residual effect identified for marine
invertebrates

results

partially

from

altered

coastal

geomorphic

processes,

this

cumulative effects assessment considered the cumulative effects assessments provided in
Section 9.5.9 Coastal Geomorphology, Future Conditions with the Project and
Other Certain and Reasonably Foreseeable Projects and Activities and Section 9.7.9
Marine Water Quality, Future Conditions with the Project and Other Certain and
Reasonably Foreseeable Projects and Activities. Both of these IC assessments found
that reasonably foreseeable projects or activities are not expected to influence change at
Roberts Bank. As a result, the cumulative effects assessment for marine invertebrates
concludes that other projects and activities will not contribute to the Project-related residual
effects to result in residual cumulative effects. Appendix 12-B Rationale for Exclusion of
Other

Certain

and

Reasonably

Foreseeable

Projects

and

Activities

in

the

Cumulative Effects Assessment of Marine Invertebrates includes the rationale for
exclusion of all reasonably foreseeable projects and activities that were considered in
making this determination.
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12.11 SUMMARY OF RESIDUAL EFFECTS AND RESIDUAL CUMULATIVE ENVIRONMENTAL EFFECTS
Table 12-16 provides a summary of potential residual effects of the Project.
Table 12-16

Summary of Residual Effects for Marine Invertebrates
Residual Effects

Residual Cumulative Effects

Residual Effect

Magnitude, Extent,
Duration,
Reversibility,
Frequency

Significance

Magnitude,
Extent, Duration,
Reversibility,
Frequency

Loss of
Productivity for
bivalve shellfish,
Dungeness crabs,
and orange sea
pens

Moderate, Local,
Long-term, Partially
Reversible, Frequent

Not Significant

No cumulative interaction expected

Significance

12.12 MONITORING AND FOLLOW-UP PROGRAMS
Monitoring and follow-up programs will occur before (if warranted), during, and after the
construction of the Project, with details to be further determined collaboratively with
regulatory

agencies

including

Management

Program,

Section 33.4.1

Environmental

DFO

and

Construction

CWS.

Section

Compliance

Management

Program,

33.3.1

Environmental

Monitoring
Operation

Plan

and

Compliance

Monitoring Plan outline the compliance monitoring requirements for both phases.
Section 33.5 Environmental Management Program, Roberts Bank Terminal 2
Follow-up Program outlines the purpose of the program and provides additional specifics
relevant to this VC.
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13.0 Marine Fish Assessment Highlights:


Overall, marine fish are expected to experience a minor decrease in productivity
with the Project.



Minor decreases in productivity resulting from direct mortality and disturbance
from underwater noise during Project construction, and permanent loss of
subtidal sand habitat associated with the terminal footprint, can be partially
mitigated through the implementation of environmental management plans and
the creation of habitat.



Residual effects are anticipated for flatfish and forage fish as a result of subtidal
sand habitat loss and underwater noise.



The Project is not expected to result in any significant adverse residual effects to
marine fish.



The Project is not expected to result in measurable incremental adverse
cumulative effects to marine fish.

13.0 MARINE FISH EFFECTS ASSESSMENT
This section presents the results of the assessment of potential Project-related effects and
cumulative effects on marine fish. The rationale for the selection of marine fish as a VC,
assessment boundaries, and existing conditions relevant to marine fish are described. To
satisfy specific requirements pertaining to marine fish outlined in the EIS Guidelines, part 2,
sections 9.1.4 and 9.1.5, marine fish habitat, abundance, and distribution, and predatorprey interactions in the intertidal, subtidal, and delta foreslope zones at Roberts Bank and
the Fraser River estuary are characterised.
Assessment findings, including identification of Project-related interactions and effects,
proposed approaches to mitigation, evaluation of residual Project and cumulative effects,
and determination of significance are presented in this section. Monitoring and follow-up
programs to be conducted with respect to marine fish are also described.
13.1

COMPONENT OVERVIEW AND REGULATORY SETTING

High primary and secondary productivity in estuarine ecosystems support a great
abundance and diversity of marine fish (Beck et al. 2001), which in turn support higher
trophic-level organisms. Marine fish in the Fraser River estuary are of high ecological,
social, cultural, and commercial value. The Fraser River estuary and adjacent coastal waters
offer rearing habitats (e.g., eelgrass beds, saltmarshes, sand and mudflats) for juvenile fish,
and staging areas for adult anadromous fish (e.g., salmon) prior to their upriver
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spawning migrations. Roberts Bank supports multiple life stages of marine fish, several of
which are important to commercial, recreational, and Aboriginal (CRA) fisheries either
directly or indirectly through food web interactions. Marine fish species important to the
continued viability of CRA fisheries include several species of salmon, forage fish, flatfish,
and rockfish.
The regulation and management of marine fish at Roberts Bank occurs through several acts,
regulations, or policies, including the Fisheries Act, the Species at Risk Act (SARA), the B.C.
Wildlife Act, the Canada Wildlife Act, and the Canadian Environmental Protection Act.
The Fisheries Act, administered by Fisheries and Oceans Canada (DFO), protects the
ongoing productivity and sustainability of CRA fisheries. Any work, undertaking, or activity
that seriously harms fish that are part of or support a CRA fishery is prohibited, as is the
deposition of deleterious substances.
Fisheries and Oceans Canada policies and guidance documents for the management of fish
and fish habitat include the following:


Fisheries Protection Policy Statement (DFO 2013a);



Canada’s Policy for Conservation of Wild Pacific Salmon, also referred to as the Wild
Salmon Policy (DFO 2005);



The Fisheries Protection Program Operational Approach (DFO 2013b);



Federal Fisheries Productivity Investment Policy: A Proponent’s Guide to Offsetting
(DFO 2013c);



Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013d); and



Practitioners Guide to the Risk Management Framework for DFO Habitat Management
Staff, Version 1 (DFO 2010).

For more information on CRA fisheries in the Fraser River estuary and integrated fisheries
management plans guiding the conservation and sustainable use of marine resources in the
Pacific

Region,

refer

to

Section

16.0

Ongoing

Productivity

of

Commercial,

Recreational, and Aboriginal Fisheries.
For details on the relevance of other policies and acts, and sensitive wildlife areas in the
Fraser River estuary, refer to Sections 6.0 Environmental Assessment and Permitting
Process and 3.2 Geographical Setting, Natural Elements, respectively. For details on
sediment and water quality management, refer to Sections 9.6 Surficial Geology and
Marine Sediment and 9.7 Marine Water Quality.
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Marine fish species at risk at Roberts Bank are provided in Table 10.2-2 Marine Fish
Species at Risk in the Vicinity of the Project. Two species of sturgeon, green sturgeon
(Acipenser medirostris) and white sturgeon (lower Fraser River population; Acipencer
transmontanus, pop. 4), are considered to be at risk in the vicinity of the Project. While
both species are provincially Red-listed, green sturgeon are classified as Special Concern
under Schedule 1 of SARA (2006) and white sturgeon are classified as Threatened under
COSEWIC (2012). Historically abundant, these species have been depleted and are now rare
within waters of the Fraser River estuary, including at Roberts Bank. Additionally, eulachon
(Thaleichthys pacificus), is Blue-listed provincially and classified as Endangered by
COSEWIC (2011). Eulachon are a culturally valued and staple food source for many coastal
Aboriginal people, and historically returned to the lower Fraser River each spring to spawn
in very large numbers; however, current populations are severely reduced. For definitions of
list designations and risk status, refer to Appendix 10-A Species at Risk – Information
on Federal and Provincial Designations.
13.2

SELECTION OF MARINE FISH VALUED COMPONENT

The selection of marine fish followed a three-step selection process as set out in
Section 8.1.2 Effects Assessment Methods, Selection of Valued Components.
Marine fish are considered a VC in this environmental assessment because they are critical
components of estuarine and marine food webs, influencing the structure and function of
nearshore and offshore ecosystems, and contributing to overall ecosystem health (Frid and
Marliave 2010, Liedtke et al. 2013). Many species are also of social, economic, and cultural
importance to local communities and Aboriginal groups that use the Fraser River estuary.
Fish species traditionally harvested by Aboriginal groups include Pacific salmon, rockfish,
flatfish (including halibut, flounder, and sole), smelt, trout, shiner perch, lingcod, eulachon,
Pacific herring (and their roe), sturgeon, and spiny dogfish (Wilson et al. 2013, Woolman
2014), and all of these species have maintained some level of importance in present-day
Aboriginal fisheries (Woolman 2014).
The Project Interaction Matrix (see Appendix 8-B) was used to identify interactions
between Project activities and the marine fish VC. Key construction activities that may
interact with marine fish include intermediate transfer pit (ITP) activities (e.g., deposition
and removal of sand), marine terminal construction (e.g., containment dykes, dredging, pile
driving, and disposal at sea (DAS)), causeway widening, and tug basin expansion. Activities
during Project operation include vessel berthing and manoeuvring, and maintenance
dredging. Details on how Project activities are expected to affect marine fish are provided in
Section 13.6.
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Marine fish species of particular interest were identified through discussions with regulators
and Aboriginal groups; input from scientific experts during Technical Advisory Group (TAG)
and

Technical

Working

Group

workshops;

engagement

with

the

public

and

local

governments; and professional judgement and experience of the study team. Technical
studies allowed for potential Project-related effects to be measured and monitored, and set
the foundation for future validation of effects predictions. For subsequent statements in this
section pertaining to professional judgement or reliance, the names and qualifications of the
individuals making that judgement are listed at the beginning of Volume 3.
Several marine fish species are sensitive to natural or anthropogenic disturbance during one
or more life stages. For example, rockfish (Sebastes sp.) and lingcod (Ophiodon elongatus)
are characterised by life history traits that make them vulnerable to decline and slow to
recover, including long life span, slow growth, old age at maturity, and localised movement
patterns (Love et al. 2002), while forage fish species, such as Pacific sand lance
(Ammodytes hexapterus) and surf smelt (Hypomesus pretiosus), spawn along beaches
and are thus sensitive to effects from shoreline development (Penttila 2007, Krueger et
al. 2010).
Marine fish are ultimate receptors of Project-related effects either directly (i.e., through
lethal or sub-lethal physiological effects, or changes to behaviour, communication, or
navigation) or indirectly through: (1) changes to ICs including coastal geomorphology
(Section 9.5), surficial geology and marine sediment (Section 9.6), and marine water
quality (Section 9.7); or (2) through changes to other VCs such as marine vegetation
(Section 11.0) and marine invertebrates (Section 12.0) upon which marine fish rely for
habitat or food. Direct and indirect changes to marine fish can affect marine fish community
structure, function, predator-prey relationships, and ultimately, productivity. In some cases,
the pathways continue to higher trophic levels such as marine mammals (Section 14.0)
and coastal birds (Section 15.0). This VC also informs VCs associated with fisheries,
including ongoing productivity of commercial, recreational, and Aboriginal fisheries (Section
16.0), marine commercial use (Section 21.0), outdoor recreation (Section 24.0), and
potential or established Aboriginal and treaty rights and related interests (Section 32.0);
therefore, the residual and cumulative effects of the Project on marine fish are relevant to
the assessment of effects on those VCs. For a more comprehensive indication of the
relationships between marine fish and ICs and VCs, refer to Table 8-1 Intermediate
Component and Valued Component Linkages.
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13.2.1

Sub-components

A

number

large

of

marine

fish

species

are

known

to

occur

at

Roberts

Bank

(i.e., approximately 76 to 94 species) (Naito 2004, Archipelago 2014a, b, c, d, e, f).
To structure and streamline this assessment, five sub-components of marine fish are used:
1) Pacific salmon; 2) reef fish; 3) forage fish; 4) flatfish; and 5) demersal fish.
Sub-components are represented by species that are largely similar in nature, occupy
comparable habitats, play similar ecological roles, or may be affected by the Project in
analogous ways. Given the widely varying life histories of marine fish in general, multiple
representative species were chosen for each sub-component for thoroughness and to focus
the assessment on those species identified as being of high assessment importance.
Importance to Aboriginal groups, regulatory bodies, stakeholders, and the public, as well as
professional judgement were factors in sub-component and representative species selection.
Aboriginal traditional knowledge pertaining to marine fish, to which PMV had access or
acquired through engagement activities, was utilised in sub-component selection and was
also taken into account in the assessment of potential effects of the Project on marine fish.
Overall,

this

assessment

focuses

on species

of

commercial,

recreational,

cultural,

management, and conservation concern.
Sub-components chosen for marine fish, a summary of their representation, and the
rationales for their selection are presented in Table 13-1.
Table 13-1
Subcomponent

Sub-components for Marine Fish
Representative
Species

Rationale for Selection
 Of social, economic, cultural, and Aboriginal
importance, and contribute to the ongoing productivity
of CRA fisheries;
 Potentially ecologically dependent on Roberts Bank,
and consistently present in relatively high numbers;

Pacific Salmon

Chinook salmon

 Most estuarine-dependent species of salmon;

(Oncorhynchus
tshawytscha)

 Most abundant salmon species at Roberts Bank during
peak juvenile outmigration in spring and summer;

Chum salmon

 Populations of Fraser Chinook are of conservation
concern, especially Fraser stream-type Chinook
returning in spring and summer;

(Oncorhynchus keta)

 Chinook salmon assigned a provincial Conservation
Framework priority of 2 (high priority)1; and
 Important prey species for southern resident killer
whale (SRKW).
1

The BC Ministry of the Environment’s Conservation Framework ranks B.C. species and ecosystems of
conservation concern for management action, based on five criteria: global and provincial status; trends;
threats; stewardship responsibility; and feasibility of recovery.
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Subcomponent

Representative
Species

Rationale for Selection
 Top and meso-predators, with the potential to
influence abundance and distribution of lower trophiclevel species that form their diet;

Lingcod
(Ophiodon elongatus)
Reef Fish

Copper rockfish
(Sebastes caurinus)
Quillback rockfish
(Sebastes maliger)

 Heavily preyed upon by fishes, marine birds, and
marine mammals;
 Lingcod is of high commercial and recreational value;
 Lingcod populations in the Strait of Georgia are
depressed;
 Copper rockfish is one of the most abundant reef fish
at Roberts Bank and is consistently present in
relatively high numbers; and
 Quillback rockfish listed as threatened by Committee
on the Status of Endangered Wildlife (COSEWIC) in
Canada, and under consideration for listing under
SARA Schedule 1 (DFO 2014a).

Pacific sand lance
(Ammodytes
hexapterus)
Surf smelt
Forage Fish

(Hypomesus
pretiosus)
Pacific herring
(Clupea pallasii)
Shiner perch
(Cymatogaster
aggregata)

 Critical link between zooplankton and top marine
predators (e.g., piscivorous fish, including species
that support CRA fisheries, coastal birds, and marine
mammals);
 Pacific sand lance and surf smelt are highly habitatdependent during one or more life stages (e.g., both
are obligate high-intertidal beach spawners);
 Herring are of high commercial and Aboriginal
importance, and there is uncertainty around the
resident and migratory nature of herring stocks in the
Strait of Georgia; and
 Shiner perch is consistently one of the most abundant
forage fish present at Roberts Bank.
 Among the most seasonally abundant marine fish at
Roberts Bank;

English sole
Flatfish

(Parophrys vetulus)
Starry flounder
(Platichthys stellatus)

 Key prey item for higher trophic levels;
 English sole is representative of deeper-water flatfish
species; and
 Starry flounder is a good indicator of change in
intertidal environments (occurring in shallower waters
than English sole).

Threespine
stickleback
Demersal Fish

(Gasterosteus
aculeatus)

 Two of the most abundant and commonly-encountered
marine fish species at Roberts Bank; and

Pacific staghorn
sculpin

 Occupy numerous estuarine environments and are key
predators/prey.

(Leptocottus
armatus)
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Sockeye salmon (Oncorhynchus nerka), eulachon, and both white and green sturgeon are
recognised as species of high economic, societal, and cultural importance to Aboriginal
communities. Potential Project-related effects on these species are considered within this
assessment through assessments on the sub–components Pacific salmon, forage fish, and
demersal fish, respectively. These species were not chosen as representative species for the
reasons described below.
Sockeye salmon
Sockeye salmon was not selected as a representative species within the Pacific salmon subcomponent for several reasons. First, both historic and recent studies indicate that juvenile
sockeye salmon do not use the southern Roberts Bank area in high abundance, relative to
other juvenile salmon species; the majority of past studies did not catch any juvenile
sockeye salmon (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984,
MacDonald 1984, Levings 1985, Triton 2004, Martel 2009) and as such, the Project is not
expected to adversely affect juvenile sockeye salmon.
Secondly, while there is evidence that adult sockeye pass through the estuary annually en
route to the Fraser River to spawn (Johannes et al. 2011), available information indicates
that most stocks enter the Fraser River with little or no delay (i.e., perhaps one day) (Cohen
2012); hence, any potential interaction between the Project and migrating or passing
individual adult sockeye salmon would be limited to approximately several days per year. A
potential exception is a portion of the late-run timing group, which typically holds in the
outer estuary for several weeks prior to starting upriver migration (Lapointe et al. 2003,
Young et al. 2006); however, since 1995, large segments of the late-run sockeye have
ceased their holding behaviour and entered the Fraser River three to six weeks earlier than
historically observed (Young et al. 2006). Temporary fisheries closures have been
implemented for sockeye in U.S waters adjacent to, and outside of, the local assessment
area (LAA)2. However, there is no scientific evidence that these waters, or waters at or near
Roberts Bank, represent holding areas for adult sockeye.

2

The following rule was adopted (Sept 5th 2007) and repealed (Sept 8th 2007) by the Department of Fish and
Wildlife: Fishers in the Point Roberts Area shall observe a closed zone inside a line from 1/4 mile due west of
the Iwerson Dock Origin to 1/4 mile radius around the southwest corner of Point Roberts (the Spit) to the Can
Buoy at the reef southeast of the southeastern corner of Point Roberts. Waters north and west of the Area 7A
Iwerson Dock Line (a line projected from Iwerson Dock on Point Roberts to the Georgina Point light at the
entrance to Active Pass in the Province of British Columbia) will also be closed to commercial harvest of salmon
(Washington Department of Fish and Wildlife 2007).
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Thirdly, chum and Chinook salmon were chosen as representative species over sockeye
because they are more estuarine dependent, with juveniles spending longer in the estuary
than sockeye juveniles, which tend to pass through quickly (Greer et al. 1980, Gordon and
Levings 1984, Birtwell et al. 1988, Cohen 2012). As such, any Project-related effects to
juvenile chum and Chinook are expected to be greater than to sockeye salmon juveniles.
Eulachon
Eulachon was not assessed directly as a representative species within the forage fish
sub-component due to the rarity of eulachon within the marine fish LAA. While eulachon are
known to occur in Fraser River estuary waters (i.e., as adults during spawning migrations
and as larvae flushed from Fraser River spawning sites), surveys at Roberts Bank and
Sturgeon Bank in past years have not yielded high catches of eulachon (Greer et al. 1980,
Levings et al. 1983, Conlin et al. 1982, Gordon and Levings 1984, MacDonald 1984, Triton
2004, Martel 2009). During the 2012 to 2013 fish surveying for the Project, no eulachon
were caught. While few ichthyoplankton studies have targeted eulachon in estuarine or
coastal waters of the Strait of Georgia, surveys describing the distribution of Pacific herring
larvae (in April and May) found virtually no eulachon larvae in these areas (Hay and
McCarter 1997); larvae are thought to be advected and dispersed southward toward the
southern Gulf Island and San Juan Islands relatively quickly (i.e., within several days).
Sturgeon
Similar to eulachon, sturgeon species were not selected as representative species within this
assessment due to their rarity within the marine fish LAA. Both white and green sturgeon
are anadromous species; however, white sturgeon does not require the marine environment
as part of its life cycle (Nelson et al. 2007) and migrating to the marine environment is not
a common life history behaviour for Fraser River white sturgeon (Veinott et al. 1999). As
such, the Project is not expected to adversely affect this species.
Green sturgeon spends the majority of its lifecycle in the marine environment (Adams et al.
2002), but does not spawn in Canadian rivers. When in marine waters this species spends
longer duration in areas with high seafloor complexity, especially where a greater proportion
of the substrate consists of boulders (Huff et al. 2011). It is therefore unlikely that adults or
juveniles are using Fraser River estuary waters (including Roberts Bank) in large numbers.
Sturgeon were not caught or observed during 2012 to 2013 field studies, and evidence of
sturgeon use of the LAA was not found in available scientific literature.
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13.2.2

Indicators

Indicators are measurable parameters that provide a means of determining a Projectrelated

change

to

a

VC.

Modelled

changes

in

habitat

area

loss

or

productivity

enable evaluation of Project-related effects from an ecosystem perspective. Density and
catch-per-unit-effort are indicators that will be used to monitor Project-related effect
predictions during follow-up monitoring (see Section 13.12). Other indicators, such as total
suspended solids (TSS), contaminant concentrations, and noise thresholds are established
indicators. The indicators chosen for marine fish and the rationale for their selection are
presented in Table 13-2.
Table 13-2

Indicators for Marine Fish
Indicator

Rationale for Selection
 Indicator for all five sub-components;
 Ecosystem-level and area-wide approach to assessing
Project-related effects;

Productivity (biomass in tonnes (t))

 Integrates Project-related effects across disciplines and
incorporates local, field-collected, and literature-based
knowledge;
 Indicates ecosystem health and contributes to ongoing
productivity of Roberts Bank; and
 Practical and measurable parameter that will reflect
potential changes to marine fish VC in response to the
Project.
 Field-collected, measurable parameters that are areaweighted and directly comparable across time and
space;

Density (number of fish or egg mass
per m2)
Catch-per-unit effort (CPUE) (lingcod)

 For reef fish, density is the standard metric collected
during DFO surveys and has been used during past
surveys at Roberts Bank;
 CPUE (of lingcod and egg masses) is the standard metric
collected during Vancouver Aquarium surveys, and has
been collected at Roberts Bank for comparison to these
survey results; and
 Contributes to ongoing productivity of Roberts Bank.

Underwater sound levels for fish
harm:
dB re 1 μPa (Sound Pressure Level
(SPL)) and dB re 1 μPa2s (Sound
Exposure Level (SEL)) for
assessment of direct mortality and
physical injury
Underwater sound levels for
behavioural disturbance:
90 dBht (species) (i.e., dB above a
species’ hearing threshold)

 Sound pressure level (SPL) and sound exposure level
(SEL) are commonly used metrics;
 Predicted noise levels from Project activity cases can be
compared to published thresholds for mortality and
injury to marine fish, and guidelines for behavioural
effect; and
 Practical and measurable parameter that will reflect
potential changes to marine fish VC in response to the
Project.
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Indicator

Rationale for Selection
 Indicator for all five sub-components;

Water Quality (total suspended solids
(TSS) levels (mg/L))

 Field collected, measurable parameter that will reflect
potential changes to VC in response to the Project; and
 Guidelines regarding TSS are available.
 Indicator for all five sub-components;

Sediment Quality (contaminant
concentrations (mg/kg))

 Disposal at sea regulations require characterisation of
sediments (i.e., sediment quality) in areas of anticipated
construction-related disturbances and DAS activities ;
and
 Field-collected and measurable parameter that will
reflect potential changes to marine fish VC in response to
the Project.
 Indicator for Pacific sand lance;
 Quantitative metric of potential burying;

Suitable subtidal burying habitat area
(ha)

13.3

 habitat loss based on suitability criteria; and
 Practical and measurable parameter that will reflect
potential changes to marine fish VC in response to the
Project.

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
marine fish, as well as any administrative or technical boundaries that apply.
13.3.1

Spatial Boundaries

The LAA, the regional assessment area (RAA), and the cumulative effects assessment
area (CAA) for marine fish are defined in Table 13-3 and shown in Figures 13-1 (LAA) and
13-2 (RAA). The boundaries of the LAA encompass the area within which the Project is
expected to interact with and potentially affect marine fish, and reflect constraints due to
administrative and technical boundaries (described further below in Sections 13.3.3 and
Section 13.3.4, respectively).
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Table 13-3

Spatial Boundary Definitions for Marine Fish

Spatial
Boundary

Local
Assessment
Area

Description of Assessment Area
 Roberts Bank, from the north side of the B.C. Ferries Terminal causeway to
Canoe Passage, and from the high-water mark seaward to ‒100 m depth CD;
 Includes all areas where Project-related effects (direct or indirect) to marine fish
are expected to occur, and is based on life history information and spatial extent
of Project-related influences (e.g., zones of acoustic effect or disturbance, TSS
levels, sediment dispersion predictions);
 Project-related effects on marine fish are not expected to extend into U.S.
waters; as such, the LAA does not extend across the U.S. border; and
 Localised spatial and temporal movements of focal groups/species have been
considered based on general life history information, current and past data from
Roberts Bank, and traditional use information.

Regional
Assessment
Area

 The Fraser River estuary from Boundary Bay to Sturgeon Bank and from the
high-water mark seaward to ‒100 m CD, plus the Fraser River North and Main
Arms and main stem to Hope; and
 DFO Pacific Fisheries Management sub-areas included are 29-6 to 29-17, waters
of the Pitt River bounded by sub-area 29-15 are also included.

Cumulative
Effects
Assessment
Area

 Same as RAA.

The marine fish LAA encompasses an area of approximately 5,416 ha. In determining LAA
boundaries, consideration was given to the nature and characteristics of marine fish, and
potential exposure of marine fish to various Project influences (e.g., TSS, sedimentation,
and underwater sound levels). Also taken into account were social and cultural
considerations, such as community knowledge and ATK, and current land and resource use
by Aboriginal groups and others.
The RAA, which covers an area of approximately 52,456 ha, was established to provide a
regional context for the assessment of Project-related effects. The RAA was also established
to encompass the area within which the residual effects of the Project on marine fish may
combine with the effects of other projects and activities to potentially result in a cumulative
effect. Marine and freshwater RAA boundaries were determined based on DFO Pacific
Fisheries Management Area (PFMA) 3 limits (see Figure 12-3 DFO Pacific Fishery
Management Area 29).

3

The B.C. coast is divided into DFO Pacific Fishery Management Areas (PFMAs). Each PFMA is this divided into a
variable number of sub-areas. These DFO management areas and sub-areas are used to record catch and
effort for numerous fisheries, and are the areas for which data used to assess trends are available
(see Section 16.0 Ongoing Productivity of Commercial, Recreational, and Aboriginal Fisheries for
more detail).
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13.3.2

Temporal Boundaries

Existing conditions were described for the year 2013, when the marine fish studies were
completed in the LAA. Temporal characteristics of the Project’s construction and operation
phases are defined in Section 4.0 Project Description. The temporal boundaries
established for the assessment of potential adverse Project-related effects on marine fish
encompass these Project phases, as defined below. Temporal characteristics specific to
marine fish (e.g., spawning, migration etc.) are considered in Section 13.5 and
Section 13.6.
Changes to marine fish related to Project construction were assessed for the horizon year
2021, which is considered representative of the entire construction phase. This is the year
that the majority of in-water construction activities that could adversely affect marine fish
will be completed (e.g., terminal dyking, dredging dredge basin), as well as the time by
which the majority of construction-related effects will have been realised.
Changes to marine fish related to Project operation were assessed for the horizon year
2030, as this is when the Roberts Bank ecosystem is predicted to reach equilibrium
following construction of the terminal containment dykes (i.e., approximately a decade after
terminal footprint construction). Refer to Section

10.3

Overview

of

Assessing

Ecosystem Productivity for more information on the rationale for post-construction
ecosystem equilibrium.
Project-related activities are likely to occur during sensitive life periods of sub-components.
For juvenile marine fish, these periods include recruitment to shallow inshore waters,
rearing and foraging, or migrating seaward (e.g., juvenile salmon). For adult marine fish,
sensitive periods include breeding, reproduction, foraging, and return migrating. Egg
development stages are also sensitive periods for benthic and pelagic spawners. For
details on sensitive life periods for representative species of each sub-component, refer to
Table 13-4 and Table 13-5.
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Table 13-4

Sensitive Life Periods of Adult Marine Fish Representative Species
Expected to Occur Within the Local Assessment Area
Month

Sub-component

J

F

M

A

M

J

J

A

S

O

N

D

Pacific Salmon
Chum salmon

1

Chinook salmon (overall)

2

Chinook salmon (stream-type)
Chinook salmon (ocean-type)

3

4

Reef Fish
Lingcod

5

Copper rockfish

6

Quillback rockfish

6

Pacific sand lance

7

Forage Fish

Pacific herring
Shiner perch
Surf smelt

8

9

10

Flatfish
English sole

11, 15

Starry flounder

12

Demersal Fish
Threespine stickleback

13

Pacific staghorn sculpin

14

Spawning/reproduction
Peak spawning/reproduction
Breeding season 16
Breeding and spawning/reproduction seasons (i.e., occur simultaneously)
Pacific salmon
Spawning migration
Peak spawning migration
1
(Salo 1991, Grant and Pestal 2009); 2 (English et al. 2007); 3 (Groot and Margolis 1991, Healey
1991, Boehlert 1997); 4 (Healey 1991, McPhail 2007); 5 (Cass et al. 1990); 6 (Love et al. 2002);
7
(Penttila 2007, de Graaf and Penttila 2011); 8 (Hay and McCarter 2013a); 9 (Gordon 1965);
10
(Therriault et al. 2002); 11 (Kruse and Tyler 1983, Lassuy 1989a); 12 (Orcutt 1950); 13 (Saimoto
1993, Triton 2004); 14 (Mace 1983).
15
According to available literature, English sole have several spawning events throughout the year
(as indicated).
16
Typical of rockfish, shiner perch, and threespine stickleback, breeding season encompasses
reproductive stages leading to and including spawning or internal fertilisation and bearing live
young. Reproductive stages may include exhibiting of courtship behaviour and mating habits, nest
building, and guarding.
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Table 13-5

Sensitive Life Periods of Juvenile Marine Fish Representative
Species Expected to Occur Within the Local Assessment Area
Month

Sub-component

J

F

M

A

M

J

J

A

S

O

N

D

Pacific Salmon
Chum salmon

1

Chinook salmon

2

Reef Fish
Lingcod

3

Copper rockfish

4

Quillback rockfish

4

Pacific sand lance

5

Forage Fish

Pacific herring
Shiner perch
Surf smelt

6

7

8

Flatfish
English sole

9

Starry flounder

10

Demersal Fish
Threespine stickleback

11

Pacific staghorn sculpin

1

12

Juvenile rearing
Juvenile recruitment to shallow nearshore habitats: Pacific staghorn sculpin, English sole,
Pacific sand lance, Pacific herring, copper rockfish, quillback rockfish
Pacific salmon
Fry seaward migration peak seaward migration
Fry peak seaward migration
(Salo 1991, Grant and Pestal 2009); 2 (Levings 1985, Cope 2012); 3 (Cass et al. 1990); 4 (Love et
al. 2002); 5 (Penttila 2007, de Graaf and Penttila 2011); 6 (Hourston and Haegele 1980); 7
(Gordon 1965); 8 (Therriault et al. 2002); 9 (Kruse and Tyler 1983, Lassuy 1989a); 10 (Orcutt
1950); 11 (Saimoto 1993, Triton 2004); 12 (Mace 1983).

For a more detailed review of the temporal distribution of marine fish sub-components,
including sensitive life stages, refer to Section 13.5. From a CRA fisheries perspective,
other periods relevant to marine fish,

including fishing seasons,

are outlined in

Section 16.0 Ongoing Productivity of Commercial, Recreational, and Aboriginal
Fisheries.
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13.3.3

Administrative Boundaries

Fisheries and Oceans Canada data are publicly reported for PFMAs and PFMA sub-areas.
Pacific Fisheries Management Area 29, which overlaps the marine fish LAA, includes areas
other than the Roberts Bank area (the LAA), so data reported at this level have limits
for interpreting existing conditions in the LAA. Pacific Fisheries Management Area sub-areas
29-6 and 29-7, however, are sufficiently small such that LAA harvesting activity can be
reasonably determined from reviewing data reported at this level.
13.3.4

Technical Boundaries

Technical boundaries relevant to this assessment are described as follows:


LAA boundaries extend to −100 m chart datum (CD), to coincide with the Roberts
Bank ecosystem model bounds; however, data on marine fish species composition,
abundance, and distribution are limited at depths greater than −40 m CD, which was
the maximum surveyed depth during field surveys. Information on marine fish at
depths between −40 m CD and −100 m CD was obtained from the literature, as well
as from DAS characterisation surveys, which extended to −90 m CD (Hemmera
2014a);



A habitat suitability model was developed to assess suitable burying habitat for
Pacific sand lance within subtidal waters of the LAA. There were relatively few
site-specific sediment sample locations in subtidal waters; therefore, creation of the
mean sediment grain size layer using inverse distance-weighted interpolation
resulted in gaps (i.e., approximately 55 ha or 3% of the approximately 1,432 ha
habitat suitability model study domain). Additional model limitations included limited
site-specific abundance data for Pacific sand lance to inform environmental
preference layers or verify model outputs. Preference classes were based on
literature-derived values, where available, or from closely related sand eel species.
Further, interpolated sediment grain size data may not accurately capture spatial
heterogeneity. For more information, refer to Appendix 12-A Habitat Suitability
Modelling; and



Certain limitations are inherent in mass balance models (e.g., Roberts Bank
ecosystem model, Ecopath with Ecosim (EwE)) used to quantify changes in marine
fish productivity. These models require many input parameters, and in the absence
of data, input values were adapted from other EwE models constructed for different
ecosystems near the study area (i.e., Strait of Georgia: Dalsgaard et al. 1998,
Preikshot 2007, Preikshot et al. 2012; Hecate Strait: Ainsworth 2006, Ainsworth et
al. 2008; southeast Alaska: Guénette 2005), or data were based on available
literature and professional judgement, which introduced uncertainty. Refer to the
Section 10.3 Overview of Assessing Ecosystem Productivity for more
information pertaining to the ecosystem model.

Page | 13-15

PORT METRO VANCOUVER | Roberts Bank Terminal 2
13.4

INFORMATION SOURCES

Information sources used to inform the marine fish assessment included the following:


Publicly available ATK from traditional marine use or harvest data reports (LGL
Limited and Tsawwassen Fisheries Department 2012, 2013) from workshops with
Tsawwassen and Musqueam First Nations (Musqueam First Nation 2013, Tsawwassen
First Nation Elders 2014), and from ATK obtained from Project-specific studies
related to current use (described in Section 32.2 Current Use of Land and
Resources for Traditional Purposes Assessment);



Scientific literature, including books, academic journals, and technical reports (both
consultant and government);



Databases including the B.C. Conservation Data Centre (CDC), the SARA Registry,
the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) Wildlife
Species Database, and the DFO Herring Geographical Bulletin, as well as
government-administered databases for marine fish catch information at Roberts
Bank;



Previous environmental assessments and their supporting documents such as
monitoring reports (e.g., Deltaport Third Berth Project (DP3); Triton 2004, Fehr
et al. 2012); and



Expert opinion.

The Productive Capacity TAG (Compass Resource Management Ltd. 2013) and other
technical experts, regulatory agencies, members of the public, and Aboriginal groups also
provided information, as summarised in Section 7.0 Engagement and Consultation.
Marine fish in the Roberts Bank area has been studied since the late 1970s. Previous studies
have included the following:


Low-tide sampling of Fraser River estuary foreshore habitats (1979 and 1980) to
characterise fish distribution and use of the mudflats, sandflats, and eelgrass
habitats in the estuary, including Roberts Bank (Greer et al. 1980, Conlin et al. 1982,
Gordon and Levings 1984, MacDonald 1984, Triton 2004, Archipelago 2009b);



Juvenile salmon surveys at Roberts Bank (or in surrounding estuarine waters) (1979
and 1981), including mark-recapture experiments to provide information on
residency and short-term migrations within the Fraser River estuary (Dunford 1975,
Levy et al. 1979, Greer et al. 1980, Levy and Northcote 1981, 1982, Conlin et al.
1982, Levings 1982, 1985, Levings et al. 1983, MacDonald 1984, Gordon and
Levings 1984);



Surveys conducted at Roberts Bank in 2003 to 2004, in support of the DP3 EA, with
the aim of determining fish distribution and habitat use, and assessing projectrelated effects (Triton 2004); and
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Studies to assess the effectiveness of intertidal and subtidal compensation
strategies, implemented to enhance productive capacity at Roberts Bank following
completion of DP3 construction (Balanced Environmental 2011, Fehr 2012, Fehr and
Barron 2012, Fehr et al. 2012, Thompson et al. 2012, G.L. Williams and Associates
Ltd. 2013, Thuringer et al. 2013a, b).

Note that RBT2-specific Technical Reports and Technical Data Reports are briefly described
in Section 13.4.1.
Scientific literature sources were reviewed to aid in the determination of potential effects,
with key sources including (but not limited to) the following:


Studies on physiological (e.g., mortality and injury) and behavioural effects of
underwater acoustics on marine fish, including established injury thresholds (Nedwell
et al. 2007, BC Marine and Pile Driving Association Contractors 2003, Fisheries
Hydroacoustic Working Group 2008, Halvorsen et al. 2011, 2012); and



Effects of artificial lighting and in-water structures on marine fish (Tabor et al. 1998,
Simenstad et al. 1999, Nightingale and Simenstad 2001a, Haas et al. 2002, Williams
et al. 2003, Southard et al. 2006, Ono et al. 2010).

13.4.1

Desktop and Field Studies

In 2012, PMV initiated field, desktop, and modelling environmental studies on marine fish to
support Project planning and environmental assessment. Building on available information
and drawing on local expertise, these studies were designed using the best available
scientific methods to address known data gaps, and issues and interests of Aboriginal
groups, stakeholders, and the public. Table 13-6 provides a summary description of
the studies that informed the characterisation of existing conditions for marine fish, and
Table 13-7 summarises the studies that contributed modelled predictions of Project-related
effects.
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Table 13-6

Desktop and Field Studies Related to Marine Fish to Support the
Assessment
Study Purpose

Report
Accessible at:

Habitat
Characterisation
Survey
(Archipelago
2014a)

Qualitatively characterise marine fish habitat within the
Roberts Bank area. Combine existing (2003, 2008, and
2011) and new (2012) video imagery of the intertidal and
subtidal zone to map distribution of marine vegetation,
fauna (i.e., macroinvertebrates and fish), and physical
features (i.e., substrate, morphology, anthropogenic
features) in four areas: 1) vicinity of the proposed RBT2
footprint; 2) subtidal zone adjacent to Deltaport terminal in
the inter-causeway area; 3) ITP in the inter-causeway area;
and 4) Deltaport tug basin.

RBT2 website1

Forage Fish
Beach Spawn
Survey
(Archipelago
2014b)

Characterise potentially suitable upper intertidal forage fish
beach spawn habitat along the length of the north side of
the Roberts Bank causeway, and identify beaches used for
spawning through sediment collection and examination for
spawn.

RBT2 website

Reef Fish Survey
(Archipelago
2014c)

Document: 1) seasonal reef fish presence, abundance,
diversity, and richness; and 2) seasonal fish habitat
characteristics, including key algal and invertebrate biota,
on shallow artificial reefs adjacent to the existing Roberts
Bank terminals. Quantitatively compare density of the most
abundant species, and species richness between seasons
and among reefs.

RBT2 website

Lingcod Eggmass
Survey
(Archipelago
2014c)

Study shallow, artificial reefs adjacent to the existing
Roberts Bank terminals to: 1) confirm continued use as
spawning habitat by lingcod; 2) determine if previously unsurveyed artificial reefs were also used for spawning; and
3) quantitatively compare lingcod and egg mass density and
count per unit effort (CPUE) among reefs, and with other
studies in the Strait of Georgia.

RBT2 website

Eelgrass Fish
Community
Survey
(Archipelago
2014d)

Provide site-specific, seasonal baseline data on fish species’
abundance, distribution, and habitat use within the
intertidal native eelgrass (Zostera marina) bed adjacent to
the existing Roberts Bank causeway, and building upon
previous work on fish communities within this area. Fish
community assemblages, species abundance, species
richness, species evenness, and species diversity were
compared among habitat types and seasons.

RBT2 website

Study Name

Juvenile Salmon
Beach Seine
Survey
(Archipelago
2014e)

Document and compare juvenile salmon presence,
abundance, size, and distribution seasonally during the day
on flood tides in different intertidal habitat types on both
sides of the Roberts Bank causeway and terminals, and the
sandflat north of the terminals. Habitats of interest included
marsh, mud/sand, pocket beach, and the toe of rip-rap
slopes.

RBT2 website

Spring (April 2012) sampling targeted peak outmigration for
juvenile chum and pink salmon (Oncorhynchus gorbuscha),
and summer (June 2012) sampling targeted peak
outmigration for juvenile Chinook.
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Study Purpose

Report
Accessible at:

Juvenile Salmon
Directional
Survey
(Archipelago
2014e)

Document juvenile salmon movement along the north side
of Roberts Bank causeway in April and June 2012, and
identify differences in juvenile salmon abundance between
seasons, daily periods, sides of the directional net, and tidal
states.

RBT2 website

Juvenile Salmon
Distribution
Survey
(Archipelago
2014e)

Using beach and purse seines, document and compare the
presence, abundance, distribution, size, and frequency of
occurrence of juvenile salmon at: 1) different shore-tied
intertidal habitat types on both sides of the Roberts Bank
causeway and terminals; 2) the B.C. Ferries Terminal; 3)
the intertidal nearshore sandflat and native eelgrass bed
north of the Roberts Bank terminals; and 4) subtidal
locations south of the terminal and in the inter-causeway
area. Sampling was carried out in spring (April) 2013 and
summer (June) 2013, targeting peak outmigration periods.
Repeat sampling was carried out over different tide states
and at shore-tied sites at different times of the day.

RBT2 website

Benthic Fish
Trawl Survey
(Archipelago
2014f)

Document and compare seasonal use (by depth strata) by
benthic fish of the subtidal sandflat and slope habitats
southwest of the existing Roberts Bank terminals. Species
density, richness, evenness, diversity, and fish assemblages
were compared between seasons and habitat types. For
flatfish species caught in highest abundance, individual
comparisons of density and length measurements between
seasons and habitats were conducted.

RBT2 website

Marine Benthic
Subtidal Surveys
(Hemmera
2014c)

Study the benthic subtidal environment (‒5 to ‒40 m depth
CD) to quantitatively characterise benthic invertebrates,
fishes, and habitat within this region. Using a remotely
operated vehicle (ROV), determine densities of key biota
and influence of physical characteristics, including mean
sediment grain size and depth.

RBT2 website

Study Name

Note: RBT2 website is http://www.portmetrovancouver.com/RBT2/environmentalassessment.

Table 13-7

Study Name

Marine Fish Modelling Studies Contributing to Project-related
Predictions
Study Purpose

Habitat
Suitability
Modelling
(Hemmera
2014b)

Using a habitat suitability model, combine data on physical
characteristics from Roberts Bank with literature-derived
environmental preference data to quantitatively predict
areas of suitable habitat for Pacific sand lance, before and
after Project development.

Underwater Noise
Construction
Activities and
Terminal Vessel
Operations
Modelling

Predict underwater sound levels around planned Projectrelated construction and operation-phase cases. Model
potential acoustic zones of effect for marine mammals and
marine fish using computer acoustic models and established
thresholds.

Report
Accessible at:

Appendix 12-A

Appendix 9.8-A
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13.5

EXISTING CONDITIONS

This section describes the existing conditions of marine fish within the LAA as of 2013, as
well as the surrounding environment and factors influencing marine fish. Existing
conditions are presented for marine fish sub-components and representative species within
each sub-component. Life history characteristics are presented, along with population
trends and limiting factors, where possible. Aboriginal traditional knowledge pertinent to
marine fish is summarised in Section 32.2 Current Use of Land and Resources for
Traditional Purposes Assessment, for each Aboriginal group potentially affected by the
Project. No inconsistencies between the ATK and the scientific and technical knowledge
presented herein were identified.
The existing conditions case (or the current state of marine fish within the LAA) is a
manifestation of effects from previous developments and current activities at Roberts Bank.
These include but are not limited to the development of the Roberts Bank and B.C. Ferries
terminals 4 , the Iona Island wastewater treatment plant on Sturgeon Bank, and fishing
pressure on species such as Pacific salmon.
The physical environment at Roberts Bank is dynamic, and is expected to change into the
future such that shifts in marine fish population indicators (i.e., productivity, density, and
catch-per-unit effort) can also be expected. Such variability is likely to be further amplified
by climate change, where sea level rise is anticipated to cause a reduction in the intertidal
mudflat area and an increase in marsh erosion in the foreseeable future.
13.5.1

Pacific Salmon

Seven salmonid species occur in B.C. waters: Chinook, chum, pink, sockeye (Oncorhynchus
nerka), and coho salmon (Oncorhynchus kisutch), steelhead (Oncorhynchus mykiss), and
coastal cutthroat trout (Oncorhynchus clarkii ssp. clarkii). Salmonids are of high social,
economic, and cultural value to communities throughout B.C., and support CRA fisheries.
More than 50% of all B.C. salmon production occurs in the Fraser River and its tributaries
(Henderson and Graham 1998). Pacific salmon are also of great ecological importance,
providing a valuable food source to aquatic, terrestrial, and marine predators and
scavengers, and forming a critical link between ecosystems (Willson and Halupka 1995).

4

The history of development is described in Section 3.4 Geographical Setting, Projects and Activities
Contributing to Existing Conditions and Expected Conditions, while environmental influences of past
developments are described in Section 9.5.6 Coastal Geomorphology, Existing Conditions).
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Pacific salmon are anadromous, migrating from marine to freshwater to spawn. Return
(spawning) migrations occur two to six years post-hatching, with migration route and timing
dependant on species and stock (Quinn 2005a, Dittman and Quinn 1996). In the Fraser
River, return migrations occur during spring, summer, and fall (see Table 13-4).
The timing of juvenile salmon outmigration depends on species and stock. Newly hatched
salmon either live in freshwater for several months to several years, or migrate directly to
the ocean (Groot and Margolis 1991). Estuarine and coastal rearing environments offer rich
invertebrate food sources and protection from predators (Healey 1982, Levy and Northcote
1982, Aitkin 1998), and act as transition zones that allow juveniles to adjust physiologically
to more saline conditions (Healey 1982, Waldichuk 1987). Of all Pacific salmon species,
Chinook are considered the most dependent on estuaries as rearing grounds (Macdonald et
al. 1988, Aitkin 1998), followed by chum salmon (Salo 1991, Aitkin 1998). Pink salmon use
the estuary as a transition zone, through which to migrate to shallow coastal rearing areas
(Waldichuk 1987, Aitkin 1998), while coho and sockeye salmon are less reliant on estuaries
(Aitkin 1998).
Salmon rearing habitats in the Fraser River estuary include marshes, tidal channels, and
sloughs of the inner estuary (Dunford 1975, Levy et al. 1979, Anderson et al. 1981a, b, c,
Levy and Northcote 1981, 1982), and tidal flats and salt marsh comprising Sturgeon and
Roberts banks (Levings 1982, 1985, Levings et al. 1983, MacDonald 1984). As temporary
residents, juvenile Chinook and chum feed on rich crustaceans and insects (Dunford 1975,
Levy et al. 1979, Levy and Northcote 1982). Competition for resources is reduced through
differing migration timing and residency periods; for example, chum precede Chinook and
spend less time in the marsh (Levy and Northcote 1982). Pink fry are abundant in the
tidal channels in even years, but migrate quickly into the Strait of Georgia (Levy and
Northcote 1982).
Pacific salmon were and continue to be of particular importance to Aboriginal communities
traditionally using waters of the marine fish LAA and RAA, and are valued for food, social,
ceremonial (FSC), and economic purposes (Candler et al. 2014, Métis Nation BC 2014,
Tsawwassen First Nation Elders 2014, Woolman 2014). Multiple species and stocks were
valued for different reasons, such as requirements for preservation, flavour, and social,
ceremonial, and economic significance; for example, fall-run chum salmon were dry-cured
and served as a primary winter food (Wilson et al. 2013, Tsleil-Waututh Nation 2014).
Today, Aboriginal fishermen target Chinook (or spring salmon), sockeye, coho, chum, and
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pink salmon, as well as steelhead within the South Fraser Delta, with the most intensely
targeted areas being the lower reaches of the Fraser River, Steveston, Canoe Passage, and
Roberts Bank (Woolman 2014). At Roberts Bank, salmon are fished on the edge of the
dropoff prior to their upriver spawning migrations (Wilson et al. 2013). For more information
on present-day Aboriginal fisheries for Pacific salmon, refer to Section 16.0 Ongoing
Productivity of Commercial, Recreational, and Aboriginal Fisheries.
Salmon are not considered particularly sensitive to sound. There are two major sound
pathways in marine fish for sound transmittance between the sound source and the ear
(Van Bergeijk 1967, Schuijf 1981, Kalmijn 1988, 1989, Schellart and Popper 1992, Fay
2005):
1. Via the otolith, located in the inner ear, which, when exposed to sound, vibrates
with a comparable motion to the water particles in the sound field (Popper and
Hastings 2009a, Popper and Fay 2011).
2. Via the gas-filled swim bladder, which responds to sound pressure by compressing
and expanding. Pulsations of the swim bladder re-radiate the sound’s signal and
trigger otolith vibration in a fish (Popper and Fay 1993).
Fish without or with reduced swim bladders or with swim bladders not connected or coupled
to the inner ear (such as salmon) have a narrower bandwidth or frequency (Hz) range of
hearing and are less sensitive to sound pressure. These fish have been referred to as
hearing generalists5 (Popper and Hastings 2009a, Popper and Fay 2011), and as a group,
are less likely to experience negative acoustic effects from underwater sound sources.
Hearing specialists such as Pacific herring that have a functional connection between the
swim bladder and the inner ear are described in Section 13.5.3.3.
Roberts Bank Habitat Use
At Roberts Bank, studies on juvenile salmon have been carried out intermittently since the
late 1970s (Greer et al. 1980, Conlin et al. 1982, Levings et al. 1983, Gordon and Levings
1984, MacDonald 1984, Levings 1985, Triton 2004). Chinook, followed by chum, have
consistently been the most abundant salmon species caught during seine sampling, while
pink salmon are typically only caught in odd years due to a two-year spawning cycle. Coho
5

It has recently been suggested that the classification of fish into two hearing groups should be dropped based
on a continuum of sound detection strategies in fish (Popper and Fay 2011); however, the classification of fish
into hearing generalists and hearing specialists is standard practice when assessing potential effects from
underwater noise on marine fish.
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were rarely caught and sockeye were absent, likely because these species migrate to the
sea rapidly through the tidal flats (Greer et al. 1980, Conlin et al. 1982, Levings et al. 1983,
Gordon and Levings 1984, Levings 1985). Chinook use Roberts Bank from March to August,
chum are present from March to early July, and other salmon species occur for relatively
shorter time periods (Levings et al. 1983, Levings 1985).
During the 2012 and 2013 field sampling program conducted at Roberts Bank, juvenile
salmon used intertidal and subtidal habitats during outmigration in spring and summer, but
were absent in fall and winter (Archipelago 2014d, e). Consistent with previous studies,
Chinook and chum juveniles were the most abundant salmon species caught in spring and
summer, pink salmon were only caught in spring of 2012, coho were rarely caught, and
sockeye were not reported. While it is possible that 2012 to 2013 seasonal surveying for the
Project did not capture all salmon species present at Roberts Bank, historical survey data
add to the weight of evidence, suggesting a realistic representation of species composition
and abundance at Roberts Bank. Juvenile salmon did not exhibit any clear habitat
preferences within Roberts Bank, as they were caught across a variety of habitats (i.e., salt
marsh, eelgrass beds, unvegetated sandflats, and rip-rap). Roberts Bank provides refuge
habitats for juvenile salmon, particularly during ebbing tides.
Recent surface trawl surveys off Sturgeon and Roberts Bank (between the 20 m and 120 m
isobath) in May, June, July, and September of 2014 caught predominantly juvenile Chinook
salmon (relative to other salmon species), with Chinook representing 80% of the overall
salmon catch. Preliminary analyses indicate comparable Chinook catches between the banks
for every month, with count per unit effort (CPUE) declining from May to September on both
banks. Statistical analyses are needed to confirm these findings; however, these results
suggest wide use of the Fraser River estuary by juvenile Chinook, and do not indicate an
area or areas of preferential use (Trudel, unpublished data 2014). Genetic analyses will be
carried out on juvenile Chinook samples to provide information on stock-specific distribution
across the banks (Trudel 2014).
13.5.1.1

Chum Salmon

Life History Requirements
Chum salmon have the widest geographic distribution of all Pacific salmon, ranging from
California to the Arctic. In the north Pacific, chum constitute up to 50% of the annual
biomass of all salmon combined (Salo 1991). Chum successfully spawn in streams of
various sizes, including the lower Fraser River mainstem between Chilliwack and Hope (Ryall
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et al. 1999). In the Fraser River, chum migrate to spawn from September to December,
with peak spawning migration occurring in October (Grant and Pestal 2009). Once chum
salmon arrive at the mouth of their natal stream, they may spend several days to weeks
(Eames et al. 1981) milling before ascending it. Chum stop feeding just before entering
freshwater on their way to spawning grounds (Pauley et al. 1988).
Chum salmon fry typically emerge during nighttime, and promptly migrate downstream to
estuaries where they remain until they transition to higher salinity waters (Beacham and
Starr 1982, Salo 1991). Chum fry in the Fraser River move downstream from February to
June, with migration peaking between mid-March and late April (Beacham and Starr 1982,
Salo 1991). In the Fraser River estuary, residence time for chum fry ranges from 11 days to
several weeks (Healey 1982, Levy and Northcote 1982).
As chum fry leave the Fraser River, they begin feeding in estuaries and shallow nearshore
marine habitats on epibenthic and planktonic food resources, which appear to be detritusbased (Sibert et al. 1977, Healey 1979). In the nearshore waters of B.C., including the
Fraser River estuary, chum fry diet is dominated by harpacticoid copepods (Mason 1974,
D’Amours 1987, Webb 1991, Levings et al. 1995). Changes in feeding activity are influenced
by tidal cycle, with the most intense feeding in the estuary at high tides. Since chum fry
exploit freshwater and marine food webs, they are exposed to daily fluctuations in salinity
(0 to 27 practical salinity units (PSU)).
Movement of juvenile chum to deeper waters generally coincides with the decline of
estuarine prey resources, and occurs when chum have grown to a size that allows them to
feed on larger organisms and better avoid predators. As they mature, chum salmon
juveniles also lose their ability to tolerate brackish salinities (Pauley et al. 1988). Early
studies by Healey (1980) indicated that chum gradually leave the Strait in the summer
months (i.e., June to July), when they reach an average size of 80 mm to 100 mm. More
recent studies, however, have shown that large numbers of chum remain in the Strait much
longer than in the past (i.e., as late as November); while the reason for this change in chum
behaviour is not explicitly known, it has been attributed to basin-wide changes in the
climate of the North Pacific, which may have improved feeding conditions in the Strait
(Beamish and Folkes 1998). After leaving the estuarine environment, juvenile chum salmon
become widely distributed throughout the north Pacific Ocean (Pauley et al. 1988).
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Chum salmon in the Fraser River system are more abundant during even years than during
odd years, which minimises competition with pink salmon (Salo 1991). In odd years, Fraser
River chum broods return in a 50:50 ratio of three-year-olds to four-year-olds, while in even
years the ratio is 35:65 (Puget Sound data) (Salo 1991). More reproductive effort appears
to be occurring into even non-pink years than into odd pink years (Salo 1991).
Roberts Bank Habitat Use
Juvenile chum salmon commonly use nearshore areas of Roberts Bank (including the intercauseway area), from late February to mid-July, with peak abundance from mid-April to
mid-May (Greer et al. 1980, Conlin et al. 1982, Levings et al. 1983, Gordon and Levings
1984, MacDonald 1984, Triton 2004). In the early 1980s, the largest juvenile chum salmon
catches were recorded seaward of the Roberts Bank terminals and B.C. Ferries Terminal,
and in the inter-causeway area; however, no sampling was conducted west of the Roberts
Bank causeway (MacDonald 1984). In 2003, juvenile chum salmon were recorded north and
south of the Roberts Bank causeway, and were common in spring and winter (though less
abundant in winter), absent in summer, and rare in fall (Triton 2004).
During 2012 to 2013 surveys at Roberts Bank, juvenile salmon (including chum) were only
caught in spring and summer, and were more abundant in 2012 than 2013 (Archipelago
2014d, e). They were most abundant in the spring, and rarely caught in the intertidal zone
in the summer, by which point they had likely migrated away from Roberts Bank
(Archipelago 2014e). During spring, juvenile chum salmon were abundant along the
shoreline of the Roberts Bank causeway, and adjacent to Roberts Bank and B.C. Ferries
terminals, occurring in 71% to 87% of the catches (Archipelago 2014d, e). They were rarely
caught at nearshore intertidal zones (i.e., eelgrass beds, sandflats) or subtidal locations
(Archipelago 2014d, e). These results are consistent with previous studies that recorded
very few to no chum salmon in marsh, sandflat, and eelgrass habitats, but high numbers by
cobble beaches along the Roberts Bank causeway (Levings et al. 1983, MacDonald 1984),
results that suggest juvenile chum prefer different types of habitat than Chinook (Levings et
al. 1983, MacDonald 1984, Levings 1985).
Status and Limiting Factors
Chum salmon are an important component of CRA fisheries in B.C. (DFO 2012a). Combined,
pink and chum constitute 82% of the total B.C. salmon catch, on average (2003 to 2005
data) (Beamish et al. 2009). Chum averaged 60% of the total commercial inshore
(i.e., Strait of Georgia and Johnstone Strait) salmon catch between 1990 and 1996, of
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which approximately 5% was caught in the Fraser River (Ryall et al. 1999). Catch of inshore
chum stocks have been fluctuating since the early 1950s (Ryall et al. 1999); however, after
a rapid decline from the mid-1970s to the early 1980s, DFO implemented a number of
management tools to stabilise populations (Ryall et al. 1999, Labelle 2009, DFO 2012a,
Hilborn et al. 2012b). The Fraser River chum stock exhibited moderate growth from 1990 to
the mid-2000s (Ryall et al. 1999, Hilborn et al. 2012b). Escapement6 levels declined from
the mid-2000s onwards; however, as of 2011, the trend appears to be reversing (Pacific
Salmon Commission 2014a) and the Fraser River commercial chum fishery is now
considered to be sustainable and well-managed (Marine Stewardship Council 2013). For
more information on commercial chum fisheries refer to Section 16.5.1 Ongoing
Productivity of Commercial, Recreational, and Aboriginal Fisheries, Existing
Conditions, Commercial Fisheries.
Traditionally, chum salmon was harvested by Aboriginal peoples in the Fraser River estuary,
and was highly valued for its dry curing properties (Wilson et al. 2013, Tsleil-Waututh
Nation 2014). Late-running (i.e., fall) chum were targeted at traditional fishing sites on the
Fraser River (including at Canoe Passage) and, being the last run of salmon each year,
served as a primary winter food (Wilson et al. 2013). Seasonal fishing for Pacific salmon
(including chum salmon) via reef-nets also occurred off Point Roberts and in Boundary Bay
to the south of Roberts Bank (Claxton and Elliott 1984, Claxton 2003, Sencot’en Alliance
2006, Turner and Berkes 2006, Semiahmoo First Nation 2014).
Today, Aboriginal peoples harvest local chum stocks throughout the Fraser River and its
tributaries (DFO 2012a), while the recreational sports fishery has historically harvested very
few chum salmon (Ryall et al. 1999), primarily due to the later timing of runs and
associated inclement weather conditions, and the lower desirability of chum as a sport fish.
For more information Aboriginal chum fisheries in the lower Fraser River and the Strait of
Georgia, refer to Section 16.5.3 Ongoing Productivity of Commercial, Recreational,
and Aboriginal Fisheries, Existing Conditions, Aboriginal Fisheries and Section
32.2.4 Current Use of Land and Resources for Traditional Purposes Assessment,
Existing Conditions.

6

Escapement is the number of salmon arriving at their natal river or stream to spawn (or the number of salmon
that have escaped fisheries and are available to spawn) (Labelle 2009).
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Other limiting factors for chum salmon include climatic and oceanographic conditions that
can influence growth, reproduction, survival, food web interactions, and prey availability.
Productivity of Pacific salmon, including chum, in the northeast Pacific Ocean has been
related to large- and local-scale environmental factors, such as the Pacific Decadal
Oscillation, the Aleutian Low Pressure Index, and sea surface temperature variability (Hare
and Francis 1994, Beamish and Folkes 1998, Hare and Mantua 2000, Mueter et al. 2002,
Beamish et al. 2004, Stachura et al. 2014).
Survival of juvenile chum salmon during the early marine stages is also affected by
competition for resources within and between species. Chum salmon growth during ocean
residence is density-dependent, possibly because of competition for food (Beacham and
Starr 1982, DFO 1996); for example, marine survival of Fraser River chum decreases as
abundance of Fraser River pink juveniles increases, suggesting interspecific competition
during early marine stages (Beacham and Starr 1982).
Predation on chum salmon fry in freshwater and estuarine environments during their
outmigration is also a major source of mortality. Common predators include cutthroat trout,
steelhead, Dolly Varden, sculpins, juvenile coho salmon, kingfishers, and mergansers
(Pauley et al. 1988). In the offshore marine environment, important predators include
marine birds, killer whales, sea lions, harbour seals, and various pelagic fish species and
sharks (Pauley et al. 1988).
13.5.1.2

Chinook Salmon

Life History Requirements
Chinook salmon is not only the largest Pacific salmon species returning to the Fraser River
and its tributaries to spawn, but is also the most widely distributed in freshwater, with some
spawning locations over 900 km from the river mouth (DFO 2011a). Chinook salmon
returning to distinct spawning sites are referred to as populations or stocks (DFO 2011a).
Chinook salmon are the most complex of Pacific salmon, exhibiting several different life
histories (Groot and Margolis 1991, Healey 1991, Teel et al. 2000, Waples et al. 2004). In
the spring, fry emerge from the gravel and juveniles rear in freshwater for varying amounts
of time before out-migrating to the Fraser River estuary and the Strait of Georgia (DFO
2011a). Time spent in freshwater by juveniles is one of the distinguishing factors between
the two behavioural forms of Chinook, stream-type and ocean-type, both of which exist in
the Fraser River. Stream-type Chinook spend one or more years as juveniles in freshwater
before migrating to the ocean as smolts, whereas ocean-type juveniles migrate to sea
during their first year of life, generally spending only two to five months in freshwater
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(Healey 1983, 1991). On average, residence time for juvenile Chinook (in general) in
estuarine waters ranges between one to three or more weeks (Quinn 2005b). There are
notable variations to these behavioural forms. For example, Harrison River Chinook
(and their transplants) are ocean-type Chinook; however, as fry they exhibit a more
immediate migration pattern than other ocean-type populations, moving downstream to the
estuary right after emergence from the gravel (Starr and Schubert 1990). Harrison River
Chinook juveniles rear in the estuary for three to six weeks before moving into offshore
waters (DFO 2011a).
For stream-type Chinook, outmigration occurs between January and July when juveniles are
between 45 mm and 175 mm fork length (Groot and Margolis 1991, Healey 1991, Boehlert
1997). Outmigration for ocean-type Chinook occurs between April and October when
juveniles range between 20 mm and 100 mm (Healey 1991, McPhail 2007). Ocean-type
Chinook salmon grow faster than stream-type Chinook after leaving the river, feeding in the
rich waters of the tidal estuary (McPhail 2007, Labelle 2009).
Adult Chinook salmon return to the Fraser River largely as three-, four-, and five-year-old
fish (DFO 2011a). Return migration occurs over an extended period from February to
November, with dominant return age and return timing dependent on stock type (DFO
2011a). Generally, stream-type Chinook return to the Fraser River in spring or summer
(i.e., between March or April and September) (Candy et al. 2002, Parken et al. 2008) and
ocean-type Chinook return in fall (i.e., September to October or November) (Fraser et al.
1982, Candy et al. 2002, Parken et al. 2008). Early migrating populations exhibit protracted
timing (i.e., approximately 50% of migrants return to the lower Fraser over a period of four
to eight weeks) relative to mid-summer, late summer, and fall populations that exhibit
shorter temporal migration distributions (i.e., 50% of migrants return to the lower Fraser
within a span of approximately four weeks) (Parken et al. 2008). Spawning activity begins
in August, and runs to mid-November or December, again depending on the stock (Candy et
al. 2002).
Stream-type and ocean-type Chinook also differ in their oceanic movement patterns and
distributions. Stream-type Chinook generally exhibit more extensive offshore migrations,
and move quickly (i.e., during the summer and fall of their first year at sea) into waters
north of the west coast of Vancouver Island and northeast Alaska (Tucker et al. 2011,
2012). In contrast, ocean-type Chinook (i.e., Harrison and Chilliwack populations) are more
resident and tend to remain in coastal waters (Trudel et al. 2009, Tucker et al. 2011, 2012).
Movement by Fraser River stream-type Chinook out of the Strait of Georgia is thought to be
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either via the Strait of Juan de Fuca or Johnstone Strait, while Fraser River ocean-types are
thought to move solely through the Strait of Juan de Fuca (Tucker et al. 2011). On a
smaller spatial scale, ocean-type Chinook are found closer to shore and in shallower water
than stream-type Chinook (Fisher et al. 2007, Tucker et al. 2011).
When in marine waters, Fraser River Chinook are subject to numerous fisheries (DFO
2011a). They are also preyed upon by marine species such as southern resident killer whale
(SRKW) (Ford and Ellis 2006), and comprise over 80% of the SRKW diet from May to
September when the whales occupy their summer critical habitat (Hilborn et al. 2012a).
Further, the majority of Chinook in SRKW diet samples originated from the Fraser River
(Hanson et al. 2010). For details on Chinook stock nomenclature refer to Appendix 13-A
Fraser River Chinook Salmon Stock Nomenclature and Stock Status; additionally,
Section 14.5.1 Marine Mammals, Existing Conditions, Southern Resident Killer
Whale provides details on Chinook stocks of importance to SRKW.
The diet of juvenile Chinook salmon shifts from epibenthic crustaceans to fish during their
first marine summer (Levings 1985, Webb 1991, Daly et al. 2009). At Roberts Bank, major
food items change from spring to summer (i.e., epibenthic crustaceans and other
invertebrates are more prevalent in spring, whereas fish such as Pacific herring are
prevalent in later months) (Levings 1985). Other important fish prey of juvenile Chinook in
the coastal environment include juvenile rockfish, Pacific sand lance, anchovy, sculpins, and
smelts, while in the Strait of Georgia, Pacific herring are the primary prey (Healey 1980).
By mid-summer,

some

prey

species

(e.g.,

rockfish,

sculpins,

flatfish)

begin

to

settle to demersal habitats, and are unavailable to pelagic-feeding salmon by the fall
(Daly et al. 2009).
Fish taxa of high importance to adult Chinook returning to coastal waters include northern
anchovy, rockfish, sardines, Pacific sand lance, and Pacific herring, with relative importance
dependent on inshore versus offshore feeding locations (Pritchard and Tester 1944, Merkel
1957, Prakash 1962, Wing 1985, Beacham 1986, Brodeur 1990).
Roberts Bank Habitat Use
At Roberts Bank, juvenile Chinook commonly use nearshore 7 and shore-tied 8 areas,
including waters within and adjacent to the proposed RBT2 footprint and the inter-causeway
area, the latter serving as a refuge area in the sandflats during ebbing tides (Greer et al.
7
8

Nearshore generally refers to the area encompassing the transition from subtidal to marine habitats to
associated upland systems, and includes intertidal zones and riparian habitats.
Shore-tied refers specifically to areas directly along a shoreline.

Page | 13-29

PORT METRO VANCOUVER | Roberts Bank Terminal 2
1980, Conlin et al. 1982, Levings et al. 1983, Gordon and Levings 1984, MacDonald 1984,
Triton 2004, Martel 2009). Use of Roberts Bank by juvenile Chinook extends from March to
at least August (Levings 1985), with peak abundances in mid-May to mid-June (MacDonald
1984), and in July (Conlin et al. 1982, Gordon and Levings 1984). During the summer
months, juvenile Chinook is the most abundant salmon species at Roberts Bank
(MacDonald 1984).
Most juvenile salmon studies at Roberts Bank have focused on seasonal habitat use;
however, a number of studies in the Fraser River estuary have examined residency and
short-term migration patterns. A mark-recapture experiment on juvenile chum and Chinook
salmon in the early 1980s suggested that Chinook reside at Roberts Bank for up to two days
(Levings et al. 1983)9, though the longest recorded residence time for marked Chinook was
30 days within the Ladner marsh-island complex of the Fraser River estuary (Levy and
Northcote 1982).
During the 2012 and 2013 eelgrass fish community surveys at Roberts Bank, juvenile
Chinook salmon were only caught in spring and summer. Juvenile Chinook salmon were
caught in 30% of these catches, and accounted for 1% of total catch (Archipelago 2014d).
Habitat preferences of juvenile Chinook salmon at Roberts Bank are unclear. In 2012,
statistically more Chinook salmon were found in continuous eelgrass beds, while in 2013,
larger juvenile Chinook salmon were caught in patchy eelgrass beds and over sandflats,
though this result was not statistically significant (Archipelago 2014d).
During the 2012 and 2013 juvenile salmon distribution surveys at Roberts Bank, Chinook
salmon were caught at intertidal shore-tied and nearshore sites during spring and
summer, and comprised 2% and 3% of total beach seine and directional seine catch,
respectively (Archipelago 2014e). Juvenile Chinook were caught in a variety of habitats in
the intertidal zone (i.e., salt marsh, eelgrass, sandflat, and rip-rap), suggesting that no
single habitat type is preferred (Archipelago 2014e). Captures at subtidal locations in the
summer, but not in spring, suggest that Chinook salmon begin to move offshore as the
seasons progress (Archipelago 2014e).

9

In this mark-recapture experiment, recapture efforts were carried out within a maximum of two days after
initial capture and release efforts, resulting in a maximum observed residence at Roberts Bank of up to two
days; however, actual residence within the estuary is likely longer – especially for Chinook salmon – based on
other references from elsewhere in the Fraser River estuary.
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Status and Limiting Factors
Adult Chinook salmon returning to the Fraser River are subject to CRA fisheries.
Traditionally, Aboriginal fishers harvested returning Chinook salmon at sites on the Fraser
River and its mouth (including Canoe Passage) (Wilson et al. 2013, Chuuchkamalthnii 2014,
Semiahmoo First Nation 2014, Woolman 2014). Today, the areas targeted most intensely
by Aboriginal peoples for Chinook salmon include the lower reaches of the Fraser River,
Steveston, Canoe Passage, and Roberts Bank; however, limited Aboriginal fisheries are
allowed for Chinook salmon stocks due to conservation concerns, prompting downriver and
upriver Aboriginal groups to collaborate and undertake conservation efforts at Chinook stock
spawning locations (Woolman 2014). For more information Chinook fisheries in the lower
Fraser River and the Strait of Georgia, refer to Section 16.5 Ongoing Productivity of
Commercial, Recreational, and Aboriginal Fisheries, Existing Conditions and
Section 32.2.4 Current Use of Land and Resources for Traditional Purposes
Assessment, Existing Conditions.
The status of Fraser River Chinook salmon stocks is assessed based on trends in spawner
escapement data, mainly from annual aerial surveys for which a relatively long-time series
of data exist (Farwell et al. 1999, Pacific Salmon Commission 2013). Over the last decade,
Fraser River stream-type Chinook escapements have declined, in some cases dramatically
(DFO 2011a); however, recent escapements indicate that the declining trend may have
halted. Nevertheless, all three stream-type aggregates making up the Fraser Early
group are still considered stocks of concern (Pacific Salmon Commission 2013; see
Appendix 13-A for more information on stock status). Escapements for ocean-type
Chinook

have

been

increasing

or

showing

no

discernible

trends

(Pacific

Salmon

Commission 2013).
Salmon growth rates are closely associated with oceanic conditions (Pearcy 1992, Mueter et
al. 2002, Quinn et al. 2005, Tucker et al. 2012). For example, Chinook smolt survival in the
Strait of Georgia is thought to be affected by temperature fluctuations and changes in
Fraser River discharge, which in turn affect biological processes such as predation by spiny
dogfish (Squalus suckleyi), and river lamprey (Lampetra fluviatilis) (Beamish et al. 1995).
Direct and indirect mechanisms linking ocean conditions with salmon growth and survival
are extremely complex, and separating human effects from natural variation is difficult
(Trudel et al. 2007, Tucker et al. 2012). Overall, marine factors affecting salmon abundance
are thought to include water temperature, depth, chlorophyll a concentration, and
zooplankton (copepod) biomass, although most correlations are weak and shift seasonally
(Tucker et al. 2012).
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The strength of salmon year class (or brood year) appears to be determined within the first
year of marine life (Beamish and Mahnken 2001, Trudel et al. 2007, MacFarlane 2010, Duffy
and Beauchamp 2011, Tucker et al. 2012). Juvenile salmon have higher initial growth rates
in the marine environment (Fisher and Pearcy 1988, 2005), likely due to intensive feeding,
and early rapid growth is thought to increase the likelihood of survival by reducing predation
(Pearcy 1992, Trudel et al. 2007). As well, physiologically based mortality may occur during
fall and winter if salmon fail to reach a critical size by the end of their first marine summer
(Beamish et al. 2004, Farley et al. 2007, Daly et al. 2009, Duffy and Beauchamp 2011).
This hypothesis (i.e., that juvenile salmon must reach a critical size by the end of their first
marine summer, also called the critical size and period hypothesis) may be particularly
relevant

for

Chinook

salmon

during

initial

coastal

ocean

residence,

relative

to

estuarine residence (MacFarlane 2010). Further research, however, is needed to assess the
importance of estuarine versus coastal ocean environments in determining growth rates and
energy stores in Chinook salmon (Beamish and Mahnken 2001, MacFarlane 2010).
Contaminants are a potentially limiting factor for Pacific salmon species, with the majority of
persistent organic pollutants (POPs) thought to be acquired during time at sea and not
during freshwater residence (Cullon et al. 2009). For more information on contaminant
loading in Chinook salmon, particularly PCB bioaccumulation, refer to the Ecological Risk
Assessment Technical Data Report on PCB exposure in SRKW refer to Appendix 14-D
Changes in Polychlorinated Biphenyl (PCB) Exposures of Southern Resident Killer
Whales Associated with Roberts Bank Terminal 2 Disposal at Sea.
13.5.2

Reef Fish

In B.C., shallow, rocky reefs, including artificial reefs, are home to rockfish, lingcod, and
greenling (King 2001, Naito 2004, Lamb and Edgell 2010). At Roberts Bank, 10 artificial
reefs (i.e., 8 of which were constructed to compensate for habitat effects due to DP3) have
been established off the southwest side of the Roberts Bank terminals between 1994 and
2009. These reefs offer suitable interstitial spaces for lingcod nesting, and have been
colonised by lingcod, and copper and quillback rockfish (Archipelago 2014c), species that
are recognised as ecologically important (Frid and Marliave 2010). In the past several
decades, populations of rockfish and lingcod have declined dramatically along the west coast
of North America, including the Strait of Georgia (Marliave and Challenger 2009), likely due
to overfishing (Musick et al. 2000, Parker et al. 2000).
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Commercial and recreational harvest restrictions have been implemented to reduce
population declines (Yamanaka and Logan 2010, DFO 2012b), and marine reserves
(e.g., rockfish conservation areas (RCAs)) have been created along the B.C. coast to allow
depleted populations to rebuild (Yamanaka and Logan 2010). Stocks are increasing in
established marine reserves in the U.S. (Jagielo and Wallace 2005, Coates et al. 2007);
however, the effectiveness of RCAs in B.C. waters has not yet been evaluated (Marliave and
Challenger 2009, Lotterhos et al. 2014).
Lingcod and rockfish are high trophic-level predators, and have the potential to influence
the abundance and distribution of smaller reef inhabitants (Frid and Marliave 2010).
Juvenile and adult rockfish are preyed upon by lingcod (Beaudreau and Essington 2009),
while rockfish and lingcod are eaten by sharks, killer whales, seals, and sea lions (Jones and
Geen 1977, Ford et al. 1998, Sinclair and Zeppelin 2002, Bredesen et al. 2006).
At Roberts Bank, to compensate for effects on the marine environment resulting from DP3,
and to satisfy the requirements of the DFO authorisation, PMV implemented – among other
strategies – the construction of eight artificial, rock armour reefs (i.e., expansion reefs)
offshore of the two artificial reefs that had been constructed in 1994 and 2001
(i.e., reference reefs), seaward of the Westshore Terminals. A monitoring program was also
established to determine whether subtidal compensation habitat (including the expansion
reefs) was effective and functioning as intended (Fehr 2012, Fehr et al. 2012). During
surveying from 2009 to 2012, increasing numbers of reef fish species, such as black
rockfish (Sebastes melanops), lingcod, and spiny dogfish, were observed, demonstrating
increasing diversity among secondary and tertiary consumers, and suggesting high levels of
productivity at the site (Fehr 2012, Fehr et al. 2012). Moreover, an increase in overall
species diversity and abundance in the environment surrounding the expansion reefs was
noted, likely a result of a spillover effect, suggesting that enhancement of site productivity
may extend beyond the reef’s footprint (Fehr 2012, Fehr et al. 2012).
Rockfish
Life History Requirements
Copper and quillback rockfish are two of the more common inshore rockfish species
inhabiting rocky reefs in B.C. waters (Richards 1987, Murie et al. 1994, Love et al. 2002). In
the Strait of Georgia, depth ranges of copper and quillback rockfish partially overlap;
however, copper rockfish are most common at shallower depths (less than 20 m)
(Haldorson and Richards 1986), while quillback rockfish are common to 80 m depth
(Richards 1986).
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The mating season for copper and quillback rockfish is in December, but may extend from
November to February. Rockfish are viviparous (i.e., eggs fertilised and embryos develop
internally) and females give birth to live young after one to two months (Love et al. 2002).
In B.C., live birth of young occurs between March and July, with a peak in April and May
(Love et al. 2002). Rockfish species have a prolonged pelagic larval period lasting two to
six months (Buonaccorsi et al. 2002), during which they disperse by physical transport
processes (Yamanaka et al. 2006). Small (3 mm to 7 mm body length) rockfish larvae
develop into pelagic juveniles (2 to 7 cm body length) prior to settling in benthic habitats
(Yamanaka et al. 2006). Settlement to nearshore habitats (or recruitment) occurs in July
and August in the Strait of Georgia when pelagic juveniles reach an age of six to nine
months (Love et al. 2002). Benthic juveniles feed on crustaceans but shift to larger prey,
from planktonic to benthic species, then on to fish (Love et al. 2002).
Typically, rockfish juveniles settle to nearshore hard-bottom habitats at shallower depths
than adults and prefer complex habitat characterised by kelp forest, blade kelp slopes, and
eelgrass beds (Haldorson and Richards 1986, Richards 1986, 1987, Murie et al. 1994). In
the Strait of Georgia, juveniles initially occupy shallow reef habitats with kelp forests in
summer, and then shift to reef areas with beds of perennial macrophytes (e.g., eelgrass) in
winter. These summer kelp forests and winter perennial macrophyte beds are valuable as
nursery areas, potentially enhancing first-year survival (Haldorson and Richards 1986).
Other nursery areas include rock and cobble habitats with small spaces to hide from
predators (Yamanaka et al. 2006).
As adults, copper and quillback rockfish occupy rocky substrates with crevices, often with a
cover of flat-bladed kelp, or along the reef-sand interface. Home ranges in optimal, highrelief habitats are generally less than 10 m2 (Love et al. 2002); however, in sub-optimal
habitats, home ranges may be substantially extended (i.e., up to 4,000 m2 for copper
rockfish) (Love et al. 2002). Site fidelity is not uncommon, with displaced rockfish often
returning to optimal home sites from at least 500 m away (Love et al. 2002).
In the Strait of Georgia, the diet of adult copper rockfish is dominated by pelagic fish
species such as Pacific herring and perch, but dock shrimp (Pandalus danae), squat lobsters
(Munida quadrispina), and spot prawns (Pandalus platyceros) are also important prey (Murie
1995). For adult quillback rockfish, Pacific herring is not as dominant a prey species, while
squat lobsters and dock shrimp are more important than for copper rockfish (Murie 1995).
Copper rockfish consume proportionally more fish and larger invertebrates than quillback
rockfish, a diet segregation that may reduce interspecific competition (Murie 1995).
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Roberts Bank Habitat Use
At Roberts Bank, copper rockfish are commonly recorded on the artificial reefs and rip-rap
along the Roberts Bank terminal (Gartner Lee 1992, Golder 1996, Triton 2004, Archipelago
2009, 2014c, Fehr et al. 2010, 2012, Fehr 2012). The shallow reefs, built during 1994 to
2001 and first surveyed in 2004, were found to contain a complex macroalgal community,
and abundant and diverse fish communities (Fehr et al. 2012). The deeper, newly
constructed expansion reefs were first surveyed in 2009 and 2010, and had communities in
the early stages of colonisation and succession (Fehr et al. 2012).
During the 2012 and 2013 reef surveys for the Project, copper rockfish were recorded
throughout the year, whereas quillback rockfish were only recorded in the fall and winter
(Archipelago 2014c). Maximum density of copper rockfish was 12.4 individuals/100 m2
on deeper reefs in summer, whereas maximum density of quillback rockfish was
1.37 individuals/100 m2 on deeper reefs in winter (Archipelago 2014c). The relative rarity of
quillback rockfish on the artificial reefs at Roberts Bank could be due to their depth
preferences (Archipelago 2014c).
Status and Limiting Factors
Rockfish are slow-growing, long-lived, late-maturing species, with juvenile recruitment
highly dependent on favourable environmental conditions (Buonaccorsi et al. 2002,
Yamanaka et al. 2006). Copper rockfish in particular may have trouble re-establishing
populations post-decline because larvae have limited dispersal capabilities and entrainment
in gyres, and upwelling fronts near the shoreline likely limit alongshore transport
(Buonaccorsi et al. 2002).
Copper and quillback rockfish are important to CRA fisheries in B.C. (Yamanaka and Logan
2010). Rockfish species (referred to as rock cod or red snapper) were traditionally fished by
Aboriginal groups within the LAA and RAA, including at Roberts Bank (Wilson et al. 2013,
Candler et al. 2014, Woolman 2014). Today, they are generally less heavily targeted by
Aboriginal groups than other species of marine fish (such as Pacific salmon, trout, cod fish,
and flatfish), partly due to harvesting restrictions (Musqueam First Nation 2013,
Tsawwassen First Nation Elders 2014); however, Aboriginal harvest of rockfish is allowed
under FSC as well as communal licences. With respect to commercial and recreational
fishing, in the inside management area for rockfish (including the Strait of Georgia and the
Fraser River estuary), catches have declined since the mid-1980s, likely due to overfishing
(Yamanaka and Lacko 2001, Yamanaka et al. 2012). Because of these declines, quillback
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rockfish were designated as Threatened by COSEWIC, and are being considered for listing
under SARA Schedule 1 (DFO 2014a). For detailed information on CRA fisheries and
conservation strategies for rockfish, refer to Section 16.5 Ongoing Productivity of
Commercial, Recreational, and Aboriginal Fisheries, Existing Conditions.
13.5.2.1

Lingcod

Life History Requirements
Lingcod is a dominant fish predator in kelp bed and high-relief rocky reef habitats
throughout its range (Beaudreau and Essington 2007). Lingcod predominantly inhabit
depths of 10 to 100 m (Eschmeyer et al. 1983, Beaudreau and Essington 2007), forming an
important link in the food web (Simenstad et al. 1979) and structuring prey populations
through top-down effects (Bruno and O’Connor 2005, Beaudreau and Essington 2007).
Lingcod is a generalised predator, feeding on a wide range of fish and invertebrates (Tinus
2009, 2012) but relying heavily on forage fish (e.g., Pacific herring and Pacific sand lance)
(Quast 1968, Tinus 2009, 2012) and rockfish (Miller and Geibel 1973, Beaudreau and
Essington 2009).
Found predominantly on rocky reefs, lingcod also occur over soft-bottom habitats (Smith
and Forrester 1973, Jagielo 1988). Recruitment and colonisation generally occur in localised
areas (Jagielo 1995, 1999); however, lingcod can roam over distances of hundreds of
metres (Jagielo 1990, Smith et al. 1990, Matthews 1992, Yamanaka and Richards 1993,
Starr et al. 2004).
During winter (January to March), adult lingcod move into shallower, nearshore habitats to
spawn, with males arriving and establishing spawning territories as early as November
(Cass et al. 1990). Lingcod preferentially choose nest sites with high tidal current
or wave action to improve egg mass ventilation (Giorgi and Congleton 1984). Between midDecember and mid-March, females deposit egg masses (or nests) containing as many as
500,000 eggs in rocky crevices or under rocks within the male territory (Hart 1973). Males
then guard one to three egg masses against predation for six to seven weeks until hatching
in early spring (Jewell 1968, Cass et al. 1990, King and Withler 2005). Males show high
levels of nest site fidelity and return to the same spawning territories annually (Withler et
al. 2004, King and Withler 2005). Unguarded egg masses are susceptible to predation by
other fish and invertebrates (Low and Beamish 1978, Cass et al. 1990).
Lingcod larvae hatch in early spring and become pelagic before settling to bottom habitats
in late May or early June (Jagielo and Wallace 2005). Juveniles initially inhabit eelgrass or
kelp beds, gradually moving to sand or mud bottom habitats of inshore areas (Eschmeyer
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et al. 1983, Jagielo and Wallace 2005), and eventually to habitats of similar relief and
substrate as those occupied by older lingcod, but at shallower depths (Jagielo and
Wallace 2005).
Roberts Bank Habitat Use
At Roberts Bank, lingcod is one of the most commonly observed species on the rip-rap and
artificial reefs seaward of Westshore Terminal (Triton 2004, Archipelago 2009, 2014c, Fehr
et al. 2010, 2012, Fehr 2012). The artificial reefs at Roberts Bank reportedly consist almost
entirely of ideal spawning habitat based on literature preferences (King and Beaith 2001).
They have also been documented on the rip-rap along the southern and eastern edges of
the terminal (Triton 2004, Archipelago 2009).
Lingcod and egg mass densities were similar between 2004 and 2008 (Triton 2004,
Archipelago 2009), and egg mass densities were higher or comparable to those at other
Strait of Georgia natural sites surveyed in 2006 (Haggarty and King 2007), and 2010 and
2011 (McPhie and King 2011), respectively. Mean CPUE (i.e., number sighted per hour) of
lingcod egg masses at Roberts Bank in 2004 (Triton 2004) and 2008 (Archipelago 2009)
was higher than elsewhere in the Strait of Georgia (1994 to 2013 data) (Marliave and
Borden 2013).
Despite high habitat suitability, neither lingcod nor egg mass densities were recorded during
2009 and 2010 surveys of the artificial reefs (Fehr et al. 2010). During 2012 and 2013
surveys, however, lingcod were present on the reefs in every season; density and CPUE
were highest in winter and spring, and on reefs of intermediate and deeper depths
(Archipelago 2014c). A greater number of egg masses was recorded at intermediate and
deep transects than at shallower ones, and most were guarded by at least one male
(Archipelago

2014c).

Egg

masses

were

predominantly

of

the

largest

size

class,

corresponding to 5-plus-year-old spawning females (Archipelago 2014c).
Lingcod and egg mass densities were higher in 2012 to 2013 than in 2008, likely due to an
increase in habitat availability (Archipelago 2014c). Additionally, lingcod and egg mass
densities estimated in 2012 and 2013 at Roberts Bank were higher than those estimated at
other locations in the Strait of Georgia in the 2000s (Haggarty and King 2007, McPhie and
King 2011), suggesting that the artificial reefs provided more suitable spawning habitat
(Archipelago 2014c).
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Status and Limiting Factors
Traditionally, lingcod was a very important species in recreational and commercial fisheries
in B.C. (Cass et al. 1990), in addition to being targeted by Aboriginal fishers, along with
other cod fish (Wilson et al. 2013, Métis Nation BC 2014, Woolman 2014). Overfishing,
however, has resulted in dramatic declines. In 1990, DFO closed the Strait of Georgia to
commercial fishing in response to steadily declining lingcod biomass in the region in the
1970s and 1980s (Logan et al. 2005, DFO 2013a). Lingcod biomass in the Strait of Georgia
in 1991 was estimated to have declined by over 95% from 1951 levels (Martell and Wallace
1998, King 2001, Logan et al. 2005). Since the closure, lingcod abundance in the Strait of
Georgia has remained at very low but stable levels, but slight increases in nest densities
since 1994 suggest that the lingcod spawning population is increasing (King 2001).
Fisheries and Oceans Canada PFMAs 28 (Sunshine Coast) and 29 (Lower Mainland) are
closed to recreational fishing for lingcod, including catch-and-release fishing (DFO 2013e),
while Aboriginal harvest of lingcod is allowed under FSC and communal licences. For more
information on CRA fisheries for lingcod, including current management measures, refer to
Section 16.5 Ongoing Productivity of Commercial, Recreational, and Aboriginal
Fisheries, Existing Conditions.
13.5.3

Forage Fish

Forage fish are small, schooling, pelagic fish species that are a primary food source for
higher trophic-level predators (e.g., marine birds, marine mammals, and marine fish,
including salmon) (Hunt et al. 1999, Therriault et al. 2002, 2009, Smith et al. 2011,
Schrimpf et al. 2012, Kaplan et al. 2013). Forage fish feed on phytoplankton and
zooplankton and are important conduits of energy transfer to higher trophic-level predators
(Cury et al. 2000, 2003). In B.C., some forage fish species have declined as a result of
over-exploitation (e.g., Pacific herring (DFO 2014b)). Other limiting factors include habitat
loss due to coastal development and climate change (Liedtke et al. 2013).
At Roberts Bank, numerous forage fish species are present seasonally or year-round. Pacific
sand lance, surf smelt, Pacific herring, and shiner perch (Cymatogaster aggregata) have
been documented using nearshore shallow habitats in the inter-causeway area, particularly
in the summer (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984, Triton
2004, Archipelago 2014d, e, f), and juvenile forage fish such as Pacific sand lance and
shiner perch use eelgrass beds as rearing habitat (Greer et al. 1980, Conlin et al. 1982,
Gordon and Levings 1984, Archipelago 2014d). Suitable beach-spawning habitat for Pacific
sand lance and surf smelt has been identified north of Roberts Bank causeway; however,
spawning has not been confirmed (Triton 2004, Archipelago 2014b).
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13.5.3.1

Pacific Sand Lance

Life History Requirements
Pacific sand lance is a small, schooling fish species that occurs in estuarine and marine
waters in the Pacific Northwest to depths of approximately 100 m (Robards et al. 1999).
Pacific sand lance forms a critical food web link between the zooplankton it preys on and its
marine predators (e.g., cormorants, gulls, seals, sea lions, lingcod, and salmon) (Robards et
al. 1999, Triton 2004, Haynes et al. 2007, Johnson et al. 2008, Therriault et al. 2009).
Pacific sand lance is a visual feeder that forages during daylight in seasons when
zooplankton are abundant (Hobson 1986, Ciannelli 1997). Large feeding aggregations form
in the mid-water column, while non-feeding schools remain close to the seafloor (Haynes et
al. 2007). Sand lance bury in coarse sand substrates throughout the year (i.e., during day
or night) when they are not feeding, and tend to stay buried for a prolonged period over the
winter when prey is scarce (Robards et al. 1999, Haynes et al. 2007, Van Deurs et al.
2010). Without a swim bladder, maintaining buoyancy is difficult without expending
valuable energy; therefore, burying allows sand lance to enter a low-energy state (Quinn
1987) and to reduce predation risk (Dick and Warner 1982, Pearson et al. 1984, Hobson
1986, Johnson et al. 2008). Adult Pacific sand lance overwinter in benthic sediments except
during the narrow spawning window, when they move into intertidal waters.
In B.C., Pacific sand lance typically spawn between November and February, when they
deposit eggs in the upper intertidal zone in sand, or a mixture of sand and fine gravel
(Penttila 1999, Thuringer 2004, de Graaf and Penttila 2011). Some spawning has also been
documented in coarse sand and fine gravel (1 to 7 mm) (Penttila 2000). During field
surveys in 2003 and 2004 (Triton 2004), and fish beach spawn sampling in 2012 and 2013
(Archipelago 2014b), suitable spawning habitat was identified north of Roberts Bank
causeway, although no eggs were found. Near Roberts Bank, Pacific sand lance spawn in
Puget Sound and the San Juan Islands (Penttila 1995, 2000, 2007), Point Roberts, and
beaches of the Lower Mainland (e.g., Boundary Bay)(de Graaf and Penttila 2011,
CMN 2013).
Pacific sand lance eggs adhere to bottom substrates where incubation can range from as
long as 62 days at 2° celcius (C) to 13 days at 16° C (Robards et al. 1999). Larvae are
initially pelagic, but settle in nearshore benthic habitats at approximately 30 mm when they
begin to alternate between foraging and burying (Haynes et al. 2008).
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Pacific sand lance burying habitat ranges from intertidal areas to depths of −80 m CD (Dick
and Warner 1982, Quinn 1999, Robards et al. 1999, Haynes 2006, Greene et al. 2011,
Robinson et al. 2013). Substrates of coarse sand (0.25 to 2.00 mm) or mixed sand-gravel
with low silt content are preferred (Dick and Warner 1982, Haynes et al. 2007, Robinson et
al. 2013). To avoid clogging of gills when buried, areas of moderate to high bottom current
velocities (25 to 63 cm/s) are optimal (Wright et al. 2000, Greenstreet et al. 2010,
Robinson et al. 2013). In the intertidal zone, sheltered shorelines are typically more suitable
than high-energy wave exposure zones (Haynes et al. 2007).
Pacific sand lance forage in protected inshore waters and more exposed, outer coast
environments. Foraging schools have been captured over bedrock outcrops, in kelp beds
dominated by bedrock, and in eelgrass meadows (Haynes et al. 2007, Johnson et al. 2008).
While the geographical extent and full duration of use of these habitats remain unknown, it
is evident that Pacific sand lance habitat is not limited to sandy substrates. The relationship
between location of appropriate burying habitat and water-column foraging areas remains
unclear.
A habitat suitability model for Pacific sand lance identified 6% of the Strait of Georgia,
including locations along the southern Fraser River estuary, as suitable burying habitat
(Robinson et al. 2013). Roberts and Sturgeon banks were identified as suitable and unique
due to high-energy sediment transport and the presence of subaqueous dunes produced
from current speed and sediment supply (Hill et al. 2008, Robinson et al. 2013).
Roberts Bank Habitat Use
At Roberts Bank, Pacific sand lance have historically been observed in eelgrass habitat
between April and November, with higher abundances recorded in spring, summer, and
early fall (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984). Near the
existing Roberts Bank terminals in 2012 and 2013, sand lance were caught in multiple
seasons (e.g., spring, summer, and winter) (Archipelago 2014d) and in numerous habitats,
including the eelgrass bed north of the Roberts Bank causeway and within the 5 m to 10 m
depth zone (Triton 2004, Archipelago 2014d, e, f).
A habitat suitability model created for Pacific sand lance at Roberts Bank identified
approximately 494 ha of highly suitable habitat, 885 ha of moderately suitable habitat,
and 4

ha

of

unsuitable

habitat.

Highly

suitable

and

moderately

suitable

habitat

encompassed approximately 34 % and 62 % of the study area, respectively (Figure 13-3;
see Hemmera 2014b).
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Status and Limiting Factors
Quantitative data on sand lance biology, temporal patterns of abundance, and distribution
are limited (Therriault et al. 2009); therefore, potential limiting factors are difficult to
determine. Potential abundance-limiting stress and mortality factors identified for forage
fish in general include pathogens, toxic contaminants, changing climate conditions,
disturbance or loss of critical habitat, and fisheries (Liedtke et al. 2013).
Sand lance are not caught commercially, recreationally, or by Aboriginal groups in B.C.
(Schweigert et al. 2007); however, limiting factors likely include shoreline development
because sand lance (along with surf smelt) spawn on beaches (Penttila 2007, Krueger et al.
2010, Quinn et al. 2012). Increasing ocean temperatures as a result of climate change may
be compounding spawning habitat loss (Therriault et al. 2002, Krueger et al. 2010), with
the highest potential effects on populations that deposit eggs in the high intertidal zone
(Griggs 2005, Krueger et al. 2010). Increased oceanic temperatures and fluctuating oceanic
processes, such as coastal upwelling, can also influence survivorship of age 0 plus
forage fish through effects on primary production rates and zooplankton availability (Reum
et al. 2011).
Sensitive life stages (e.g., eggs and larvae) of Pacific sand lance and other benthic spawning
forage fish, including surf smelt and Pacific herring, are at risk of direct exposure to toxic
contaminants at the land-sea interface (Pinto et al. 1984, Liedtke et al. 2013), and juveniles
and adults may be exposed to contaminants through prey (West et al. 2008, O’Neill and
West 2009). Contaminant loading has potential implications for the viability of forage fish
populations and higher-level organisms through trophic transfer and bioaccumulation (West
et al. 2008).
13.5.3.2

Surf Smelt

Life History Requirements
Surf smelt is a small, pelagic, schooling fish that is one of the most abundant forage fish
species in the Fraser River estuary and throughout its northeast Pacific range (Hart 1973,
Therriault et al. 2002). Adults, and likely juveniles, are abundant in nearshore pelagic
habitats (Therriault et al. 2002).
Surf smelt are obligate beach spawners that typically lay their eggs on sand and fine gravel
(1 to 7 mm) in the upper intertidal zone of sheltered waters (1 to 2 m below the high tide
mark) Penttila 1978, 1997, 2001; Therriault et al. 2002; Krueger et al. 2010). Spawning
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adults form dense aggregations during high tide at dusk or at night (Levy 1985, Middaugh
et al. 1987). Spawning pairs release their sperm and eggs simultaneously close to the
beach, and fertilisation occurs externally immediately after spawning (Therriault et al.
2002). Females, which typically produce up to 20,000 eggs each spawning season, deposit
only a fraction of their eggs at a time and continue to spawn intermittently throughout the
season (Therriault et al. 2002).
Environmental conditions that may accelerate embryonic development include warmer
temperatures and higher oxygen availability (Martin and Swiderski 2001). Egg deposition in
the high intertidal zone may reduce risk of predation (Rice 2006, Quinn et al. 2012);
however, risk of desiccation and thermal stress may increase (Penttila 1978, Martin and
Swiderski 2001). Shoreline vegetation or large boulders can enhance spawning habitat
quality by reducing temperature fluctuations and increasing relative humidity levels
(Middaugh et al. 1987, Rice 2006, Lee and Levings 2007). Sorting of beach substrates by
wave

action

also

buries

embryos

just

below

the

surface,

protecting

them

from

environmental stress (Middaugh et al. 1987). Favoured spawning beaches tend to be northfacing and have relatively lower maximum daily sediment temperatures (Quinn et al. 2012).
Incubation time of eggs ranges from 8.5 to over 90 days, with longer durations
corresponding to cooler air and water temperatures (Middaugh et al. 1987). Eggs need to
be immersed in seawater to hatch successfully; thus, hatching corresponds to spring tides
(Therriault et al. 2002). Newly hatched larvae remain in the plankton for several weeks
before they develop into juvenile fish (Therriault et al. 2002).
Recruitment into the spawning population occurs at the end of the first year following
hatching (age class 0 plus) (Therriault et al. 2002). Two-year-old cohorts typically
dominate populations in B.C. and spawning likely occurs from May to September (Levy
1985, Therriault et al. 2002, Leonard and Mamiya 2005). Juvenile surf smelt rear in
nearshore or estuarine habitats (Yoklavich et al. 1991), often in eelgrass habitats (Levy
1985). Surf smelt feed on a wide variety of planktonic and epibenthic prey, including
euphausiids, amphipods, copepods, cnidarians, fish eggs, and fish larvae (Therriault et al.
2002, Miller and Brodeur 2007).
Roberts Bank Habitat Use
In the Fraser River estuary, surf smelt have been observed schooling close to the river
mouth (Leonard and Mamiya 2005). During 2012 and 2013 field sampling at Roberts Bank,
surf smelt were caught in beach seines, purse seines, and trawls in greatest abundance in
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spring and winter, and accounted for 66% (in terms of weight) of total catch
(Archipelago 2014d, e, f). Surf smelt were not significantly associated with any habitat, and
were caught in eelgrass beds and over sand (Archipelago 2014d, e). In spring and fall, surf
smelt catch was dominated by larvae, while in winter, it shifted to include more juveniles
(Archipelago 2014d).
A field study on surf smelt at Roberts Bank in 2003 and 2004 identified suitable spawning
habitat north of Roberts Bank causeway, but no eggs were found (Triton 2004). During
forage fish beach spawn sampling at Roberts Bank in 2012 and 2013, suitable spawning
habitat was also identified north of Roberts Bank causeway, though again, no eggs were
found (Archipelago 2014b). Surf smelt spawning has been documented at Tsawwassen
beach, Crescent Beach at Boundary Bay (de Graaf and Penttila 2011, CMN 2013), Point
Roberts, and in Puget Sound and the San Juan Islands (Penttila 1995, 2000, 2007).
Status and Limiting Factors
For over a century, surf smelt in B.C. (primarily Burrard Inlet) was a commercially
important marine fish species; however, by the early 1960s the commercial fishery had
diminished (Therriault et al. 2002, Therriault and Hay 2003, DFO 2012c), and fishing
restrictions were implemented. Recreational fishing for surf smelt has increased since the
1990s, and occurs year-round, except for a closure from June 15 to August 15 in PFMAs 28
and 29 (DFO 2012c). There is uncertainty around recreational harvest levels (DFO 2012c);
however, in the Strait of Georgia recent estimates of spawning stock biomass suggest that
recreational fisheries are the primary source of mortality (e.g., up to 40% of potential
spawning biomass in Burrard Inlet), indicating potential over-utilisation (Therriault and
Hay 2003).
Although surf smelt fisheries are primarily centred in Burrard Inlet, some commercial and
recreational harvesting occurs in PFMA 29 (i.e., Fraser River estuary, including Roberts
Bank) where landings have declined steadily since the early 1980s (Therriault et al. 2002).
No surf smelt catch has been reported from the Fraser River estuary since 1998 (Therriault
et al. 2002). Given the limited availability of catch data, significant data gaps exist
regarding surf smelt fishing mortality, spawning biomass, and population size (Therriault
and Hay 2003). For more information on CRA fisheries for surf smelt, refer to Section 16.5
Ongoing Productivity of Commercial, Recreational, and Aboriginal Fisheries,
Existing Conditions. Other limiting factors for surf smelt are similar to those described for
Pacific sand lance (see Section 13.5.3.1).
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13.5.3.3

Pacific Herring

Life History Requirements
Pacific herring is a pelagic forage fish species of coastal and marine ecosystems in the
Pacific Northwest (Eschmeyer and Herald 1983). Due to their high abundance, broad
distribution, and high body fat content, all herring life stages are important prey for higher
trophic-level predators (Hourston and Haegele 1980, Best and St-Pierre 1986, Ketchen
1956, Olesiuk et al. 1990, Bredesen et al. 2006, Knoth and Foy 2008, Therriault et al. 2009,
Nichol et al. 2013).
In the Strait of Georgia, herring populations are either migratory or non-migratory (Taylor
1964, Therriault et al. 2009). Prior to spawning, migratory populations move from foraging
grounds on the west coast of Vancouver Island to spawning grounds in the Strait of Georgia
from October through December. Return to foraging areas occurs from March through April
(Therriault et al. 2009). Non-migratory populations remain in inshore waters throughout the
year, especially in Puget Sound and inlets of the eastern coastline of the Strait of Georgia
(DFO 2008, Therriault et al. 2009). The estimated proportion of non-migratory populations
comprising the Strait of Georgia stock ranges from 5% to 33% (Dalsgaard et al. 1998), but
data are insufficient for determining whether herring in PFMA 29 (includes Roberts Bank)
are migratory or non-migratory.
Adult Pacific herring spawn in inshore harbours, sheltered bays, and large estuaries
(Therriault et al. 2009). Spawn is attached to vegetation, including red algae, eelgrass,
rockweed, brown algae, and kelp (Haegele et al. 1981), and may vary in density from
several thinly scattered eggs to more than 20 layers (Hay and Fulton 1983). Incubation
time is 10 to 21 days, depending on water temperature (Hourston and Haegele 1980). Most
spawn deposition occurs at depths shallower than 10 m below high water (Hay et al. 2009);
however, spawn has been observed to ‒12 m CD (Haegele et al. 1981).
Within the Strait of Georgia, spawning activity is largely confined to the east coast of
Vancouver Island, based on records from 1940 to 2013 (Hay and McCarter 2013a). Within
the Fraser River estuary, most spawning occurs in Boundary Bay, though no activity has
been recorded since 1992 (Hay and McCarter 2013a). Spawning at Boundary Bay occurs
from mid-February to early May, with peak spawning in late February to early March
(Hay and McCarter 2013a). Herring Section10 291 (or Fraser Foreshore), in which Roberts
Bank is located, is not considered a major spawning area (Hay and McCarter 2013a).

10

For stock assessment purposes, DFO monitors spawning and ranks spawning locations (referred to as
Sections) based on a cumulative spawn habitat index (Hay and McCarter 2013a). This index represents the
combined, long-term frequency and magnitude of spawns on B.C.’s coastline over time, starting in 1928
(Hay and McCarter 2013a).
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In the Strait of Georgia, herring larvae are found mainly in shallow nearshore waters (Hay
and McCarter 1997), where they spend the first few weeks of their lives within the top 12 m
of the water column (Snauffer 2013). Dispersal of larvae is strongly influenced by winds and
surface currents (Snauffer 2013), with variable dispersal patterns resulting in high
variability of larval abundance among years (Therriault et al. 2009). For example, in the
1980s and early 1990s, larval herring in the Strait of Georgia dispersed northward, due to
counter-clockwise currents of the Strait, to areas where spawning had not been previously
documented (Hay and McCarter 1997, McCarter 2013). During this period, very few larvae
were found at Roberts Bank and the Fraser River estuary (Hay and McCarter 1997, McCarter
2013).
Larvae develop rapidly, and metamorphose into juveniles by May or June (Therriault et al.
2009). During their first summer, juveniles congregate into increasingly large schools in
protected bays and inlets (Hourston and Haegele 1980). By the fall, these schools gradually
move to offshore wintering grounds, where they are found mainly at depths of 150 m to
200 m (Hourston and Haegele 1980). Juveniles from migratory populations in the Strait of
Georgia do not migrate until after their second summer; thus, all age 0 plus Pacific herring
are considered resident in coastal waters (Therriault et al. 2009). Pacific herring reach
sexual maturity at age 3 to 4 years, and generally do not live more than 10 years (Ketchen
et al. 1983, Hay and McCarter 1999, Schweigert et al. 2010).
Pacific herring diet varies with age, though copepods are the preferred prey of both
juveniles and adults (Wailes 1936, Hay and McCarter 2000). During the larval stage, herring
feed on eggs and diatoms, switching to copepods and barnacles as they become juveniles,
and to crustaceans (e.g., copepods, euphausiids) as they mature into adults (Wailes 1936,
Hay and McCarter 2000).
Roberts Bank Habitat Use
During beach seines at Roberts Bank in the late 1970s and 1980s, Pacific herring was the
most abundant species caught in eelgrass beds of the inter-causeway area, primarily from
June to August (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984). The
summer abundance relates to a shift from the larval stage to the juvenile schooling stage,
and a movement into nearshore areas. Herring from Roberts Bank in the early 1980s
showed peaks in abundance at approximately 40 mm and 70 mm body length, indicating
catch was dominated by juvenile herring (Conlin et al. 1982, Gordon and Levings 1984).
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During 2012 and 2013 field surveys at Roberts Bank, Pacific herring were caught in the
summer, mainly in the subtidal areas southwest of the Westshore Terminals and in the
inter-causeway area (Archipelago 2014d, e), accounting for 1% of the beach seine catch,
and 35% of the purse seine catch (Archipelago 2014d). During beach seining, no herring
were caught over sand, and the majority were caught in patchy eelgrass beds (Archipelago
2014d).
Very few Pacific herring spawning records exist for Roberts Bank, and spawning in this area
is likely limited (Gordon and Levings 1984, Hay and McCarter 2013a). Spawning records
exist from Point Roberts, Washington approximately 5 km south of Roberts Bank. Larvae
from Point Roberts probably drift into Roberts Bank (Gordon and Levings 1984).
Status and Limiting Factors
Pacific herring has historically been one of the major commercial fisheries in B.C. (Taylor
1964); however, the fishery collapsed in the late 1960s due to overfishing, consecutive
weak year classes, and low spawning biomass as a result of unfavourable environmental
conditions, and was subsequently closed in 1967 (DFO 2014b). Following recovery of stocks
(Beamish 2008), a roe fishery was established in the early 1970s and currently makes up
most of B.C.’s commercial Pacific herring harvest (DFO 2014b). Additional commercial
herring fisheries include spawn on kelp, food, bait, and special use (e.g., for use in zoos and
aquariums) (DFO 2013f). The current commercial fishery operates at 15% to 30% of
historic levels (Beamish et al. 2004).
Spawning biomass in the Strait of Georgia increased from the mid-1980s to the late 1990s,
declined in the 2000s, and has increased since 2007 (DFO 2014b); however, size-at-age
has declined since the late 1980s, indicating that fish are removed before reaching
maximum growth and productivity (Therriault et al. 2009). Also, spawning distribution has
become more restricted in time and space since the late 1980s, with an increasing
concentration in northwest sections of the Strait and a corresponding decrease in southern
and eastern areas (Therriault et al. 2009). The duration of early (January to early February)
and late (April to May) spawning has also decreased (Therriault et al. 2009). Pacific herring
have not been caught on the Fraser foreshore since 1995, and not in Boundary Bay since
1966 (DFO 2014c). The causes of these changes are unclear (Hay et al. 2008).
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Pacific herring is an important species to Aboriginal groups throughout B.C., with traditional
fishing occurring throughout the Fraser River estuary, including at Roberts Bank (Wilson et
al. 2013, Candler et al. 2014, Woolman 2014). In addition to the fish itself, herring roe was
also traditionally harvested within the South Fraser Delta; however, roe is generally now
obtained from elsewhere through trade, and not harvested in the area (Woolman 2014).
According to Aboriginal community members, Boundary Bay (within the marine fish RAA)
and Point Roberts to the south historically had large herring spawns and were a source of
roe; no spawning is occurring at these locations now, potentially due to declines in eelgrass
(Wilson et al. 2013). Today, Pacific herring are harvested by Aboriginal groups in the marine
fish RAA, specifically in the Canoe Passage area, as well as on the north side of the South
Arm of the Fraser River (Woolman 2014).
Present-day Aboriginal harvest of Pacific herring for FSC purposes occurs in B.C.; however,
harvest amounts are not large (DFO 2013f). The spawn-on-kelp fishery, which provides a
traditional food source to some B.C. coastal Aboriginal groups, does not take place in the
Strait of Georgia due to lack of suitable kelp (Beamish 2008, DFO 2013f). The recreational
herring fishery is thought to be minimal (DFO 2013f). For more information on CRA Pacific
herring fisheries and management, refer to Section 16.5 Ongoing Productivity of
Commercial, Recreational, and Aboriginal Fisheries, Existing Conditions.
Climate variability likely affects survival and recruitment into Pacific herring stocks, resulting
in interannual biomass fluctuations (Beamish 2008). Strong upwelling events, which result
in cooler water temperatures, have been linked to increased zooplankton productivity and
consequently strong herring year classes that depend on zooplankton (Ware 1991,
Schweigert 1995, Beamish 2008). Cooler water temperatures also restrict Pacific hake
(Merluccius productus) distribution, thereby reducing predation (Ware 1991, Schweigert
1995, Beamish 2008). Increasing water temperatures may increase Pacific herring
susceptibility to diseases (Hershberger et al. 2013), and rising sea levels and increased
storminess will likely affect herring spawning in nearshore environments (Beamish 2008).
Pacific herring are also subject to a number of natural limiting factors. Spawn mortality
ranges between 56 to 99%, with major causes including exposure to air and wave action,
and predation (Taylor 1964, Hourston and Haegele 1980). Mortality during the larval stage,
which can also range up to 99%, is attributed primarily to dispersal into unfavourable
habitat with low zooplankton concentrations (Taylor 1964, Hourston and Haegele 1980).
Predation on Pacific herring is another major source of natural mortality and, since the early
1950s, population sizes of herring predators (e.g., seals, sea lions, and baleen whales) have
increased (DFO 2003, Crawford and Irvine 2011).
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Pacific herring are a noise-sensitive species, relative to many other marine fish. As
described in Section 13.5.1, fish have generally been classified into two groups based on
their auditory sensitivity: hearing generalists (such as salmon) and hearing specialists (such
as herring). Hearing specialists are fish with swim bladders extending close to or connecting
to the inner ear, which have a broader bandwidth of hearing and high auditory sensitivity
(Popper and Hastings 2009a, Popper and Fay 2011), and as a group, are more susceptible
to the direct and indirect effects of underwater sound.
13.5.3.4

Shiner Perch

Life History Requirements
Shiner perch are small, schooling, pelagic fish ranging from Baja California to Alaska
(Gordon 1965, DeMartini 1969, Hart 1973) and occupying a wide range of nearshore
habitats including bays, estuaries, sandy or rocky beaches, and kelp beds. In the Strait of
Georgia, they can be found at depths to 146 m (Gordon 1965, Eschmeyer et al. 1983).
In B.C., adult male shiner perch migrate into nearshore waters in early June (Gordon 1965),
where they aggregate into mating schools and display elaborate courtship behaviours
(Wiebe 1968). Female shiner perch migrate soon after the males and, by end of August,
both sexes occupy the mating grounds (Gordon 1965). Although sperm transfer occurs
during the summer, females store sperm of multiple males until the winter, when eggs are
fertilised internally (Wiebe 1968, Lane et al. 2002, Liu and Avise 2011). Following mating,
males and females migrate to deeper waters by mid-October, and remain there during late
fall and winter (Gordon 1965).
After a gestation period of approximately 5 months (i.e., in April to August of the following
year), female shiner perch migrate back to shallow waters to give birth (Gordon 1965,
Wiebe 1968, Liu and Avise 2011) to a small number (i.e., 4 to 20) of free swimming,
fully-developed live young (Turner 1947, Wiebe 1968, Wilson and Millemann 1969, Lane et
al. 2002, Liu and Avise 2011). Newly born shiner perch remain in relatively compact schools
in shallow nearshore areas for a month or two following birth, but by mid-September, move
to deeper waters (greater than 20 m) where they recruit into the adult population (Gordon
1965, Wiebe 1968, DeMartini 1969). Male shiner perch become sexually mature shortly
following birth (Wiebe 1968, DeMartini 1969), while females born in the summer give birth
during their second summer (Gordon 1965, Wilson and Millemann 1969).
Shiner perch can be found in schools over sand and mudflats at depths ranging from 1.5 m
to 30 m, and in areas with algal growth or eelgrass, around docks and pilings (Gordon 1965,

Page | 13-48

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Lane et al. 2002, Johnson et al. 2003, Kelly et al. 2008). Young-of-year schools have been
observed close to rocky reefs, and in and around kelp beds (Gordon 1965, Johnson et al.
2003). Shiner perch can inhabit a wide range of salinities (i.e., 0 to 35 PSU) and
temperatures (i.e., 4 to 21° C), although optimal temperatures do not exceed 18.5° C
(Odenweller 1975, Lane et al. 2002).
Shiner perch feed along the bottom on soft-bodied small invertebrates (e.g., polychaete
worms), and hard-shell organisms (e.g., isopods, amphipods, shrimp, small crabs,
gastropods, bivalves), or in the water column on fish eggs and larvae (DeMartini 1969,
Odenweller 1975, Lane et al. 2002). In the Strait of Georgia, mussels, algae, barnacles, and
zooplankton comprise a significant proportion of the diet (Gordon 1965). Yearling growth
rates are rapid during spring and summer when average temperatures and prey availability
are high (Gordon 1965).
Shiner perch are a key prey item for harbour seals in the San Juan Islands and nearby
estuarine ecosystems, particularly when salmonids are not available (Lance et al. 2012,
Howard et al. 2013). Other predators include marine birds, sea lions, and larger fish such as
rockfish and lingcod (Odenweller 1975).
Roberts Bank Habitat Use
Shiner perch were among the more abundant fish species caught in beach seines from the
late 1970s and early 1980s in the Roberts Bank inter-causeway area. Catch was dominated
by juveniles, which were present roughly from June to September (Greer et al. 1980, Conlin
et al. 1982, Gordon and Levings 1984). In the early 2000s, shiner perch was one of the
most common fish species caught in summer and early fall during beam trawl and beach
seine surveys west of Roberts Bank causeway and the inter-causeway area (Triton 2004)
where, along with threespine stickleback, it accounted for 50% of the beach seine catch
(Triton 2004).
During 2012 and 2013 field surveys at Roberts Bank, shiner perch was consistently one of
the most abundant species caught (especially in the summer), accounting for 31% of the
beach seine catch across sampling sites and seasons (Archipelago 2014d, e, f). Most shiner
perch were likely adults, ranging from 74 mm to 120 mm in length (Archipelago 2014d).
Shiner perch were caught in greater abundance in continuous than patchy eelgrass beds or
sandflat habitats (Archipelago 2014d). In deeper subtidal areas west of Westshore
Terminals, shiner perch accounted for only 1% of the purse seine catch (Archipelago
2014e); however, they were caught in 30% of summer tows during benthic trawl surveys in
the same area (Archipelago 2014f).
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Status and Limiting Factors
Five species of perch have been commercially fished in B.C. from May to September (Lane
et al. 2002); however, this fishery has not been active in recent years (DFO 2011b). In the
recreational fishery, which generally occurs along floats, docks, and pilings, shiner perch is
one of the primary species caught (Lane et al. 2002, DFO 2011b). Shiner perch are also
frequently caught as by-catch in the shrimp-trawl fishery in deeper waters of the Strait of
Georgia (Hay et al. 1999, Lane et al. 2002) but it is not known whether this catch is limiting
the population.
13.5.4

Flatfish

Flatfish are distributed along the western coast of North America (Kramer et al. 1995,
McCain et al. 2005) and are an integral component of estuarine and marine ecosystems.
Predators include seabirds (e.g., herons, cormorants; Robertson 1974, Butler 1995), marine
mammals (e.g., sea lions, harbour seals; Everitt et al. 1981, Olesiuk et al. 1990, Sinclair
and Zeppelin 2002), and other fish species (e.g., copper and quillback rockfish, lingcod,
Pacific staghorn sculpin; Armstrong et al. 1995, Murie 1995, Cass et al. 1990).
At Roberts Bank, field surveys between 1979 and 2003 documented 12 flatfish species in
intertidal and subtidal areas to a depth of 15 m, with common species including English
sole, starry flounder, and rock sole (Lepidopsetta bilineata) (Greer et al. 1980, Conlin et al.
1982, Gordon and Levings 1984, Triton 2004). During towed underwater video surveys
between 2003 and 2012 in subtidal zones within and adjacent to the Project, flatfish were
common at depths from 0 to 25 m (Archipelago 2014f). Deeper slopes with coarse sand
appeared to host different species of flatfish than finer shallow subtidal sandflats. Starry
flounder was most common at depths less than 5 m, whereas English and Dover sole
(Microstomus pacificus) were more common at depths greater than 10 m (Archipelago
2014f).
Trawl surveys in subtidal waters (i.e., to a depth of 25) at Roberts Bank in 2012 and 2013
documented nine species of flatfish (75% of total catch), of which English sole, starry
flounder, and sanddab were the most common species (Archipelago 2014f). Most flatfish
were juveniles, suggesting that Roberts Bank is important for rearing (Archipelago 2014f).
Flatfish are influenced by a number of habitat characteristics, which vary according to
season, species, and life stage. Sediment size determines the suitability of nursery habitat,
with young better able to bury in finer substrates and hide from predators (Gibson 1994,
Moles and Norcross 1995, Stoner and Ottmar 2003, Ryer et al. 2008). Structural complexity
is also important, as more structurally complex habitats offer refuge from predators and
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strong currents, and typically support higher prey densities (Stoner and Titgen 2003, Stoner
et al. 2007, Pappal et al. 2012, Rabaut et al. 2013). Depth and tidal state can also
determine flatfish distribution (Burrows et al. 1994, Gibson 1994, Gibson 1997).
The commercial groundfish fishery, in which flatfish are targeted species, is limited in scope
compared to historic exploitation levels and to other areas in B.C. (King et al. 2013). For
more information on commercial fisheries for flatfish in B.C. and the Strait of Georgia, refer
to Section 16.5.1 Ongoing Productivity of Commercial, Recreational, and Aboriginal
Fisheries, Commercial Fisheries.
13.5.4.1

English Sole

Life History Requirements
English sole is found along the Pacific coast of North America, with abundance decreasing
with increasing latitude (Fargo et al. 2000). Depth distribution depends on life history
stage and season, with juveniles typically occupying shallow waters close to shore, and
adults occupying deeper waters up to 150 m (Ketchen 1956, Fargo et al. 2000). Adults are
generally restricted to offshore sand or sand-mud substrates (Lassuy 1989a), and are
abundant in depths ranging from 20 to 70 m in the summer and from 40 to 130 m in winter
(Lassuy 1989a). Spawning occurs in depths ranging from 50 m to 110 m, over sand or
sand-mud substrates (Lassuy 1989a, McCain et al. 2005).
Spawning may occur in all seasons, but is typically most intense between December and
February, and in September and April (Kruse and Tyler 1983, Lassuy 1989a). Eggs of
English sole are buoyant when first released, but begin to sink as they approach time of
hatching (Leet et al. 2001), which is 6 to 10 days after spawning, depending on
water temperature and salinity (Fargo et al. 2000). The pelagic larval stage lasts between
6 to 10 weeks (Leet et al. 2001), and larvae remain within the top 20 m of the water
column (Fargo 1994, Fargo et al. 2000). Larvae depend on oceanic and tidal currents for
transport to suitable nearshore nursery areas (Fargo 1994) where they metamorphose to
the benthic stage (Gunderson et al. 1990). Juveniles typically remain in the intertidal zone
until late summer of their first year (Ketchen et al. 1983, Toole et al. 1987, Gunderson et
al. 1990). A variety of bottom habitats are used, including mud, sand, eelgrass, and lower
side channels (Toole et al. 1987, Rooper et al. 2003). As they grow, English sole move into
progressively deeper waters (Lassuy 1989a).
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Larval English sole feed on copepods and other small plankton, while juveniles feed on
polychaetes, amphipods, and other small benthic invertebrates (Toole 1980, Gadomski and
Boehlert 1984). Adults feed on a variety of benthic invertebrates (e.g., polychaetes,
echinoderms, and mollusks), and fish (i.e., Pacific sand lance and Pacific herring) (Fargo et
al. 2000).
Roberts Bank Habitat Use
Trawl surveys in the late 1970s and early 1980s documented year-round presence of
English sole in the subtidal zone of Roberts Bank, with highest abundance in summer and
fall. English sole were more common at Roberts Bank than at nearby areas, such as
Sturgeon Bank (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984). During
2012 and 2013 surveys at Roberts Bank, English sole was one of the most abundant flatfish
species caught across sampling sites and seasons, with density statistically higher in the
summer and fall than in winter or spring (Archipelago 2014f). Up to 99% of English sole
caught were juveniles, which were associated with all sediment types; however, density was
statistically higher over sand and muddy sand than over slightly gravelly substrate
(Archipelago 2014f). Juveniles were caught at all depths surveyed (0 to 25 m); however,
density and size were statistically higher in deeper waters (greater than 10 m) (Archipelago
2014f).
English sole was also caught during beach and directional seine surveys in intertidal and
shallow subtidal areas of Roberts Bank in 2012 and 2013, but accounted for less than 1% of
the total catch (Archipelago 2014d, e). English sole were captured over sand and were also
observed in eelgrass habitats (Archipelago 2014d, e). They were only caught during spring
and summer, which may be an artifact of different gear and sites selected for sampling
(Archipelago 2014d, e). Greater numbers of English sole caught in the beach seine during
spring and summer likely reflect an influx of juveniles in the intertidal and shallow subtidal
areas following peak spawning in the winter months.
Status and Limiting Factors
English sole has been the primary target species in commercial trawl fisheries in the Strait
of Georgia since the 1930s (Ketchen et al. 1983). Stocks are considered fully exploited in
B.C. (Gibson 2005); however, no assessment has been conducted for the Strait of Georgia
stocks specifically (Golden 1986, Fargo et al. 2000, Starr 2009).
Trawl surveys conducted in the Strait of Georgia since the early 2000s to estimate
abundance and population trends of key benthic species, found that English sole was the
most abundant species in terms of biomass, (Palsson 2002, Palsson et al. 2003, King et al.
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2013). An increasing trend in recreational catches of English sole was also identified for the
Canadian portion of the Strait of Georgia until the early 2000s (Carter and Zetterberg 2010,
Zetterberg and Carter 2010). Analysis of fisheries data in combination with results from
trawl surveys reveal increasing trends in English sole populations (Palsson 2002, Palsson et
al. 2003).
Large-scale variations in climate and associated effects of oceanic processes may affect
flatfish recruitment directly by dispersing larvae away from suitable nursery areas, and
indirectly by altering environmental conditions (e.g., favourable water temperatures and
prey availability) (Kruse and Tyler 1983, Gadomski and Boehlert 1984, Wilderbuer et al.
2002). Food availability is a critical factor that affects subsequent year-class strength of
English sole (Kruse and Tyler 1983, Gadomski and Boehlert 1984).
At a local scale, greater recruitment of juvenile English sole into estuarine rearing areas has
been shown to occur during times of low salinity that coincide with freshwater discharges
(Boehlert and Mundy 1987). Water temperature may also affect habitat selection by adult
flatfish, which generally prefer colder water temperatures (Beamish 2008).
Long-term catch declines in flatfish in the Fraser River estuary are potentially attributable to
pollution of intertidal and subtidal habitats, and associated contaminant loading in juvenile
flatfish (Ketchen et al. 1983). Given their benthic nature, flatfish are exposed to
contaminants such as PCBs through sediments.
13.5.4.2

Starry Flounder

Life History Requirements
Starry flounder ranges along the Pacific coast of North America (Hart 1973), including the
lower Fraser River and estuary (Greer et al. 1980, Gordon and Levings 1984, Birtwell et al.
1993, Triton 2004, Archipelago 2014d, e, f), where it can typically be found in shallow areas
up to a depth of 150 m (Garrison and Miller 1982, Kramer et al. 1995). Muddy and sandy
substrates comprise preferred habitat (Eschmeyer et al. 1983, Kramer et al. 1995). Unlike
most species of flatfish, starry flounder inhabit waters with salinities ranging from
freshwater to marine (Orcutt 1950). In general, eggs are found in marine water, juveniles
in brackish to freshwater, and adults in marine to freshwater (Orcutt 1950, Richardson
et al. 2000).
Starry flounder is not considered a migratory species (McCain et al. 2005); however, adults
move to inshore shallow areas in late winter to early spring to spawn and to deeper areas in
summer and fall after spawning is complete (Orcutt 1950). Juveniles move on average
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0.5 km per day, with movement in the lower Fraser River influenced by diel tidal exchange
(Burrows et al. 1994, Nelson and Levings 1995, Gibson 1997); however, as flatfish grow,
they are less dependent on tidal currents for movement (Gibson 1997).
Spawning typically occurs near the mouths of rivers or estuaries (Leet et al. 2001), between
February and April with a peak in March (Orcutt 1950, Hart 1973). Starry flounder eggs,
which are typically found in surface waters over depths from 20 m to 70 m (McCain et al.
2005), hatch after three to five days, depending on incubation temperature (Leet et al.
2001). Larvae undergo metamorphosis approximately 5.5 to 11 weeks after hatching and
tend to settle in low-salinity estuarine areas (Leet et al. 2001) with mud and sand, with
juveniles preferring larger particle sizes as they grow (Moles and Norcross 1995). Sexual
maturity is reached at two to three years of age (Leet et al. 2001). Adults occur over mud
to coarser substrates, including gravel, but avoid rocky areas (Garrison and Miller 1982,
Kramer et al. 1995, Leet et al. 2001).
Juvenile starry flounder feed almost exclusively on harpacticoid copepods (McCall 1992),
while adults feed on benthic and infaunal species including bivalves (particularly clam
siphons), worms, crabs, mollusks, echinoderms, and fish (Miller 1967, Leet et al. 2001).
Roberts Bank Habitat Use
During 2012 and 2013 trawl surveys at Roberts Bank, a third of starry flounder caught were
juveniles. Larger fish were typically caught in summer, and smaller fish in winter. Although
starry flounder were caught throughout the year, they were more frequently encountered in
winter than summer (Archipelago 2014f).
Starry flounder were caught during beach and directional seine surveys in intertidal and
shallow subtidal areas of Roberts Bank in 2012 and 2013, accounting for less than 1% of
total catch despite being the most abundant flatfish caught (Archipelago 2014d, e). Starry
flounder caught during seining were more abundant in spring and summer (Archipelago
2014d, e), which is consistent with results from other surveys (Greer et al. 1980, Conlin et
al. 1982, Gordon and Levings 1984, Birtwell et al. 1993). Greater numbers of starry
flounder caught in the beach seine during late spring and summer likely reflect an influx of
juveniles in intertidal and shallow subtidal areas of Roberts Bank following peak spawning.
Status and Limiting Factors
Flounder was traditionally fished by Aboriginal groups at Canoe Passage in high abundance
(Wilson et al. 2013). These fish were reportedly carried from the estuarine flats into deeper
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waters of the Passage during certain weather conditions, allowing for successful net fishing
during these periods, and regularly changing sand bars also provided opportunities for
harvest (Wilson et al. 2013).
Starry flounder is currently harvested in commercial groundfish trawl and recreational
hook-and-line fisheries in the Strait of Georgia. Trawl surveys in the Strait of Georgia found
it to be the fifth most abundant flatfish species in terms of biomass (Palsson 2002, Palsson
et al. 2003, King et al. 2013). Trawling of the deeper waters (greater than 70 m depth) did
not yield any starry flounder; however, they were distributed in shallow areas of the Fraser
River estuary and Washington (Palsson 2002, Palsson et al. 2003, King et al. 2013).
Analysis of fisheries CPUE data and trawl survey results revealed increasing trends in
populations of the U.S. portion of the Strait of Georgia (Palsson 2002, Palsson et al. 2003),
and increasing trends in recreational fisheries catches were identified for the Canadian
portion of the Strait (Carter and Zetterberg 2010, Zetterberg and Carter 2010, Zetterberg
et al. 2012).
Aboriginal groups continue to harvest starry flounder in the marine fish RAA, specifically in
the South Arm of the Fraser River, at Canoe Passage (i.e., on the shelf outside the mouth of
the passage), and from Steveston through Roberts Bank. This species is also caught as
bycatch when fishermen target salmon that school over them, and Aboriginal community
members have requested a bycatch licence so that they may legally retain starry flounder
when salmon fishing (Woolman 2014).
Starry flounder is capable of withstanding environmental salinity shifts (Hart 1973, Lim et
al. 2013); however, because they are relatively sedentary and live in contact with the
sediment, they are susceptible to environmental stressors (e.g., contaminants). Starry
flounder are vulnerable to contamination from pulp mill effluent, agricultural runoff, and
wastewater discharge (Myers et al. 1992, 1994; Raymond et al. 2001). In addition, starry
flounder may be subject to the effects of climate change, as described for English sole.
13.5.5

Demersal Fish

Demersal fish live and feed on or near the bottom of the ocean for all or a substantial
portion of their lives. Because many species only grow to relatively small adult sizes, they
are prey to a wide variety of higher trophic-level organisms (e.g., terns, ducks, grebes,
herons, perch, and salmonids) (Wootton 1984).
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At Roberts Bank, demersal fish is a major marine fish focal group in terms of species
richness and abundance. Based on surveys since the later 1970s, threespine stickleback
(Gasterosteus aculeatus) and Pacific staghorn sculpin (Leptocottus armatus) are the most
commonly encountered species (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings
1984, Triton 2004, Archipelago 2014d, e, f). Both species occupy intertidal and subtidal
waters, particularly habitats with eelgrass or sandy substrates (Conlin et al. 1982, Gordon
and Levings 1984), and have been caught north of the Roberts Bank causeway and in the
inter-causeway area throughout the year, particularly in spring and summer (Greer et al.
1980, Conlin et al. 1982, Gordon and Levings 1984, Triton 2004, Archipelago 2014d, e, f).
Fourteen sculpin species caught at Roberts Bank during trawl, beach, and purse seine
surveys in 2012 and 2013 comprised up to 29% of the total fish catch (Archipelago 2014d,
e, f). Pacific staghorn sculpin has been consistently numerically dominant amongst sculpin
species in depths shallower than 5 m (Greer et al. 1980, Conlin et al. 1982, Gordon and
Levings 1984, Triton 2004, Archipelago 2014d, e, f).
13.5.5.1

Threespine Stickleback

Life History Requirements
Threespine stickleback is a small fish (less than 10 cm total length), broadly distributed
along the coasts of the Pacific Ocean (Bell et al. 1994, Mattern et al. 2007). Two life history
forms occur: i) an anadromous form migrating to the sea in the fall and ascending rivers
and streams in the spring to spawn in fresh or brackish water (e.g., marshes or tide pools);
and ii) a freshwater form that is a permanent resident of freshwater (Wootton 1984, Taylor
and McPhail 1986). In the marine environment, anadromous threespine stickleback are
usually found in estuaries, coastal lagoons, and bays where they school in eelgrass beds
when available (Taylor and McPhail 1986, Mattern et al. 2007); however, in the North
Pacific, thousands of adult sticklebacks have been caught as far as 945 km from land by
purse seines deployed for salmon, indicating that they do occupy the open ocean (Quinn
and Light 1989).
In B.C., anadromous threespine sticklebacks ascend the Fraser River in spring as far
upstream as Chilliwack (approximately 100 km), and descend again in August to the Strait
of Georgia (Taylor and McPhail 1986). When in fresh and brackish waters, threespine
sticklebacks occupy a range of habitats, including small ephemeral streams, permanent
watercourses with slow-flowing water, tidal channels, backwaters, and sloughs (Mattern et
al. 2007). Densities of up to 25 individuals/m2 have been recorded in Ladner marsh in the
Fraser River estuary (Sambrook 1990).
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During the winter, threespine stickleback are abundant throughout the Strait of Georgia and
along the west coast of Vancouver Island (Taylor and McPhail 1986). They may migrate to
the open ocean, swimming back a year later to spawning locations near their natal areas
(Quinn and Light 1989). Threespine stickleback can be abundant in the pelagic zone, where
they are usually associated with floating algae (Wootton 1984).
During the breeding season, male threespine stickleback settle on the bottom in shallow
fresh or brackish water, where they construct a nest and establish a territory (Bell et al.
1994, Mattern et al. 2007). They breed in sloughs, rivers, drainage canals, marshes, and
tidal creeks (Bell et al. 1994, Mattern et al. 2007). Although uncommon, some spawning
has been reported in saltwater (Bell et al. 1994, Mattern et al. 2007). The nest is usually
built on sand or mud (Wootton 1984).
Once fertilised, eggs take five to ten days to hatch, depending on water temperature (Bell et
al. 1994, Mattern et al. 2007). Approximately nine days after hatching, larvae assume the
shape of adult fish, and sexual maturity is usually reached within one to two years (Bell et
al. 1994, Mattern et al. 2007). Breeding occurs yearly from April to August (Saimoto 1993).
When foraging, threespine stickleback are commonly found on sand and mudflats where
they feed primarily on invertebrates, including calanoid copepods, isopods, amphipods,
mysids, and oligochaetes (Birtwell et al. 1984, Bell et al. 1994, Mattern et al. 2007).
Because threespine sticklebacks are visual predators (Bell et al. 1994), turbidity can affect
the distance over which prey are detected, thereby reducing predation success (Wootton
1984). Threespine sticklebacks are suitable prey for coho salmon (Sandercock 1991),
steelhead (Atcheson 2010), coastal cutthroat trout (Jauquet 2002), great blue heron (Ardea
herodias) (Butler 1997), and harbour seal (Luxa and Acevedo-Gutiérrez 2013).
Roberts Bank Habitat Use
Based on surveys at Roberts Bank since the later 1970s, threespine stickleback has
consistently been one of the most abundant species observed (Greer et al. 1980, Conlin et
al. 1982, Gordon and Levings 1984, Triton 2004, Archipelago 2014d, e). In 2003 and 2004,
threespine stickleback were caught primarily over mudflats at Roberts Bank causeway and
over dense eelgrass beds in the inter-causeway area (Triton 2004).
During 2012 and 2013 eelgrass fish community surveys at Roberts Bank, threespine
stickleback was the third most common species caught, particularly in summer and areas
with patchy eelgrass (Archipelago 2014d, e). During juvenile salmon surveys in intertidal
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waters, threespine stickleback was the fifth most abundant species caught across all sites
and seasons, and this species also dominated purse seine catch in subtidal waters
(Archipelago 2014e).
Status and Limiting Factors
Given that threespine stickleback is not targeted in any B.C. commercial or sport fisheries,
limiting factors are predominantly habitat-based, and include environmental pollutants
(e.g., heavy metals, industrial waste, and insecticides) (Wootton 1984). Water of pH less
than 4.5 is frequently lethal, so threespine stickleback is excluded from waters that become
acidified through rainfall or poor land management (Wootton 1984). Threespine sticklebacks
also avoid water with pH greater than 11 (Wootton 1984).
Sticklebacks lack scales, and instead have rows of bony, lateral plates, which predispose
them to salinity-mediated growth effects. Calcium affects the growth of lateral plates.
Salinity determines the availability of calcium in the water, and as such, can affect the
growth of plates; however, these effects are likely only detectable after exposure to
long-term environmental variability (Spence et al. 2012).
13.5.5.2

Pacific Staghorn Sculpin

Life History Requirements
The Pacific staghorn sculpin is one of the most common shallow-water fish species found on
the Pacific coast of North America, to depths up to 90 m (Paulson and Smith 1974, Lane and
Hill 1975). In the Fraser River estuary, Pacific staghorn sculpin has been caught in large
numbers in marsh areas, including sloughs and backwaters at Steveston Island, Canoe
Passage, and Tilbury Slough, where saltwater intrusion during the tidal cycle produces
brackish conditions (Dunford 1975, Levy and Northcote 1981, Richardson et al. 2000); while
optimal salinity is approximately 27 to 28 PSU (Mace 1983), the lower reaches of freshwater
streams are occasionally occupied (Lane and Hill 1975).
Spawning takes place in estuarine areas from October through April, peaking in February,
after which adults return to deep offshore waters (Tasto 1975). Spawning substrate varies
from mud and sand bottoms to rocky areas (Tasto 1975). The eggs and larvae, which are
not tolerant of low salinities, likely develop in the open ocean or nearshore areas of brackish
to marine salinities (Tasto 1975). Eggs are adhesive, demersal, and number approximately
300 per cluster (Lane and Hill 1975), and typically hatch after approximately 10 days (Jones
1962). Larvae remain on the bottom for a short period of time before becoming planktonic
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swimmers (Wang 1986). By the time larvae are ready to metamorphose to a juvenile stage
(i.e., seven to eight weeks after spawning), freshwater flows have decreased sufficiently to
allow movement into the estuary (Mace 1983).
Juvenile staghorn sculpins recruit to shallow estuarine areas, where they remain for several
weeks (Mace 1983). Rapid growth in estuarine areas promotes rapid changes in salinity
tolerance, forcing larger juveniles into lower reaches of the estuary where salinities are
higher (Mace 1983); however, juveniles use the inner estuary for feeding by following the
advancing edge of the salt wedge on incoming tides (Mace 1983, Wang 1986). Sexual
maturity occurs at or near the end of the first year of life (Jones 1962, Tasto 1975).
Pacific staghorn sculpins are opportunistic, benthic, generalist predators that visually forage
on estuarine tidal flats with the incoming tide (Armstrong et al. 1995). Juveniles feed on
amphipods and isopods, but as body length and gape size increase, they switch to larger
prey items (e.g., crab, gobies, salmon fry, and other fish) (Lane and Hill 1975, Levy et al.
1979, Dinnel et al. 1990). Pacific staghorn sculpins are important predators of juvenile
Dungeness crab and salmon fry (Dunford 1975, Levy and Levings 1978, Mace 1983,
Armstrong et al. 1995). Pacific staghorn sculpins feed primarily at dawn and early morning,
with a small peak at dusk, and are relatively inactive in the afternoon and at night (Mace
1983). Predators of Pacific staghorn sculpin include cormorants, herons, harbour seals, and
killer whales (Robertson 1974, Elliott et al. 1989, Olesiuk et al. 1990, Ford et al. 1998).
Roberts Bank Habitat Use
At Roberts Bank in studies dating back to the 1970s, Pacific staghorn sculpin has
consistently been observed in high abundance throughout the year in intertidal and subtidal
habitats, with greater abundances recorded in spring and summer, likely due to an influx of
juveniles (Greer et al. 1980, Conlin et al. 1982, Gordon and Levings 1984, Triton 2004,
Archipelago 2014d, e, f). During 2003 and 2004 surveys, Pacific staghorn sculpin was
primarily caught over eelgrass habitats and sand (Triton 2004).
Pacific staghorn sculpin was caught in high abundance during benthic fish trawl, eelgrass
fish community, and juvenile salmon field surveys conducted in 2012 and 2013 (Archipelago
2014d, e, f), accounting for 10% of beach seine catch during the eelgrass fish community
and juvenile salmon surveys, across sampling sites and seasons (Archipelago 2014d, e).
Pacific staghorn sculpin was more abundant in depths shallower than –5 m CD during
benthic trawl surveying (Archipelago 2014f), was consistently more abundant in the
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summer (Archipelago 2014d, e, f), and showed greater association with eelgrass beds than
bare sand habitats (Archipelago 2014d, e). Association with eelgrass beds was also reported
during surveys at Roberts Bank in the late 1970s and early 1980s (Greer et al. 1980, Conlin
et al. 1982, Gordon and Levings 1984).
Status and Limiting Factors
Limiting factors are largely habitat-based, as Pacific staghorn sculpin is not targeted in any
B.C. commercial fisheries. They are incidentally caught in shrimp beam trawl and prawn
trap fisheries (Troffe et al. 2005, Favaro et al. 2010), and a year-round recreational fishery
(DFO 2013g).
The marked difference in salinity tolerance of Pacific staghorn sculpin at various early life
history stages is a potential limiting factor (Mace 1983). Eggs hatch only at intermediate to
high salinities (10.2 PSU to 26.4 PSU) with higher salinities being optimal (Mace 1983). As
larvae increase in size and transition to the juvenile stage, tolerance of lower salinities
increases (Mace 1983). Salinity tolerance probably explains, in part, the seasonal
movements of sculpins into and within the estuary, and may even override food abundance
in determining highest sculpin concentrations (Mace 1983).
13.5.6

Expected Conditions

Projects and activities underway during EIS preparation and expected to be completed by
the 2018 Project construction start date are described in Section 3.4.3 Geographical
Setting, Projects Contributing to Expected Conditions. For the purposes of this
assessment, the expected conditions are assumed to be predominantly influenced by
natural environmental conditions and physical processes at Roberts Bank, rather than by
other projects and activities. As described in Section 3.4.3, the nature and level of existing
activities is not anticipated to change. The only marine-based project identified at or near
Roberts Bank is the Terminal Infrastructure Reinvestment Project initiated by Westshore
Terminals Ltd, where all proposed works will be undertaken within the terminal’s existing
footprint and will not involve in-water work (SNC-Lavalin 2013).
While coastal geomorphology is anticipated to change in the future in response to ongoing
processes, including climate change, factors that influence Roberts Bank (i.e., depth,
salinity, bottom current velocities, and wave height) are expected to remain essentially
unchanged prior to Project construction (see Section 9.5.7 Coastal Geomorphology,
Expected Conditions). Short-term changes in environmental conditions are likely to be
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minor, and within tolerance limits of marine fish. Long-term effects of climate change are
discussed in Section 9.5.7, though implications for the ecosystem in general, and marine
fish populations in particular, are yet unknown.
As such, in the absence of concrete predictions around changes in physical processes, for
the purposes of this assessment, expected conditions are assumed to be the same as
existing conditions.
13.6

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on marine fish in
relation to the indicators listed in Table 13-2. Potential effects associated with identified
Project ‒ marine fish interactions for construction and operation phases were identified
through discussions with regulators, Aboriginal groups, and stakeholders, review of the EIS
Guidelines, and professional judgement, and are presented in Table 13-8 and Table 13-9,
respectively.
Potential effect ratings and a preliminary evaluation of the potential effects on marine fish
associated with these interactions is also provided, to focus the assessment on those
interactions of greatest importance. Mechanisms (e.g., direct mortality, changes in water
quality) that may lead to potential effects are described in Section 13.6.1.
Interactions resulting in no effect (those not listed in the tables, but contained within
Appendix 8-B Project Interaction Matrix) or a negligible effect are not carried forward
for assessment. Negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of the VC or sub-components. Negligible effects are
described in Section 13.6.2.
Minor, moderate or high potential effect ratings indicate potential consequences of the
interaction on short-term or long-term viability, and take into account both the multiple
mechanisms influencing potential changes from the interaction, as well as the physical and
biological aspects of natural ecosystem variability (as described in Section 9.5.6 Coastal
Geomorphology, Existing Conditions; Section 9.6.6 Surficial Geology and Marine
Sediment, Existing Conditions; Section 9.7.6 Marine Water Quality, Existing
Conditions;

Section

9.8.6

Underwater

Noise,

Existing

Conditions;

and

Section 13.5). Potential effects considered to be of minor, moderate, or high consequence
are discussed in Section 13.6.3.
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Table 13-8
Project
Component

Identification of Potential Project Interactions with Marine Fish for Construction Phase
Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE
Land Development
Vibro-densify native soil at
terminal building foundation
areas

Marine
Terminal

Transport Fraser River sand (and
quarry sand if required) to ITP
and store

Install temporary pipeline
between ITP and Project fill sites

11

Minor

Limited interaction with the VC because activity will be temporary and
localised, and highly mobile species (or life stages) are expected to
relocate. Pacific sand lance burying may be affected by vibrations
within the seabed; however, displacement is likely to be temporary
and restricted to areas close to vibro-densification activities.

Minor

Placement of sand in the ITP has the potential to decrease productivity
through: direct mortality (burial); acoustic disturbance from
continuous noise11 from transport vessels; changes in water quality
(increases in TSS); changes in sediment (contaminant re-suspension);
and changes in habitat availability (i.e., shift from mud to sand).
Limited interaction with VC because effect will be temporary and
localised, and highly mobile species are expected to relocate.

Minor

Small potential to decrease marine fish productivity through: direct
mortality (burial); changes in water quality (increases in TSS); and
changes in habitat availability (i.e., loss of soft bottom habitat but gain
of hard-bottom habitat, through infrastructure placement). Effect will
be temporary and localised (i.e., only a very small area will be
affected), and only certain representative species may benefit from
installed infrastructure (i.e., shiner perch).

Sound can be classified into impulsive and non-impulsive (or continuous) events. Continuous noise is relatively low-intensity but long-lasting noise that
raises background noise, and is generated from activities such as vessel movement, vibratory piling, and dredging (Popper and Hastings 2009b).
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE

Install piles and barge ramps

Transport aggregate, rip–rap,
and sand from existing quarries
to barge ramps

Construct permanent
containment dykes around
terminal east and west terminal
basins

12

Minor

Potential to decrease marine fish productivity through: direct mortality
(burial); acoustic effects, potentially beyond exceedance thresholds for
impulsive noise12; acoustic disturbance (i.e., causing behavioural
effects); changes in water quality (increases in TSS); changes in
sediment (contaminant re-suspension); changes in the light
environment; and changes in habitat availability (i.e., loss of softbottom habitat but gain of hard-bottom habitat, through infrastructure
placement). Limited interaction with VC because the effect will be
temporary, and the area affected by change in habitat availability will
be very localised. Pacific sand lance burying may be affected by
vibrations within the seabed; however, displacement is likely to be
temporary and restricted to areas close to piling activities.

Minor

Potential to decrease marine fish productivity through acoustic
disturbance from continuous noise from transport vessels. Only certain
representative species (e.g., Pacific herring) with high auditory
sensitivity may experience behavioural effects; however, the effect will
be temporary; and the potential zone of disturbance will be small
relative to the LAA.

High

This activity has the potential to lower marine fish productivity
through: direct mortality (burial); changes in water quality (increases
in TSS, changes in salinity); changes in sediment (contaminant resuspension); changes in the light environment; changes in biotic
interactions; and changes in habitat availability (i.e., areas enclosed by
dykes will no longer be available to marine fish, and juvenile salmon
outmigration behaviour may be disturbed). Permanent loss of benthic
subtidal habitat may cause changes in productivity, especially for
representative species that are habitat-limited. Effects on juvenile
outmigration may include behavioural changes and shifts in
predator/prey interactions.

Impulsive sound is high intensity sound, of short duration (i.e., less than several seconds), and generated from activities such as impact pile driving.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE

High

This activity has the potential to decrease marine fish productivity
through: direct mortality (burial and entrainment); acoustic
disturbance (continuous noise); changes in water quality (increases in
TSS); changes in sediment (contaminant re-suspension); changes in
sedimentation; and changes in habitat availability (i.e., permanent
alteration of the benthic subtidal area within the dredge basin).

Minor

Potential to decrease marine fish productivity through: direct mortality
(entrainment); changes in water quality (increases in TSS); and
changes in sedimentation. Limited interaction with the VC because
effects from the activity will have limited spatial overlap with the VC
(i.e., the DAS outfall locations will be at ‒45 m CD, and TSS and
sedimentation effects will be restricted to a relatively small area of the
LAA). Modelled plume concentrations and depositional thicknesses are
predicted to be within range of ambient conditions.

Minor

The area will already have been dredged and disturbed, so there is
only a slight potential to decrease productivity to marine fish through:
direct mortality; acoustic disturbance (continuous noise); and changes
in water quality (increases in TSS). Limited interaction with the VC
because activity will be temporary and localised, and highly mobile
species (or life stages) are expected to relocate. Pacific sand lance
burying may be affected by vibrations within the seabed; however,
displacement is likely to be temporary and restricted to areas close to
vibro-densification activities.

Fill terminal basins to final grade
with sand pumped from ITP

Moderate

Potential for filling and pumping to affect different sub-components in
different areas (i.e., basins and ITP). Potential to decrease marine fish
productivity through: direct mortality (burial within basins and
entrainment during pumping from ITP); and changes in water quality
(increases in TSS). Limited interaction with the VC because activities
will be temporary and localised; however, 100% mortality is expected
(without mitigation) for any remaining individuals within the basins.

Preload east terminal basin with
sand from ITP, then vibrodensify dyke and compact sand

Minor

Basin areas will have already been filled; however, there is the
potential for these works to decrease marine fish productivity through
acoustic disturbance (continuous noise) near vibro-densification and

Dredge the dredge basin, and
pump material to east and west
terminal basins

Pump excess water in terminal
basins to DAS site

Vibro-densify native soil in
dredged area
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE
compaction activities, and changes in water quality (increases in TSS)
within the ITP area. Pacific herring may experience acoustic
behavioural effects, and Pacific sand lance burying may be affected by
vibrations within the seabed; however, displacement is likely to be
temporary and restricted to areas close to vibrodensification/compaction activities. Changes in water quality will also
be temporary and localised.

Preload west terminal basin with
sand from ITP and preload
material from east terminal
basin, then vibro-densify dyke
and compact sand

Wharf Construction
Place sacrificial rock, slope
buttress rock, then mattress
rock in dredge basin

Vibro-densify mattress rock in
dredge basin, then pump silty
material to terminal basins

Level mattress rock layer; apply
screed layer in caisson area

Transport precast concrete
caisson infrastructure to Roberts
Bank via marine transport
Place caissons, ballast, berm,
and berm filter rock in wharf
area, and install keys to lock
structure together

Negligible

While these activities have the potential to decrease productivity, the
area will have been already dredged (therefore unlikely to cause direct
mortality/injury), and elevated TSS levels will be temporary and
localised.

Minor

Basin areas will have already been disturbed; however, there is the
potential for these works to decrease marine fish productivity through
acoustic disturbance (continuous noise). Pacific herring may
experience acoustic behavioural effects, and Pacific sand lance burying
may be affected by vibrations within the seabed; however,
displacement is likely to be temporary and restricted to areas close to
vibro-densification activities. Total suspended solids effects are
expected to be negligible, as silty material will be pumped into the
enclosed terminal area.

Negligible

While these activities have the potential to decrease productivity, the
area will have been already dredged and vibro-densified (therefore
unlikely to cause direct mortality/injury), and elevated TSS levels will
be temporary and localised.

Minor

Potential to decrease marine fish productivity through acoustic
disturbance from continuous noise from transport vessels. Only certain
representative species (e.g., Pacific herring) with high auditory
sensitivity may experience behavioural effects; and the potential zone
of disturbance will be small relative to the LAA.

Negligible

While these activities have the potential to decrease productivity, the
area will have been already disturbed (therefore unlikely to cause
direct mortality/injury), and elevated TSS levels will be temporary and
localised.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE
Add toe and scour protection
rock in berth pocket

Fill apron area with terminal
basin and causeway preload
material; vibro-densify closure
dykes and compact sand

Install marine fenders, wharf
hardware, mooring dolphin, and
access bridge

Minor

Basin areas will have already been disturbed; however, there is the
potential for these works to decrease marine fish productivity through
acoustic disturbance (continuous noise). Pacific herring may
experience acoustic behavioural effects, and Pacific sand lance burying
may be affected by vibrations within the seabed; however,
displacement is likely to be temporary and restricted to areas close to
vibro-densification/compaction activities.

Moderate

Potential to decrease marine fish productivity through: direct mortality
(burial); potential auditory injuries from impulsive noise (impact pile
driving), or acoustic disturbance from continuous noise (vibratory pile
driving); changes in water quality (increases in TSS); changes in
sediment (contaminant re-suspension); and changes in habitat
availability (i.e., loss of soft, but gain of hard, substrate through
infrastructure placement). Installation of cylindrical piles at the
mooring dolphin during wharf construction is expected to produce the
loudest source-level sounds and the largest zone of impact13. Pacific
sand lance burying may be affected by vibrations within the seabed;
however, displacement is likely to be temporary and restricted to
areas close to piling activities.

Terminal Utilities and Infrastructure
Deliver via ocean-going vessels
and install pre-assembled
terminal equipment (e.g.,
cranes)

13

Minor

Potential to decrease marine fish productivity through acoustic
disturbance from continuous noise from transport vessels. Only certain
representative species (e.g., Pacific herring) with high auditory
sensitivity may experience behavioural effects; however, the number
of vessels will be minimal, limiting the magnitude of disturbance, and
the potential zone of disturbance will be small relative to the LAA.

Vibratory piling is the preferred method, and is the piling method likely to be employed during Project construction activities.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE
Deliver granular base materials
by barge to barge ramps then to
trucks or barge-mounted
conveyor

Minor

Potential to decrease marine fish productivity through acoustic
disturbance from continuous noise from transport vessels. Only certain
representative species (e.g., Pacific herring) with high auditory
sensitivity may experience behavioural effects; and the potential zone
of disturbance will be small relative to the LAA.
West Widening

Construct containment dyke
along west portion of causeway

Widened
Causeway

Remove rip–rap /shore
protection from north side of
existing causeway and use in
containment dyke or place in
aggregate storage site at S-bend

Fill and preload contained area
with sand from ITP

Moderate

Potential to decrease marine fish productivity through: direct mortality
(burial), particularly of sensitive life stages; changes in water quality
(increases in TSS, changes in salinity);changes in sediment
(contaminant re-suspension); changes in biotic interactions; and
changes in habitat availability (i.e., contained areas will no longer be
available to marine fish and juvenile salmon migration behaviour may
be disturbed). Effects on productivity through direct mortality
anticipated to be minimal, with highly mobile species (or life stages)
predicted to move from the area. Potentially high effects on
productivity due to permanent loss of soft bottom and vegetated
intertidal habitat, and shoreline habitats (e.g., pocket beach) used by
out-migrating juvenile salmon.

Minor

Slight potential to decrease productivity inside the dyke (without
mitigation) through: direct mortality (burial); changes in water quality
(increases in TSS); and loss of habitat availability (i.e., loss of hardbottom habitat along north side of causeway). Low likelihood of direct
mortality (highly mobile species are expected to move from the area),
and disturbance to habitat availability will be temporary (i.e., rip–rap
will be replaced).

Minor

Potential for filling and pumping to affect different sub-components in
different areas (i.e., contained area and ITP). Potential to decrease
marine fish productivity through: direct mortality (burial within
contained area and entrainment during pumping from ITP); and
changes in water quality (increases in TSS in ITP). Limited interaction
with the VC because activities will be temporary (within the ITP) and
localised; however, 100% mortality is expected (without mitigation)
for any remaining individuals within the contained area.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE

Vibro-densify dyke

Minor

Contained area will have already been dyked; however, there is the
potential for these works to decrease marine fish productivity through
acoustic disturbance (continuous noise) near vibro-densification
activities. Pacific herring may experience acoustic behavioural effects,
and Pacific sand lance burying may be affected by vibrations within the
seabed; however, displacement is likely to be temporary and restricted
to areas close to the activity.
East Widening

Construct containment dyke
along east portion of causeway

Remove rip–rap / shore
protection from north side of
existing causeway and use for
containment dyke or place in
aggregate storage site at S-bend

Fill and preload east causeway
area with west causeway preload
(dry material)

Moderate

Potential to decrease marine fish productivity through: direct mortality
(burial), particularly of sensitive life stages; changes in water quality
(increases in TSS, changes in salinity); changes in sediment
(contaminant re-suspension); changes in biotic interactions; and
changes in habitat availability (i.e., contained areas will no longer be
available to marine fish and juvenile salmon migration behaviour may
be disturbed). Effects on productivity through direct mortality
anticipated to be minimal, with highly mobile species (or life stages)
predicted to move from the area. Potentially high effects on
productivity due to permanent loss of soft bottom and vegetated
intertidal habitat, and shoreline habitats (e.g., pocket beach) used by
out-migrating juvenile salmon.

Minor

Slight potential to decrease productivity inside the dyke (without
mitigation) through: direct mortality (burial), changes in water quality
(increases in TSS); and loss of habitat availability (i.e., loss of hardbottom habitat along north side of causeway). Low likelihood of direct
mortality (highly mobile species are expected to move from the area),
and disturbance to habitat availability will be temporary (i.e., rip-rap
will be replaced).

Minor

Potential to decrease marine fish productivity through: direct mortality
(burial) and changes in water quality (increases in TSS). Limited
interaction with the VC because activities will be temporary and
localised; however, 100% mortality is expected (without mitigation)
for any remaining individuals within the contained area.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

CONSTRUCTION PHASE

Expanded
Tug Basin

Potential to decrease marine fish productivity through: direct mortality
(burial and entrainment); acoustic disturbance (continuous noise);
changes in water quality (increases in TSS); changes in sediment
Dredge entire tug basin area
Moderate
(contaminant re-suspension); changes in sedimentation; and changes
in habitat availability (i.e., permanent alteration of the benthic area
within the tug basin). Limited interaction with the VC because the
affected area will be relatively small.
If surface DAS disposal, potential to decrease marine fish productivity
through: direct mortality (burial); changes in water quality (increases
in TSS); and changes in sedimentation. Limited interaction with the VC
Dispose of dredge material to
Minor
because effects from the activity will have limited spatial overlap with
DAS site, or re-use as general fill
the VC.). Modelled plume concentrations and depositional thicknesses
are predicted to be within range of ambient conditions. If used as
general fill, there will be no effects.
Slight potential to decrease marine fish productivity through: direct
mortality (burial); acoustic disturbance (continuous noise, during pile
installation); changes in water quality (increases in TSS); changes in
sediment (contaminant re-suspension); and changes in habitat
Install piles, mooring floats,
availability (i.e., loss of soft, but gain of hard substrate through
Minor
gangways, navigation piles, and
infrastructure placement). Limited interaction with the VC, with direct
construct crest protection dyke
mortality predicted to be localised and temporary. There is the
potential for auditory injuries from impulsive noise (impact pile
driving), or acoustic disturbance from continuous noise (vibratory pile
driving); however, zone of potential impact can be reduced with
standard management practices (SMPs).
Decommissioning of Temporary Construction Infrastructure
Remove ITP pipelines
Activities are temporary and localised, with limited interaction with VC;
therefore, very small potential to decrease productivity through direct
Negligible
mortality or habitat changes (i.e., shift from hard substrate back to
Remove DAS discharge
soft substrate or temporary increases in TSS from substrate
pipe/pump infrastructure
disturbance).
Potential to decrease productivity through: direct mortality; changes in
Remove temporary piles at
water quality (increases in TSS); and reduction in habitat availability
barge ramps, ramps, pivot ramp
(i.e., for those sub-components preferring hard-bottom habitat).
Minor
abutments, and navigation
Limited interaction with the VC because effects will be temporary and
markers
localised and habitat availability changes will involve transition from
introduced hard back to soft substrate.
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Table 13-9
Project
Component

Identification of Potential Project Interactions with Marine Fish for Operation Phase
Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

OPERATION PHASE

Movement and berthing of ships

De-ballasting of ships

Marine
Terminal

Maintenance dredging (if
required)

Slight potential to decrease marine fish productivity through acoustic
disturbance (continuous noise)14 from ships. Limited acoustic
interaction is expected with the VC, because only certain
representative species (e.g., Pacific herring) with high auditory
sensitivity are expected to experience behavioural effects. Changes to
marine fish from ballast water not anticipated given operational
procedures.

Minor

Negligible

Potential to lower productivity through changes in water quality, but
use of standard management practices (SMPs) and a Ballast
Management Plan reduce effect to negligible.
Decreases in productivity through: direct mortality (entrainment);
acoustic disturbance (continuous noise); changes in water quality
(increases in TSS); changes in sediment (contaminant re-suspension);
and changes in sedimentation. Acoustic behavioural effects from
maintenance dredging are anticipated to be similar to those from
construction dredging (i.e., minimal effect, and only for herring).
Maintenance dredging will have lower TSS level increases and
sediment deposition than dredging during construction due to reduced
areas of physical disturbance.

Minor

Infrastructure and Utilities
Power and lighting for 24-hour
operation
Stormwater collection and
discharge
Sanitary sewage collection,
treatment, and discharge
14

Minor

Negligible

Potential to decrease productivity through changes to the light
environment (artificial lighting), and associated changes in biotic
interactions (i.e., predator-prey interactions).
Potential to decrease productivity through changes in habitat quality.
Any potential effects are anticipated to be mitigated through Project
design and implementation of the Operation Environmental
Management Plan (Section 33.4).

Overall, sound source levels from operation-phase activities (i.e., shipping and maintenance dredging) are predicted to be below published thresholds for
mortality and injury to marine fish based on impulse sound. As such, only acoustic disturbance and behavioural impacts are considered for these activities.
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Project
Component

Project Works and Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects
Rating

OPERATION PHASE
Widened
Causeway

Overpass lighting and rail switch
lighting

Minor

Transiting of tugs between tug
basin, assisting approaching and
departing ships, and berthing
and unberthing.

Minor

Maintenance dredging (if
required)

Minor

Expanded
Tug Basin

Potential to decrease productivity through changes to the light
environment; consequences likely minor and unmeasurable given the
relatively small area of effect.
Slight potential to decrease marine fish productivity through acoustic
disturbance (continuous noise) from ships. Limited acoustic interaction
is expected with the VC because only certain representative species
(e.g., Pacific herring) with high auditory sensitivity are expected to
experience behavioural effects, avoidance behaviour is expected, and
Roberts Bank is not a highly used spawning area for Pacific herring.
Decreases in productivity through: direct mortality (entrainment);
acoustic disturbance (continuous noise); changes in water quality
(increases in TSS); changes in sediment (contaminant re-suspension);
and changes in sedimentation. Acoustic behavioural effects from
maintenance dredging are anticipated to be similar to those from
construction dredging (i.e., minimal effect, and only for herring).
Maintenance dredging will have lower TSS level increases and
sediment deposition than dredging during construction due to reduced
areas of physical disturbance.
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13.6.1

Mechanisms Affecting Productivity

Marine fish productivity is maintained when individual fish complete their life cycle, and
have sufficient vital rates of growth, survival, individual performance15, migration, and
reproduction to sustain yield at the population level (Bradford et al. 2014, DFO 2014d). For
this assessment, an ecosystem model was generated to predict changes in productivity
associated with development of the Project, over space and time, which are reported as
changes in biomass (tonnes; t).
This section describes mechanisms by which the Project interactions listed in Table 13-8
and Table 13-9 above can influence the productivity of marine fish, including injury or
direct mortality, the acoustic environment, water quality, sedimentation and coastal
processes, the light environment, habitat availability, and biotic interactions. These
mechanisms are described in the subsections below.
13.6.1.1

Injury and Direct Mortality

Direct mortality and injury resulting in productivity loss of marine fish may occur through
entrainment, burial, or physical disturbance during temporary construction-phase activities
such as dredging, land development (including piling, densification, placement of fill,
removal of existing and temporary infrastructure, and placement of new structures), use of
the ITP, and DAS. Sub-lethal effects from these activities may include body abrasion,
protective mucous removal, and physiological stress through respiratory obstruction and
anoxic conditions (Johnston 1981, Essink 1999, Wilber and Clarke 2001).
The potential for entrainment of marine fish depends partly on the type of dredge used, with
hydraulic dredges (i.e., cutter suction) having higher entrainment rates than mechanical
dredges (i.e., clamshell) (Armstrong et al. 1987, Larson and Patterson 1989, Wainwright et
al. 1992, Reine and Clarke 1998, Nightingale and Simenstad 2001b). As described in
Section 4.0 Project Description, dredging of the dredge basin (i.e., berth pocket and
caisson trench) will be performed using cutter suction equipment, while tug basin expansion
will employ clamshell excavation. All life stages may be affected, but demersal and semidemersal fish eggs deposited on substrates, and larvae unable to avoid the area of
disturbance, are most vulnerable (Reine and Clarke 1998, Germano and Cary 2005).

15

Individual performance is a component of fish productivity, and refers to body condition, parasite burdens,
stress, disease, or other factors that affect individual fitness (Bradford et al. 2014).
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Burial of marine fish or fish eggs may occur as sediments disturbed by construction-phase
dredging and DAS activities settle out and deposit along the Roberts Bank shelf; however,
mortality is not expected, with the exception of the immediate vicinity of the DAS discharge
point. Deposition of fine sediments from construction activities is not predicted to exceed
1.7 mm in thickness, which is less than the low range of the estimated natural
sedimentation rate for Roberts Bank (i.e., 2 mm/y to 20 mm/y), as described in
Section 9.6.10 Surficial Geology and Marine Sediment, Summary of Assessment.
Additionally, these areas are at depth within subtidal waters immediately adjacent to the
proposed Project terminal, where more sensitive marine fish life stages (e.g., demersal
eggs) for most sub-components are not likely to occur. The bulk of the fines material
generated during construction will be diluted to below 1 mg/L and flushed from the Strait
of Georgia by natural tidal action and oceanic currents, further reducing the likelihood
of effect.
Maintenance dredging of the berth pocket or tug basin during the operation phase, although
not anticipated to be required, also has the potential to cause mortality to marine fish.
Effects are anticipated to be less than construction-phase dredging activities due to the
reduced areas of physical disturbance.
13.6.1.2

Changes in the Acoustic Environment

Potential Project-related effects of underwater noise on marine fish were assessed based on
modelling of sound propagation during cases of construction and marine terminal operation;
modelled construction activities included vibratory piling, impact piling, vibro-densification,
and dredging, and modelled operation activities included berthing and transiting of container
ships and tugs 16 . Most research on biological effects of underwater noise in the marine
environment has focused on marine mammals; however, decreases in marine fish
productivity through injury, mortality and behavioural disturbance may occur if sound levels
exceed tolerance limits (Halvorsen et al. 2011). An evaluation of potential Project-related
effects on marine fish from underwater sound was carried out using applicable thresholds
and guidelines available in the scientific literature.

16

Acoustic disturbance was not incorporated into
Section 10.3.2 Ecosystem Model Overview.
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Injury and Mortality
Sensitivity of marine fish to underwater noise depends on their anatomy (e.g., whether or
not they possess a gas-filled swim bladder), as well as the physical characteristics of noise.
Sound can be classified into impulsive and non-impulsive (or continuous). Impulsive
sound is high intensity, of short duration (i.e., less than several seconds), and generated
from activities such as impact pile driving. Continuous sound is less intense but longer
lasting, raising background noise, and is generated from activities such as vessel
movement, vibratory piling, and dredging (Richardson et al. 1995).
Physiological effects of underwater noise to marine fish can be non-auditory or auditory.
Non-auditory effects include severe tissue or organ damage (e.g., barotrauma) or mortality
from quick changes in ambient pressure induced by impulsive noise. Fish with swim
bladders are more susceptible to non-auditory effects (Abbot and Bing-Sawyer 2002).
Auditory effects include the fatiguing, damaging, or killing of sensory hair cells in the inner
ear, resulting in a temporary reduction in hearing sensitivity, a phenomenon termed
temporary threshold shift. While not considered an injury (Richardson et al. 1995, Smith et
al. 2006, Southall et al. 2007), a shift can reduce the ability of fish to communicate, detect
predators or prey, or assess their surroundings (Normandeau Associates, Inc. 2012).
Behavioural Effects
Marine fish are continually exposed to moderate but widespread low-frequency ambient
noise from vessels and other coastal activities; however, the nature and extent of
behavioural effects on marine fish is not well understood (Popper and Hastings 2009a,
Slabbekoorn et al. 2010, Halvorsen et al. 2011). Potential behavioural responses of fish to
sound include startle or alarm, habitat avoidance, changes to natural movements, and
failure to respond (Fay and Popper 2000, Vabø et al. 2002, Handegard et al. 2003), which
may affect individual performance, with recovery potentially dependent on the duration and
intensity of the acoustic disturbance.
Construction-phase Activities
Underwater noise during construction activities was modelled to predict the expected noise
emissions and zones of potential injury for marine fish based on available noise criteria (see
Appendix 9.8-A Construction and Terminal Activity Underwater Noise Modelling
Study Technical Report and Section 9.8.7 Underwater Noise, Future Conditions
with the Project for detailed definitions, tables, figures, and a full description of results).
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The only potential impulsive (i.e., high intensity, short duration) sound source with the
potential to cause severe non-auditory effects (e.g., mortality and barotrauma) in marine
fish is impact pile-driving during construction which, if required, will be of limited duration
(see Section 4.0 Project Description).
Established injury criteria for impact pile driving (i.e., impulsive noise) vary with fish size:
for fish greater than 2 g, the injury threshold is 206 dB re 1 μPa peak sound pressure level
(peak SPL) for a single strike and 187 dB re 1 μPa2s accumulated sound exposure level
(SELcum) for multiple strikes, while for fish less than 2 g, the threshold for SELcum is 183 dB
re 1 μPa2s (Fisheries Hydroacoustic Working Group (FHWG) 2008) 17 . No fish harm
guidelines currently exist for continuous noise (i.e., vibro-densification, dredging) on marine
fish; however, it is generally considered unlikely to cause mortality, tissue injury, or hearing
loss (Michel et al. 2007, Popper and Hastings 2009b).
There are no behavioural threshold criteria or guidelines for marine fish, mainly due to a
lack of scientific data on harmful exposures (Thomsen et al. 2006), especially on a
species-by-species basis (Popper et al. 2014). Differences in the hearing capabilities of fish,
and in how species respond to stimuli in general (e.g., swim away, bury in the substrate)
can affect whether sound at a given level will elicit a response. Further, responses to sound
can vary within a species depending on factors such as sex, age, and motivation
(e.g., whether a species is feeding, mating, etc.) (Popper et al. 2014). Almost all fish
species will avoid sound levels approximately 90 dB above their hearing threshold (i.e., fish
will avoid an area if sounds in that area are 90 dB greater than the quietest sound levels
they can hear), which is abbreviated as 90 dBht (species) (Nedwell et al. 2007). While there
are limitations to using this generalised guideline, in the absence of an accepted
quantitative threshold, 90 dBht (species) was used in this assessment as an indicator for
potential behavioural effects.

17

Alternate sets of fish injury criteria exist for impulse noise-generating activities, established by different
groups. In B.C., pile-driving activities generating peak sound pressure levels (SPLpeak) that exceed 30 kPA
(approximately 210 dB re 1 μPa), or that cause fish kill(s), must employ sound mitigation (BC Marine and Pile
Driving Contractors Association 2003). Recent quantitative studies determine fish (i.e., juvenile Chinook
salmon) could withstand a SELcum of 210 dB re 1 μPa2s without injury or with minimal sub-lethal injury from
which they could recover (Halvorsen et al. 2011, 2012, Casper et al. 2012). Because the effects of underwater
noise on marine fish are difficult to predict (Popper et al. 2014), and vary among species with different
anatomies and with oceanographic factors, the most conservative FHWG thresholds for injury were used in this
assessment.
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Vibratory methods of pile-driving are planned during construction and are the preferred
method (see Section 4.0 Project Description) because sound levels are lower than those
of an impact hammer (i.e., approximately 25 dB lower for SPLs and approximately 10dB to
25 dB lower for SELs) (Illingworth and Rodkin 2007, McCauley and Kent 2008). No injury
thresholds for vibratory piling exist; however, vibratory piling is only expected to exceed a
maximum peak SPL of 170 dB re 1 μPa for one of the four modelled Project vibratory piling
cases, and only at a distance of less than 20 m from the sound source (Appendix 9.8-A).
Overall, sound levels produced by Project-related vibratory piling activities are not likely to
cause direct mortality or injury to fish.
There is a possibility that impact piling may be required. Modelled impact piling cases are
summarised in the Appendix 9.8-A and zones of impact for various durations of impact
piling based on the FHWG SELcum threshold (i.e., for fish greater than 2 g)18 are presented in
Figure 13-4. Impact piling cylindrical piles at the mooring dolphin during wharf
construction is the activity expected to produce the loudest source-level sounds, and the
largest zone of impact (based on the SELcum metric) of all modelled Project-related
construction activities (Figure 13-5). For an assumed 100 minutes of total piling, the
FHWG peak SPL threshold extends to a radius of 29 m from the piling activity and the
SELcum threshold extends to a radius of 1,020 m for 100 minutes of total piling. As such,
without mitigation, marine fish injury and mortality from impact piling and associated
changes in the acoustic environment are likely to occur.
In order to assess potential behavioural effects from construction-phase underwater noise,
audiogram-weighting analysis was conducted for all impulsive and vibratory piling cases
for salmon, herring, and flatfish, and for all continuous, non-piling cases for salmon
(see Appendix 9.8-A). Due to the absence of species-specific audiograms for fish found in
the LAA, audiograms for Atlantic salmon (Salmo salar; Hawkins and Johnstone 1978);
Atlantic herring (Clupea harengus; Enger 1967); and a composite of common dab (Limanda
limanda) and marbled sole (Pleuronectes yokohamae) were used. Results are presented for
Pacific salmon, forage fish, and flatfish sub-components in Sections 13.6.3.1, 13.6.3.3,
and 13.6.3.4, respectively.

18

Zones of impact were modelled based on the FHWG SPLpeak and SELcum thresholds, as the FHWG SPLpeak
threshold of 206 dB re 1 μPa is more conservative than the 210 dB re 1 μPa SPLpeak stipulated by the BC Marine
and Pile Driving Contractors Association. The BC Marine and Pile Driving Contractors Association does not
define a SELcum threshold. Thresholds for fish greater than 2 g are presented here, given that fish less than 2 g
are less likely to occur within impacted areas (with the exception of the tug basin) than larger fish.
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Operation-phase Activities
Underwater noise during two vessel operation cases (i.e., container ship berthing and
container ship approaching terminal, both with tugs) was modelled to predict the expected
noise emissions and zones of potential injury for marine fish based on available noise
criteria. Marine fish injury thresholds for vessel operations do not exist; however, sound
from vessels is continuous in nature and therefore similar to sound produced from vibratory
piling. As such, for both vessel operation cases, noise will not likely exceed 170 dB re 1 μPa,
except within the immediate vicinity of the activity (i.e., less than 20 m ), and is therefore
not expected to cause direct mortality or injury to fish
Audiogram-weighting analysis (to account for the hearing ability of fish) was carried out for
salmon to assess behavioural effects from operation-phase activities. For herring and
flatfish, audiogram-weighting analysis was not carried out directly for operation-phase
activities; however, radii and levels are expected to be comparable to those generated
during vibratory piling. Results are presented for Pacific salmon, forage fish, and flatfish
sub-components in Sections 13.6.3.1, 13.6.3.3, and 13.6.3.4, respectively.
13.6.1.3

Changes in Water Quality

Construction of the marine terminal is predicted to cause changes in water quality,
specifically via contaminant re-suspension, increased TSS concentrations, changes in
salinity, and effluent discharge and other operational procedures which, in turn, may
influence the productivity of marine fish sub-components.
Contaminant Re-suspension
Sediments are a potential source of contaminants for marine fish life history stages closely
associated with the substrate (Misitano et al. 1994, Johannessen and Macdonald 2009,
Roberts 2012), with exposure occurring directly through gill surfaces and skin (Voie et al.
2002). Lipid-soluble chemicals, such as polycyclic aromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs), in particular, are known to accumulate in marine fish
tissue (Misitano et al. 1994). Contaminants can then bio-magnify in the food chain,
potentially reaching toxic concentrations in higher trophic-level predators such as
piscivorous fish, marine mammals, and marine birds (Johannessen and Macdonald 2009,
Kaplan et al. 2013). Planktivorous forage fish, in particular, play an important role in the
trophic transfer of toxic contaminants to predators such as Pacific salmon, reef fishes, and
marine mammals.
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Project construction activities (e.g., dredging, vibro-densification, dyke construction, and
use of the ITP) will result in sediment re-suspension that will lead to changes in sediment
dispersion and increases in sediment deposition. There is concern that these activities may
also disturb historical deposits of sediment-bound contaminants (particularly those
associated with the release of coal particulates); when re-suspended, contaminants may be
ingested or indirectly consumed through the food chain, thereby affecting marine fish
productivity.
Total Suspended Solids
Elevated TSS levels may affect marine fish survival through mechanical abrasion and
clogging of the gill tissue (Johnston 1981, Martens and Servizi 1993, Wilber and Clarke
2001). Coating and clogging of gills by suspended fine particles prevent the passage of
water and oxygen, and can result in gill tissue damage, hypersecretion of mucous,
decreased gas exchange, respiratory distress, and mortality (Appleby and Scarratt 1989,
Lake and Hinch 1999). Long-term effects of elevated TSS levels include physiological stress
leading to reduced growth, immune system suppression, osmotic dysfunction, and increased
susceptibility to disease-causing parasites (Everhart and Duckrow 1970, O’Connor et al.
1976, Redding and Schreck 1983, Redding et al. 1987).
In addition to physical injury, elevated TSS levels can cause behavioural disturbance in
marine fish, for example by impeding the schooling ability and vertical migration of visually
dependent species (Moore 1977, Wildish and Power 1984, Berg and Northcote 1985,
Appleby and Scarratt 1989, Wilber and Clarke 2001). Elevated TSS levels can also obstruct
natural migratory routes (Johnston 1981, Reine et al. 1998); reduce light penetration and
restrict success of prey capture for visual predators (Berg and Northcote 1985, Nightingale
and Simenstad 2001b); and reduce predator avoidance behaviours (Sigler et al. 1984, Berg
and Northcote 1985, Nightingale and Simenstad 2001b).
Fish eggs and larvae are more sensitive to elevated TSS levels than later life stages
(Appleby and Scarratt 1989, Wilber and Clarke 2001). In general, demersal adhesive eggs
that remain near bottom sediments until hatching are more likely to be affected by elevated
TSS levels from in-water activities. Exposure to TSS concentrations up to 1,000 mg/L for
prolonged periods of time can result in high egg mortality associated with attachment
failure, and delayed development and hatching (Appleby and Scarratt 1989, Germano and
Cary 2005). Semi-demersal and pelagic egg forms are likely to experience shorter exposure
times (Wilber and Clarke 2001). For larvae, TSS concentrations exceeding 100 mg/L for
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longer than 24 hours can lead to physical injury to epidermal tissue, clogging, and abrasion
of gills, and increased mortality rates (Boehlert 1984, Reine et al. 1998, Wilber and Clarke
2001). Other data suggest that some larval fish (e.g., Pacific herring) may be more resilient
(Boehlert and Morgan 1985).
Salinity
Estuaries, such as the Fraser River estuary, are characterised by changing water flow
patterns, either from seasonal (e.g., freshet) or daily (e.g., river inputs, tidal cycles) events
that cause large fluctuations in salinity; as a result, estuaries contain a varied fauna that are
euryhaline, or well adapted to a wide range of salinities.
Construction of the terminal’s permanent containment dykes around the east and west
terminal basins will initiate changes in coastal geomorphology, including changes in salinity,
within the LAA that will persist throughout the Project’s operation phase. As discussed in
Section 9.7.8 Marine Water Quality, Future Conditions with the Project while
approximately the same amount of fresh water will flow into Roberts Bank, the Project is
expected to change the dominant direction of flow in the mid-elevation tidal flats, resulting
in some areas experiencing higher average salinity (i.e., outer tidal flats between the most
seaward extent of Canoe Passage and the Project), and other areas experiencing lower
average salinity (i.e., the region shoreward of the terminal and north of the causeway,
extending 2 km to 3 km laterally), relative to existing conditions. This is the case for both
freshet and non-freshet periods, though predicted changes for non-freshet periods are less,
reflecting the much smaller volume of freshwater mixing over the tidal flats. It is important
to note that the range of salinity will not change – it will continue to fluctuate daily based on
tides and seasonally based on the freshet; rather, changes will manifest as increased
frequency of time and area over which biota will experience either lower or higher salinity
conditions, depending on location.
While marine fish species are capable of internally adjusting to changes in salinity, low
salinity conditions can affect physiology (i.e., osmoregulation, development, and growth) as
well as behaviour (Boeuf and Payan 2001).
Effluent Discharge and Other Operational Procedures
Potential operation-phase changes from wastewater (sewage) and stormwater discharges,
and discharges from ships (bilge water and ballast water) have the potential to change
marine water quality and thereby affect marine fish productivity.
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13.6.1.4

Changes in Sedimentation and Coastal Processes

Changes in sedimentation may result from construction-phase activities (such as dredging
and disposal), as well as from terminal placement. Sediment deposition can affect marine
fish productivity by affecting individual performance or habitat quality. Species that live on
or near the sea bed are more likely to be directly affected than pelagic species.
Deposited sediment from construction-phase dredging and disposal activities is predicted to
consist predominantly of fines (i.e., sediment grain size D50 ranging from 10 micrograms
(µm) to 45 µm). In contrast, areas predicted to experience Project-related sediment
deposition consist mainly of coarser grain size fractions with limited fines, due to routine
scouring of the seabed and tidal currents. Marine fish sub-components that have specific
sediment grain size preferences (such as Pacific sand lance, which prefers coarser grain
sizes; see Section 13.5.3.1) may be adversely affected by Project-related changes in
sedimentation from dredging and disposal. Persistence of deposited fine sediments is
unlikely, however, due to natural sediment transport processes (i.e., no measureable or
lasting change to surficial geology and marine sediments is predicted from these activities);
hence, any effects on marine fish will be temporary.
Coastal geomorphological modelling results suggest that a number of Project-related
morphological changes will occur in the marine fish LAA due to terminal placement,
including: localised sea bed scour (5.8 ha) and subsequent deposition near the northwest
edge of the terminal (20 ha); localised reduction in tidal currents and increased deposition
of fine sediments on the shoreward side of the terminal (40 ha); decreased wave energy
(i.e., a 50% to 100% reduction in 50th percentile wave height) behind the terminal (70 ha);
and limited sea bed scour (1 ha) at the east face of the terminal. An area (unquantified) of
increased sedimentation is also predicted north of the existing causeway and terminal.
These changes are described in detail in Section 9.5.10 Coastal Geomorphology,
Summary of Assessment and presented as Zones in Figure 9.5-35 Approximate
Spatial Extent of Potential Changes Associated with the Project Footprint.
Increased sediment deposition from terminal placement is unlikely to cause injury or
mortality to marine fish; sedimentation rates are predicted to be low due to a limited annual
supply

of

sediment

(Section

9.5.10
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Geomorphology,
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Assessment). Altered distribution of sediment grain size in localised areas may indirectly
affect marine fish by altering habitat quality. For example, prey availability within bottom
sediments may be affected, potentially influencing benthic and demersal marine fish
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predators (Bolam and Rees 2003), or changes in the stability of sediments may affect
maintenance of marine vegetation, such as eelgrass (Philippart et al. 1992). Changes to
surficial geology and marine sediments are expected to be minimal, however, relative to the
natural variation and dynamic sediment environment at Roberts Bank (Section 9.6.8
Surficial Geology and Marine Sediment, Future Conditions with the Project).
13.6.1.5

Changes in the Light Environment

Changes in light conditions, in the form of shading during the day or artificial lighting at
night, from overwater structures (e.g., terminal) and associated activities (e.g., moored
vessels) can affect individual marine fish performance (Nightingale and Simenstad 2001a).
Permanent infrastructure for electrical utilities, lighting, and controls will be installed during
terminal construction, and artificial lighting will be in place 24 hours per day during
operation (refer to Section 9.4.8 Light, Future Conditions with the Project for more
information). Artificial lighting will also occur during construction activities, but is considered
minor given the temporary nature of the disturbance and the relatively small area of effect.
Dredging will be occurring at night (i.e., 24 hours, 7 days per week), and the area of effect
is expected to be limited to the immediate vicinity of the dredge equipment.
Naturally, the variability in light intensity in aquatic environments is extreme, often
changing by over seven orders of magnitude between bright daylight and night (Whitney
1969). Light intensity changes rapidly during dawn and dusk, and also varies spatially due
to vertical attenuation, TSS, shadows, and bioluminescence (Petersen and Gadomski 1994).
Predation is often regulated by light, though light may differentially affect behaviour of both
the predator and the prey (Petersen and Gadomski 1994, Tabor et al. 1998). Marine fish
species at Roberts Bank most likely to be affected by changing light conditions are those
using shoreline sites at dawn or dusk, such as larger juvenile chum and Chinook salmon
(Archipelago 2014e), or those migrating along in-water infrastructure .
In response to changes in light, marine fish may change their behaviour, avoid, or be
attracted to particular habitats, and interact with predators and prey differently (Southard
et al. 2006). Indirectly, in nearshore habitats, lighting pattern changes may limit plant
growth and recruitment, thereby reducing refugia and foraging sites for marine fish
(Nightingale and Simenstad 2001a).
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13.6.1.6

Changes in Habitat Availability

Project component footprints in the marine environment are anticipated to result in the
permanent alteration or loss of both intertidal and subtidal habitat, and their associated
ecotypes, including marine vegetation (e.g., kelp and eelgrass beds), soft sediment
(e.g., sand and mud), and rocky shorelines. Terminal placement and causeway expansion
will present obstacles to movement and migration, permanently displacing marine fish from
certain habitats and necessitating the use of alternate habitats. Reductions in the amount of
habitat available may affect abundance, density, and productivity of marine fish by altering
the ability of individuals to carry out essential life processes (e.g., spawning, rearing, or
foraging). It may also influence individual fitness by forcing behavioural change and
increasing physiological stress through increased energy expenditure. Sub-components with
representative species that are highly habitat-dependent during one or more life stages are
of particular concern (e.g., Pacific sand lance).
13.6.1.7

Biotic Interactions

Through alterations to habitat and geomorphic conditions, the Project will induce changes in
biotic interactions at Roberts Bank. Changes in predator abundance (e.g., coastal birds,
marine mammals) relative to marine fish prey may affect the productivity of marine fish
sub-components, as well as the productivity of lower trophic levels on which marine fish
feed (e.g., invertebrates). Bottom-up cascades within the ecosystem may also occur
through changes in marine fish prey abundance due to changes in primary productivity
(e.g., marine vegetation) (Isaacman and Lee 2010, Shields et al. 2011). The Roberts Bank
ecosystem model makes explicit the relationships and interdependencies within the Roberts
Bank food web (see Appendix 10-C Roberts Bank Ecosystem Model Development and
Key Run for more information on model representation of the food web), allowing
qualitative predictions around whether changes in food supply and predation rates will
contribute to predicted changes in the productivity of marine fish sub-components.
13.6.2

Negligible Effects

As stated above, negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of marine fish sub-components. When negligible effects are
characterised quantitatively, such as in the Roberts Bank ecosystem model, this definition
applies to predicted changes (i.e., increases or decreases) in productivity between 0% and
5%. Increases or decreases less than 5% are considered to be within the margin of error of
the ecosystem model, and are therefore not considered to be detectable or measurable
(see Section 10.3.3 Ecosystem Model Process).
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In the discussion and summaries that follow, changes in productivity for marine fish are
considered to be negligible for increases or decreases between 0% and 5%, and minor for
increases or decreases between 6% and 30% (potential minor adverse effects are described
in Section 13.6.3). Change ratings take into consideration physical and biological aspects
of natural ecosystem variability.
Changes in water quality, changes in sedimentation and coastal processes, and changes in
the light environment are expected to have a negligible influence on the productivity of
some, but not all, marine fish sub-components, as discussed below.
13.6.2.1

Changes in Water Quality

Contaminant Re-suspension
As outlined in Section 9.6.8 Surficial Geology and

Marine

Sediment, Future

Conditions with the Project, while contaminants are present at Roberts Bank, they are
closely associated with fine sediment and have therefore accumulated in locations outside
those that will be disturbed by Project activities, such as the upper intertidal zones north of
the causeway. No appreciable sediment contamination was observed in Project areas.
Because sediments that will be re-suspended and deposited as a result of constructionphase activities are not contaminated, changes in contaminant concentrations bioavailable
to the food chain are not anticipated. Therefore, no effect on the productivity of marine fish
is anticipated through this mechanism.
Total Suspended Solids
Increases in TSS concentrations in the Fraser River estuary are naturally influenced by wave
action, silt-laden riverine flows, and sediment movement (Mackas and Harrison 1997, Bolam
and Rees 2003), with TSS levels naturally varying between 2 mg/L19 (during non-freshet) to
260 mg/L (during freshet) within the LAA (see Section 9.7.6 Marine Water Quality,
Existing Conditions).
Construction-phase activities 20 are expected to drive changes in water quality through
increased TSS and turbidity; however, these changes are expected to be temporary and will
be limited to the duration of construction. A summary of predicted TSS results, including a
19
20

2 mg/L is the lab detection limit for routine water sample analyses; therefore, concentrations may be lower
than 2 mg/L but are reported at the lab detection limit.
For the operation phase, effects from maintenance dredging (of required) are assumed to be less than those
experienced during construction-phase dredging activities in the dredge and tug basin, based on smaller
anticipated dredge areas.
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description of the dispersion plume, anticipated maximum TSS concentrations, and plume
characteristics in the intertidal zone and across the Canada-U.S.A border, is provided in
Section 9.7.8 Marine Water Quality, Future Conditions with the Project (refer to
Table 9.7-4 and Figures 9.7-8 to 9.7-11). Note that the CCME clear-flow guideline was
used to contextualise predicted increases in TSS levels as it is the most conservative
guideline for the evaluation of Project-related change to marine water quality; however, this
guideline is not considered biologically meaningful to estuarine fish species, which are
adapted to naturally high background TSS levels as well as large seasonal variations in TSS.
The clear flow guideline, therefore, is not used in the assessment of Project-related TSS
change on marine fish. Rather, the CCME high-flow period guideline (i.e., 25 mg/L over
background when background levels are between 25 mg/L to 250 mg/L) is considered more
relevant to marine fish at Roberts Bank, enabling a more realistic evaluation of potential
effects, and is therefore used in this assessment.
Dispersion modelling results indicate that TSS concentrations will be within the ambient
range beyond the localised area of disturbance (with ambient concentrations up to 60 mg/L
in subtidal waters and up to 260 mg/L in intertidal waters during the spring freshet period).
Total suspended solids concentrations from the Project are not predicted to exceed the
high-flow guideline, except in the immediate area surrounding the DAS discharge pipe.
Maximum Project-related TSS levels in subtidal waters (approximately 100 mg/L and
150 mg/L during flood tide and ebb tide, respectively) are predicted near the DAS discharge
point, but are expected to dissipate along the delta foreslope with distance from the outfall
(to approximately 10 mg/L to 20 mg/L).
While the maximum TSS concentrations resulting from dredging or DAS are not likely to
exceed the existing maximum levels associated with estuarine circulation, the relative
proportion of time that a turbid condition is likely to be encountered at specific locations in
the LAA will increase from Project construction activities.
Given that Roberts Bank is a naturally turbid environment, the localised nature of above
CCME high-flow guideline plumes, and minimal plume dispersion into highly productive
intertidal and shallow subtidal habitats, effects of Project-related increases in TSS on Pacific
salmon, reef fish, forage fish, and demersal fish productivity is considered negligible, with
rationale provided below for each sub-component. Increases in TSS are expected to result
in a minor decrease in flatfish productivity in the immediate vicinity of the DAS outfall,
discussed in Section 13.6.3.4.
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Pacific Salmon

Project-related increases in TSS are expected to have a negligible effect on Pacific salmon
productivity. As anadromous species, Pacific salmon are adapted to naturally high levels of
TSS. As they migrate along the Fraser River, they can experience concentrations ranging
from 500 mg/L to 1,000 mg/L during freshet season, between 100 mg/L to 200 mg/L in
late summer and fall, and between 50 mg/L to 100 mg/L during low flow in the winter
season (McLean and Church 1986). Within the LAA, TSS concentrations are typically lower
than those in Fraser River waters, and can range seasonally between 2 mg/L and 260 mg/L;
this range is largely driven by silt-laden runoff from the Fraser River during spring freshet
(Mackas and Harrison 1997, Bolam and Rees 2003). While there is evidence that juvenile
and adult salmon can be adversely affected by elevated TSS levels (Newcombe and Jensen
1996, Wilber and Clarke 2001), exposure concentrations eliciting such responses are
notably higher (i.e., approximately 488 mg/L to 1,000 mg/L) (Stober et al. 1981,
Newcombe and Jensen 1996, Wilber and Clarke 2001) than what has been predicted
to result from Project construction (where a maximum above-ambient concentration of
150 mg/L near the −45 m CD DAS outfall during ebb tide is predicted).
Dredging the dredge basin and disposal-at-sea activities are unlikely to affect juvenile
salmon as: (i) they typically inhabit surface waters, and therefore are not expected to occur
at depths predicted to experience the greatest Project-related TSS concentrations; and,
(ii) the TSS plume is not expected to extend onto the tidal flats (where juvenile salmon
have been documented in high numbers) except for short durations and at low
concentrations. Adult salmon are more likely to interact with DAS-related TSS plumes, but
because salmon experience higher TSS levels under natural or ambient conditions,
TSS-related injury and mortality from dredging or DAS activities are considered improbable.
Total suspended solids plumes from tug basin dredging and disposal are more likely to
spatially overlap with juvenile salmon than those generated during other construction
activities. While TSS plumes and surface release of dredgeate to the DAS site will expose
juvenile salmon in surface waters to elevated TSS (Figure 9.7-11 Prediction for TSS
Levels Exceeding 5 mg/L for Tug Basin Activities), concentrations are expected to be
within the ambient range of TSS (with the exception of small localised activity areas). These
plumes are therefore unlikely to induce behavioural changes in juvenile salmon, which have
been documented to tolerate levels around 200 mg/L (Gregory and Northcote 1993).

Page | 13-85

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Effects of TSS on Pacific salmon productivity are more likely to be behavioural than
injurious, and are therefore difficult to quantify. Both adult and juvenile salmon species are
highly mobile and exhibit extensive movements within estuaries (i.e., tidal movements)
(Levy and Northcote 1982), and will thus likely avoid areas of high TSS concentrations,
thereby limiting exposure (Martens and Servizi 1993, Newcombe and Jensen 1996, Wilber
and Clarke 2001). Project-elevated TSS levels are therefore not expected to measurably
influence Pacific salmon productivity.
Reef Fish

Elevated TSS levels are not anticipated to affect reef fish productivity within the LAA. High
flow guidelines will not be exceeded at the artificial reefs - where the majority of reef fish
are located. Since above threshold TSS plumes do not spatially overlap with areas of high
juvenile and adult reef fish abundance, nor with lingcod egg masses, effects of increased
TSS on reef fish are predicted to be negligible.
Forage Fish

Project-related increases in TSS are expected to have a negligible effect on forage fish
productivity. Because of the large range of natural variability in TSS within the LAA
(i.e., less than 2 mg/L to 260 mg/L), forage fish are considered adapted and resilient to
periodic high TSS concentrations. Further, as with Pacific salmon, most forage fish (with the
exception of Pacific sand lance) typically inhabit pelagic or surface waters, and therefore are
not expected to occur at depths predicted to experience the greatest Project-related TSS
concentrations. Plume dispersion into intertidal areas, where juvenile life stages of most
forage fish occur, is expected to be minimal (i.e., for short durations and at concentrations
that are not predicted to exceed the CCME high-flow guideline).
With uncertainty around Pacific herring movements, and whether stocks in the Fraser River
estuary and wider Strait of Georgia are migratory or non-migratory (as outlined in
Section 13.5.3.3), predictions regarding the extent of spatial and temporal overlap with
Pacific herring and Project-related TSS plumes are difficult to make; Project-related TSS
concentrations, however, are expected to remain within the ambient range beyond localised
areas of activity. Further, maximum Project-related TSS concentrations of 100 to 150 mg/L
near the DAS discharge point are well below published levels of harm; for example, Pacific
herring larvae cease feeding at TSS concentrations greater than 2,000 mg/L for exposures
less than one day, and experience lethal effects at TSS concentrations of 4,000 mg/L for
one day (Boehlert and Morgan 1985).
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Additionally, mobile forage fish (depending on life stage) are able to avoid areas of elevated
TSS concentrations, limiting exposure (Martens and Servizi 1993, Newcombe and Jensen
1996, Wilber and Clarke 2001). Pacific herring, for example, have been documented
avoiding levels of TSS ranging from 9.5 mg/L to 12 mg/L (Messieh et al. 1981). While TSS
levels will exceed these concentrations during both dredging and DAS activities, elevated
TSS levels will remain localised within several hundred metres of each activity, and are
expected to dissipate with distance. While active avoidance of areas of high TSS may reduce
productivity by forcing herring or other species to spend more time in suboptimal areas,
Roberts Bank is not considered a prime spawning area, so TSS plumes will not disturb
herring during this sensitive life history stage (Gordon and Levings 1984, Hay and McCarter
2013a). Project-elevated TSS levels are therefore not expected to measurably influence
forage fish productivity.
Demersal Fish

Project-related increases in TSS are expected to have a negligible effect on demersal fish
productivity. Mortality from elevated TSS is not expected, as concentrations will be within
the ambient range beyond localised areas of activity. Maximum TSS concentrations are
expected within the immediate vicinity of the DAS discharge point, which does not overlap
with areas of highest demersal fish productivity. At Roberts Bank, threespine stickleback
and Pacific staghorn sculpin occur in high abundance in intertidal waters (Greer et al. 1980,
Conlin et al. 1982, Gordon and Levings 1984, Triton 2004, Archipelago 2014d, e), and were
less abundant than flatfish during ROV surveying to depths of –40 m CD (Hemmera 2014e).
Behavioural disturbance may occur in subtidal waters, especially in the immediate area
surrounding the DAS discharge pipe; however, TSS levels are expected to dissipate with
distance from the discharge point, lowering to concentrations of 10 mg/L to 20 mg/L along
the delta foreslope. Plume dispersion into highly productive intertidal areas is expected to
be minimal (i.e., for short durations and at concentrations that are not predicted to exceed
the CCME high-flow guideline).
Salinity
Changes in salinity are anticipated to have a negligible influence on the productivity of
marine fish sub-components. Marine fish species occurring in estuaries are well adapted to a
wide range of salinities, and decreases in mean water column salinity are unlikely to trigger
major adverse effects, such as mortality. In fact, for most fish, optimised growth rates are
often observed in intermediary salinity conditions (i.e., 8 to 20 PSU) (Boeuf and Payan
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2001). While the Project is expected to lower average salinities in specific areas within the
intertidal zone, predicted values are expected to remain within this ideal growth range for
all sub-components. Moreover, marine fish are highly mobile and are therefore expected to
preferentially move into more saline conditions in similar habitats within the LAA.
Juvenile salmon, for example, arrive from the rivers and use brackish waters of estuaries to
develop physiologically to tolerate higher salinities (Healey 1991, Salo 1991). After several
weeks in the estuarine environment, they move to offshore, saline waters in summer
(Archipelago 2014e). Forage fish are not expected to be affected by localised salinity
changes, as they can tolerate low salinities (Lassuy 1989b, Quinn 1999, Therriault et al.
2002). Salinity is also not predicted to negatively influence flatfish productivity, though
salinity tolerances vary with species. Starry flounder are extremely tolerant of low salinities
(Orcutt 1950) and frequently penetrate freshwater (i.e., some have been captured as far up
the Fraser River as Mission, 75 km from the mouth (Northcote 1974, Nelson et al. 1994).
English sole, while less tolerant to salinity changes, occupy offshore subtidal sand or sandmud substrates at depths greater than −20 m CD (Lassuy 1989a), areas that do not
spatially overlap with those predicted to experience salinity change.
Similarly, a negligible influence of salinity on the productivity of demersal fish is predicted,
because while species may display different tolerances, this group is generally resilient to
salinity shifts. The anadromous threespine stickleback lives in both freshwater and marine
environments throughout its lifetime. Experimental treatments on anadromous sticklebacks
found that they acclimated rapidly to different salinity levels (i.e., 0 to 30 PSU) and did not
seem to suffer any short-term osmoregulatory costs (Grøtan et al. 2012). Effects to
Pacific staghorn sculpin are expected to be minimal, as projected salinity changes are within
the species’ tolerance levels, and individuals will likely move to higher-salinity areas within
the Roberts Bank tidal flats (e.g., less tolerant juveniles will follow the advancing edge of
the salt wedge on incoming tides) (Mace 1983, Wang 1986). Pacific staghorn sculpin eggs
and larvae, which are not tolerant of low salinities, are not likely to be affected by salinity
changes given that peak spawning is in February (Mace 1983) and the greatest salinity
change is predicted during freshet (i.e., May to July). Adult Pacific staghorn sculpin typically
reside in deeper waters in the lower reaches of the estuary, where salinities are higher
(Mace 1983), and where there will be no overlap with areas of predicted salinity change.
Project-related salinity changes are not predicted in the vicinity of artificial reefs; therefore,
reef fish will not be affected by the salinity shifts expected for mid to high intertidal areas.
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Along with the direct effects of salinity on marine fish, indirect effects are expected to be
negligible. For example, changes in salinity resulting from the Project are not expected to
affect the productivity of infaunal and epifaunal invertebrate communities within the LAA,
upon which many species of marine fish feed (see Section 12.6.3 Marine Invertebrates,
Future Conditions with the Project, Potential Effect ‒ Changes in Productivity).
Changes in salinity resulting from the Project are also expected to have unmeasurable
effects on native and non-native eelgrass (see Section 11.6.3 Marine Vegetation,
Future Conditions with the Project, Potential Effect ‒ Changes in Productivity).
Overall, the influence of Project-induced salinity changes on marine fish productivity is
unlikely to be measurable, particularly relative to existing conditions, which are constantly
fluctuating. Potential productivity effects arising from this interaction are thus considered
negligible and not discussed further in this assessment.
Effluent Discharges and Other Operational Procedures
Potential

operation-phase

changes

in

water

quality

from

wastewater

discharge

(e.g., sewage), stormwater runoff, oil or fuel pollution, anti-fouling chemicals, and
discharges from ships (bilge water and ballast water) are not expected to affect water
quality at Roberts Bank or marine fish due to the incorporation of management and
treatment measures, as well as regulatory requirements and guidelines (see Section 9.7.8
Marine Water Quality, Future Conditions with the Project).
13.6.2.2

Changes in Sedimentation and Coastal Processes

Changes in sedimentation patterns (i.e., scour and deposition) are expected to have a
negligible influence on Pacific salmon and flatfish productivity, and no effect on reef fish
productivity, as described below; however, this mechanism is expected to contribute to
predicted changes forage fish and demersal fish productivity, as discussed in Sections
13.6.3.3 and 13.6.3.5, respectively.
Pacific Salmon

Placement of the terminal and associated increases in sediment deposition shoreward of the
terminal are unlikely to directly affect Pacific salmon productivity, given that salmon occupy
pelagic waters and are not directly associated with the seabed. Fine sediment deposition
north of the terminal may positively affect Pacific salmon through indirect effects on infaunal
and epifaunal invertebrate prey

species (Section

12.6.3

Marine

Invertebrates,

Potential Effect – Changes in Productivity).
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Localised seabed scour has the potential to affect juvenile salmon that require relatively
low-velocity rearing habitat (e.g., for sub-yearling Chinook, 30 cm/s has been chosen as a
threshold velocity) (Bottom et al. 2005); however, the predicted scour area at the
northwest corner of the proposed terminal pad will only cover an area of 5.8 ha, and 50% of
the time velocities in this region are expected to be below 42 cm/s (Section 9.5.8 Coastal
Geomorphology, Future Conditions with the Project). In an area seaward of the scour
zone (i.e., at the edge of the delta foreslope to the northwest of the proposed terminal),
velocities in excess of 50 cm/s are predicted to be exceeded approximately 5% to 10% of
the time during peak ebb and flood tides. Behind the proposed terminal, velocities greater
than 30 cm/s will rarely be exceeded with the Project in place; in contrast, in the same area
at present, velocities in the range of 30 cm/s to 50 cm/s are exceeded approximately 10%
of the time during both ebb and flood tide (see Appendix 9.5-A Roberts Bank Terminal
2 Technical Report Coastal Geomorphology Study). As such, scour as a result of
terminal placement is not expected to negatively affect juvenile salmon.
Reef Fish

Effects of sediment scour and deposition are not anticipated for reef fish, as no spatial
overlap is anticipated between areas predicted to experience morphological changes
(see Section 9.5.10 Coastal Geomorphology, Summary of Assessment), and areas of
high reef fish abundance (i.e., the artificial reefs adjacent to Westshore Terminals)
(Archipelago 2014c) (see Figure 13-8).
Flatfish

Sediment deposition from construction activities and terminal placement is expected to have
a negligible influence on flatfish productive potential. Flatfish are known to occupy a wide
range of habitats characterised by a variety of sediment types; for example, English sole
juveniles caught during trawl surveying in the subtidal area were associated with sand,
mud, and gravel habitat types, with densities being statistically higher over both sand and
muddy bottoms (Archipelago 2014f). While sediment grain size is reported as a determinant
of juvenile starry flounder habitat selection (Moles and Norcross 1995), starry flounder
juveniles at Roberts Bank do not appear to exhibit clear preferences and have been
documented over both sand and mud substrates (Archipelago 2014d).
Additionally, spatial overlap between areas of predicted fines deposition and areas of high
flatfish use is minimal. The large areas shoreward of the terminal and north of the causeway
(i.e., Zones 4, 5, and 7; Figure 9.5-35 Approximate Spatial Extent of Potential
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Changes Associated with the Project Footprint) predicted to experience reduction of
grain size of sediments are intertidal; flatfish habitat use of intertidal areas appears to be
limited in the LAA, as evidenced by results from beach seine surveys in these areas, with
English sole and starry flounder only making up a small portion of the total catch
(Archipelago 2014d, e). Further, ambient conditions in the estuary are characterised by
naturally high wave action, silt-laden riverine flows, and sediment movement (Mackas and
Harrison 1997, Bolam and Rees 2003); as such, flatfish are tolerant of changing conditions
and a range of sediment types. Project-related sedimentation is therefore not expected to
measurably affect flatfish productivity.
13.6.2.3

Changes in the Light Environment

Changes in the light environment are expected to have a negligible influence on reef fish,
flatfish, and demersal fish productivity, as described below; however, this mechanism is
expected to contribute to predicted changes Pacific salmon and forage fish productivity, as
discussed in Sections 13.6.3.1 and 13.6.3.3, respectively.
Reef Fish
Project-related changes in the light environment are considered to have a negligible effect
on reef fish productivity. There is little evidence that increased artificial lighting or shading
from over-water structures measurably affects either foraging success for reef fish species
(e.g., on planktivorous fishes) (Stoner 2003) or rates of predation on reef fish (e.g., by
pinnipeds) (Mesa et al. 1994). There is some evidence that rockfish species (i.e., black
rockfish, Sebastes melanops) may be relatively resilient to rapid exposure to prolonged
bright light (Brill et al. 2008) and, as such, visual function is unlikely to be impaired as a
result of the Project.
Flatfish
Flatfish are not likely to experience productivity effects from Project-associated changes in
the light environment. Flatfish species are adapted to low-light environments, spending
much of their life cycles at deeper depths, and are known to be vulnerable to injury from
exposure to bright sunlight (e.g., halibut, Hippoglossus stenolepsis; Brill et al. 2008). Light
conditions underwater, however, are more complex than on land, with light intensity at
depth varying based on factors such as sea state and turbidity (e.g., particles in water can
cause light be reflected, absorbed, or scattered). Long-term changes in the light
environment from operation (reported in Section 9.4.8 Light, Future Conditions with
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the Project) are therefore unlikely to be experienced at subtidal depths (where flatfish are
most abundant) to the same extent as on land or at the ocean’s surface. Further, the area
of effect will be low relative to flatfish habitat within the LAA, construction-phase lighting
will be temporary and localised, and most construction activities will occur during the day,
resulting in less dramatic changes in ambient lighting.
Demersal Fish
Demersal fish species, which occur on or near the seafloor for much of their life
history cycles,

are

unlikely

to

experience

measurable

productivity

effects

from

Project-associated changes in the light environment, for the same reasons described for
flatfish above.
13.6.3

Potential Effect - Changes in Productivity

As described in Section 13.6.1, productivity can be affected by a number of effect
mechanisms, such as injury and direct mortality, changes in underwater sound levels,
changes in water quality, changes in sedimentation and coastal processes, changes in the
light environment, changes in habitat availability, and biotic interactions.
The Roberts Bank ecosystem model (referred to as ecosystem model from here on) was
developed to predict changes in productivity associated with the Project, over space and
time, which are reported as changes in biomass (tonnes; t). Net changes in biomass can be
more accurately thought of as indicators of change in the productive potential of the
ecosystem, rather than estimates of absolute increases or decreases. For example, a model
biomass ratio output of 0.91 for rockfish suggests that, with the Project, the study area can
support 9% fewer rockfish than it can without the Project. It should not be interpreted as a
9% loss of rockfish biomass as a result of the Project. The difference between potential and
realised production is dependent on how close to carrying capacity a group is, which in turn
is dependent on life history, habitat utilisation patterns, and trophic level of each group.
The ecosystem model incorporates five abiotic parameters (i.e., salinity, bottom current
velocity, wave height, substrate (hard vs. soft), and depth) from coastal geomorphological
modelling for the Project as well as numerous biotic factors (e.g., biomass, production,
consumption, diet composition) to estimate productive potential of functional groups with
and without the Project (refer to Section 10.3.3 Ecosystem Model Process and
Appendix 10-B Roberts Bank Ecopath with Ecosim and Ecospace Model Parameter
Estimates for more information). Most values presented in subsequent sections are results
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of the key run, which shows the difference in productivity between two future cases
(with and without the Project), and is used to estimate the change in productivity as a result
of RBT2 (see Appendix 10-C Roberts Bank Ecosystem Model Development and Key
Run for more information).
The ecosystem model does not take into account construction activities; rather, it models
future conditions with and without the Project, such that losses in productivity resulting
from mechanisms associated with construction are not adequately captured. Additionally,
the model is unable to account for changes associated with acoustic or lighting disturbance,
or other potential disturbances during operation (e.g., from movement and berthing of
ships). Therefore, to ensure a complete assessment of potential effects, the ecosystem
model was not solely relied upon to draw conclusions; instead, changes in marine fish
productivity were evaluated both qualitatively and quantitatively using a combination of the
ecosystem model results, literature review, results from empirical field studies, and results
from

predictive

modelling

specific

to

sub-components,

where

data

were

available

(e.g., Pacific sand lance habitat suitability model, described in Appendix 12-A).
Based on the ecosystem model results, the Project has the potential to affect marine fish
productivity. In the discussion and summaries that follow, changes for marine fish are
considered to be negligible for increases or decreases between 0% and 5%, and minor for
increases or decreases between 6% and 30%. Change ratings take into consideration
physical and biological aspects of natural ecosystem variability.
Overall, the ecosystem model predicts a 2.3% decrease (‒28.3 t) in marine fish
biomass associated with changes due to the Project (Table 13-10). Project-driven
productivity changes are anticipated for all five sub-components and representative
species, with biomass changes with the Project ranging from ‒9% to +18% (for
representative marine fish species within each sub-component) and from ‒5% to 1% for
marine fish sub-components. A 5% (i.e., increase or decrease) change is considered to be
within the margin of error of the model (Section 10.3.3 Ecosystem Model Process),
meaning little or no Project-related change. Changes in productivity of representative
species and sub-components from the ecosystem model are summarised in Table 13-10.
As outlined in Section 10.3.3 Ecosystem Model Process, comprehensive sensitivity
analyses were performed to evaluate the uncertainty, and understand the confidence, in
model predictions. Different analyses tested the model’s sensitivity to abiotic and biotic
factors, as well as input parameters; detailed methods and results are described in
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Appendix 10-D Roberts Bank Spatial Ecosystem Model Sensitivity Analysis while a
high-level summary of the main outcomes is presented in Table 13-10. Model key run
predictions for marine fish were quite robust to the sensitivity analyses and evaluations of
uncertainty did not substantively change model predictions. However, results suggest that
in some instances (i.e., forage fish), the magnitude of change may be slightly underestimated while in other instances (i.e., Chinook juveniles, rockfish), it may be overestimated. Net changes in productivity and outcomes from sensitivity analyses are
discussed in Sections 13.6.3.1 through 13.6.3.5 on a sub-component basis.
Overall, considering effects to marine fish using a multiple lines of evidence approach, a
minor decrease in productive potential of the VC is predicted pre-mitigation for both
construction and operation phases, as described in Section 13.6.3.6.
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Table 13-10

Summary of Roberts Bank Ecosystem Model Productivity Results for Marine Fish

Sub-component
and
Representative
Species

Difference
in
Productive
Potential
(%)

Difference
in
Productive
Potential
(biomass
(t)) 1,2

-5

Sensitivity Analyses
● Sensitive
▲ Insensitive

Potential
Biomass
Loss3

Summary
of Model
Results4,5

Predator
Vulnerability
Setting

Abiotic
Factors

Changes in
Abiotic
Factors

Variation in
Biotic Input
Parameters5

-10

▲

●

▲

●

Yes

Minor
Decrease

+16

+0.1

●

●

●

●

Yes

Minor
Increase

-5

-5

▲

●

▲

●

Yes

Negligible

+14

+0.07

●

●

●

●

Yes

Minor
Increase

-5

-14

-

-

-

-

-

-

Pacific Salmon
Chinook (adult)
Chinook (juvenile)
Chum (adult)
Chum (juvenile)
Total

Reef Fish
Lingcod

-3

-1

●

●

●

●

Yes

Negligible

Rockfish (incl.
copper and
quillback rockfish)

-9

-2

●

●

●

●

Yes

Minor
Decrease

-5

-3

-

-

-

-

-

-

Total

Forage Fish
Pacific sand lance

+6

+1

●

▲

●

●

Yes

Minor
Increase

Other (incl. surf
smelt)

-1

-8

▲

▲

●

●

Yes

Negligible

Pacific herring

-2

-6

▲

▲

●

●

Yes

Negligible

+18

+2

●

●

●

●

Yes

Minor
Increase

-1

-11

-

-

-

-

-

-

Shiner perch
Total
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Sub-component
and
Representative
Species

Difference
in
Productive
Potential
(%)

Difference
in
Productive
Potential
(biomass
(t)) 1,2

Sensitivity Analyses
● Sensitive
▲ Insensitive
Predator
Vulnerability
Setting

Abiotic
Factors

Changes in
Abiotic
Factors

Variation in
Biotic Input
Parameters5

Potential
Biomass
Loss3

Summary
of Model
Results4,5

Flatfish
Other (incl. English
sole)

-2

-0.3

▲

●

●

●

Yes

Negligible

Starry flounder

+6

+1

●

●

●

●

Yes

Minor
Increase

1

+0.4

-

-

-

-

-

-

Total

Demersal Fish
Small demersals
(incl. threespine
stickleback and
Pacific staghorn
sculpin)

-5

-0.2

●

●

●

●

Yes

Negligible

Total

-5

-0.2

-

-

-

-

-

-

Total

-

-28.3

-

-

-

-

-

-

Notes:
1.

2.

3.
4.
5.

Biomass is a measure of productivity, and is presented as the net change in productivity resulting from Project-related changes
associated with the footprint. This measure of productivity does not include productivity gains from proposed offsetting mitigation, as
described in Section 17.3.2 Mitigation for marine Biophysical Valued Components, Offsetting Framework.
Productivity estimates presented here and in Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run differ
because only values relating to the five marine fish sub-components are presented here, while the ecosystem model included 18
marine fish functional groups. When all 18 functional groups are considered, biomass loss for marine fish totals ‒32.3 t (or 2.4%).
Note that only the five sub-components are assessed herein.
If any of the model runs have a negative outcome (i.e., key run or one of the four sensitivity analyses), a potential biomass loss is
indicated.
Change ratings (applicable to both increases and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change. Change
ratings take into consideration physical and biological aspects of natural ecosystem variability.
The Summary of Change in Productive Potential column indicates the likely outcome based on the combined information from key run
and sensitivity analyses.
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13.6.3.1

Changes in Productivity of Pacific Salmon

The following discussion presents how effect mechanisms (described in Section 13.6.1)
relate to expected changes in Pacific salmon productivity. Because Pacific salmon are
ecologically, economically, and socially important, and have complex life histories, Chinook
and chum salmon were divided by juvenile and adult life stages in the Roberts Bank
ecosystem model. Overall, the ecosystem model predicts an overall negligible change
(i.e., ‒5%, ‒14.8 t) in the productive potential of Pacific salmon21 (i.e., juveniles and adults
of Chinook and chum, combined) (see Table 13-10); while the direction is negative,
changes greater or less than 5% are considered to be within the margin of error of the
model, meaning little or no Project-related change (see Section 10.3.3 Ecosystem Model
Process). Specifically, productivity of adult Chinook is predicted to decrease by 5% (‒10 t),
while productivity of juvenile Chinook is predicted to increase by 16% (0.1 t). A similar
pattern is predicted for chum salmon, with adult chum productivity predicted to decrease by
5% (‒5 t) and juvenile and chum productivity predicted to increase by 14% (0.07 t).
Sensitivity analyses indicate that the model predictions are quite accurate for adult chum
and Chinook, and slightly over-estimated for juveniles (i.e., by approximately 4% to 6%);
as such, little to no Project-related changes to the productivity of Pacific salmon are
predicted. Other lines of evidence suggest minor changes in adult Chinook and chum
productivity and a slight net decrease in juvenile salmon productivity via construction,
acoustic and lighting disturbance, and migration mechanisms. Overall, based on multiple
lines of evidence, the net effect of the Project on Pacific salmon productivity is considered
slightly negative, pre-mitigation, for reasons outlined in detail below.
Injury and Direct Mortality
As mentioned above, ecosystem modelling did not account for construction activities, which
will have a minor negative influence on salmon productivity. Direct mortality is expected for
juvenile salmon, which can be entrained during cutter suction dredging (Dutta and
Sookachoff 1975, Simenstad 1990, Nightingale and Simenstad 2001b). While the exact
value of this loss cannot be quantified, direct mortality through entrainment is likely of
minor consequence because: (i) there is little spatial overlap between the dredge footprint
and juvenile salmon distribution, as dredging activities for the terminal will be occurring at

21

The EwE functional groups of other salmon – juveniles and other salmon – adults were not included here.
When all EwE Pacific salmon functional groups are considered together, Pacific salmon productivity at Roberts
Bank is predicted to decrease by ‒16.8 t, due to decreases in juvenile and adult other salmon productivity by
4% (‒2 t) and 3% (‒003 t), respectively.
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depths of approximately −30 m CD, while juvenile salmon prefer surface waters (0 to −5 m
CD); (ii) entrainment is most impactful within spatially constricted waterways (Simenstad
1990, Nightingale and Simenstad 2001b), which Roberts Bank is not; and, (iii) mitigation, in
the form of a DFO timing window (i.e., between March 01 and August 15 above ‒5.0 m CD),
is effective and has been incorporated into the construction schedule (see Section 4.0
Project Description).
Project-induced changes must be considered in the context of natural conditions. Pacific
salmon sustain heavy and highly variable levels of natural mortality in the ocean, with rates
generally exceeding 90% to 95% (Healey 1991, Salo 1991, Bradford 1995, Trudel and Hertz
2013). Early marine mortality in particular is thought to determine salmon year-class
recruitment success (Beamish and Mahnken 2001, Wertheimer and Thrower 2007), and on
average, only a fraction of juvenile salmon entering the Strait of Georgia survive (Groot and
Margolis 1991). For example, in recent years in the Strait of Georgia, total survival (from
ocean entry until fish were caught or returned to spawn) of Chinook salmon was less than
1% (Beamish 2008, Beamish et al. 2010). Recruitment variability on a decadal (regime)
scale is thought to be primarily related to ocean conditions (Pearcy 1992, Francis and Hare
1994, Stachura et al. 2014). Overall, predicted incremental Project-induced mortality will be
minor relative to the scale of what occurs naturally.
Changes in the Acoustic Environment
Changes in the acoustic environment during construction are not likely to cause injury or
mortality to Pacific salmon in the LAA, unless impact pile-driving methods are used. In the
event that impact piling is used, limited mortality or injury can be expected within the
vicinity of piling activities, with a potential minor negative effect on Pacific salmon
productivity in the LAA.
Behavioural effects to Pacific salmon from changes in the acoustic environment are
expected to be negligible. Salmon are much less sensitive to sound pressure than
species such as herring, and sound levels generated during Project-related vibratory piling
are not predicted to reach the behavioural threshold for salmon (i.e., 90 dBht), even within
close proximity to sound-source activities (Appendix 9.8-A). Modelling results also indicate
that sounds are not likely to reach behavioural threshold levels during other construction
activities generating continuous noise (i.e., vibro-densification and dredging) or during
operation (i.e., vessel berthing and transiting) (Appendix 9.8-A). If impact piling is
undertaken, however, salmon may exhibit behavioural avoidance within the immediate
vicinity (i.e., less than 20 m) of cylindrical impact piling activities (e.g., at the mooring
dolphin; Figure 13-6).
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Based on these modelling results, if construction activities are undertaken as planned and
vibratory piling is the method used, then acoustic disturbance is unlikely to measurably
affect Pacific salmon productivity in the LAA. If impact piling is used, sound levels near the
source will reach levels that can cause physical harm to salmon, and behavioural change
can also be expected within meters of impact piling activities.
Changes in the Light Environment
Changes in the light environment have the potential to influence Pacific salmon productivity
in the LAA; however, since it was not possible to incorporate this mechanism into the
ecosystem model, it is addressed qualitatively.
Low light conditions, such as those brought about by structural shading, are not optimal for
juvenile salmon, which depend upon light for prey capture and schooling (Nightingale and
Simenstad 2001a). Increased predation on juvenile salmonids in low light (i.e., dawn or
dusk) has been documented (Ginetz and Larkin 1976), and may be caused by a period of
partial night blindness, since the process of dark adaptation takes as long as 50 minutes (Ali
1959), or by a loss of schooling ability (Ono et al. 2010). Model simulations of responses of
juvenile Chinook to periods of darkness showed that they appeared to be randomly
distributed throughout the water mass and were often motionless until a predator
approached, as decreasing their movements may reduce their encounters with predators
(Petersen and Gadomski 1994). Most salmon species avoid structural shading and tend to
migrate along the light side of the shadow’s edge (Williams et al. 2003, Ono et al. 2010).
Artificial lighting from the Project is expected to result in a change to the current light
environment on the water next to the existing Roberts Bank terminal (based on the
Commission
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light

trespass

environmental

light

classifications; see Section 9.4.8 Light, Future Conditions with the Project. Exposure
to periods of high or intermediate light (such as those brought about by artificial lighting at
night) may cause temporary blindness as juvenile salmon may take up to 30 minutes to
adjust their vision, with similar implications on foraging success and predator avoidance
outlined above (Ono et al. 2010). Exposure to bright lights has also been reported to attract
juvenile salmon – likely through improved foraging - causing them to congregate below
artificial lights on wharf structures; for example, light intensities of 200 lux to 400 lux can
attract and delay juvenile chum for 1 to 2 days (Prinslow et al. 1979). Research has
demonstrated that high-intensity light can also reduce predation; for example, Petersen and
Gadomski (1994) showed that increasing the intensity of light during a nighttime period
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caused northern squawfish to capture significantly fewer salmon, implying there is an
optimal range of light intensities for predation and that artificial lighting might be
manipulated to help reduce salmonid predation mortality.
Placement of the terminal within the subtidal zone minimises the influence of lighting on
eelgrass habitat, which supports high numbers of juvenile salmon, reducing spatial overlap
between juvenile salmon distribution and areas of artificial light. The effects of shading and
artificial lighting on juvenile salmon in marine environments remain poorly understood,
however, with potential positive and negative benefits documented in the literature
(Williams and Thom 2001). As such, despite avoidance measures and relatively low changes
in illuminance with the Project, potential minor negative effects on juvenile productivity
cannot be discounted.
Changes in Habitat Availability
For adult Chinook and chum salmon, loss in habitat availability resulting from terminal
placement and the associated loss of wetted area22 is expected to have a minor negative
influence on productive potential. Predicted biomass losses from terminal placement are
unlikely to be realised, however, given that both Chinook and chum adults returning to their
freshwater spawning grounds are not likely habitat-limited within with LAA.
For out-migrating juvenile Pacific salmon, terminal placement will increase linear travel
distance and time spent in deeper waters along the terminal length, potentially increasing
susceptibility to predation by larger salmon, other fish species, and birds (Nightingale and
Simenstad 2001a, Ono et al. 2010). Chum salmon are likely more susceptible to migration
divergence than Chinook salmon, given their preference for shallow, shoreline habitats and
tendency to move along perimeters of structures (Levings 1985, Nightingale and Simenstad
2001a). Results from field studies indicate that juvenile salmon are actively remaining in
shore-tied intertidal habitats and that outmigration may not be as linear as previously
predicted (Archipelago 2014e).
Outstanding data gaps around: (i) the nature and quantification of biological effects from inwater infrastructure (Simenstad et al. 1999, Williams and Thom 2001, Tabor et al. 2004)
and (ii) stock-specific juvenile salmon movement patterns and residency times in the LAA
(Archipelago 2014e, Trudel 2014) reduce certainty in predictions. Certain Chinook salmon
22

Sexually mature chum and Chinook cease feeding before entering freshwater on their way to spawning
grounds, so prey availability is not a key factor in predicted productivity losses.
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stocks, for example, are more likely to experience Project-related migration effects based
on their life history requirements (i.e., ocean-type Chinook, which reside longer in estuarine
waters) or their current downward population trajectories (i.e., spring 52, summer 52, and
spring 42 Chinook) (see Appendix 13-A). Given these uncertainties, minor decreases in
juvenile salmon productivity may occur.
Indirect habitat interactions (e.g., provision of refuge by macrophytes) may have
implications on overall Pacific salmon productivity, but cannot be captured in the ecosystem
model. For example, a minor increase in tidal marsh is predicted with the Project
(see Table 11-21 Marine Vegetation Productivity Summary (Prior to Mitigation)
Based on Weight of Evidence), which could benefit juvenile salmon by providing refuge
and increasing food supply (Simenstad et al. 1988, Simenstad and Cordell 2000). Emergent
fresh and brackish marsh vegetation (e.g., sedges (Carex lyngbyei), rushes (Scirpus spp.,
Typha spp.)) in the middle and upper intertidal zones have been identified as vital
components for Chinook food organisms, providing both detritus and habitat (Levings et
al. 1991).
Biotic Interactions
Biotic interactions are likely the key drivers behind increases in juvenile salmon productive
potential predicted by the Roberts Bank ecosystem model (Appendix 10-B). The group
within the ecosystem model with the strongest positive effect on juvenile Chinook and chum
salmon productivity is macrofauna, which is predicted to increase by 27% (733 t) with the
Project. As described in Section 13.5.1, Chinook and chum juveniles feed heavily on
macrofauna (including harpacticoid copepods) while in estuarine environments, and
forecasted biomass distributions for juvenile Chinook and chum salmon mirror respective
biomass distributions for macrofauna (Appendix 10-B).
Within the ecosystem model, raptors are considered to have a positive effect on juvenile
Chinook, and are predicted to increase by 31% (0.003 t). Additionally, groups with the
strongest negative effects on juvenile Chinook and chum (e.g., diving waterbirds, forage
fish) are all forecast to decrease with the Project, resulting in potential increases in juvenile
salmon productivity within the LAA. When other lines of evidence are considered, the
predicted increase in raptor productivity is thought to be an over-estimate (i.e., it is
predicted that over the long term raptors will experience a negligible change in productivity
with the Project; Section 15.7.2 Coastal Birds, Potential Effect – Changes in
Productivity); as such, the predicted increases in juvenile chum and Chinook are likely
slight over-estimates.
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Summary
Qualitative and empirical evidence indicates there will be minor decreases in Pacific salmon
productivity resulting from direct mortality (entrainment), and changes in the acoustic and
light environments during the construction phase. Effects on productivity from TSS and
sediment deposition from dredging and DAS activities are anticipated to be negligible.
During the operation phase and in the longer term, key mechanisms influencing Pacific
salmon productivity relate to changes in light (expected to play a role in structuring
predator-prey interactions), terminal placement (expected to disrupt juvenile migration,
especially given remaining uncertainties around juvenile salmon movement patterns and
residency times in the LAA), and positive biotic interactions (increased macrofaunal prey).
Additionally, indirect habitat effects (e.g., increased productivity of tidal marsh) not
captured in the ecosystem model may positively affect juvenile salmon productivity by
providing additional refuge and foraging opportunities within the LAA.
The ecosystem model predicts negligible changes in adult salmon productive potential, and
minor increases in juvenile salmon productive potential; sensitivity analyses indicates
these values are robust, but that the magnitude of increase of juvenile productivity is likely
over-estimated. Other lines of evidence suggest a minor decrease, particularly considering
mechanisms that were not captured in the ecosystem model, such as acoustic and
light disturbance.
Overall, multiple lines of evidence suggest a minor adverse effect for this sub-component.
13.6.3.2

Changes in Productivity of Reef Fish

The following discussion presents how the effect mechanisms from RBT2 (described in
Section 13.6.1) relate to changes in reef fish productivity. The ecosystem model predicts a
negligible (i.e., ‒5%, ‒3 t) change in overall reef fish productive potential; while the
direction is negative, changes of +/– 5% are considered to be within the margin of error of
the model, meaning little or no Project-related change (see Section 10.3.3 Ecosystem
Model Process). For representative species, the model predicts negligible change in lingcod
productive potential (i.e., 3%, ‒1 t), and a minor decrease in rockfish productive potential
(i.e., 9%, ‒2 t) with development of the Project (Table 13-10).
Consistent with qualitative and empirical predictions, sensitivity analyses indicate that
model results are fairly accurate, but that the decrease may be slightly over-estimated for
lingcod and rockfish (i.e., by 1% and 2%, respectively) (see Appendix 10-D for more
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information). Considering multiple lines of evidence (explained in sections below), a minor
decrease is deduced. Because the ecosystem model cannot consider effects from
construction, acoustic, or lighting, these mechanisms are addressed qualitatively.
Injury and Direct Mortality
Direct mortality of early reef fish life stages may occur through burial or entrainment during
construction-phase activities. Dredging is unlikely to affect adult and late juvenile life stages
because it will occur on soft-bottom habitats while reef fish prefer hard-bottom habitat. Reef
fish are also less likely to be affected by burial or entrainment than other marine fish, given
their high mobility during most life stages (Larson and Moehl 1990, Reine and Clarke 1998).
Demersal and semi-demersal fish eggs are susceptible to entrainment by hydraulic cutter
suction dredging and sediment deposition activities, while larvae are most susceptible to
entrainment and mortality by cutter suction dredges (Reine and Clarke 1998, Germano and
Cary 2005). Vulnerability depends on the timing and location of Project activities relative to
the presence of these sensitive reef fish life stages; in the case of lingcod, there is unlikely
to be substantial spatial or temporal overlap, while in the case of rockfish, spatial and
temporal overlap with Project activities is more likely.
As outlined in Section 12.7.1 Marine Invertebrates, Mitigation Measures, Avoidance
Measures, the DFO sensitive timing window for Dungeness crab (i.e., October 15 to March
30) will be adhered to for construction activities occurring below −5.0 m CD; this timing
window benefits lingcod as well, by decreasing the likelihood of direct mortality to their egg
masses, which are deposited in mid-December through mid-March (Hart 1973).
Dredging of the dredge basin is likely to cause entrainment of larval rockfish, as this activity
overlaps with or live birth of rockfish young, which typically occurs from March to July in
B.C. waters (Love et al. 2002), and their dispersal, which consists of a two- to six-month
larval period (Buonaccorsi et al. 2002, Yamanaka et al. 2006). This prolonged dispersal
period, although increasing the likelihood of exposure, also reduces the likelihood that
dredging will have population-level effects on rockfish. Lingcod larvae, which hatch in early
spring, are less likely to be affected by dredge basin dredging, as they settle to bottom
habitats in late May or early June (Jagielo and Wallace 2005), at which point they become
more mobile and able to avoid dredge entrainment, as well as burial.
While some direct mortality and injury is inevitable, spatial and temporal overlap of reef fish
with Project construction activities is limited and as such, direct mortality and injury is only
expected to have a minor negative effect on productivity.
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Changes in the Acoustic Environment
Fisheries Hydroacoustic Working Group (2008) criteria for fish harm apply to all marine fish
species; as the case for Pacific salmon, noise from either construction or operation-phase
activities is not expected to cause injury or mortality to reef fish in the LAA unless impact
piling is used (see Appendix 9.8-A). Potential behavioural effects of Project-related
underwater sound on reef fish were not modelled; however, reef fish are less sensitive to
sound pressure than species such as herring. Behavioural effects to reef fish from changes
in the acoustic environment are not expected to occur if vibratory piling is employed; if
impact piling is undertaken, any reef fish in the immediate vicinity (less than 20 m) of
cylindrical impact piling activities will likely exhibit avoidance behaviour.
Overall, conservatively assuming impact piling will be required, acoustic disturbance is
expected to have a minor negative effect on reef fish productivity.
Changes in Habitat Availability
A reduction in habitat availability from the Project footprint is expected to have a minor
negative effect on reef fish productivity. Highly productive areas for both lingcod and
rockfish occur along the seaward edge of Westshore Terminals where artificial reef habitat is
present. There is a small degree of overlap between Project components and hard-bottom
habitat where reef fish occur in high abundance (based on historical and present-day
surveys described in Section 13.5.2); specifically, the new terminal will encroach on
2.3 m2 of the artificial expansion23 reefs, which represents less than 1% of the area of the
existing reefs (see Figure 13-8). Despite an initial short-term reduction in productivity, the
Project will increase the amount of hard substrate (i.e., subtidal rip-rap) in areas of high
adult reef fish abundance, which may help offset some of this loss.
The occurrence of reef fish in hard-bottom environments may be partially attributed to the
relatively high density of macroalgae in these environments. Juvenile rockfish prefer areas
with kelp, shifting to areas with perennial macrophytes (e.g., eelgrass) in the winter when
kelp dies off (Haldorson and Richards 1986, Richards 1986, 1987, Murie et al. 1994). As
adults, copper and quillback rockfish occupy rocky substrates with crevices, often with a
cover of flat-bladed kelp (Love et al. 2002). A minor decrease in overall macroalgae
productivity is anticipated, based on multiple lines of evidence including the ecosystem
model, which involves a minor temporal loss of rockweed and a negligible change in kelp
(Section 11.6.3 Marine Vegetation, Potential Effect – Changes in Productivity).
23

The expansion reefs comprise the eight reefs built between 2007 and 2009 as habitat compensation for the
Deltaport terminal expansion. Two reference reefs were constructed between 1994 to 2001 (Fehr et al. 2012).
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Reductions in vegetation habitat on which rockfish depend are expected to have a minor
negative impact on rockfish productivity.
Similarly, changes in eelgrass (native and non-native) with the Project are expected to be
negligible over the long-term. Juvenile rockfish,24 which use eelgrass beds in winter, may
experience short-term productivity declines associated with initial direct losses of eelgrass
(Section 11.6.3 Marine Vegetation, Potential Effect – Changes in Productivity), but
are not expected to experience long-term productivity changes relating to eelgrass
productivity in the LAA.
Biotic Interactions
Biotic interactions are expected to have a negligible effect on lingcod productivity (despite
the fact that they are key predators on a number of fish and invertebrate species, and key
prey items to numerous species fish, birds, and mammals) and a minor negative effect on
rockfish productivity.
An evaluation of food web impacts shows that functional groups with strongest negative
impacts on lingcod (i.e., pinnipeds, spiny dogfish) are predicted to decrease, thereby
benefiting lingcod through reduced competition and predation; however, groups with
positive effects on lingcod (i.e., through mixed trophic interactions) are also expected to
decrease (see Appendix 10-B). Overall, this indicates that the food web effects should be
neutral for lingcod and are thus considered negligible.
For rockfish, functional groups with strongest negative impacts (i.e., pinnipeds, gulls, and
terns) are predicted to decrease, representing less competition and predation, while groups
with positive effects on lingcod (i.e., forage fish) are also expected to decrease
(see Appendix 10-B); these declines due to a reduced prey base are considered to
outweigh gains from reduced predation pressure and competition, thereby contributing to
the 9% decline in productive potential predicted by the ecosystem model.
Summary
Multiple lines of evidence indicate there will be minor decreases in reef fish productive
potential through direct mortality (entrainment) of larval rockfish and acoustic impacts
(mortality, injury, behavioural) on both species during the construction phase. In addition,
24

While rockfish species were not observed during 2012 to 2013 surveying for fish within eelgrass habitats at
Roberts Bank, rockfish spp. have been observed in eelgrass beds at Roberts Bank during historical surveys
(Conlin et al. 1982, MacDonald 1984, Archipelago 2014d).
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reductions in habitat availability in the form of a small loss of existing reef habitat and a
minor decrease in macroalgae productivity, will have a negative influence.
During the operation phase, key mechanisms reducing reef fish productivity relate to biotic
interactions, such as predation pressure and reduced prey, which have the potential to
reduce rockfish productivity in particular.
The ecosystem model predicts a net negligible change in reef fish productivity with the
Project (i.e., direction is negative, but changes greater or less than 5% are within the
margin of error of the model), suggesting that the Project will have little to no effect on reef
fish productivity.
Considering all lines of evidence, particularly construction and acoustic impacts which could
not be incorporated into the ecosystem model, a minor adverse effect is predicted for this
sub-component.
13.6.3.3

Changes in Productivity of Forage Fish

The following discussion presents how the effect mechanisms from RBT2 (described in
Section 13.6.1) influence changes in forage fish productivity. The ecosystem model
predicts a negligible effect to the productive potential of forage fish (i.e., ‒1%, ‒11 t) with
RBT2 (see Table 13-10); while the direction is negative, changes of plus or minus 5% are
considered to be within the margin of error of the model, meaning little or no Projectrelated change (see Section 10.3.3 Ecosystem Model Process). Increases are predicted
for shiner perch (18%, 2 t) and Pacific sand lance (6%, 1 t), while negligible changes are
predicted for forage fish (including surf smelt) (‒1%, ‒8 t) and Pacific herring (‒2%, ‒6 t).
Sensitivity analyses confirm that model predictions are relatively robust and support the
predicted direction of change for all species groups, though they suggest that gains for
Pacific sand lance and shiner perch are slight over-estimates (i.e., by approximately 3% and
5%, respectively) and losses for other forage fish and Pacific herring are slight
under-estimates (i.e., by 1% for both species). See Appendix 10-D for more information.
The negligible change in productivity for the forage fish sub-component predicted by the
ecosystem model is incongruent with qualitative predictions of a minor decrease based on
literature and field studies. Considering multiple lines of evidence (explained in sections
below), a minor decrease is deduced. Because the ecosystem model cannot consider effects
from construction, acoustic, or lighting, these mechanisms are addressed qualitatively.
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Injury and Direct Mortality
Construction-phase activities are expected to negatively affect the productivity of forage fish
species within the LAA, with spawning adults, benthic eggs, and larvae considered the most
vulnerable life stages. Because uncertainty remains around movements of Pacific sand lance
and

Pacific

herring

sub-components,

however,

spatial

and

temporal

overlap

with

construction activities cannot be confirmed. Although sand lance have been caught at
Roberts Bank, suitable spawning or burying habitat is difficult to verify; similarly, very few
Pacific herring spawning records exist for Roberts Bank, and spawning activity is likely
limited in the area (Gordon and Levings 1984, Hay and McCarter 2013a).
Surf smelt, which spawn on high intertidal beaches from May to September, will be
protected from activities occurring above ‒5.0 CD during DFO’s sensitive timing window
(March 01 to August 15), as discussed in Section 13.7; however, Pacific sand lance spawn
on high intertidal beaches from November to February, and thus are more likely to
experience mortality or injury from Project activities occurring in the intertidal areas, such
as causeway widening. During non-spawning seasons, adult pelagic forage fish are less
likely to be affected by activities occurring in the intertidal zone, given their increased
occurrence in surface waters relative to bottom waters (Larson and Moehl 1990, Reine and
Clarke 1998).
Pacific sand lance are considered vulnerable to mortality from construction activities, such
as dredging, given their natural burying behaviour, both at night and during winter, when
prey is scarce (McGraw and Armstrong 1990). The DFO timing window for Dungeness crab,
which prevents activities occurring below ‒5.0 m CD from October 15 to March 30, will also
be beneficial to Pacific sand lance burying in subtidal sediments in winter months; however,
other forage fish may remain susceptible to mortality or injury (e.g., shiner perch spawning
from April to August, and juveniles in nearshore waters until approximately mid-October).
Intermediate transfer pit dredging may affect buried Pacific sand lance, and potentially
spawning-stage adults, although very little spawning by this species has been observed
within the LAA (Archipelago 2014b).
Changes in the Acoustic Environment
Mortality or physical injury caused by Project-related underwater noise on forage fish can be
expected if impact piling is employed, especially in the vicinity of piling activities. If
vibratory piling is used, forage fish harm from underwater sound from the Project will be
negligible; however, if impact piling is used, injury or mortality is likely.
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As a species that is highly sensitive to sound pressure levels, behavioural changes in Pacific
herring are expected during both construction and operation, which would temporarily
decrease herring productivity in the LAA. Sound levels from Project-related vibratory piling
activities are not expected to reach levels beyond which herring initiate avoidance behaviour
(i.e., 90 dBht), except within the immediate vicinity of the piling (less than 20 m) (i.e., at
the mooring dolphin) (see Appendix 9.8-A). Audiogram-weighting for continuous sound
activities other than vibratory piling (i.e., vibro-densification and dredging, vessel berthing,
and transiting) was not carried out for herring, but radii and levels are expected to be
comparable to those generated during vibratory piling. If impact piling is required,
received sound levels for herring are predicted to reach the behavioural effects threshold
(i.e., 90 dBht (species)), but only at distances of up to 340 m to 450 m from cylindrical
impact piling sources (Figure 13-9) and up to 280 m from sheet impact piling sources.
Overall, changes in the acoustic environment are expected to have a minor negative effect
on forage fish productivity.
Changes in Sedimentation and Coastal Processes
Alteration of bottom habitats through sedimentation from dredging and terminal placement
is expected to result in a minor decrease in forage fish productivity, namely for Pacific
sand lance, which require coarse sand (0.25 mm to 2.0 mm) for subtidal burying
(Section 13.5.3.1). Median grain size of deposited sediment from dredging and DAS
activities ranges from 10 μm to 45 μm, and is therefore classified as silt25 (Section 9.6.8
Surficial Geology and Marine Sediment, Future Conditions with the Project), and
Pacific sand lance are known to actively avoid areas with high silt content (Pinto et
al. 1984).
Additionally, as described in Section

13.6.2.3

and presented in

Figure

9.5-35

Approximate Spatial Extent of Potential Changes Associated with the Project
Footprint, terminal placement is anticipated to result in increased deposition of silt off the
northeast corner of the terminal pad (over approximately 40 ha; Zone 4), and on the tidal
flats north of the causeway (area not quantified; Zone 7). Fining of sediment in these areas
will reduce suitability of Pacific sand lance burying habitat; however, Pacific sand lance are
not considered habitat-limited within the LAA. Habitat suitability modelling indicates that the
Project footprint will permanently remove 9.4% of suitable (i.e., moderately and highly
25

Silt is defined as ranging from approximately 3.9 μm to 63 μm (Wentworth 1922).
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suitable) burying habitat, implying that ample amounts should remain in the LAA, even with
further reduced suitability through morphological changes (though a lack of site-specific
sand lance density data reduces confidence in model results; see Appendix 12-A). Pacific
sand lance are, therefore, expected to relocate to suitable burying habitat elsewhere within
the LAA, outside the area of disturbance.
Changes in the Light Environment
Project-related changes in the light environment are anticipated to have a minor negative
effect on forage fish productivity at Roberts Bank for similar reasons described for Pacific
salmon in Section 13.6.3.1. Planktivorous forage fishes generally feed by sight, and
plankton exhibit diel vertical migration in the water column to reduce predation risk from
fishes (Gliwicz 1986); therefore, artificial lighting during a dark night can provide foraging
opportunities by illuminating zooplankton prey that come to the surface under cover of
darkness. In contrast, forage fish can also be subjected to elevated predation under artificial
lighting, for example by piscivorous fishes such as spiny dogfish (Squalus suckleyi)
(Prinslow et al. 1979, Rich and Longcore 2006). Gains in forage fish productivity through
increased foraging efficiency are only likely to occur during cases where artificial lighting is
introduced to the marine environment suddenly (e.g., during the construction phase);
increased predation may occur during the operation phase of the Project, with minor
consequences for forage fish productivity within the LAA.
Changes in Habitat Availability
Reductions in habitat availability are expected to have a minor negative influence on forage
fish productivity within the LAA. Pacific sand lance are particularly sensitive to alterations or
losses in subtidal sand habitat, on which they rely for burying. Terminal placement will
result in permanent loss of subtidal sand habitat, and sediment grain size within the entire
berth pocket will be rendered unsuitable for Pacific sand lance burying following construction
activities (i.e., dredging, vibro-densification, and placement of concrete toe protection slab
and scour protection rock).
Although Pacific sand lance presence has been confirmed at Roberts Bank, uncertainties
remain around the degree to which they use the LAA as spawning or burying habitat, as
neither activity has been directly observed. Identification of suitable burying habitat was
therefore modelled based on information gleaned from the literature and other models
(e.g., (Robinson et al. 2013)) rather than from site-specific data. Based on subtidal habitat
suitability modelling for Pacific sand lance, a total of 126.5 ha of moderately suitable and
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3.6 ha of highly suitable burying habitat will be permanently lost to terminal placement
and dredge basin creation (Hemmera 2014e); this constitutes approximately 9.4% of
available suitable (i.e., moderately or highly suitable) subtidal burying habitat in the LAA
(Table 13-11 and Appendix 12-A).
Addition of Fraser River sand to the ITP may be temporarily favourable for Pacific sand
lance, as they prefer coarse sand substrates for burying. Currently, the ITP area consists of
33.1 ha of moderately suitable subtidal burying habitat for Pacific sand lance, or
approximately 2.4% of overall modelled suitable area, which is likely to increase as sand is
dumped (see Figure 13-3 and Appendix 12-A Habitat Suitability Modelling).
Table 13-11

Pacific Sand Lance Habitat Suitability (ha) in the Local Assessment
Area in Future Scenarios with and without Roberts Bank Terminal 2

Suitability Ranking

Without RBT2
(ha)

With RBT2 (ha)1

Percent Loss
(%)

High Suitability

493.7

490.1

0.7

Moderate Suitability

884.9

758.4

14.3

Low Suitability

3.9

3.8

2.6

Suitable (Moderate + High)

1378.6

1248.4

9.4

Note: 1. These are areas remaining after permanent loss of habitat due to terminal, dredge basin,
and tug basin footprints. Not included is the temporary alteration of habitat during sand
storage at the ITP.

Numerous forage fish species, such as shiner perch and surf smelt, rely on eelgrass during
one or more life stages, and have been caught in high abundance in intertidal eelgrass
habitat at Roberts Bank (Archipelago 2014c). Changes in both native and non-native
eelgrass are judged to be negligible (see Table 11-21 Marine Vegetation Productivity
Summary (Prior to Mitigation) Based on Weight of Evidence) and, therefore, will not
negatively affect forage fish productivity. Use of marsh habitat by forage fish has also been
documented at Roberts Bank, but no particular preference is evident (Archipelago 2014d);
therefore, the predicted increase in tidal marsh productive potential may benefit forage fish
at Roberts Bank, but the effect cannot be quantified.
Spawning Pacific sand lance and surf smelt and their beach spawn may be affected by loss
of intertidal sand habitat resulting from causeway widening. During sampling related to DP3
habitat compensation monitoring, several sand lance eggs were found in the upper intertidal
zone on a sand and gravel beach south of the Roberts Bank causeway, and suitable sand
lance and surf smelt spawning habitat has been documented on both north and south sides
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of the Roberts Bank causeway (Archipelago 2014b). Given the overall lack of documented
spawning in the LAA, however, the contribution of this mechanism to overall changes in
forage fish productivity is negligible.
Temporary and permanent underwater infrastructure (e.g., temporary pipeline between ITP
and fill sites, piles, barge ramps, and permanent containment dykes) may increase habitat
quality for shiner perch, which are associated with hard-bottom habitats and are commonly
found near pilings, piers, jetties, and other submerged artificial structures. Subsurface
structures can also increase habitat availability for some marine invertebrates, increasing
diversity and productivity, and food availability for marine fish (Isaacman and Lee 2010).
Other permanent increases in hard-bottom habitat (e.g., additional rip–rap placement) are
considered in the ecosystem model and may help explain the predicted increase in shiner
perch productivity predicted by the model; if the additional infrastructure placements
described above are considered, then Project-related increase in shiner perch productivity
may be slightly higher than predicted.
Biotic Interactions
Biotic interactions play a key role in shaping forage fish productivity at Roberts Bank, with
forage fish being important conduits of energy in the marine food web between planktonic
communities and higher trophic-level predators (Cury et al. 2000, 2003). Direct Projectrelated effects on prey, predators, and competitors, along with more complex indirect
trophic interactions, are predicted to cause increases and decreases in forage fish at Roberts
Bank, as described below (Appendix 10-B).
For Pacific sand lance, not only are groups with the strongest negative effects (i.e., through
indirect food web linkages) predicted to decline with the Project, but prey species such as
macrofauna (which comprise a large proportion of sand lance diet) are predicted to increase
(i.e., by 27%, 733 t). These positive interactions are likely contributing to the forecasted
increase in Pacific sand lance productivity. It should be noted that the predicted increase in
Pacific sand lance productive potential is likely an over-estimate, given that the
predicted increase in infaunal and epifaunal invertebrate productivity is thought to be an
over-estimate (Section 12.6.3 Marine Invertebrates, Potential Effect – Changes in
Productivity).
While changes in productive potential for the other forage fish group (which includes surf
smelt) and Pacific herring are considered negligible (i.e., within the margin of error of the
ecosystem model), the direction of change is predicted to be negative. Contributing to this
are predicted declines in primary prey, as well as declines functional groups with positive
effects on these representative species.
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Predicted increases in macrofauna are predicted to contribute substantially to the increase
in shiner perch productive potential, as shiner perch diet is largely composed of
macrofauna. A predicted increase in raptor productive potential (31%, 0.003 t) is also
expected to benefit shiner perch, as raptors strongly influence their competitors and
predators. Additionally, a predicted decrease in diving waterbirds (‒6%, ‒0.1 t) may reduce
competition for prey and have a positive influence on shiner perch productivity. Increases in
macrofauna and raptor productivity are thought to be over-estimates (see Section 12.6.3
Marine Invertebrates, Potential Effect – Changes in Productivity and Section 15.7.2
Coastal Birds, Potential Effect – Changes in Productivity, respectively), which imply
that the magnitude of increase in shiner perch productivity is over-estimated as well.
Summary
Qualitative and empirical evidence indicates there will be minor decreases in forage fish
productive potential from direct mortality (e.g., burial of sensitive life stages) and acoustic
disturbance (particularly of Pacific herring) during the construction phase.
During the operation phase, key mechanisms reducing forage fish productivity relate to
(i) the reduction of available Pacific sand lance burying habitat through permanent losses in
both subtidal and intertidal sand habitat from the Project footprint, and (ii) the reduction of
habitat quality through fining of intertidal sand from changes in coastal processes. Despite
these reductions, Pacific sand lance have ample habitat remaining in the LAA in which
to relocate.
The decrease in overall forage fish predicted by the ecosystem model (i.e., ‒1%, ‒11 t) is
negligible as changes less than 5% are judged to fall within the uncertainty of the model;
sensitivity analyses indicate this value is robust, but that there may be small over- or
under-estimations,

depending

on

the

representative

species.

Shiner

perch

is

the

representative species most influenced by the Project, increasing in conjunction with
predicted increases in a major prey item – macrofauna.
Overall, a minor adverse effect is predicted for this sub-component.
13.6.3.4

Changes in Productivity of Flatfish

Flatfish are among the most abundant fish species at Roberts Bank (Archipelago 2014f),
and the following discussion outlines how the effect mechanisms from RBT2 (described in
Section 13.6.1) influence changes in flatfish productivity. The ecosystem model predicts
an overall negligible change (i.e., +1%, 0.4 t) in flatfish productive potential in the LAA
(Table 13-10); while the direction is positive, changes of +/– 5% are considered to be
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within the margin of error of the model, meaning little or no Project-related change
(see Section 10.3.3 Ecosystem Model Process). Results from sensitivity analyses are
generally consistent with this prediction and confirm model predictions are robust; for both
starry flounder and other flatfish functional groups, key run predictions are considered to be
slight over-estimates (i.e., by approximately 1% for other flatfish and 4% for starry
flounder). See Appendix 10-D for more information.
The negligible change in productivity for the flatfish sub-component (and other flatfish
representative species group) predicted by the ecosystem model is incongruent with
qualitative predictions of a minor decrease based on literature and field studies, largely
because the model could not account for the effects of construction activities, nor
ontogenetic shifts in flatfish habitat use and diet and the potential for density-dependent26
effects (i.e., due to limiting resources other than food). Based on multiple lines of evidence
(explained in sections below), a minor decrease is deduced.
Injury and Direct Mortality
Dredging and DAS activities are expected to have a minor negative influence on flatfish
productivity at Roberts Bank because benthic species are generally more susceptible to
entrainment and burial as they reside on or close to the bottom substrate (Larson and
Moehl 1990, McGraw and Armstrong 1990) and because flatfish are so abundant in areas of
construction; for example, during subtidal trawl surveys (0 m to 25 m CD), flatfish
accounted for up to 80% of the catch’s numerical abundance (Archipelago 2014f). Similarly,
eggs of some benthic fish, such as English sole, are demersal or semi-demersal, and are
thus vulnerable to entrainment by hydraulic cutter suction dredging (Reine and Clarke 1998,
Germano and Cary 2005) and burial by sediments. Potential effects, however, are highly
dependent on timing of egg deposition and attachment (Germano and Cary 2005); as such,
species with prolonged spawning or multiple spawning peaks (such as English sole; see
Section 13.5.4.1) are less susceptible to negative productivity effects.
Further, as discussed in Section 12.7.1 Marine Invertebrates, Mitigation Measures,
Avoidance Measures, a fisheries-sensitive window for activities below ‒5.0 m CD will be in
place to protect gravid female Dungeness crabs; indirectly, English sole will benefit from this
26

In population ecology, density-dependent processes occur when population growth rates are regulated by the
density of a population. Negative density-dependence describes a situation in which population growth is
curtailed by, for example, crowding or intra-specific competition (Hixon 2009). A project might result in
density-dependent effects if habitat loss increases density in surrounding areas, resulting in increased intraspecific competition for resources (e.g., food, preferred habitat).

Page | 13-113

PORT METRO VANCOUVER | Roberts Bank Terminal 2
mitigation as their spawning is typically most intense between December and February (but
may occur in all seasons) (Kruse and Tyler 1983, Lassuy 1989a). This window may also
limit the number of starry flounder eggs entrained, as spawning typically occurs in February
and April, peaking in March (Orcutt 1950, Hart 1973). However, starry flounder spawn in
higher estuarine environments than most flatfish species, and the near-surface location
typical of most starry flounder eggs (McCain et al. 2005) reduces the likelihood of spatial
overlap with Project activities. While entrainment of flatfish is predicted to occur, effects on
productivity are expected to be short-term, and are unlikely to affect overall population
productivity, as pelagic larvae inherently experience high rates of natural mortality (Burton
et al. 1992, Germano and Cary 2005).
Sediment deposition at Roberts Bank from construction activities is most likely to directly
affect flatfish species that prefer deeper environments, such as those adjacent to the DAS
outfall pipe and along the bank face (Archipelago 2014a, f). English sole (and Dover sole
(Microstomus pacificus)), are most commonly encountered at depths greater than −10 m
CD at Roberts Bank (Archipelago 2014a) and therefore more likely to experience direct and
indirect effects than species more common at depths shallower than −5 m CD, such as
starry flounder (Archipelago 2014a). Burial in sediments from DAS activities is not expected
to cause flatfish mortality because, as discussed in Section 13.6.1.1, depositional
thicknesses are not predicted to exceed 1.7 mm and benthic fish can migrate vertically to
the surface following burial, even when buried by more than 30 cm of sediment (Newell et
al. 1998, Bolam and Rees 2003). Further, flatfish adults (and late-stage juveniles) are
highly mobile, and capable of moving away from construction disturbance and relocating to
adjacent, suitable areas.
Overall, short-term productivity losses are expected from entrainment, but no mortality is
expected from burial in sediment from construction activities.
Changes in the Acoustic Environment
Fisheries Hydroacoustic Working Group (2008) criteria for fish harm apply to all marine fish
species; as such, changes in the acoustic environment may result in injury or mortality to
flatfish in the LAA if impact pile-driving methods are used, especially in the vicinity of
impact piling activities.
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In terms of behavioural effects to flatfish from changes in the acoustic environment,
modelled results for flatfish were similar to those for salmon, with flatfish being much less
sensitive to sound than species such as herring. For all Project-related vibratory piling
cases, generated sound levels are not predicted to reach the behavioural threshold for
flatfish

(i.e.,

90

dBht),

even

within

close

proximity

to

sound

source

activities

(Appendix 9.8-A). If impact piling is undertaken, however, flatfish may exhibit behavioural
avoidance within the immediate vicinity of cylindrical piling activities (i.e., maximum 30 m,
for impact piling at the tug basin) or sheet piling activities (i.e., less than 20 m)
(Appendix 9.8-A).
Based on these modelling results, acoustic disturbance may affect flatfish productivity in the
LAA, through injury, mortality and, to a lesser extent, behavioural disturbance, should
impact piling be used. If vibratory piling is used, underwater sounds causing physical harm
or behavioural disturbance to flatfish will not occur within the LAA.
Changes in Water Quality
Project-related increases in TSS are expected to have a minor negative effect on flatfish
productivity. Flatfish are most likely to be exposed to Project-related increases in TSS
concentrations, given their high abundance in subtidal waters, including those near the DAS
discharge point, as evidenced by data collected during ROV surveying for both Project and
DAS characterisation (Hemmera 2014a, c).
Mortality from elevated TSS is not expected, as concentrations will be within the ambient
range beyond localised areas of activity. Behavioural disturbance may occur, especially
where the CCME high-flow guideline is exceeded (i.e., maximum concentrations of 100 to
150 mg/L on strong flood and ebb tides, respectively, in the immediate area surrounding
the DAS discharge pipe); however, TSS levels are expected to dissipate with distance from
the discharge point, lowering to concentrations of 10 mg/L to 20 mg/L along the delta
foreslope.
Changes in Habitat Availability
Permanent losses of subtidal sand from the terminal footprint and dredge basin (117 ha)
comprise 7.5% of available subtidal habitat within the LAA, and thus will affect flatfish
habitat

availability

and,

by

association,

productivity.

Flatfish

are

the

marine

fish

sub-component most likely to be affected by modification or loss of soft-bottom habitat as
they tend to be more abundant than other species in bare sand habitat (Valle et al. 1999,
Johnson et al. 2005). In the LAA, underwater video and benthic trawl surveys revealed that
flatfish species common in the Project footprint area include English sole, starry flounder,
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Dover sole, sanddab, and rock sole (Archipelago 2014a, f). Long-term decreases in
productivity could occur if habitat capacity is limiting flatfish within the Fraser River
estuary27, and shifts in flatfish distribution result in increased competition, or some other
density-dependent response.
Loss of orange sea pen habitat through terminal placement may potentially affect the
availability of high-quality flatfish habitat, with sea pens reportedly providing habitat
complexity and structural relief for fish that favour emergent structure, such as flatfish
(Pirtle 2005). As outlined in Section 12.5.4 Marine Invertebrates, Existing Conditions,
Orange Sea Pens, fish (as well as other fauna) are more likely to occur in in areas of
continuous

to

dense

sea

pens

than

in

areas

with

no

sea

pens.

A

functional

relationship between benthic fish and sea pens has not been clearly defined in the scientific
literature, however, and co-occurrence may simply be a result of similar habitat preferences
(Hemmera and Archipelago 2014). While the ecosystem model projects a moderate
decrease (‒55%, ‒4 t) in sea pen productivity (refer to Section 12.6.3 Marine
Invertebrates, Potential Effect – Changes in Productivity), implications for flatfish are
not apparent; however, given the uncertainty around the importance of sea pen beds to
flatfish productivity at Roberts Bank, the potential for negative effects of sea pen habitat
loss on flatfish cannot be discounted.
Alteration and loss of bare mud and sand habitats due to use of the ITP may also affect
flatfish productivity. Species composition and distribution within the ITP is thought to differ
from subtidal sand habitats within the terminal footprint because of the presence of finer
substrate and Beggiatoa (sulfur-reducing bacteria), which indicates anoxic sediment
conditions (Archipelago 2014a). Deposition and temporary storage of sand in the ITP may
negatively affect English sole, starry flounder, and Dover sole as the documented users of
mud habitat in this area (Archipelago 2014a). These species, however, are also abundant in
sand habitats. For example, as juvenile starry flounder grow, they tend to prefer substrate
with larger particle size, with older juveniles (greater than 150 mm body length) selecting
fine sand (Moles and Norcross 1995). Alteration and loss of habitat through causeway
widening is of little concern because little spatial overlap is expected: English sole and starry
flounder caught during beach and directional seine surveys conducted in the intertidal and
shallow subtidal areas of Roberts Bank accounted for only a small portion of the total catch
(Archipelago 2014d, e).
27

Sensitivity analyses examined productivity changes with the Project-based alternative cases of density
dependence. Other flatfish showed a limited biomass response (less than 5%) and were predicted to
experience a minor decrease in productivity with the Project for all cases, suggesting that prey is not limiting
for flatfish at Roberts Bank. For starry flounder, the direction of productivity change (i.e., positive versus
negative) with the Project was different under alternate cases of density dependence, suggesting a sensitivity
to top-down versus bottom-up control (Appendix 10-C Roberts Bank Ecosystem Model Development
and Key Run).
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Overall, despite uncertainties relating to density dependence and functional relationships,
reductions in habitat availability are considered to have a minor negative effect on flatfish
productivity.
Biotic Interactions
Predicted increases in flatfish productivity based on ecosystem modelling are likely driven
by biological interactions, namely predicted increases and decreases in the productivity of
major prey items (e.g., macrofauna and epifaunal omnivores) as well as through more
complex indirect trophic interactions (Appendix 10-B).
The role of biotic interactions in the productivity of other flatfish (including English sole)
varies. Some interactions are positive, such as increases in macrofauna (i.e., 27%, 733 t),
which comprises a large proportion of flatfish diet as well as declines in Dungeness crab
(-3%, ‒9 t), a species that preys on juvenile flatfish and competes with adult flatfish for
prey. Some interactions are negative, however, such as the declines predicted for prey
groups other than macrofauna. Overall, biotic interactions on other flatfish are considered
negligible.
Similarly, the predicted increase in macrofauna (which represent key prey items) is
expected to benefit starry flounder productivity, reinforced by declines in predators
(i.e., pinnipeds) and competitors (i.e., diving waterbirds). Additionally, raptors – which as a
group is a minor predator on flatfish – are predicted to increase (31%, 0.003 t); however,
raptors have a positive effect on starry flounder at Roberts Bank due to beneficial predation,
a scenario whereby the negative direct predation effect is outweighed by indirect positive
effects (in this case, on starry flounder competitors). The increase in starry flounder
predicted by the ecosystem model may be over-estimated, given that the predicted
increases in macrofauna and raptor productivity are thought to be over-estimates
(see Section

12.6.3

Marine

Invertebrates,

Potential

Effect

–

Changes

in

Productivity and Section 15.7.2 Coastal Birds, Potential Effect – Changes in
Productivity, respectively).
The Roberts Bank ecosystem model does not explicitly incorporate ontogenetic diet shifts
(i.e., diet changes with life stage), meaning that the very different diets of adult and
juvenile flatfish are not fully captured. For example, juvenile starry flounder feed almost
exclusively on harpacticoid copepods (McCall 1992), while adults feed on benthic and
infaunal species, including bivalves (particularly clam siphons), worms, crabs, mollusks,
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echinoderms, and fish (Miller 1967, Leet et al. 2001). As described above, the increase in
starry flounder productivity mirrors the increase in macrofauna productivity, and is driving
predicted increases for this sub-component overall. While an increase in macrofauna
productivity will positively influence juvenile starry flounder productivity, adults are not as
likely to benefit. Given that the complexities of flatfish diet are not adequately represented
in the ecosystem model, outputs likely represent an over-estimate.
Summary
Qualitative and empirical evidence suggest minor, short-term decreases in productivity from
direct mortality (entrainment of larvae), acoustic disturbance, and potential behavioural
change as a result of elevated TSS during the construction phase.
In the operation phase and over the longer term, minor decreases in flatfish productive
potential relate permanent loss of subtidal sand habitat in which flatfish are abundant;
effects could be compounded in the event that habitat loss triggers density-dependent
responses (i.e., competition for limited refuge). Predictions around the influence of biotic
interactions are inconclusive, partially because ontogenetic shifts in diet are not well
captured.
The ecosystem model predicts an overall negligible change in flatfish productive potential
(i.e., +1%, 0.4 t), though sensitivity analyses and qualitative predictions consider this an
over-estimate. Overall, the weight of evidence suggests a minor adverse effect for this subcomponent.
13.6.3.5

Changes in Productivity of Demersal Fish

Demersal fish, particularly threespine stickleback and Pacific staghorn sculpin, are among
the most commonly encountered fish species at Roberts Bank. The following discussion
presents how the effect mechanisms from RBT2 (Sections 13.6.1) relate to changes in
demersal fish productivity.
The ecosystem model predicts an overall negligible change (i.e., ‒5%, ‒0.2 t) in the
productive potential of small demersal fish in the LAA (Table 13-10); while the direction is
negative, changes of +/– 5% are considered to be within the margin of error of the model,
meaning little or no Project-related change (see Section 10.3.3 Ecosystem Model
Process). Sensitivity analyses suggest that predictions are robust, and only slightly overestimated (i.e., by approximately 1%); see Appendix 10-D for more information.
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The negligible change in productivity for the demersal fish sub-component predicted by the
ecosystem model is incongruent with qualitative predictions of a minor decrease based on
literature and field studies. Based on multiple lines of evidence (explained in sections
below), a minor decrease is deduced. Because the ecosystem model cannot consider effects
from construction, acoustic, or lighting, these mechanisms are addressed qualitatively.
Injury and Direct Mortality
Injury and mortality from construction activities are expected to have a minor negative
effect

on

demersal

fish

productivity.

Threespine

stickleback

will

benefit

from

a

timing window implemented for juvenile salmon (i.e., between March 01 and August 15
above ‒5.0 m CD), during their sensitive breeding period in the high intertidal zone from
April to August. Further, there is limited spatial overlap between spawning areas in the high
intertidal zone and dredging activities at depth. Dredge basin activities and tug basin
dredging may entrain threespine stickleback larvae, though no population level effects are
anticipated, given the relatively short larval-stage duration for this species (i.e., nine days)
(Bell et al. 1994, Mattern et al. 2007).
Sensitive life stages of other demersal species that occur outside DFO’s timing window, such
as the Pacific staghorn sculpin, which spawns from October to April, are more likely to
experience mortality or physical injury from construction activities. Again, spatial overlap is
limited as dredging occurs at depth while spawning occurs in shallow waters. Similarly, ITP
dredging may entrain Pacific staghorn sculpin larvae, but entrainment is unlikely to affect
overall productivity, as pelagic larvae naturally experience high rates of natural mortality
(Burton et al. 1992, Germano and Cary 2005).
Burial from construction activities is not anticipated to cause any mortality in demersal fish
because, as discussed in Section 13.6.1.1, depositional thicknesses are not predicted to
exceed 1.7 mm. Further, mobile life stages will be able to relocate following sediment
deposition, thereby reducing exposure. Overall, mortality from construction activities is
expected to have a minimal and short-term effect on demersal fish productivity in the LAA,
and effects will not scale up to the population level.
Changes in the Acoustic Environment
Fisheries Hydroacoustic Working Group (2008) criteria for fish harm apply to all marine
fish species; as such, construction-phase activities (i.e., impact pile driving, if used) may
cause injury or mortality to demersal fish in the LAA (see Section 13.6.1.2 and
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Appendix 9.8-A). Potential behavioural effects of Project-related underwater sound on
demersal fish were not modelled; however, acoustic-related behavioural effects to
demersal fish from Project activities are not expected to occur (except in the immediate
vicinity of impact piling, if used), for the same reasons outlined for Pacific salmon in
Section 13.6.3.1.
Based on these modelling results, acoustic disturbance may affect demersal fish productivity
in the LAA, through injury, mortality, and, to a lesser extent, behavioural disturbance,
should impact piling be used. If vibratory piling is used, underwater sounds causing physical
harm or behavioural disturbance to demersal fish will not occur within the LAA.
Changes in Sedimentation and Coastal Processes
Sediment deposition from construction activities and placement of the terminal is expected
to positively affect demersal fish. As described in Section 13.6.1.4, sediment deposits from
terminal placement are predicted in a number of areas as a result of a scour area to the
northwest of the proposed terminal, and back-eddies, a wave shadow, and increased
turbidity shoreward of the terminal (i.e., Zone 2, Zone 4, Zone 5, and Zone 7;
Figure 9.5-35 Approximate Spatial Extent of Potential Changes Associated with the
Project Footprint). General rises in seabed level are estimated for these areas, potentially
benefiting demersal fish species which recruit to, and forage over, shallow mud or sand
habitat (see Section 13.5.5).
Changes in Habitat Availability
Changes in habitat availability are expected to have an overall neutral effect on demersal
fish productivity, with predicted increases in marine vegetation high in the intertidal zone
countered by loss of subtidal sand habitat.
At Roberts Bank, both threespine stickleback and Pacific staghorn sculpin occupy intertidal
waters in high abundance, particularly eelgrass beds (Greer et al. 1980, Conlin et al. 1982,
Gordon and Levings 1984, Triton 2004, Archipelago 2014d, e). Changes in the productivity
of both native and non-native eelgrass are deemed to be negligible (see Table 11-21
Marine Vegetation Productivity Summary (Prior to Mitigation) Based on Weight of
Evidence, and therefore will not negatively affect demersal fish productivity.
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A minor increase in the productive potential of tidal marsh is predicted (see Table 11-21),
which will likely positively influence demersal fish productive potential. While the tidal marsh
at Roberts Bank was not surveyed for marine fish, threespine stickleback have been
recorded in Ladner marsh in the Fraser River estuary in densities of up to 25 individuals/m2,
with the marsh dominated by freshwater and brackish water vegetation such as sedge
(Carex lyngbyei), bulrush (Scirpus americanus) and cattail (Typha latifolia) (Sambrook
1990). Similarly, Pacific staghorn sculpin has been caught in large numbers in marsh
areas of the Fraser River estuary, including sloughs and backwaters at Steveston Island,
Canoe Passage, and Tilbury Slough, (Dunford 1975, Levy and Northcote 1981, Richardson
et al. 2000).
Demersal fish have also been caught in subtidal locations at Roberts Bank (0 to greater than
or equal to ‒25 m CD) (Archipelago 2014a), and may therefore be affected by permanent
loss of bare sand habitat as well as orange sea pen habitat. Similar to what was described
for flatfish in Section 13.6.3.4, functional relationships between orange sea pens and
demersal fish are not clearly defined, and results from field studies are inconclusive, with
some showing positive associations (Hemmera and Archipelago 2014, Archipelago 2014a)
and others showing negative ones (Hemmera 2014c). Faced with conflicting results, the
potential for negative effects of sea pen habitat loss on demersal fish cannot be discounted.
Direct effects of terminal placement on sea pens are discussed in Section 12.6.3 Marine
Invertebrates, Potential Effect – Changes in Productivity.
Deposition and temporary storage of sand in the ITP may negatively affect demersal fish
using muddy habitats in this area (Archipelago 2014a). Storage of Fraser River sand at the
ITP, however, is not expected to affect demersal fish productivity over the long-term, given
the high level of historic anthropogenic disturbance to this area and the continued degree of
habitat use by demersal fish.
Biotic Interactions
Biological interactions are not expected to measurably influence demersal fish productive
potential.
Small demersal fish feed predominantly on macrofauna, such that the predicted increase in
macrofauna (i.e., 27%, 733 t) is predicted to benefit small demersal fish. Similar to starry
flounder, the predicted increase in raptors (31%, 0.003 t) may improve demersal fish
productivity through beneficial predation. Declines, however, are also predicted for groups
with strong positive effects on small demersals.
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The negligible change in demersal fish productivity (-5%) predicted by the ecosystem model
may be under-estimated, given that the predicted increases in macrofauna and raptor
productivity are thought to be over-estimates (see Section 12.6.3 Marine Invertebrates,
Potential Effect – Changes in Productivity and Section 15.7.2 Coastal Birds,
Potential Effect – Changes in Productivity, respectively).
Summary
Qualitative and empirical evidence suggest minor, short-term decreases in productivity from
direct mortality (entrainment of larvae) and acoustic disturbance (if impact pile driving is
used) during the construction phase. Changes in water quality and lighting are considered
negligible.
In the operation phase and over the longer term, minor decreases in demersal fish
productive potential relate permanent loss of subtidal sand habitat, which may be somewhat
countered by predicted increases in tidal marsh productivity. Increased sediment deposition
due to changes in coastal processes is expected to positively influence productivity.
Biological interactions are complex, and likely have an overall negligible effect.
While ecosystem model predicts an overall negligible change in demersal fish productive
potential (i.e., ‒5%, ‒0.2 t), sensitivity analysis as well as qualitative predictions point to a
minor decrease. Overall, the weight of evidence suggests a minor adverse effect for this
sub-component.
13.6.3.6

Summary of Marine Fish Productivity Changes

A summary of marine fish productivity changes due to RBT2 prior to mitigation includes the
following (Table 13-12):


A minor net decrease is anticipated overall (i.e., for all marine fish sub-components
combined);



Minor decreases in productivity are anticipated during the construction phase for all
representative species; and



During the operation phase, minor decreases are predicted for all representative
species with the exception of adult Chinook and chum salmon (which are predicted to
experience negligible changes in productivity) and shiner perch (which is predicted to
experience a minor increase).
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Table 13-12

Subcomponent

Marine Fish Productivity Summary (Prior to Mitigation) Based on Weight of Evidence
Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Pacific Salmon
 Short-term decreases in productive potential due to
minor acoustic impacts (conservatively assuming
impact piling is required) from construction;
Chinook adult

-

◊

-

10

Minor
decrease

Negligible

 Longer-term decreases related to loss of habitat
availability from terminal footprint, though this is
unlikely to be a key mechanism, given Chinook adult
are not likely habitat-limited in the LAA, with minimal
feeding during return migration); and
 Sensitivity analyses suggest ecosystem model
predictions are accurate.
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment), minor acoustic impacts (conservatively
assuming impact piling is required), changes in
lighting, and migration disruption;

Chinook
juvenile

-

◊

0.1

-

Minor
decrease

Minor
decrease

 Long-term minor decreases during operation due to
changes in lighting and migration disruption, despite
benefits from predicted increases in main food source
(i.e., infaunal and epifaunal invertebrates);
 Sensitivity analyses suggest increase predicted by
ecosystem model is over-estimated (i.e., by 6%);
and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction, acoustic, lighting, and
migration mechanisms.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

 Short-term decreases in productive potential due to
minor acoustic impacts (conservatively assuming
impact piling is required) from construction;
Chum adult

-

◊

-

5

Minor
decrease

Negligible

 Longer-term decreases related to loss of habitat
availability from terminal footprint, though this is
unlikely to be a key mechanism given adult chum are
not likely habitat-limited in the LAA, with minimal
feeding during return migration); and
 Sensitivity analyses suggest ecosystem model
predictions are accurate.
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment), minor acoustic impacts (conservatively
assuming impact piling is required), changes in
lighting, and migration disruption;

Chum juvenile

-

◊

0.07

-

Minor
decrease

Minor
decrease

 Long-term minor decreases during operation due to
changes in lighting and migration disruption, despite
benefits from predicted increases in main food source
(i.e., infaunal and epifaunal invertebrates);
 Sensitivity analyses suggest increase predicted by
ecosystem model is over-estimated (i.e., by 4%);
and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction, acoustic, lighting, and
migration mechanisms.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Reef Fish

Lingcod

-

◊

-

1

Minor
decrease

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment), minor acoustic impacts (conservatively
assuming impact piling is required), and loss of
habitat availability (i.e., small Project footprint
overlap with artificial reefs);
Negligible

 Long-term change expected to be negligible due to
neutral biotic interactions and increases in hard
substrate due to Project infrastructure;
 Sensitivity analyses suggest decrease predicted by
ecosystem model over-estimated (i.e., by 2%); and
 Quantitative and qualitative predictions around a
negligible change align.

Rockfish
(including
copper and
quillback
rockfish)

-

◊

-

2

Minor
decrease

Minor
decrease

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment), minor acoustic impacts (conservatively
assuming impact piling is required), and loss of
habitat availability (i.e., small Project footprint
overlap with artificial reefs; minor decrease in
macroalgae productive potential);
 Long-term minor decreases due to biotic interactions
(reduced prey);
 Sensitivity analyses suggest decrease predicted by
ecosystem model over-estimated (i.e., by 2%); and
 Quantitative and qualitative predictions around a
minor decrease align.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Forage Fish
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts
(conservatively assuming impact piling is required);
Pacific sand
lance

-

◊

1

-

Minor
decrease

Minor
decrease

 Long-term minor decreases due to reduction in
availability and quality of both subtidal and intertidal
sand, used as burying habitat, due to Project
footprint;
 Sensitivity analyses suggest increase predicted by
ecosystem model over-estimated (i.e., by 3%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts
(conservatively assuming impact piling is required);

Other forage
fish (including
surf smelt)

-

◊

-

8

Minor
decrease

Minor
decrease

 Long-term minor decreases due to reduction in
availability and quality of both subtidal and intertidal
sand, particularly beach spawning habitat in the high
intertidal zone;
 Sensitivity analyses suggest decrease predicted by
ecosystem model slightly under-estimated (i.e., by
1%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts (if either
vibratory or impact pile driving employed);
Pacific herring

-

◊

-

6

Minor
decrease

Minor
decrease

 Long-term minor decreases due to reduction in
availability and quality of both subtidal and intertidal
sand habitat;
 Sensitivity analyses suggest decrease predicted by
ecosystem model under-estimated (i.e., by 1%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts
(conservatively assuming impact piling is required);

Shiner perch

◊

◊

2

-

Minor
decrease

Minor
increase

 Long-term minor increases due to biotic interactions
(increased prey) and increased habitat availability
from infrastructure placement (i.e., vertical, hard
substrate);
 Sensitivity analyses suggest increase predicted by
ecosystem model over-estimated (i.e., by 5%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Flatfish

Other flatfish
(including
English sole)

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts
(conservatively assuming impact piling is required),
and increases in TSS;
-

◊

-

0.3

Minor
decrease

Minor
decrease

 Long-term minor decreases due to loss of highly
productive subtidal sand habitat;
 Sensitivity analyses suggest decrease predicted by
ecosystem model over-estimated (i.e., by 1%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts
(conservatively assuming impact piling is required),
and increases in TSS;

Starry
flounder

-

◊

1

-

Minor
decrease

Minor
decrease

 Long-term minor decreases due to loss of highly
productive subtidal sand habitat;
 Sensitivity analyses suggest increase predicted by
ecosystem model over-estimated (i.e., by 4%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Demersal Fish

Small
demersal fish
(including
threespine
stickleback
and Pacific
staghorn
sculpin)

 Short-term decreases in productive potential due to
direct mortality from construction activities (i.e.,
entrainment) and minor acoustic impacts (if impact
pile driving employed);
-

◊

-

0.2

Minor
decrease

Minor
decrease

 Long-term minor decreases due to reduction in
availability and quality of both subtidal and intertidal
sand habitat;
 Sensitivity analyses suggest decrease predicted by
ecosystem model under-estimated (i.e., by 1%); and
 Discrepancy between ecosystem model and other
lines of evidence attributed to inability of model to
incorporate construction or acoustic mechanisms.
 Ecosystem model predicts no change to minor
decrease in marine fish productivity (≤ 5%) with the
Project;

VC Total
Change

-

◊

-

28.3

Minor
decrease

Minor
decrease

 On a sub-component level, the ecosystem model
predicts no change to minor decreases (≤ 5%) in the
productivities of Pacific salmon, reef fish, forage fish,
and small demersal fish; and no change to a minor
increase (≤ 5%) in the productivity of flatfish; and
 Based on all lines of evidence, all sub-components
are predicted to experience minor decreases in
productivity during one or both phases of the Project,
resulting in an overall minor decrease in marine fish
productivity.
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Subcomponent

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem
Model
Productivity
Change (t)

Professional Opinion/
Conclusion on
Productivity Change due
to Project*

Gain

Construction

Loss

Comments

Operation

Legend
◊ Productivity change predicted: quantitative productivity change estimate not available
* Professional opinion/conclusion on productivity change based on integration and consideration of all available lines of evidence (including
empirical evidence, ecosystem model results, and other models or evidence of change). Change ratings (applicable to both increases
and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change. Change ratings take into consideration physical and
biological aspects of natural ecosystem variability.
Note: quantitative productivity estimates presented here do not include anticipated productivity gains from mitigation.
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13.7

MITIGATION MEASURES

Mitigation measures, including any standard operating practices as well as management
practices or measures developed to specifically avoid or reduce the potential adverse effects
of the Project on marine fish, are described below and summarised in Table 13-12.
Selection of mitigation measures was informed by a review of mitigation measures and
follow-up programs undertaken for past developments at Roberts Bank; regulator, public,
and Aboriginal group input; and internal evaluation of technical and economic feasibility and
efficacy.
Standard industry practices and standard management practices proposed to avoid or
reduce adverse effects on marine fish were guided using the following sources:


Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013d);



Fisheries Productivity Investment Policy: A Proponent’s Guide to Offsetting (DFO
2013c);



Land Development Guidelines for the Protection of Aquatic Habitat (Chilibeck et al.
1993);



Environmental Management Strategy for Dredging in the Fraser River Estuary
(FREMP 2006);



Dredge Management Guidelines (FREMP 2005); and



Develop with Care 2012: Environmental Guidelines for Urban and Rural Land
Development in British Columbia (BC MOE 2012).

Additionally, mitigation and monitoring measures implemented for other projects and
activities were considered. For example, project-related adverse effects of DP3 were
mitigated in several ways, including development of an environmental management
program for construction activities; observance of SMPs (e.g., use of containment dykes,
stormwater treatment, ballast water management); adherence to timing windows; fish
salvages; and habitat compensation. In particular, the habitat compensation plan identified
technically feasible compensation measures to ensure no net loss of fish and fish habitat at
Roberts Bank. Intertidal and subtidal compensation strategies implemented to enhance
habitat productive potential at Roberts Bank included: 1) installation of concrete caissons
with refugia openings; 2) construction of artificial reefs; 3) construction of lagoon marshes,
open salt marsh benches, and excavation of upland and intertidal shoreline armouring to
allow for natural colonisation of salt marsh plant species; and 4) placement of sand and
gravel to create spawning beaches for smelt and sand lance.
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Additionally, the Adaptive Management Strategy (AMS) ‒ an eight-year monitoring program
(2007 to 2014) ‒ was designed as an early warning system to identify risks (e.g., potential
eutrophication, tidal channel formation) and implement mitigation before VCs would be
affected.
13.7.1

Avoidance Measures

This section summarises the design and scheduling considerations that have been
incorporated into the Project Description (Section 4.0 Project Description), intended to
reduce Project-related effects to marine fish.
13.7.1.1

Project Placement and Design

Specific modifications to Project component locations and designs as described in
Section 5.0 Alternative Means of Carrying out the Project, which will reduce potential
effects to marine fish, include the following:


Locating the terminal primarily in the subtidal zone to avoid overlap with sensitive
intertidal habitats (i.e., including those habitats, such as eelgrass beds, upon which
some marine fish sub-components depend for multiple life processes);



Incorporating rocky substrate in portions of terminal and causeway perimeters
(benefiting fish that prefer hard substrate);



Minimising the causeway expansion footprint in the high intertidal zone; and



Rounding the northwest corner of the terminal to reduce the projected scour area
and potential dendritic (tidal) channel formation.

A Project design feature considered partially to avoid potential effects to fish migration was
the addition of a flow passage channel between the existing Westshore Terminals and RBT2
(Section 5.4.1 Alternative Means of Carrying out the Project, Marine Terminal). This
feature was also evaluated to determine if the water volume that would otherwise flow
around the northwest corner would be reduced. It was determined that a 100-m-wide flow
passage would only slightly reduce flow velocities at the northwest corner, and would
generate additional local scour in the channel itself and adjacent areas. Potential negative
implications of the channel for fish included high flow velocities within and at the outlets of
the channel, which could cause entrainment of marine fish into the channel during periods
of high flow, and increased predation risk within shaded sections and at the channel outlet
adjacent to the artificial reefs. For these reasons, the fish passage channel was not
considered further as a Project avoidance measure.
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13.7.1.2

Timing Windows

To minimise direct mortality and physical injury effects of construction activities, dredging
guidelines have been established by DFO for the protection of marine resources (and have
been used previously at Roberts Bank). To protect juvenile Pacific salmon, the guidelines
include a fisheries-sensitive window from March 1 to August 15, above ‒5.0 m CD. To the
extent feasible, no Project-related construction activities that may result in adverse effects
to juvenile Pacific salmon will occur during this window. A DFO fisheries-sensitive window
for Dungeness crab will also be in effect from October 15 to March 30 below ‒5.0 m CD;
therefore, dredging is scheduled to occur from April 1 to October 14 at depths below ‒5.0 m
CD. While timing windows have proven effective in reducing interactions between Project
activities and marine fish, some species (and sub-components) with sensitive life periods
outside these temporal windows may still be adversely affected.
13.7.1.3

Caisson Fish Habitat

A mitigation opportunity for marine fish during operation of the terminal includes provision
of refuge habitat in the caissons. To increase the availability and connectivity of refuge
habitat for marine fish, and to provide a diversity of potential food sources, design options
for the caisson face have been considered (Section 4.0 Project Description) and are
described below.
As a fish habitat compensation measure for DP3, PMV installed slip-formed concrete
caissons with refugia openings to allow access for biota into the interior of the caisson cells.
Pacific cod (Gadus macrocephalus) and sculpins (family Cottidae) were observed in the
caissons in 2009 and 2012, respectively (Fehr 2012, Fehr and Barron 2012, Thompson et al.
2012). The invertebrate community increased in diversity and became progressively more
abundant, likely providing a growing food source for fish, and increasing site productivity.
The cells inside the caissons exhibited species abundance and diversity equal to or
significantly greater than the surrounding environment, suggesting that the compensatory
habitats are functioning as intended (Fehr 2012, Fehr and Barron 2012, Thompson et al.
2012). A similar feature is proposed for the caisson face of the new terminal. These features
would be in the subtidal portion of the caisson structure, to reduce potential predation on
juvenile salmon by reef fish and large demersal species, the latter of which are more likely
to use the refugia. Juvenile salmon typically use the top 5 m of the water column.
Since not all Project-related effects on marine fish can be addressed through avoidance
measures, additional mitigation measures are planned, as outlined below.
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13.7.2

Mitigation #1 for Injury and Direct Mortality

A Marine Species Salvage Plan will be developed and described in the Construction
Environmental Management Plan (EMP), and will include a description of the strategy,
procedures, and timing associated with a Fish Salvage Strategy (Section 33.3.12 Marine
Species Salvage Plan). Specifically, details will be provided for the removal of marine fish
prior to infilling of all containment dykes (i.e., terminal and causeway) using beach or purse
seine nets, or other gear where necessary (e.g., traps, trawls). Captured fish will be
released to nearby suitable habitat undisturbed by the Project. A Crab Salvage Strategy will
also be described in the Marine Species Salvage Plan, a key component of which will be
salvage crabs prior to storage of sand at the ITP. This salvage will also include the
relocation of any fish species caught within the crab traps, thereby reducing the number of
marine fish individuals affected by ITP activities.
Salvage plans have been used to effectively reduce injury and mortality of marine species
during previous in-water development projects; for example, fish and crab salvage work
was conducted during the DP3 expansion (i.e., within containment dykes and caisson
structures). Numbers of fish caught was high during both containment dyke and caisson
salvages (e.g., a maximum of 3,781 fish were caught during a single containment dyke
salvage from May 31st to June 5th, 2008). A total of 5,689 and 3,000 fish were caught and
released during containment dyke and caisson salvages, respectively. Dominant species
caught included juvenile and pink chum salmon, threespine stickleback, and Pacific herring.
13.7.3

Mitigation #2 for Changes in Acoustic Environment

An Underwater Noise Management Plan under the Construction EMP will be implemented to
reduce potential adverse effects of pile driving and other construction activities on aquatic
life, including marine fish (Section 33.3.7 Underwater Noise Management Plan).
Compliance monitoring parameters for underwater noise pertaining to marine fish will be
addressed as part of the Construction Compliance Monitoring Plan (Section 33.3.1
Construction Compliance Monitoring Plan). Standard management and industry
practices for underwater noise will be adhered to so that sound levels that may cause harm
to fish are not exceeded (BC Marine and Pile Driving Contractors Association 2003), and are
identified as follows:


To reduce sound levels during piling, a vibratory hammer will be used when
practical;
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A hydrophone will be used for the duration of pile-driving activities, along with visual
observations, to confirm assumptions and ensure sound levels remain below the SMP
threshold for fish harm (peak SPL 30 kPA, or approximately 210 dB re 1 μPa). This
SMP threshold criterion will be applied up to a 10 m range from the activity, as
suggested by DFO for previous projects generating underwater noise (Racca et al.
2007). Pile-driving activities generating peak SPL levels that exceed the threshold or
that cause fish kills will be mitigated such that acceptable levels are reached (e.g.,
using potential mitigation measures such as bubble curtains); and



The Underwater Noise Management Plan will outline specific underwater noise
reduction and dampening methods and technologies, and will address adaptive
monitoring and mitigation requirements for managing pile-driving sound levels.

13.7.4

Mitigation #3 for Changes in Water Quality and Sediment

Several standard mitigation practices with proven track records of efficacy will be used to
minimise the potential that marine fish will be affected by changes to water quality and
sediment during the Project’s construction and operation phases. For construction, these will
be described under the Construction EMP and supporting plans therein (Section 33.3
Construction Environmental Management Plans). Compliance monitoring parameters
for the protection of aquatic life from TSS and turbidity (and other physical, chemical, or
biological parameters, where applicable) will be described in the Construction Compliance
Monitoring Plan (Section 33.3.1 Construction Compliance Monitoring Plan).
For more details on water quality and sediment mitigation, refer to Sections 9.7 Marine
Water Quality and 9.6 Surficial Geology and Marine Sediment, respectively.
13.7.5
Light

Mitigation #4 for Changes in the Light Environment
Management

Plans

under

the

Construction

EMP

(Sections

33.3.5

Light

Management Plan) and Operation EMP (Section 33.4.3 Light Management Plan) will
describe measures to minimise excess artificial lighting from the Project including: 1)
directing light away from the marine environment; 2) controlling light levels and limiting
light use to areas where activities are occurring; and 3) limiting the use of lights to active
work areas.
The effectiveness of the lighting mitigation measures on marine fish is not well established;
however, with mitigation (through either artificial light or shading), any measurable adverse
effects on the productivity of marine fish sub-components from changes in the lighting
regime will be reduced.
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13.7.6

Mitigation #5 Offsetting Plan

An approach for offsetting potential and unavoidable Project-related effects after steps have
been taken to avoid and mitigate effects is outlined in Section 17.3.2 Mitigation for
Marine Biophysical Valued Components, Offsetting Framework. The offsetting
framework proposes non-standard, innovative approaches to mitigating adverse effects on
the ongoing productivity of marine fish populations and associated CRA fisheries. While the
approaches being proposed are non-standard, the efficacy of similar approaches has been
proven during other projects (e.g., DP3, Vancouver Convention Centre), where highly
productive intertidal and subtidal habitats have been created and restored. Approaches that
were used during other projects – including DP3 – that were deemed through effectiveness
monitoring to be less successful (e.g., protected lagoon marshes) were used to inform
current design considerations, to avoid similar outcomes. Onsite offsetting concepts that will
benefit marine fish are described below, along with a description of the effectiveness of
similar strategies implemented as a result of DP3.
13.7.6.1

Eelgrass

Eelgrass provides important habitat for a number of marine fish species including juvenile
salmon species, juvenile rockfish species, forage fish such as Pacific herring, and small
demersal fish such as threespine stickleback. Native eelgrass transplants are planned within
the LAA. The effectiveness of eelgrass transplants for marine fish specifically has been
proven during previous projects. For example, demersal fish have been observed in planted
areas almost immediately after planting, and transplanted plots over 1 year old can harbour
prey of juvenile salmon in densities near those found in reference meadows (Williams and
Thom 2001).
13.7.6.2

Tidal Marsh

Reconstructed tidal marsh habitat will potentially benefit juvenile salmon moving along the
perimeter of the causeway by decreasing the slope of the shoreline, providing refuge, and
potentially increasing food availability. Steep shorelines consisting of vertical surfaces are
thought to be less suitable to out-migrating juvenile salmon, as they decrease the area of
shallow-water habitat (Williams and Thom 2001). Habitats with a low slope (i.e., less than a
45° angle) provide more protective cover, shallow-water shelter, and predation refuge for
juvenile salmon species (Heiser and Finn 1970, Williams and Thom 2001). At sizes ranging
from 30 mm to 60 mm (fork length) chum and Chinook fry prefer shallow-water areas,
occupying tidal wetland channels, mud and sand flats, or beaches (Healey 1982 and 1991,
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Simenstad et al. 1982, Salo 1991). For more information on the effectiveness of previous
tidal (salt) marsh construction at Roberts Bank, and on proposed tidal marsh creation for
this Project, refer to Section 17.3.2 Offsetting Framework.
13.7.6.3

Sandy Gravel Beach

Gently sloping sandy or muddy beaches (composed of a mix of mud, sand, gravel, and
cobble) provide a number of functions, including prey production for juvenile salmon and
flatfish and habitat for beach-spawning forage fish (Williams and Thom 2001). Juvenile
salmon prey species (e.g., harpacticoid copepods) are seasonally abundant on sand and
mudflats, with their distribution linked to abundances of benthic microalgae (such as
diatoms) (Thom et al. 1989). Created sand and gravel beaches will potentially benefit
juvenile salmon moving along the perimeter of the causeway, as well as promote forage fish
(i.e., Pacific sand lance, surf smelt, and Pacific herring) spawning within the LAA.
To compensate for DP3, PMV placed sand and gravel along the east Roberts Bank causeway
to create spawning beaches for surf smelt and Pacific sand lance, with limited effectiveness.
Suitable substrate for Pacific sand lance and surf smelt spawn has been found at several of
the beach spawn and reference sites; however, spawning at Roberts Bank has not been
confirmed (Thuringer et al. 2013a, b). A net transport of sand toward the Delta dyke has
limited the availability of functional sandy gravel beaches and delayed the formation of
stable habitat. To avoid a similar outcome, during the current concept development, the
wind and wave environment was considered using coastal geomorphological modelling
(see Section 17.3.2 Offsetting Framework for more detailed design information).
13.7.6.4

Subtidal Rock Reef

Subtidal rocky reef creation will benefit reef fish species (i.e., lingcod and rockfish)
dependent on hard-bottom habitat.
As discussed in Section 13.5.2, PMV constructed eight expansion reefs seaward of the
Westshore Terminals and offshore of artificial reefs constructed in 1994 and 2001, as
habitat compensation for DP3. When they were surveyed in 2009 and 2010, the oldest
reference reefs contained a complex macro-algal community, and abundant and diverse fish
communities (Balanced Environmental 2011), while the newly constructed expansion reefs
were in the primary stages of colonisation and succession. (Archipelago 2009; Triton 2004;
Golder 1996; Gartner Lee Ltd. 1992). Surveys that were completed in 2012 to 2013
indicated that the faunal community on the expansion reefs had reached a stable
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community composition, with fish species abundance and diversity on all artificial reefs
comparable to typical rocky reefs in the Strait of Georgia (Archipelago 2014c). As such,
artificial reef creation is a proven effective mitigation measure for marine fish (especially
reef fish) at Roberts Bank, and productivity benefits from reef creation are expected to
offset losses predicted for this sub-component.
Table 13-13 below summarises the mitigation measures developed to address anticipated
adverse effects on marine fish.
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Table 13-13
Potential
Effect

Summary of Mitigation Measures to Address Adverse Project-related Effects on Marine Fish
Applicable
Phase(s)

Effect Mechanism and Mitigation Measure

Detectable/
Measurable
Residual Effect

Injury and Direct Mortality – Construction Phase
Timing Window: DFO least-risk timing window for juvenile salmon (March 01 to
August 15) will protect marine fish (and life stages) from activities occurring above ‒
5.0 m CD. DFO least-risk timing window for crabs (October 15 to March 30) will
protect marine fish (and life stages) from activities occurring below ‒5.0 m CD.

Loss of
Productivity
for Marine
Fish Subcomponents

Marine Species Salvage Plan: will take place prior to infilling containment dykes
(terminal and causeway). Marine fish will be caught and released to suitable habitat
distant from Project activities. Marine fish captured during a Crab Salvage Strategy
will also be salvaged (Section 33.3.12 Marine Species Salvage Plan).
Construction/
Operation

Changes in the Acoustic Environment – Construction Phase Underwater Noise
Management Plan: will reduce the potential for negative effects to marine fish from
pile driving. SMP thresholds for fish harm (peak SPL 210 dB re 1 μPa) (BC Marine and
Pile Driving Contractors Association 2003) will be adhered to (Section 33.3.7
Underwater Noise Management Plan).

Yes, for forage fish
and flatfish
sub-components
only

Water Quality and Sediment Quality– Construction Phase
Construction Environmental Management Plan and supporting plans, including:
Construction Compliance Monitoring Plan; Environmental Training Plan; Dredging and
Sediment Discharge Plan; Sediment and Erosion Control Plan; Hazardous Materials
and Waste Management Plan, and Spill Preparedness and Response Plan (Section
33.3 Construction Environmental Management Plans).
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Potential
Effect

Applicable
Phase(s)

Effect Mechanism and Mitigation Measure

Detectable/
Measurable
Residual Effect

Water Quality and Sediment Quality– Operation Phase
Operation Environmental Management Plan and supporting plans including:
Operation Compliance Monitoring Plan; Environmental Training Plan; Hazardous
Materials and Waste Management Plan; Spill Preparedness and Response Plan
(Section 33.4 Operation Environmental Management Plan).
Changes in the Light Environment – Construction and Operation Phase
Light Management Plans will help to reduce potential adverse effects of ambient
lighting on marine fish (e.g., juvenile salmon, forage fish) from terminal operation
and construction activities (Sections 33.3.5 and 33.4.3 Light Management
Plan).
Productivity – Construction and Operation Phase
Project Design: Optimised Project design includes terminal placement in subtidal
waters, reduced footprint for causeway widening, terminal rounded corner,
incorporation of rocky shoreline in portions of the terminal and causeway perimeters,
and incorporation of fish refuge habitat within caisson face.
Offsetting Plan: Where losses to ongoing productivity of marine fish cannot be
avoided, losses will be mitigated by the enhancement of existing or creation of new
habitats, such as eelgrass, tidal (salt) marsh, mudflat, sandy gravel beach and
subtidal rock reef. Onsite offsetting measures will be developed in consultation with
relevant regulatory bodies and stakeholders (see Section 17.3.2 Mitigation for
Marine Biophysical Valued Components, Offsetting Framework).
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13.8

CHARACTERISATION OF RESIDUAL EFFECTS AND CONTEXT

This section provides a characterisation of the residual effect of productivity loss for
forage fish and flatfish sub-components carried forward for assessment, as indicated in
Table 13-13. Residual effects are those that cannot be fully avoided or reduced through
mitigation measures (including offsetting).
13.8.1

Residual Effect – Characterisation of Productivity Loss

With the implementation of mitigation measures described above, effects to marine fish
sub-components will be minimised. Specifically, the following outcomes are anticipated:


For Pacific salmon, there is potential that the Project may affect juvenile salmon
migration, which would decrease productivity. While quantification of this effect is
not available 28 , it is expected that increases in juvenile salmon productivity from
increases in prey (e.g., macrofauna) (Section 12.6.3 Marine Invertebrates,
Potential Effect – Changes in Productivity), predicted increases in tidal marsh
habitat (Section 11.6.3 Marine Vegetation, Potential Effect – Changes in
Productivity), and from onsite offsetting will counterbalance such losses. Overall,
predicted net changes in Pacific salmon productive potential from the Project are
expected to be negligible, with mitigation.



For reef fish and small demersal fish, potential productivity loss from injury and
mortality and changes in the acoustic environment (during construction if impact pile
driving is used) will be minimised through mitigation, and the resulting residual
effect is considered negligible.



For forage fish, potential effects of injury and mortality, acoustic harm, and changes
in the light environment are anticipated to be reduced through mitigation. Residual
loss of productivity, however, is expected through: (1) minor behavioural
disturbance from underwater sound on Pacific herring; (2) reduction in suitable
subtidal burying habitat for Pacific sand lance.



Mitigation will minimise, but not fully avoid, flatfish productivity loss; residual
productivity loss is anticipated from increased TSS (DAS) and removal of habitat
(due to Project footprint).

The potential adverse residual effect to marine fish was characterised by qualitatively
assessing magnitude, extent, duration, reversibility, and frequency. Definitions for ratings
applied to residual effects criteria, developed with specific reference to marine fish, are
presented in Table 13-14.

28

The Project would need to be in place in order to conduct studies evaluating potential changes in juvenile
salmon migration.
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Table 13-14

Criteria

Criteria Used to Characterise Adverse Residual Effects on Marine
Fish
Description

Definition of Rating
Low (L) – A measurable change but within the range of
natural variability of the population, and will not affect
population integrity.

Magnitude

Expected size or
severity of the
residual effect

Moderate (M) – A measurable change outside the range
of natural variability but not posing a risk to population
integrity.
High (H) – A measurable change that exceeds the limits
of natural variability and may affect long-term population
integrity.

Extent

Duration

Spatial scale over
which the residual
effect is expected to
occur
Length of time over
which the residual
effect is expected to
persist

Site-specific – Effect limited to areas within and
immediately adjacent to the Project footprint, or to areas
immediately adjacent to Project activities.
Local – Effect limited to the marine fish LAA.
Short-term – Effect is limited to specific construction
activities or to the entire construction phase, or is only
present on a seasonal basis.
Long-term – Effect begins during the construction phase
and persists into the operation phase.
Permanent – Effect present indefinitely.

Reversibility

Whether or not the
residual effect can
be reversed once
the physical work or
activity causing the
effect ceases

Fully reversible – Indicator(s) will return to existing
conditions after the Project-related effects cease.
Partially reversible – Indicator(s) will trend towards but
not return to existing conditions.
Irreversible – Indicator(s) will not return to existing
conditions.
Infrequent – Effect(s) occur once.

Frequency

How often the
residual effect is
expected to occur

Frequent – Effect(s) occur repeatedly during Project
construction or operation.
Continuous – Effect(s) occur continuously throughout the
Project phases.

Consideration of multiple lines of evidence (empirical studies, ecosystem model, other
models, literature, and professional opinion) on marine fish productivity suggests only flat
and forage fish sub-components will experience net decreases from the Project. Other
marine fish sub-components are anticipated to experience no change or increases in
productivity from the Project, or with mitigation.
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Magnitude is rated as low based on the following rationale:


The LAA includes large areas of subtidal habitat. The affected area (133 ha)
represents approximately 7% of the existing soft-bottom shallow subtidal habitat
within the LAA and approximately 1% in the RAA; therefore, forage fish and flatfish
are not considered habitat limited.



For both forage fish and flatfish, the Project is unlikely to result in changes in
productivity outside of the range of natural variability for each representative species
within the LAA.



Both forage fish and flatfish possess life history characteristics (e.g., high fecundity)
that make them resilient to physical and environmental change. Productivity loss
from construction will likely be counter-balanced over a relatively short period of
time by natural recovery (i.e., recruitment or immigration) or through the
implementation of mitigation measures.



Forage fish and flatfish are expected to have high resilience to injury and mortality
from entrainment and burial. Species (or life stages) that are slower-moving or nonmotile, buried in the sediment for one of more life stages (e.g., Pacific sand lance),
or reliant on camouflage as a stress response (e.g., flatfish), are the most
vulnerable. However, marine fish species are widespread and abundant in the LAA
(hence there is existing habitat in the LAA for marine fish displaced by RBT2), and
have the potential to re-colonise affected areas after disturbance has ceased or
during the next recruitment period (in the case of eggs and larvae).



Negligible fish mortality is expected from Project underwater noise, even in the event
of impact piling, because effective mitigation measures that can reduce zones of
impact will be implemented. As such, following mitigation, acoustic-related mortality
is not considered within the characterisation of marine fish productivity losses.



Noise-related behavioural effects during construction and operation may temporarily
affect Pacific herring productivity, but affected areas will cover a relatively small area
of the LAA (especially in the case of impact piling activities, if used, which are
expected to cause the greatest level of acoustic disturbance).



Project-related TSS levels, combined with ambient values, are not expected to reach
lethal levels for marine fish, which are adapted to seasonally elevated and highly
variable TSS levels within the LAA. Behavioural effects may occur for flatfish, but
only within the immediate vicinity of the DAS discharge pipe. As such, change in
water quality is not considered a key effect mechanism within the characterisation of
productivity losses for marine fish.



Sediment deposition over existing substrate from dredging and DAS will be an order
of magnitude lower than sedimentation rates naturally occurring at Roberts Bank.
While increasing fine sediment loads will affect habitat suitability for Pacific sand
lance, most fines will be dispersed by currents and turbulent mixing, and will not be
deposited.
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Extent is rated as local based on the following rationale:


The spatial extent of injury and direct mortality from entrainment and burial, and
disturbance from elevated TSS levels, is not expected beyond the immediate vicinity
of each activity (i.e., site-specific);



If impact piling is employed, proven effective mitigation measures are expected to
limit potential behavioural disturbance for Pacific herring to within less than hundreds
of meters of the sound source; and



Habitat availability effects on productivity of flatfish (i.e., through loss of subtidal
sand habitat) and forage fish (i.e., through loss of suitable subtidal burying habitat
for Pacific sand lance) will be limited to the marine fish LAA.

Duration is rated as short-term, long-term, and permanent based on the following rationale:


Injury and direct mortality and TSS-related mechanisms are considered short term
as they are only anticipated during the Project’s construction phase, but may result
from different construction components (e.g., dredging, infilling) at different times
over several years;



Behavioural disturbance to Pacific herring resulting from underwater noise is
expected to extend from construction through operation (and hence is long-term);
and



Loss of subtidal sand habitat from terminal placement is permanent because no
mitigation is available.

Reversibility is rated as partial based on the following rationale:


While the mortality of marine fish lost directly to RBT2 will be irreversible,
productivity can be recovered, either naturally or via offsetting measures. Marine fish
species are expected to begin recolonising the affected areas following completion of
construction-phase activities (i.e., through recruitment or immigration) and
populations within the LAA are expected to be restored within one to two generations
post-construction.



Minimal behavioural effects from noise may persist through time (i.e., construction
through operation) for Pacific herring; however, herring can be relatively
unresponsive to vessel sound (Fernandes et al. 2000), and Roberts Bank is not
considered a major spawning area for this species, limiting the potential for
irreversible productivity effects.



Habitats with the shortest recovery times reportedly occur in estuaries or on highly
mobile sands under conditions of strong tidal flushing (Newell et al. 1998, Hill et al.
2011), such as Roberts Bank. Recovery of benthic invertebrate communities will
promote recovery of marine fish, where bottom-up trophic interactions are key
drivers of marine fish productivity.
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Frequency was rated as infrequent to frequent based on the following rationale:


Placement of terminal and associated habitat loss is a one-time event and thus
considered infrequent;



Losses of productivity through injury or direct mortality, or behavioural effects from
elevated TSS levels, are only anticipated during the Project’s construction phase but
may result from different construction activities (e.g., dredging, infilling) at different
times over several years;



While changes in geomorphic processes and habitat availability from RBT2 placement
are permanent, productivity effects are not, and are expected to recover naturally
and through mitigation within one to two generations; and



Behavioural disturbance (for herring) may occur frequently during operation
(e.g., vessel manoeuvering and berthing).

Table 13-15 below presents a summary of criteria ratings for the predicted Project-related
losses in productivity.
Table 13-15
Criteria

Summary of Criteria Ratings for Productivity Losses to Marine Fish
Criteria Rating

Rationale for Criteria Rating

Magnitude

Low

For forage fish and flatfish, the Project is unlikely to result in
changes in productivity outside the range of natural
variability experienced by representative species within the
LAA.

Extent

Local

Effects are limited to the LAA.

Short-term to
Permanent

Some mechanisms (e.g., direct mortality, elevated TSS
levels, sediment deposition) will be present only during the
construction phase. Other mechanisms (e.g., acoustic
disturbance) may persist through operation. Loss of sub-tidal
sand habitat from terminal placement is permanent because
no mitigation is available.

Partial

While full recovery for all sub-components is unlikely, partial
recovery is expected through recruitment and immigration
after construction activities have ceased, or after the
implementation of mitigation or offsetting measures (i.e.,
establishment of repaired or constructed habitats).

Infrequent to
Frequent

Placement of terminal and associated habitat loss is a onetime event and thus considered infrequent. Losses in
productivity through direct mortality, underwater noise, or
TSS-related changes are only anticipated during the
construction phase, but may result from different activities at
different times over several years (i.e., intermittent peaks).
Acoustic disturbance is expected regularly, but intermittently,
throughout construction and operation.

Duration

Reversibility

Frequency
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13.8.2

Context of Residual Effects

Roberts Bank is a dynamic and diverse estuarine environment with seasonal events
(e.g., freshet), Fraser river inputs, wave action, and tidal cycles producing large fluxes in
water and sediment

movement.

This natural activity, coupled with anthropogenic

development (e.g., dykes, terminals, causeways), influences the morphology of the tidal
flats and has resulted in the formation of various biosedimentological zones (i.e., intertidal
marsh, biomat; see Section 9.5.6 Coastal Geomorphology, Existing Conditions),
which support distinct biological communities, including marine fish communities. Species of
marine fish that spend all or a portion of their life history within estuaries (such as Roberts
Bank) are well adapted and resilient to a wide range of abiotic conditions (e.g., salinity,
sediment grain size, turbidity); however, different species display different ranges of
tolerances. For example, estuaries play an important role for salmonids, acting as a
transition

area

between

freshwater

and

marine

environments

where

physiological

adaptation to higher salinities occurs. The importance of estuaries in the life histories of
marine fish varies widely both within and among species (see Section 13.5).
While not considered directly in the assessment of Project-related effects, it is important to
note that climate change will play an increasingly large role in shaping the Roberts Bank
tidal flats into the future. Water depths are anticipated to increase with time, and the
seaward edge of the tidal flats and the shoreline are predicted to retreat due to a
combination of predicted sea level rise (0.5 m over the next 50 years), subsidence, and
continued exclusion of sand inputs by the two existing causeways (Section 9.5.7 Coastal
Geomorphology, Expected Conditions). Future responses of the Fraser River estuary to
climate change are complex, and are discussed in more detail in Appendix 9.5-A Roberts
Bank Terminal 2 Technical Report Coastal Geomorphology Study. The complexity of
physical and biological interactions within the Fraser River estuary precludes an inclusion of
potential climatic effects in an assessment of Project-related effects on marine fish at
Roberts Bank. Species-specific responses to climate change are expected, given the
different inherent resiliencies of marine fish; for example, increasing ocean temperatures
and rising sea levels as a result of climate change may compound spawning habitat loss for
forage fish (Therriault et al. 2002, Krueger et al. 2010), with the highest potential effect on
populations that deposit eggs in the high intertidal zone (Griggs 2005, Krueger et al. 2010).
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The constantly changing abiotic and biotic conditions at Roberts Bank and the wider Fraser
River estuary, driven by seasonal, annual, and decadal mechanisms, are key drivers of
marine fish growth and survival. While the estuary supports high primary and secondary
productivity, fluctuations in this productivity are reflected in marine fish indicators
(i.e., productivity, density), resulting in a high degree of natural variability. With most
marine fish moving in and out of the estuary during one or more life periods, external
factors also play a large role in shaping overall population productivity. The high variability
experienced by salmon as well as other marine fish populations was considered when
characterising Project-induced changes. The biological sensitivity and resilience of marine
fish were also taken into account during the ranking process, based on existing
conditions identified within the LAA and life histories of representative species within each
sub-component.
13.9

DETERMINATION OF SIGNIFICANCE OF RESIDUAL ADVERSE EFFECTS

This section provides a determination of significance for the residual effect on the marine
fish VC.
13.9.1

Significance Definition

A significant adverse residual effect to marine fish is one that alters a species’ population,
causing a decline in abundance or change in distribution to a level at which the population
cannot maintain itself and long-term population integrity is compromised. For a significant
residual adverse effect:


Re-establishment of the population through natural recruitment (e.g., reproduction
or immigration from unaffected areas) is not expected to occur; or



Re-establishment of the population to a level where population integrity is no longer
compromised is expected to take longer than one generation.

Likelihood of the residual effect was assessed based on professional judgement, with
unlikely effects defined as those having a low probability of occurring, and likely effects
having a higher probability of occurring. A low level of confidence is assigned to effects
predictions with little or no empirical data, whereas a moderate level of confidence is
assigned to predictions that were based on data sources such as predictive model outputs
and published literature. A high level of confidence is assigned to predictions that have
direct, site-specific quantitative data to support the prediction.
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13.9.2

Significance Determination

The determination of significance of the residual effect is provided in Table 13-16, along
with the likelihood of the residual effect, and the level of confidence associated with
determinations of likelihood and significance.
Table 13-16

Residual Effect
Productivity loss
for forage fish
and flatfish

Summary of Determination of Significance of Residual Effects for
Marine Fish
Significance
(significant/not
significant)

Likelihood of Residual
Effect

Not significant

Likely

(likely/unlikely)

Level of Confidence
(low/moderate/high)
Moderate (for both subcomponents)

Significance and likelihood ratings were assigned based on the following rationale:


Given the low motility of some marine fish species and life stages, and predicted
noise and TSS levels, injury and mortality to individual marine fish from the Project
are unavoidable; however, effects at the individual level are not expected to affect
population integrity.



While larval recruitment can be spatially and temporally variable, re-colonisation of
disturbed areas is expected to occur with high likelihood (e.g., pelagic larvae from
species such as Pacific herring are expected to continue drifting to Roberts Bank from
adjacent spawning locations such as Point Roberts (Gordon and Levings 1984).



The potential for auditory injury to a large number of marine fish migrating through
the Project area is unlikely. If impact piling is required, only marine fish within the
immediate vicinity of impact piling activities may be affected, and underwater sound
from piling activities will occur for a limited duration. Any mortality is not expected to
affect population integrity.



Marine fish are not likely to experience measurable levels of injury or mortality from
elevated TSS or sedimentation leading to population-level effects, given the low
predicted levels of Project-related TSS and sedimentation in relation to existing
sediment dynamics in the Fraser River estuary (i.e., silt-laden riverine flows,
particularly during freshet). As well, estuarine fish (or life stages) are well adapted to
turbid conditions and are expected to be resilient to temporary and localised
increases in TSS levels. Avoidance of affected areas by most marine fish species, and
re-establishment of affected areas near dredge activities and the DAS outfall
(e.g., through seasonal influx of larvae and juveniles from other regions in the Fraser
River estuary and Strait of Georgia), will also reduce the influence of these effect
mechanisms on productivity.
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Marine fish behavioural changes as a result of Project activities are possible. For example,
Pacific herring may be affected by increased underwater noise levels during Project
construction and operation (Nedwell et al. 2007), with effects more pronounced close to the
sound source; however, herring are expected to initiate avoidance behaviour, and given the
lack of spawning at Roberts Bank (Hay and McCarter 1997, McCarter 2013), little or no
effect on reproductive success or long-term population integrity is expected29.
Re-establishment of marine fish populations is highly dependent on Project-related effects
on benthic invertebrate communities, and their rates of recovery following disturbance (Hill
et al. 2011). Rapid recovery (from months to one year) usually occurs in high tidal energy
environments dominated by fine sediment where communities are primarily composed of
small-bodied, rapidly maturing, opportunistic benthic invertebrates. Disturbed communities
are also quicker to recover than undisturbed communities (Hill et al. 2011). Residual
productivity losses to marine invertebrates resulting from the Project are not expected to be
significant, and relatively rapid recovery of the benthic community (with the exception of
orange sea pens) is expected following construction and the creation of high-value habitat
onsite

(Section

12.9.2

Marine

Invertebrates,

Significance

Determination).

Additionally, flatfish and forage fish occupying areas slated for dredging and DAS are largely
generalist or opportunistic feeders (Armstrong et al. 1995, Lane et al. 2002, Mattern et al.
2007), and are expected to switch their diet to more readily available prey (Hill et al. 2011).
While a different suite of benthic invertebrate species may initially dominate affected (and
created) habitats, it is expected that functional (ecosystem) recovery 30 will occur more
rapidly than recovery of invertebrate community composition (Hill et al. 2011).
Marine fish sub-components most vulnerable to Project-related effects are those with longer
generation times, given their inherent low resilience (Buonaccorsi et al. 2002, Yamanaka et
al. 2006); however, no residual effects are predicted for sub-components with longer
generation times (e.g., rockfish). Sub-components with shorter generation times, such as
forage fish (e.g., shiner perch, 1.4 years; surf smelt, 1.6 years) (Froese and Pauly 2011)
are more likely to re-establish population levels intermittently between construction
events (e.g., dredging, pile driving) or relatively quickly following Project completion (Pikitch
et al. 2012).

29

30

Underwater sound-related behavioural effects are more likely to lead to population-level effects if exposure to
sound has an impact on breeding success. If exposure to underwater sound affects feeding success by
masking or displacing fish from preferred areas, population-level behavioural effects can still occur; however,
effects are likely to be partially reversible, assuming the affected species is not prey-limited.
Functional recovery considers the functional capacity – or processes and properties - of the ecosystem rather
than the number and proportion of species and individuals in an assemblage. Decline or loss of benthic species
belonging to one functional group may not affect the basic functioning of the ecosystem, if the function
performed by that species is taken up by another member of the same functional group (Cooper et al. 2008).
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Confidence was rated as moderate for both forage fish and flatfish sub-components based
on the following rationale:


Roberts Bank is a relatively well-studied ecosystem, with site-specific data available
from two years of field collection efforts, as well as from the literature and other
environmental assessments (i.e., DP3) in the area;



Model results (ecosystem, habitat suitability) were critically evaluated and used
alongside other tools to make VC predictions; and



Precedence exists for all mitigation measures.

Data gaps remain, however, for certain representative species, such as Pacific sand lance;
this, in turn, affected the resolution of site-specific input parameters into both the habitat
suitability model for Pacific sand lance subtidal burying (Appendix 12-A), and for the wider
Roberts Bank ecosystem model.
Overall, with a relatively rapid recovery predicted for the benthic prey community at Roberts
Bank following construction, and with the creation of high-value habitat (through a number
of effective mitigation and onsite offsetting measures), marine fish are not expected to
experience lasting adverse effects from Project-related activities, and recovery is expected
to occur within one generation for most sub-components.
For these reasons, the residual effect of the Project on marine fish, in combination with the
effects of other projects and activities that have and will have been carried out, is
determined to be not significant. This non-significant residual effect is carried forward in the
cumulative effects assessment below.
13.10

CUMULATIVE EFFECTS ASSESSMENT

The potential for Project-related effects to combine with the effect(s) of other projects and
activities that have been carried out (i.e., the existing conditions temporal case) and will
have been carried out prior to the Project (i.e., the expected conditions temporal case) was
considered in Section 13.5 and has therefore been integrated into the Project’s residual
effects.
This section describes the potential for the residual effect of the Project to combine with the
incremental effects of other certain and reasonably foreseeable projects and activities that
will be carried out (i.e., those not already considered in the existing and expected conditions
cases). These other certain and reasonably foreseeable projects and activities are identified
in Table 8-8 Project and Activity Inclusion List.
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Potential adverse residual effects on marine fish are from productivity losses driven by:
1) loss of subtidal sand habitat for forage fish and flatfish; and 2) disturbance of Pacific
herring

from underwater

noise.

The consideration

of potential cumulative effects,

therefore, focuses on effects of other projects or activities that could also affect these
sub-components.
13.10.1

Spatial Boundary for Marine Fish Cumulative Effects Assessment

As described in Section 13.3.1, the spatial boundary of the cumulative effects assessment
for marine fish is the same as the RAA, which includes the Fraser River estuary from
Boundary Bay to Sturgeon Bank, plus the Fraser River North and Main Arms and main stem
to Hope.
13.10.2

Effects of Other Certain and Reasonably Foreseeable Projects and
Activities

This section examines only the potential for interactions between the adverse residual
effects of the Project and the incremental effects of other future projects and activities
that are certain and reasonably foreseeable (Table 8-8 Project and Activity Inclusion
List). Table 13-17 identifies the certain and reasonably foreseeable projects and activities
that could interact with Project-related residual effects on marine fish and result in
cumulative effects.
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Table 13-17

Potential Incremental Effects of Other Project and Activities on
Marine Fish

Other Project or
Activity

Description

Potential Incremental
Effects

Coal handling facility on existing terminal site
on South Arm of Fraser River in Surrey.
Project includes new rail with the Port
Authority Rail Yard, transfer of coal from rail
onto barges, and barge transport of coal from
the terminal to Texada Island.

 Potential for increase in
underwater noise that may
cause behavioural
disturbance in Pacific
herring.

Projects

Fraser Surrey
Docks Direct Coal
Transfer Facility

Gateway Pacific
Terminal at
Cherry Point and
associated BNSF
Railway Company
rail facilities
project

Kinder Morgan
Pipeline
Expansion Project

Vancouver Airport
Fuel Delivery
Project

Deep-water marine terminal at Cherry Point,
south of Blaine, Washington with the capacity
to handle commodities, but mostly coal for
export.

For the marine component, expansion of
Westridge Marine Terminal (new dock facility
on Burrard Inlet with three berths to
accommodate mid-size tankers).

Project includes upgrade of an existing marine
terminal located in Richmond, B.C., 15 km
upstream of the mouth of the South Arm of
the Fraser River, other components, and
tanker and tank barge traffic.

 Potential for permanent
loss of subtidal habitats
important to Pacific sand
lance and flatfish that may
interact with the Project.
 Potential for increase in
underwater noise that may
cause behavioural
disturbance in Pacific
herring.
 Potential for permanent
loss of subtidal habitats
important to Pacific sand
lance and flatfish that may
interact with the Project.
 Potential for increase in
underwater noise that may
cause behavioural
disturbance in Pacific
herring.
 Potential for permanent
loss of subtidal habitats
important to Pacific sand
lance and flatfish that may
interact with the Project.
 Potential for increase in
underwater noise that may
cause behavioural
disturbance in Pacific
herring.

Activities
Incremental
Marine Vessel
Traffic Associated
with RBT2

RBT2-related marine vessel traffic travelling
outside of PMV navigational jurisdiction (east
of the Project area) to the spatial extent of IC
and VC-specific cumulative effects assessment
boundaries.

 Potential for increase in
underwater noise that may
cause behavioural
disturbance in Pacific
herring.
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13.10.3

Cumulative Interactions and Potential Cumulative Effects

This section identifies the potential interactions between Project-related residual effects and
the effects of other certain and reasonably foreseeable projects and activities. The only
Project-related residual effects carried further through the assessment of cumulative effects
were the loss of subtidal sand habitat for both forage fish and flatfish sub-components, and
increased underwater noise relating to behavioural disturbance of Pacific herring.
13.10.3.1 Loss of Subtidal Sand Habitat
Construction of new marine terminals and docks will contribute to the regional loss of
subtidal sand habitat on which flatfish and certain species of forage fish (i.e., Pacific sand
lance) depend.
The Gateway Pacific Terminal at Cherry Point Project and Kinder Morgan Pipeline Expansion
Project may directly affect a small area of subtidal habitat, but given their relatively large
distances from the Project, flatfish and forage fish likely derive from different subpopulations. The Project’s residual effect and potential for interaction with these other
projects is small, and any combined effect will not be measurable.
The Vancouver Airport Fuel Delivery Project may directly affect a small area of subtidal
habitat; however, given that the location of the terminal is 15 km upstream of the mouth of
the Fraser River, this habitat is considered to be of low quality or unsuitable for most marine
flatfish and forage fish species, with the possible exception of starry flounder, a flatfish
species tolerant to low-salinity waters that has been found as far upstream as Mission
(Northcote 1974, Nelson et al. 1994). The use of fresh, brackish, and estuarine waters by
starry flounder, and its wide distribution within the Fraser River estuary (Greer et al. 1980,
Gordon and Levings 1984) suggest that this species will not likely experience a measurable
cumulative effect from additional, small losses of subtidal habitat. The Project’s residual
effect and potential for interaction with the Vancouver Airport Fuel Delivery Project is thus
small, and any combined effect will not be measurable.
The potential cumulative effect of loss of subtidal habitat from RBT2 and effects from other
certain and reasonably foreseeable projects is considered negligible, primarily because large
areas of subtidal soft-bottom habitat remain in the CAA. The area affected by the Project
(133 ha) represents 7% of the existing soft-bottom shallow subtidal habitat within the LAA
and 1% in the CAA; therefore, marine fish are not considered habitat-limited. Loss of
subtidal sand habitat (important to flatfish and certain species of forage fish) from other
projects and activities is estimated to be under 1% of the CAA, primarily given their
relatively small respective footprints.
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13.10.3.2 Increased Underwater Noise
An increase in ship traffic will result in an increase in underwater noise that could cause
behavioural disturbance in Pacific herring. Short-duration, low-frequency sounds tend to
produce startle responses, while longer-duration, high-frequency sounds produce avoidance
responses, such as school compaction, sinking in the water, or departure from the area
(Wilson and Dill 2002). While Pacific herring are expected to show little habituation to
increasing noise levels (Schwarz and Greer 1984), there are no documented cases of Pacific
herring populations being affected by noise (Connor et al. 2005).
Underwater noise from the Fraser Surrey Coal Transfer Facility, Gateway Pacific Terminal at
Cherry Point Project, Kinder Morgan Pipeline Expansion, Vancouver Airport Fuel Delivery
project, and incremental vessel traffic from RBT2 will incrementally increase in the CAA.
While not modelled specifically for the marine fish RAA, cumulative changes to the mean
underwater noise levels in the regional study area during January and July were 122.2 dB re
1 µPa and 117.6 dB re 1 µPa, representing a 0.08 dB and 0.06 dB re 1 µPa increase over
existing conditions, respectively (Section 9.8.9

Underwater

Noise,

Summary

of

Assessment). Given these relatively small predicted incremental increases in underwater
noise, potential cumulative effects of underwater noise from these projects and activities on
herring behaviour would not likely be measureable. Behavioural responses of herring to
vessel-based sound are anticipated to be short term in duration and relatively close to
vessels (less than 20 m; see Section 13.6.3.3). Additionally, future increases in
commercial vessel traffic are expected to make a relatively small contribution to overall
underwater noise levels in the regional area, due to the high density of existing commercial
vessel traffic (Section 9.8.9 Underwater Noise, Summary of Assessment). For these
reasons (short duration, limited spatial extent, high existing levels), this effect is considered
negligible.
13.10.4

Mitigation Measures for Cumulative Effects

No mitigation measures are proposed to reduce the identified cumulative effects of the
Project on marine fish because cumulative effects are considered negligible.
13.10.5

Characterisation of Residual Cumulative Effects and Context

Since cumulative effects are anticipated to be negligible, this effect is not characterised or
assessed further.
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13.11

SUMMARY OF RESIDUAL EFFECTS AND RESIDUAL CUMULATIVE ENVIRONMENTAL EFFECTS

Overall, while the Project is anticipated to result in a residual loss of productivity for forage
fish and flatfish, this effect is deemed to be not significant (for reasons described in
Section 13.9.2). When this residual effect is considered in combination with potential
effects from other future projects and activities (that are certain and reasonably
foreseeable), no residual adverse cumulative effects to marine fish productivity are
predicted within the CAA (Table 13-18).
In summary, the Project is not anticipated to significantly affect sub-component or overall
marine fish productivity or long-term integrity with the LAA.
Table 13-18

Summary of Residual Effects and Residual Cumulative Effects for
Marine Fish
Residual Effects

Residual Effect

Magnitude, Extent,
Duration,
Reversibility,
Frequency

Significance

Productivity loss
for forage fish
and flatfish

Low-Moderate, Local,
Long-termPermanent, PartiallyReversible,
Infrequent-Frequent

Not
Significant

13.12

Residual Cumulative Effects
Magnitude,
Extent, Duration,
Reversibility,
Frequency

Significance

No anticipated residual cumulative
effects.

MONITORING AND FOLLOW-UP PROGRAMS

Monitoring and follow-up programs will occur before (if warranted), during, and after the
construction of the Project, with details to be further determined collaboratively with
regulatory agencies, including DFO. Section 33.3.1 Environmental Management Plan,
Construction Compliance Monitoring Plan and Section 33.4.1 Operation Compliance
Monitoring Plan outline the compliance monitoring requirements for both phases.
Section 33.5 Roberts Bank Terminal 2 Follow-up Program outlines the purpose of the
program and provides additional specifics relevant to this VC.
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14.0 Marine Mammals Assessment Highlights:


With the implementation of proposed mitigation measures, potential Project-related
adverse effects on marine mammals from Project construction and operation activities and
terminal footprint-related changes will be avoided or reduced, except for potential adverse
effects from underwater noise produced during operations.



Project-related adverse residual effects from underwater noise during operations to marine
mammals are expected to be not significant.



The Project is not anticipated to adversely affect the features of southern resident killer
whale critical habitat when needed for their life functions.



The Project will not limit the survival or population recovery of southern resident killer
whales.



Cumulative effects to baleen whales, seals and sea lions, and toothed whales other than
southern resident killer whales, are expected to be not significant.



Due to their Endangered status and lack of recovery of the population, southern resident
killer whales are assumed to be already significantly adversely affected; therefore,
cumulative effects to southern resident killer whales are expected to remain significant.

14.0 MARINE MAMMALS EFFECTS ASSESSMENT
This section presents the results of the assessment of potential Project-related effects and
cumulative effects on marine mammals. The rationale for the selection of marine mammals
as a VC, assessment boundaries, and existing conditions relevant to marine mammals are
described. Assessment findings, including identification of Project-related interactions and
effects, proposed approaches to mitigation, evaluation of residual and cumulative effects,
and determination of significance are also presented. In addition, monitoring and follow-up
programs to be conducted with respect to marine mammals are described.
This section addresses information requirements specific to marine mammals that are
identified in the EIS Guidelines, part 2, section 9.1.5, including the following:


Characterisation of marine mammals found in or migrating through the local
assessment area (LAA) and regional assessment area (RAA), including species
abundance, distribution, life stage, and seasonal and annual variations;



A description and location of marine mammal species at risk that appear on federal
and provincial lists and that are likely to be affected by the Project;



The regional importance, abundance, and distribution, including the results
of surveys of existing conditions, of any potentially affected marine mammal species
at risk;



Description of the residences, seasonal or local movements, movement corridors,
habitat requirements, key habitat areas, designated or identified critical habitat or
recovery habitat (where applicable), and general life history of marine mammal
species at risk that may occur in the Project area, or be affected by the Project; and
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14.1

Characterisation of the contaminant loading in marine mammals and marine
mammal species at risk and the pathways of bio-accumulation for those species
whose contaminant loadings may be affected by the Project.
COMPONENT OVERVIEW AND REGULATORY SETTING

Marine mammals are considered a VC in this environmental assessment (EA) because they
occur in or near the proposed Project area, are top predators in the Strait of Georgia marine
ecosystem, are the focus of a substantial wildlife viewing and ecotourism industry, and hold
an important cultural value to the public and Aboriginal groups. Regulation and
management of marine mammals occurs primarily through the following statutes:


Marine Mammal Regulations under the Fisheries Act; and



Species at Risk Act (SARA).

14.1.1

Endangered and Threatened Species under Species at Risk Act

Marine mammal species listed under SARA that could occur in the Project area include:


Southern resident killer whale (SRKW) (Endangered);



Transient killer whale (Threatened);



Fin whale (Threatened);



Eastern Pacific grey whale (Special Concern);



North Pacific humpback whale (Threatened);



Harbour porpoise (Special Concern); and



Steller sea lion (Special Concern).

Critical habitat for SRKW has been designated, as explained in more detail below. Critical
habitat has also been designated for North Pacific humpback whale.1 Fisheries and Oceans
Canada (DFO) is conducting research to identify other areas to be designated as critical
habitat for Endangered and Threatened marine mammal species, including fin whale. In
particular, DFO has proposed inner-coast transient killer whale critical habitat as three
nautical miles (5.56 km) from shore for all of B.C. (DFO 2013a).

1

North Pacific humpback whales were listed as Special Concern by COSEWIC in 2011, and a change in SARA
listing from Threatened to Special Concern is imminent. Given the reassessment by COSEWIC, the Minister of
the Environment, on the advice of the Minister of Fisheries and Oceans Canada, recommended in April 2014 to
the Governor in Council to make a regulatory amendment to Schedule 1 of SARA in order to change the status
of the species from Threatened to Species of Special Concern.
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14.1.1.1

Southern Resident Killer Whale

There are two communities of resident killer whales in B.C.: the northern residents, which
do not occur in the Project area, and the southern residents, which do occur in the Project
area. Southern resident killer whales are classified as Endangered under SARA due to their
small population size of 78 individuals as of January 5, 2015 (Center for Whale Research
2015), low reproductive rate, and potential anthropogenic threats (DFO 2011a). The
Recovery Strategy for the Northern and Southern Resident Killer Whales (Recovery
Strategy) was released by DFO in 2008 and amended in 2011. A Draft Action Plan for
SRKWs was released in early 2014. The Recovery Strategy outlines potential threats to
resident killer whales and describes designated critical habitat. Fisheries and Oceans Canada
and Environment Canada jointly issued an Order pursuant to SARA protecting the
designated critical habitats from destruction in February 2009.
The objectives of the Recovery Strategy are identified as follows:


Ensure that resident killer whales have an adequate and accessible food supply to
allow recovery;



Ensure that chemical and biological pollutants do not prevent the recovery of
resident killer whale populations;



Ensure that disturbance from human activities does not prevent the recovery of
resident killer whales; and



Protect critical habitat for resident killer whales and identify additional areas for
critical habitat designation and protection.

Under SARA, s. 2(1), critical habitat is defined as follows:
…the habitat that is necessary for the survival or recovery of a listed wildlife species
and that is identified as the species’ critical habitat in the recovery strategy or in an
action plan for the species.
Critical habitat for SRKWs includes Haro Strait and Boundary Pass, and adjoining areas in
the Strait of Georgia and the Strait of Juan de Fuca, as shown on Figure 14-1. The Project
occurs in SRKW critical habitat.
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Following discussions with DFO, this assessment applies the definition of critical habitat as
set out in the Recovery Strategy for North Pacific Humpback Whale:
…Critical habitat consists of all of the area within the geographic boundaries, and
includes the biophysical features and attributes that are necessary for the species to
carry out specific functions associated with life processes… (DFO 2013b).
The Recovery Strategy identifies SRKW life functions as foraging, mating, resting, and
socialising. The biophysical features and attributes of SRKW critical habitat that support
these life functions, as identified in the Recovery Strategy and developed in consultation
with DFO, are described in Table 14-1.
Table 14-1

SRKW Life
Functions

Foraging, mating,
resting, and
socialising

Southern Resident Killer Whale Life Functions and Biophysical
Features and Attributes of Critical Habitat
Critical Habitat Feature

Critical Habitat Attribute

Acoustic environment

Suitable sound attributes required for life
functions.

Availability of prey

Quantity, quality, and distribution of preferred
prey, both spatially and temporally.

Water and sediment quality

Water and suspended sediment quality that
does not cause adverse health effects.

Destruction of any part of the critical habitat of Endangered or Threatened aquatic species
listed under SARA is prohibited under s. 58 of the Act. For the purposes of this assessment
the destruction of critical habitat is defined as resulting if part of the critical habitat is
degraded, either permanently or temporarily, such that its biophysical features would not be
available when needed by SRKWs for foraging, mating, resting, or socialising.2
Activities identified in the Recovery Strategy as likely to result in the destruction of critical
habitat are: 1) geophysical disturbance such as construction, pile driving, dredging, or
acoustic degradation caused by activities such as seismic surveys, military and commercial
sonars, vessel noise, construction, and dredging; 2) chemical and biological contamination
such as runoff from urban land use and oil spills, and 3) diminished availability of prey,
noting competition for the same prey from fishing vessels.

2

This definition is adapted from the DFO Recovery Strategy for the Beluga Whale (Delphinapterus leucas),
St. Lawrence Estuary Population in Canada (DFO 2012) following discussions with DFO.
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Under SARA, s. 79(2), assessment of the environmental effects of a project that is likely to
affect a listed wildlife species or its critical habitat must:
…identify the adverse effects of the project on the listed wildlife species and its
critical habitat and, if the project is carried out, must ensure that measures are
taken to avoid or lessen those effects and to monitor them.
Southern resident killer whales are designated as Endangered under the U.S. Endangered
Species Act, and parts of U.S. waters have been designated as critical habitat (National
Oceanic and Atmospheric Administration (NOAA) 2006). In February 2015, NOAA
announced its finding in response to a petition to revise the critical habitat designation for
Southern resident killer whales, and agreed that a review is warranted. The announcement
does not revise the critical habitat designation, but outlines next steps for collecting and
analysing data, and developing a proposal to revise the designation, which is expected in
2017.

The

combined

Canadian and

U.S.

critical habitat

for

SRKWs includes

the

transboundary areas of southern B.C and Washington State, including Haro Strait and
Boundary Pass, as well as adjoining areas in the Strait of Georgia, Puget Sound, and the
Strait of Juan de Fuca.
14.2

SELECTION OF MARINE MAMMALS VALUED COMPONENT

The selection of marine mammals followed a three-step selection process as set out in
Section 8.1.2 Selection of Valued Components.
Marine mammals are considered a VC in this EA because many marine mammal species:


Occur in or near the Project;



Have the potential to interact with Project activities;



Are important ecologically and are top predators in the Strait of Georgia marine
ecosystem;



Have been identified as important by regulatory agencies and scientific experts;



Are the focus of a substantial wildlife viewing and ecotourism industry; and



Hold important cultural value to the public and Aboriginal groups.

Several marine mammal species use the area during all or part of the year, with peak
abundance in the Roberts Bank area typically coinciding with seasonal physical and
biological factors, such as the availability of prey species. A number of marine mammals in
B.C. that could occur near the Project have declined in the past and are protected under the
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Species at Risk Act and the Fisheries Act. These include toothed whales, baleen whales, and
seals and sea lions, which have been selected as sub-components for the effects
assessment of marine mammals (Table 14-2).
Table 14-2

Marine Mammal Species that Could Occur at Roberts Bank
Common Name and

Designation under SARA

Scientific Name

Likelihood of
Occurrence
near Project

Toothed Whales
Pacific White-sided Dolphin (Not at Risk)

Lagenorhynchus obliquidens

Moderate

Killer Whale - Northeast Pacific Southern
Resident Population (Endangered)

Orcinus orca

High

Killer Whale – Northeast Pacific Transient
Population (Threatened)

Orcinus orca

High

Harbour Porpoise (Special Concern)

Phocoena phocoena

High

Dall’s Porpoise (Not at Risk)

Phocoenoides dalli

High

False Killer Whale (Not at Risk)

Pseudorca crassidens

Very low

Eastern Pacific Grey Whale (Special Concern)

Eschrichtius robustus

Moderate

North Pacific Humpback Whale (Threatened)

Megaptera novaeangliae

Moderate

Minke Whale (Not at Risk)

Balaenoptera acutorostrata

Fin Whale (Threatened)

Balaenoptera physalus

Very low

California Sea Lion (Not at Risk)

Zalophus californianus

High

Steller (Northern) Sea Lion (Special Concern)

Eumetopias jubatus

High

Harbour Seal (Not at Risk)

Phoca vitulina

High

Baleen Whales

Low

Seals and Sea Lions

Notes: Those species commonly seen in the area in relatively high numbers are rated High; those
which have been recorded with some regularity but less often and in lower numbers are rated
as Moderate; a Low ranking is assigned to species that have been recorded in the area
infrequently. Very low is assigned to species that might theoretically occur, but for which
either firm records do not exist, or only one or two sightings have been recorded.

Small toothed whales or odontocetes, including dolphins and porpoises, could occur
adjacent to the Project year-round, and their distributions tend to be related to the seasonal
distributions of favoured prey.
Most baleen whales or mysticetes that occur in the northern hemisphere feed at higher
latitudes in summer, exploiting biologically productive areas in the northeast Pacific and
Arctic oceans, and move south for the winter to warmer, less productive waters to mate and
bear calves. Some species and individuals that use the area during the summer also
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occur there throughout the winter, albeit in lower numbers than in summer. Baleen whales
feed on small crustaceans and small schooling fish by filtering water through comb-like
baleen plates.
Seals and sea lions are present at Roberts Bank year-round and use both marine and
terrestrial haulout sites. These species use the marine environment for foraging a variety of
fish species, and use terrestrial locations to rest or haul out and rear pups. Seals and sea
lions can haul out on a variety of surfaces, including rocky outcrops, log booms, floats,
docks, and piers.
Marine mammals occurring at Roberts Bank have the potential to interact with the Project,
both directly and indirectly. The Project Interaction Matrix (see Appendix 8-B) was used to
identify interactions between Project components and activities and marine mammals.
Potential effects from Project-related activities include the following:


Hearing injury or the disruption of behaviours and masking of important feeding and
communication signals from underwater noise produced during construction and
operation activities;



Reduction in the availability of prey due to habitat loss or diminished habitat quality
related to altered coastal productivity from the Project footprint;



Increased contaminant uptake from the re-suspension and dispersion of sediments
during construction activities; and



Injury or mortality from physical disturbance of a vessel strike near the terminal
during Project construction or operation.

For details on how each of the Project activities identified in Appendix 8-B Project
Interaction Matrix are expected to affect marine mammals refer to Section 14.6, and
specifically Table 14-8 and Table 14-9 for construction and operation activities,
respectively.
Marine mammal species of concern were identified through discussions with regulators and
Aboriginal groups, engagement with public and local governments, and professional
judgement. Technical studies conducted will allow for potential Project-related effects to be
measured and monitored, and set the foundation for future validation of effects predictions.
For subsequent statements in this section pertaining to professional judgement or reliance,
the names and qualifications of the individuals making that judgement are listed at the
beginning of Volume 3.
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Marine mammals are vulnerable to disturbance and are ultimate receptors of potential
Project-related effects, either directly or indirectly, through changes to ICs, including
underwater noise (Section 9.8). Table 8-1 Intermediate Component and Valued
Component Linkages provides more detail on the relationships between marine mammals
and ICs.
14.2.1

Sub-components

Three sub-components are used to structure and streamline the assessment: baleen
whales, toothed whales, and pinnipeds (seals and sea lions). These sub-components are
groups that are similar in nature, occupy comparable habitats, play similar ecological roles,
or may be affected by the Project in analogous ways. Importance to Aboriginal groups,
regulatory bodies, stakeholders, and the public, as well as professional judgement were
factors in sub-component selection.
Due to the differences between toothed whales, baleen whales, and seals and sea lions in
regard to life history, prey preferences, and hearing sensitivities, one representative species
was selected to represent each sub-component (i.e., toothed whales, baleen whales, and
seals and sea lions) for the purposes of this assessment. Aboriginal traditional knowledge
(ATK) pertaining to marine mammals, to which PMV had access or acquired through
engagement activities, was utilised in representative species selection and was also taken
into account in other aspects of this effects assessment. To be conservative and
precautionary, the representative species with the greatest conservation status under SARA
was

selected

to

represent

each

sub-component

group.

The

sub-components

and

representative species chosen for marine mammals and the rationale for their selection are
presented in Table 14-3. While the assessment focuses on effects to representative
species, mitigation will be applied to reduce potential adverse environmental effects on all
marine mammal species.
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Table 14-3

Marine Mammal Sub-components and Representative Species
Representative
Species

Sub-component:

Toothed Whales

Baleen Whales

Seals and Sea Lions

14.2.2

Rationale for Selection

Southern Resident
Killer Whale
(Orcinus orca)

 Listed as Endangered under SARA;
 Designated critical habitat in Project area;
 Known presence and abundance at Roberts Bank,
particularly in summer and fall;
 Culturally, recreationally, and economically
important;
 Similar hearing physiology and potential response
to Project-related effects as other toothed whales;
 Potentially sensitive to acoustic disturbance as
noted in DFO Recovery Strategy; and
 Well-studied species with established population
information.

North Pacific
Humpback Whale
(Megaptera
novaeangliae)

 Currently listed as Threatened under SARA;
 Culturally and recreationally important;
 Similar hearing physiology and potential response
to Project-related effects as other baleen whales;
and
 Potentially sensitive to acoustic disturbance, as
noted in DFO Recovery Strategy.

Steller Sea Lion
(Eumetopias
jubatus)

 Listed as Special Concern under SARA;
 Culturally and recreationally important;
 Similar hearing physiology and potential response
to Project-related effects as other sea lions and
seals; and
 Well-studied species with population information.

Indicators

Indicators are measurable parameters and provide a means of determining a Project-related
change to a VC. The indicators chosen for the assessment of marine mammals are the
biophysical features of SRKW critical habitat identified by DFO in the Recovery Strategy, as
they are also considered applicable to each of the sub-component groups of species, plus
vessel strikes. Table 14-4 presents the indicators for marine mammals and the rationale
for their selection.
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Table 14-4

Indicators for Marine Mammals

Indicator

Rationale for Selection

Acoustic environment
 Level, frequency, and
duration of underwater noise

 Underwater noise can result in acoustic injury or affect a
marine mammal’s ability to forage, mate, rest, or socialise;
 Models of acoustic masking and behavioural disturbance can
predict lost foraging opportunities; and
 Models can predict potential effects of underwater noise to
individual vital rates (i.e., growth, death, reproduction) and
population growth.

Availability of prey
 Roberts Bank ecosystem
productivity – quantity and
quality of prey

 Predictions of changes in ecosystem productivity due to loss
of habitat from the Project can indicate potential changes in
the availability of prey to marine mammals; and
 Indirect effects of underwater noise can affect marine
mammal prey.

Water and sediment quality
 Environmental contaminant
concentrations

 Predictions of environmental contamination in the marine
environment due to Project activities can indicate potential
health effects to fish-eating or mammal-eating marine
mammals.

Number of vessel strikes

 Physical disturbance from vessel strikes can result in injury
or mortality to marine mammals.

14.3

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
marine mammals, as well as any administrative or technical boundaries that may apply.
14.3.1

Spatial Boundaries

The LAA and RAA area for marine mammals are defined in Table 14-5 and shown in
Figure 14-1 and Figure 14-2, respectively.
Table 14-5

Spatial Boundary Definitions for Marine Mammals

Spatial Boundary

Local Assessment
Area
Regional
Assessment Area
Cumulative Effects
Assessment Area

Description of Assessment Area:
North Pacific Humpback Whale
and Steller Sea Lion

Description of Assessment Area:
Southern Resident Killer Whale

The marine mammal LAA encompasses the area in which Project-related
effects (direct or indirect) to marine mammals could potentially occur. The
zone of audibility for all representative species from modelled underwater
noise from Project construction and operation informed the LAA boundary.
Southern Strait of Georgia, Haro
Strait, Rosario Strait

Canadian critical habitat and U.S.
critical habitat, excluding Puget
Sound

Same as RAA

Same as RAA
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The LAA was established to encompass the area within which the Project is expected to
interact with and potentially have an effect on marine mammals. All Project phases
(e.g., construction and operation) were taken into account during LAA boundary delineation.
In determining LAA boundaries, consideration was given to the spatial and temporal nature
and characteristics of marine mammals, and the potential overlap of these characteristics
with Project activities. The study team also considered the potential exposure of marine
mammals to specific influences such as underwater noise and re-suspended pollutants
through bioaccumulation, as well as the potential for vessel strikes, and predicted the
maximum extent of potential adverse effects on marine mammals. Another consideration in
the assessment is that potential effects on marine mammal sub-components may occur at
different spatial scales within these bounds.
For each representative species, the zone of audibility (ZOA) of Project-caused underwater
noise above ambient background conditions was predicted for underwater noise scenarios
during the Project’s construction and operation phases (see Appendix 9.8-A Construction
and Terminal Activity Underwater Noise Modelling Study Technical Report). The
ZOA includes the area where predicted underwater noise levels from Project construction
and operation were greater than both the hydrophone-measured ambient noise from wind,
rain, and distant vessels, and the representative species’ specific hearing ability. Modelled
underwater noise from existing commercial vessel traffic was not included in the prediction
of this ZOA. Furthermore, the ZOA was calculated using the lowest fifth percentile of
measured levels, and sound pressure levels (SPLs) are the maximum over all modelled
depths, thereby resulting in a very conservative LAA and representing a minimum threshold
of representative species’ hearing.
The overall ZOA for each representative species was used to determine the potential area
where Project-caused underwater noise would be audible and where effects from the Project
could occur. Existing underwater noise was measured including rain, wind, and distant
vessel traffic, and was used in the calculation of the ZOA. Potential effects from Projectrelated underwater noise are predicted to have the largest spatial extent, and all potential
effects to marine mammals are encompassed in the LAA boundary.
The RAA was established to provide regional ecological and regulatory context for the
assessment of Project-related effects on marine mammals. The RAA for SRKWs includes all
critical habitat protected under SARA as well as U.S. critical habitat protected under the
Endangered Species Act, excluding Puget Sound (Figure 14-1). As there is no critical
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habitat designated near the Project for baleen whales or pinnipeds, the RAA for North Pacific
humpback whales and Steller sea lions includes a smaller area consisting of most of the
southern Strait of Georgia, Haro Strait, and Rosario Strait (Figure 14-2).
The cumulative effects assessment area has been defined as the same as the RAA for each
representative species. Cumulative effects are not anticipated to occur in the entire RAA as
potential Project-related effects are not expected to have a duration that would allow an
animal to travel the extent of this area to combine with effects from other existing, and
certain and reasonably foreseeable projects. To proceed in a precautionary and conservative
manner, however, the cumulative effects area provides regional ecological and regulatory
context of potential cumulative effects to marine mammals, in particular to SRKWs.
14.3.2

Temporal Boundaries

The characterisation of existing conditions is reflective of the year 2014, when marine
mammal studies were completed in the LAA. Studies and models to characterise existing
conditions for marine mammals and underwater noise (Section 9.8.5 Underwater Noise,
Methods) were conducted from 2012 to 2014.
Temporal characteristics of the Project’s construction and operation phases are defined in
Section 4.0 Project Description. The temporal boundaries established for the assessment
of adverse Project-related effects on marine mammals encompass these Project phases.
Potential effects to marine mammals from Project construction were predicted for the
construction-phase period from 2018 to 2023 to coincide with potential adverse changes
associated with pile driving (impact or vibratory methods), vibro-densification, dredging,
disposal at sea (DAS) discharges, and use of support vessels (see Appendix 4-E
Preliminary Construction Schedule and Basis of Schedule Report).
Potential effects to marine mammals related to Project operation are predicted and
characterised for the year 2030. Future vessel traffic projections are primarily based on the
year 2030 in order to assess the changes in the acoustic environment once RBT2 is fully
operational at design throughput, and facilities associated with other certain and reasonably
foreseeable marine projects are also functioning (see Appendix 30-A Marine Vessel
Incidence Prediction Inputs to the Quantitative Risk Assessment: Table B-3 for
future vessel traffic projections).
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Temporal characteristics specific to marine mammals (e.g., seasonal migration, habitat use)
are considered in Section 14.5 for existing conditions. Construction-phase and operationphase changes from the Project (described in Section 14.6) and cumulative effects
(described in Section 14.10) are compared to existing conditions.
14.3.3

Technical Boundaries

Technical boundaries relevant to this assessment include the following:


The density of SRKWs was calculated from 11 years of sightings from the B.C.
Cetacean Sighting Network (BCCSN) and the OrcaMaster (OM) Sighting Network.
Several limitations can be associated with the use of the BCCSN and OM datasets,
including misidentified sightings (by species or pod), inaccurate estimates of group
size, and errors in sighting locations and effort correction. There were inadequate
sightings within the full extent of the SRKW RAA to determine SRKW densities;
therefore, a smaller subset of the RAA was used in analyses due to this data
limitation.



There is little information regarding the mating, resting, and socialising life functions
of marine mammals, and effects could not be directly assessed for these functions.
As foraging is the primary activity of SRKWs in their critical habitat, potential effects
to this life function were used as a proxy for mating, resting, and socialising.



With the aim of better understanding underwater noise-related effects on SRKWs,
SRKW-specific behavioural effects thresholds above which noise may cause injury or
behavioural disturbance or mask echolocation clicks to locate prey were developed as
recommended by the Technical Advisory Group (TAG), described below. Two of the
three datasets used to determine these thresholds were studies of northern resident
killer whales (NRKWs). Although the TAG concluded that observed behavioural
reactions of NRKWs to vessel traffic are reasonably comparable to those of SRKWs,
these thresholds are potentially limited by this assumption. Furthermore, the
determined threshold is calculated from a limited dataset, and therefore may have
technical limitations.



The population consequence of disturbance (PCOD) model framework links changes
in individual SRKW behaviour and physiology caused by acoustic disturbance to the
consequences to health, vital rates (i.e., growth, death, reproduction), and
ultimately the population. Data restrictions regarding the health of SRKW individuals
limited the study team’s ability to construct, fit, and estimate transfer functions for
every link of the framework. However, a simplified version of the PCOD model was
developed that uses a data-based relationship between lost foraging opportunities of
Chinook salmon (Oncorhynchus tshawytscha) and vital rates to predict an
individual’s response to acoustic disturbance.
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Some potential effects from underwater noise on marine mammals cannot be
predicted with injury and behavioural effect thresholds. Another potential effect from
underwater noise is stress-related immune suppression (Romano et al. 2004, Rolland
et al. 2012), which has not been measured or predicted in this assessment.



It is important to note that the models described in Appendix 14-B Southern
Resident Killer Whale Noise Exposure and Acoustic Masking Technical
Report and Appendix 14-C Southern Resident Killer Whale Population
Consequence of Disturbance Model do not include the contribution of underwater
noise from small recreational or commercial vessel traffic, including whale-watching
vessels. Modelling of existing levels of underwater noise was produced from the
vessel traffic operations support system (VTOSS)3 data of tracked commercial vessel
traffic, including container ships, oil tankers, tugs, ferries, bunkers, and other
commercial vessel traffic (see Appendix 9.8-B Regional Commercial Vessel
Traffic Underwater Noise Modelling Study Technical Report). As a result, small
vessels, including commercial whale-watching vessels, are sparsely represented in
VTOSS, and are therefore incompletely captured.

14.4

INFORMATION SOURCES

Numerous literature and data sources were consulted for information on marine mammals,
including the following:

3



Publicly available ATK (LGL Limited and Tsawwassen Fisheries 2012, 2013),
workshops with Aboriginal groups, and ATK obtained from Project-specific studies
related to current use (described in Section 32.0 Potential or Established
Aboriginal and Treaty Rights and Related Interests);



Marine mammals in the Roberts Bank area have been studied for over three
decades. Previous studies that are considered relevant in this assessment include
books, academic journals, consultant technical reports, government technical
reports, and other scientific literature, which reflect this growing body of knowledge;



Previous EAs and monitoring reports (e.g., Deltaport Third Berth Project (DP3) and
ambient noise measurements (Stantec 2010); underwater noise predictive modelling
study to determine the extent of the area of disturbance for SRKWs in the vicinity of
the vibro-densification and dredging activities (Jacques Whitford AXYS and JASCO
Research Ltd. 2007a and 2007b, Jacques Whitford AXYS et al. 2007); and surveys
for marine mammals conducted before and during construction from 2003 to 2008
(Triton Environmental Consultants Ltd. 2004, Stantec 2010); and



Databases (e.g., B.C. Conservation Data Centre, Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) Wildlife Species Database, Species at Risk
Public Registry, B.C. Cetacean Sightings Network, and OM Sighting Network).

VTOSS is the regional vessel traffic management system for Canadian Coast Guard Marine Communications
and Traffic Services.

Page | 14-14

PORT METRO VANCOUVER | Roberts Bank Terminal 2
As previously noted, PMV also initiated a TAG process in 2011 to gather input from experts
on SRKWs to address known data gaps.
14.4.1

Southern Resident Killer Whale Technical Advisory Group Process

Experts were invited from regulatory agencies, academia, Aboriginal groups, and key
environmental non-governmental organisations based on their ability to contribute to
technical discussions pertaining to SRKWs. The SRKW TAG met four times between
November 2012 and April 2013 to discuss a number of topics (Compass Resource
Management Ltd. (Compass) 2013).
The RBT2 team and TAG members focused on potential effects to SRKWs from the Project
that were identified as requiring the most input to fill known data gaps, which are identified
as follows:


Changes in the acoustic environment, potentially resulting in behavioural disturbance
and masking;



Changes in availability of prey; and



Increased risk of exposure to environmental contaminants during DAS activities.

Of particular focus was the approach to assessing the potential effects of underwater noise
as SRKWs would be subject to noise of various frequencies and intensities, varying over
time and space during the Project’s construction and operation phases.
To better understand how SRKWs respond to underwater noise, the TAG recommended
analysing available behavioural response data from NRKWs as a proxy for SRKWs.
Two pre-existing datasets were analysed to inform the effects assessment, as follows:


Measuring behavioural responses of NRKWs to ship traffic with a shore-based
theodolite (Williams and Ashe 2007, Williams et al. 2014) and



Measuring behavioural responses of NRKWs to ship traffic with digital acoustic tags
(DTAGs) (Ford et al.)4.

Hydrophone data from external sources were also utilised, including recorded data from
Ocean Networks Canada Victoria Experimental Network under the Sea node.

4

Dr. John Ford, Mr. Graeme Ellis, and Dr. Volker Deecke collected this DTAG data as part of their ongoing
studies on NRKWs and kindly provided the data for technical use for this EA.
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In response to TAG input, PMV initiated field, desktop, and modelling studies to support
Project planning, the EA, and future Project management. These studies were designed to
address known data gaps regarding SRKW life functions and critical habitat features
identified during the TAG process, as outlined in the DFO Recovery Strategy and Draft
Action Plan. During consultation, DFO members of the TAG indicated that some of the
studies conducted to inform the RBT2 assessment would likely meet some of the
objectives of the SRKW Draft Action Plan.
For more information on the TAG process, refer to Section 7.4 Technical Advisory Group
Process (2012 to 2013) and Compass (2013).
14.4.2

Desktop and Field Studies

In 2012, PMV initiated field, desktop, and modelling studies on marine mammals to support
Project planning and assessment, as well as future Project management. Building on
available information, these studies were designed to address known data gaps and issues
and interests of Aboriginal groups, stakeholders, and the public.
As baleen whales are relatively uncommon in the Salish Sea, including Roberts Bank, no
specific studies were conducted on North Pacific humpback whales. No North Pacific
humpback whales or other baleen whales were observed during shore-based surveys at
Roberts Bank. However, a desktop study, including review of sightings from the B.C.
Cetacean Sighting Network, was completed to inform Project planning and assessment.
Shore-based surveys were conducted from Westshore Terminals at Roberts Bank to
document Steller sea lions both in the water and hauled out on land. All other information
regarding Steller sea lions was derived from desktop studies of existing literature, reports,
and sources.
As SRKWs are listed as Endangered by SARA and the Project occurs in its federally
designated

critical

habitat,

desktop

and

field

studies

focused

particularly

on

this

representative species.
An outline of SRKW studies is shown in Figure 14-3, and objectives of the studies and
models are summarised in Table 14-6 and Table 14-7.
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Table 14-6

Marine Mammal Studies to Support the Assessment
Study Description

Report
Accessible at:

Southern Resident
Killer Whale
Network Sighting
Synthesis
(Hemmera 2014a)

An effort-corrected whale density was generated using 11
years of sightings from BCCSN and U.S. OM sighting
networks. The resulting relative whale density grid provides
a measure of use of critical habitat by SRKWs and helps
identify high-use areas during the summer and winter
months.

RBT2 website5

Southern Resident
Killer Whale
Acoustic Detection
Study (Sea
Mammal Research
Unit (SMRU)
(2014a)

Temporal patterns in SRKW habitat use around Roberts
Bank, Haro Strait, and the mouth of the Fraser River were
quantified through a passive acoustic monitoring
hydrophone study.

RBT2 website

Shore-based
Marine Mammal
Surveys at Roberts
Bank (Hemmera
2014b)

Shore-based observations of marine mammals were
conducted from Westshore Terminals on the west corner of
the existing Roberts Bank terminals in Delta, B.C. from
August 1 to September 9, 2013.

RBT2 website

Study Name
Habitat Use Studies

Underwater Noise Effects Studies
Determination of
Behavioural Effect
Noise Thresholds
for Southern
Resident Killer
Whales (SMRU
2014b)

5

Determination
of
SRKW-specific
underwater
noise
disturbance thresholds from analysis of three existing data
sets: two of NRKWs in proximity to vessel traffic (theodolite
and digital acoustic tag studies) and one of passive acoustic
recordings of vessels and SRKW calls.

RBT2 website

The RBT2 website is available at: http://www.portmetrovancouver.com/RBT2/environmentalassessment.
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Table 14-7

Marine Mammal Modelling Studies Contributing to Project-related
Predictions

Study Name

Study Description

Appendix

Southern Resident Killer Whale Effects Studies
Southern Resident
Killer Whale
Underwater Noise
Exposure and
Acoustic Masking
Study

This study estimated the spatial extent of exposure of
SRKWs to underwater noise from commercial vessel traffic
and estimated the number of behavioural responses and
amount of masking that might occur during future scenarios
of regional commercial vessel traffic.

Appendix 14-B

Southern Resident
Killer Whale
Population
Consequence of
Disturbance Model

Summarises the effects of underwater noise on killer whale
behaviour from commercial vessel traffic as lost foraging
opportunities in the measurement of health. By using the
Chinook salmon index and its relationship with killer whale
demography, the model addresses the way changes in
health can lead to population-level effects through changes
in killer whale survival and reproduction.

Appendix 14-C

Changes in
Polychlorinated
Biphenyl (PCB)
Exposures of
Southern Resident
Killer Whales
Associated with
Roberts Bank
Terminal 2
Disposal at Sea

To predict the bioaccumulation of PCBs in SRKWs during
construction-related sediment DAS and disturbance
activities, a PCB food web bioaccumulation model was used
for the Project disposal site in SRKW critical habitat.
Adapted from an earlier model developed for resident killer
whale food webs, the model predicted accumulated
concentrations in SRKWs after lifetime exposure of PCBs
among sediments, the water column, and key biological
species (i.e., Chinook salmon) in SRKW critical habitat.

Appendix 14-D
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Figure 14-3

Studies Conducted on Southern Resident Killer Whale to Inform the
Environmental Assessment

Note: The ecosystem model was one line of evidence used in the marine fish VC effects assessment,
to inform the assessment of SRKW prey availability.

Based on TAG input, studies were conducted to address potential direct and indirect effects
on SRKWs as described below.
14.4.3

Habitat Use Studies

Southern resident killer whale and marine mammal habitat use was evaluated using several
approaches, as identified below:


An effort-corrected density model of 11 years (2001 to 2011) of opportunistic
sightings throughout inland waters of southern B.C. and Washington State from
Canadian and U.S.-based sightings networks (Hemmera 2014a);



Hydrophone studies to acoustically detect SRKWs at Roberts Bank, the mouth of the
Fraser River, and Haro Strait (Sea Mammal Research Unit (SMRU) 2014a); and



Shore-based surveys from Westshore Terminals at Roberts Bank (Hemmera 2014b).
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14.4.4

Critical Habitat Feature ‒ Acoustic Environment

Technical studies characterising the acoustic environment, including hydrophone studies and
predictive models of ambient environmental, terminal construction and operation, and
commercial vessel traffic noise over a number of temporal scales, were conducted to inform
marine mammal technical studies. These studies are described in detail in Section 9.8.5
Underwater Noise, Methods. Technical studies characterising potential effects of changes
to the acoustic environment on marine mammals were also conducted and are described
below.
14.4.4.1

Southern Resident
Threshold Study

Killer

Whale-specific

Behavioural

Disturbance

There are no mandated underwater noise injury or disturbance threshold criteria used by
regulators in Canada. Other jurisdictions have used the NOAA criteria6, but TAG members,
in addition to a consensus of international experts (see Southall et al. 2007), concluded
there are weaknesses in the approach, including the use of thresholds largely based on
reactions of baleen whales to underwater noise. With the aim of better understanding
underwater noise-related effects on SRKWs, TAG members discussed the need to establish
SRKW-specific behavioural effects thresholds above which noise may cause injury or
behavioural disturbance, or mask echolocation clicks to locate prey.
Instead of collecting new data, the TAG recommended that PMV analyse three existing data
sets: two of NRKWs in proximity to vessel traffic (i.e., a shore-based study using a
theodolite and a study using DTAGs, since NRKWs were considered an appropriate proxy for
SRKWs by the TAG), and one of passive acoustic monitoring hydrophone recordings of
vessels and SRKW calls (SMRU 2014a).
In all three studies, observed killer whale behaviour responses were scored based on the
Southall severity scores developed by international marine mammal experts (Southall et al.
2007). The Southall severity score system ranks behavioural changes in increasing degree
of severity from 0 to 9, and allows for standardised comparisons across the three datasets.
Southall severity scores from 0 to 3 (low) are considered relatively minor and brief.
Behavioural response scores from 4 to 6 (moderate) represent behavioural responses that
have a higher potential to affect foraging, reproduction, or survival, whereas scores from
7 to 9 (high) are considered likely to affect vital rates (SMRU 2014b).

6

http://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html
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14.4.4.2

Underwater Noise Exposure and Acoustic Masking Model

A model was developed to estimate the number of low, moderate, and high-severity
behavioural responses and the amount of acoustic masking to individual SRKWs from
potential cumulative underwater continuous noise effects (Appendix 14-B). High-severity
behavioural responses were not predicted to occur as a result of underwater noise produced
by cumulative underwater noise from regional vessel traffic. Model inputs were broadband
underwater noise estimates during a 24-hour period, SRKW relative density, SRKW monthly
probability of occurrence, and behavioural disturbance dose-response curves. Outputs of
this model were used in a SRKW PCOD Model (Appendix 14-C).
14.4.4.3

Population Consequence of Disturbance Model

In its Recovery Strategy for SRKWs, DFO stated that although research to date has
identified behavioural responses of SRKWs to underwater noise disturbance, little is known
about potential long-term population-level effects from this disturbance on individual whale
behaviour, health, and foraging life functions, or on critical habitat features. In an effort to
understand how measurable short-term responses result in biologically meaningful changes
in populations, a National Research Council (NRC) Committee developed the PCOD
framework (NRC 2005, DFO 2011a). The framework detailed how behavioural responses to
underwater noise may affect life functions, how life functions are linked to vital rates, and
how changes in vital rates can result in population change. Current data are insufficient to
allow the PCOD model to serve as more than a conceptual model; therefore, determination
of potential population-level effects involves model interpretation, as well as professional
judgement (NRC 2005). To date, a working group convened by the U.S. Office of Naval
Research has applied the PCOD framework to elephant seals (Mirounga sp.) (New et al.
2014), coastal bottlenose dolphins (Tursiops truncatus) (New et al. 2013a), North Atlantic
right whales (Eubalaena glacialis) (Schick et al. 2013), and beaked whales (family
Ziphiidae) (New et al. 2013b).
The availability of prey is potentially a limiting factor in SRKW population dynamics (Ford et
al. 2010a, Williams et al. 2011), especially since there is a demonstrated relationship
between Chinook salmon abundance and adult survival (Ford et al. 2010a, Ward et al.
2013) and reproduction (Ward et al. 2009, Ward et al. 2013). This gives rise to the
inadequate prey hypothesis, which postulates that the nutritional stress placed on the
population through limited availability of prey restricts the population’s growth (DFO 2011a,
Ayres et al. 2012). The SRKW PCOD model therefore summarises the effects of disturbance
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from underwater noise on killer whale behaviour as the percentage of lost foraging
opportunities as a measure of health. The model addresses the way changes in health (i.e.,
lost foraging time) can lead to population-level effects through changes in killer whale
survival and reproduction by using the Chinook salmon index (Ward et al. 2009, Ford et a.
2010a, Ward et al. 2013) and its relationship with killer whale demography. For further
information see Appendix 14-C.
A number of studies contributed to the PCOD modelling for SRKWs including the following:


Southern Resident Killer Whale Network Sighting Synthesis (Hemmera 2014a);



Determination of Behavioural Effect Noise Thresholds for Southern Resident Killer
Whales (SMRU 2014b); and



Southern Resident Killer Whale Underwater Noise Exposure and Acoustic Masking
Technical Report (Appendix 14-B).

The underwater noise disturbance outputs from Appendix 14-B were used to estimate how
much SRKWs would reduce their time spent foraging, or how often underwater noise from
commercial vessel traffic would mask their echolocation clicks. By combining this
information with demographic information regarding individuals in the SRKW population, it
was possible to predict how population and survival probabilities would be affected by
increased underwater noise exposure. It was also possible to consequently predict how the
population growth rate would be potentially cumulatively affected in future acoustic
scenarios involving regional commercial vessel traffic. For further information regarding this
model, see Appendix 14-C.
14.4.5

Critical Habitat Feature – Availability of Prey

The Roberts Bank ecosystem model (Section 10.3.3 Overview of Assessing Ecosystem
Productivity, Ecosystem Model Process) incorporates five abiotic parameters (i.e.,
salinity, bottom current velocity, wave height, substrate (hard vs. soft), and depth) from
the coastal geomorphology assessment as well as numerous biotic factors (e.g., biomass,
production, consumption, diet composition) to estimate future productivity of functional fish
groups with and without the Project (Section 13.6 Marine Fish, Future Conditions with
the Project).
14.4.6

Critical Habitat Feature – Water and Sediment Quality

Changes to water and sediment quality from environmental contaminants, including the
potential bioaccumulation of contaminants in SRKWs in the Project area, were explored
using a polychlorinated biphenyl (PCB) food web bioaccumulation model for the RBT2
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proposed DAS site(s), which was adapted from an earlier DFO model developed for resident
killer whale food webs (Lachmuth et al. 2010, Alava et al. 2012). Based on the distribution
of PCBs in sediments, the water column, and biota, the model predicts PCB concentrations
in SRKWs from the re-distribution of these contaminants from Project construction. For
further

information

regarding

this

model,

see

Appendix

14-D

Changes

in

Polychlorinated Biphenyl Exposures of Southern Resident Killer Whales Associated
with Roberts Bank Terminal 2 Disposal at Sea.
14.5

EXISTING CONDITIONS

This section describes the existing conditions of the representative species within the LAA
and RAA (see Table 14-3), as well as the environment surrounding and factors influencing
these species. As stated previously, these species represent the sub-components, namely
toothed whales, baleen whales, and seals and sea lions that may occur in the LAA and RAA.
The existing conditions case reflects the manifestation of effects from previous activities and
developments, and current activities that have contributed to the current state of marine
mammals in the LAA.
14.5.1

Southern Resident Killer Whale

Southern resident killer whales are classified as Endangered under SARA; they are
considered at risk due to their small population size of 78 individuals as of January 5, 2015
(Center for Whale Research 2015), low reproductive rate, and potential anthropogenic
threats (DFO 2011a). The following section describes the existing conditions for SRKWs,
including life history, abundance, distribution, past and current threats, and SRKW critical
habitat and life functions.
14.5.1.1

Life History

Killer whales are the largest member of the family Delphinidae, with a maximum length of
9 m for males and 7.7 m for females (Dalhiem and Heyning 1999). Two distinct populations
of resident killer whales (Orcinus orca), known as the northern and southern residents,
occupy the waters off the west coast of B.C. These two populations are acoustically,
genetically, and culturally distinct. The basic social unit of resident killer whales is the
matriline or pod (J, K, and L for SRKW), typically composed of an older female
(or matriarch), her male and female offspring, and the offspring of her daughters (Ford et
al. 2000). The whales are long-lived, with females reaching 90 years of age and males
reaching 60, although the average age is 50 and 29, respectively.
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Females reach sexual maturity by age 12 to 18 and males become sexually mature at age
15, although males will not be reproductively mature until they are in their 20s (Olesuik et
al. 1990, Barrett-Lennard 2000). Resident killer whales mate outside of their matriline, but
inside their community (DFO 2011a). Southern resident killer whale females produce a calf
every 6.2 years on average over a 25-year reproductive period, producing an average of
5.25 viable calves over a lifetime. When combined with high neonate mortality of 43%
(Olesiuk et al. 1990), the long inter-calf interval results in a low inherent growth rate for
killer whale populations. Furthermore, females in smaller, more isolated populations may be
limited in their mate choice, reducing the effective size of the population (DFO 2011a).
Toothed whales, including killer whales, use high frequency impulsive clicks to feed and
navigate and use a variety of whistles and other calls to communicate in social interactions.
Killer whale calls generally range from several hundreds of hertz (Hz) to several
tens of kilohertz (kHz), but echolocation clicks can extend above 100 kHz. Killer whales are
mid-frequency cetaceans and hear frequencies between 150 Hz to 160 kHz. See
Appendix 14-B for more information on killer whale hearing ability.
14.5.1.2

Abundance

There are no population estimates for killer whales in B.C. prior to 1960, and the size of the
SRKW population was first measured with photo-identification in 1976 when 70 individuals
were documented (Olesiuk et al. 1990, DFO 2011a). After the end of live captures in 1973,
the population increased 3.1% per year to 83 individuals by the early 1980s and reached a
peak of 99 animals by 1995 (Ford et al. 2000, DFO 2011a). Since that time, the population
has experienced several periods of growth and decline. From 1995 to 2001, the population
declined by 17%, reaching a low of 80 individuals by 2001, before increasing to
88 individuals in 2005 (Krahn et al. 2004, DFO 2011a, Center for Whale Research (CWR)
2015). As of January 2015, the population consists of 78 individuals (CWR 2015). For the
purposes of the DFO Recovery Strategy, data held by the Center for Whale Research, Friday
Harbor, Washington, were used to describe the population status and trends of SRKWs.
Recent evidence suggests that lack of recovery of the SRKW population can be attributed to
an unexplained increase in mortality rates (NOAA 2014) as well as a decrease in fecundity
(Krahn et al. 2004). Population viability models have predicted that the SRKW population
could face extinction in the next 100 to 300 years based on current reproductive and
mortality rates (DFO 2011a). The DFO current allowable harm level under a Potential
Biological Removal (i.e., how many animals can be removed without causing the population
to decline) for SRKWs is less than one individual; loss of one individual, in particular a
breeding female, could result in population-level effects (DFO 2011a).
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14.5.1.3

Distribution

Within the Regional Assessment Area
There is little evidence to suggest that killer whales require or are limited by specific
physical features of their environment, other than features that make prey available to
them (DFO 2011a). The presence of resident killer whales is closely associated with the
presence of salmon (Heimlich-Boran 1988, Felleman et al. 1991, Osborne 1999, Nichol and
Shackleton 1996, Ford et al. 1998), and it is this feature of the environment that affects
their distribution (DFO 2011a).
Previous studies have shown that the area around the San Juan and Gulf Islands in U.S.
waters are highly used during the summer with peak usage from May through August, and
fall and winter usage of Puget Sound, which peaks during the months October through
January, when it is assumed that SRKWs feed on chum salmon (Wood et al. 2009). Of the
three southern resident pods, J pod is most commonly seen in the inside waters throughout
the year, and appears to seldom leave the Strait of Georgia, Puget Sound, and Strait of
Juan de Fuca region (Ford et al. 2000, DFO 2011a). The K and L pods are more often found
in the western Strait of Juan de Fuca and off the outer coasts of Washington State and
Vancouver Island. Unlike J pod, K and L pods typically leave inside waters in winter and
return in May or June. In winter and spring, SRKWs travel extensively in outer coastal
waters as far south as Monterey Bay, California, and as far north as Haida Gwaii, B.C.
(Ford et al. 2000, Nichol and Shackleton 1996, Osborne 1999, Black et al. 2001, Wiles
2004, DFO 2011a). From May to November, all three pods make excursions to outer coastal
areas for several days at a time (Ford 2006). Based on this information and field studies
reported by Lachmuth et al. (2010), on an annual basis, SRKWs spend 37% of their time
along the outer Pacific U.S. coast, 18% in Canadian critical habitat, 3% in the Strait of
Georgia, 6% in Puget Sound, and 36% in summer U.S. habitat.
An effort-corrected synthesis of approximately 16,000 sightings from two voluntary
observer sighting networks compiled from 2001 to 2011 found that during the summer and
fall, SRKWs are primarily found in the transboundary Canada and U.S. waters of Haro Strait,
Boundary Pass, the eastern portion of the Strait of Juan de Fuca, and southern portions of
the Strait of Georgia (Hemmera 2014a). Southern resident killer whale areas of high use
identified through this study were consistent with those previously identified as important
habitat for SRKWs (Heimlich-Boran 1988, Hoelzel 1993, Ford et al. 2000, NOAA 2006,
Hauser et al. 2007, DFO 2011a, Rechsteiner et al. 2013, NOAA 2014) (Figure 14-4).
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The seasonal peak in sightings occurred in July and decreased substantially by November,
with few sightings during the winter months. For figures showing the density of SRKWs
during winter and summer months, see Hemmera (2014a).
Southern resident killer whale behaviour and ecology outside of summer feeding areas from
October to May are poorly known (DFO 2011a). However, recent satellite tagging studies of
SRKWs by the U.S. National Fisheries Service during the winter months have documented
SRKW 2014 winter use of Haro Strait and the Strait of Georgia (J Pod) and the California
and Oregon coasts (K Pod) (NOAA 2014).
Figure 14-4

Effort-corrected Density of Southern Resident Killer Whale in
Summer within Canadian and U.S. Critical Habitat, 2001 ‒ 2011
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Within the Local Assessment Area
Most research has been concentrated in areas of Haro Strait in U.S. waters that are highly
used by SRKWs, but some studies specifically mention occurrence in the area adjacent to
Deltaport Terminal in the late summer and early fall (Heimlich-Boran 1988, Hoelzel 1993,
Keple 2002, Stantec 2010). The southern Strait of Georgia has been documented as feeding
habitat for SRKWs during salmon migration (Heimlich-Boran 1988). Southern resident killer
whales have been observed in the waters off the mouth of the Fraser River with greater
frequency in September to October (Heimlich-Boran 1988). Heimlich-Boran (1988) reported
above-expected incidences of foraging activity occurring at the mouth of the Fraser River
and Roberts Bank amounted to 6.6% of the total 3,940 incidences made between 1976 and
1983. Hauser (2006) also recorded sporadic use by SRKWs in this region.
Between 2001 and 2011 in an area of Roberts Bank in proximity to the Project, the total
number of sightings was 646 (4.1% of all sightings), of which 21 occurred during the winter
and 625 in the summer. The peak number of sightings occurred in July, with 195 sightings
reported over all years, and an annual average of 18 sightings for the month, while no
sightings were recorded between November and January. During DP3 construction marine
mammal survey monitoring, killer whales were observed once in August and once in
September (Stantec 2010).
Based on observations and hydrophone recordings during previous years at Roberts Bank,
killer whales were anticipated to occur in the study area approximately once every three
days in the month of August (Mouy et al. 2012, Hemmera 2014a). No SRKW were observed
during shore-based observations from Westshore Terminals in July and August 2013.
However, in 2013, SRKWs in the Strait of Georgia were reported more frequently in
September than August based on Orca Network reported sightings. On September 9, 2013,
six to 20 killer whales were observed outside the proposed RBT2 footprint (Hemmera
2014b). On the day killer whales were observed (September 9, 2013), several commercial
seining vessels were along the southern edge of the RBT2 footprint, indicating there were
likely salmon in the area. No SRKWs were observed opportunistically during waterbird
surveys conducted at Roberts Bank in 2012 and 2013 (Hemmera 2014b).
Hydrophone recordings from 2010 to 2012 at the mouth of the Fraser River and at Roberts
Bank also indicate that acoustic detections of SRKW peak in September, but remain
substantially less than acoustic detections recorded in Haro Strait during that time
(SMRU 2014a). From August 2013 to June 2014, hydrophones recorded 16 detection
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events, indicating that SRKWs spent a total of 13 hours at Roberts Bank in proximity to the
Project area, with each detection lasting less than an hour (SMRU 2014a). From January to
June 2014, no SRKWs were acoustically detected with hydrophones in proximity to the
Project area (SMRU 2014a).
14.5.1.4

Southern Resident Killer Whale Life Functions and Critical Habitat
Features

The features of SRKW critical habitat are required to support their life functions of foraging,
mating, resting, and socialising, as described in the Recovery Strategy and described below.
Southern Resident Killer Whale Life Functions
Foraging
Southern resident killer whales have a strong preference for large, four- to five-year-old
Chinook salmon, likely due to their large size, high fat content, and year-round availability
(Ford et al. 1998, Ford and Ellis 2005, Noren 2011). Chinook salmon comprise over 70% of
the SRKW’s annual diet and 80% to 90% of their summer (July to August) diet. Annual
consumption of Chinook salmon is supplemented 15% by other salmonids (i.e., 10% chum,
5% coho), and 15% by groundfish (i.e., 3% halibut, 3% sablefish, 3% lingcod, 3% dover
sole, 3% gonatid squid) (Ford and Ellis 2006, DFO 2011a, Hanson et al. 2010, Ford et al.
2009, 2010c, Hilborn et al. 2012, NOAA 2014). Chum salmon is a prevalent prey species in
September to October, and coho serves as a food source in low numbers in June to October
(Ford et al. 2009, Hanson et al. 2010). Very little is known about the prey of SRKWs and
their distribution and abundance during the months of November to April (DFO 2011a). The
movements and habitat use of SRKWs are strongly influenced by the availability of salmon
returning to the main rivers of the Salish Sea every spring through fall (Ford et al. 2005,
Ford et al. 2010, DFO 2011a). Toothed whales such as SRKWs are sensitive to mid- and
high-frequency sounds and use echolocation to locate prey. See Appendix 14-B for more
information on killer whale hearing ability and echolocation clicks.
Mating
Mating behaviour and births are rarely observed in the wild. Southern resident killer whales
usually calve in late winter, and do not usually calve during the summer months while in
their critical habitat (DFO 2011a). Survival of SRKW calves is low with 43% mortality in the
first six months (Olesiuk et al. 1990). No specific critical habitat features support
reproduction (mating and calving), and there is little evidence to suggest that SRKWs
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require, or are limited by, specific physical features of their environment, other than
features that make prey available to them. The survival and calving rate of SRKWs is likely
influenced by Chinook salmon abundance (Ford et al. 2005, 2010a, b, Ward et al. 2009,
Hanson et al. 2010, Ayres et al. 2012, Hilborn et al. 2012).
Resting
A proportion of the day is required for rest and sleep. There is very little information on the
resting patterns of SRKWs, except that resting periods can occur during both night and day
when individuals in a pod are observed in close proximity or in a linear formation. Resting
behaviour likely occurs anywhere within the RAA.
Socialising
Southern resident killer whales live in pods (J, K, and L), which are defined as closely
related matrilines that travel, forage, rest, and socialise with each other at least 50% of the
time, and which are stable over many generations (Bigg et al. 1990, DFO 2011a). Census
studies show that individual whales prefer to spend most of their time with their own pods
and close relatives, although the amount of time varies annually (NOAA 2014). Each
resident pod has a unique dialect made up of approximately 12 discrete calls (Ford 1989,
1991, DFO 2011a) that are learned from the mother and remain stable over time
(Ford 1991, Ford et al. 2000, DFO 2011a). There are three types of killer whale
vocalisations: clicks (which are used in echolocation), whistles, and discrete calls. These
discrete vocalisations are thought to be important in maintaining group cohesion, as well as
foraging and coordination of group movement (Foote 2005, Miller 2002, Barrett-Lennard
2000, DFO 2011a). Call dialects are a form of culture that may play a role in inbreeding
avoidance (Barrett-Lennard 2000, Yurk et al. 2002), feeding (Ford et al. 1998), and
knowledge transfer (Barrett-Lennard et al. 2001). Culture may help individuals learn to
adapt to changing environments by allowing them to learn from each other in addition to
learning from experience (DFO 2011a). Groups of SRKW pods, referred to as super pods,
containing 50 or more individuals and persisting for several days, frequently occur in late
summer and may play a role in social courtship and mating (Barrett-Lennard and Heise
2007). Recent research has indicated that SRKWs spend less time in large social groups
during times of population decline and potentially low prey abundance, suggesting that the
environment can influence their social structure and life functions, including foraging and
mating (NOAA 2014).
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Critical Habitat Features
Acoustic Environment
The acoustic environment in SRKW critical habitat is currently subject to underwater noise
from a variety of anthropogenic sources including:


Commercial vessels transiting shipping lanes and accessing terminals within PMV
jurisdiction;



Regularly scheduled ferry routes, including B.C. Ferries and Washington State
Ferries;



Tourism and recreational watercraft, including whale-watching vessels;



Military vessel traffic and training activities, including military sonar;



Other commercial and recreational marine traffic; and



Industrial activities such as pile-driving, dredging, and pipe-laying.

Underwater

noise

from

vessels

is

primarily

caused

by

the

operation

of

engines

(see Appendix 9.8-B for more information). However, commercial vessel traffic also
produces underwater noise from active sonar systems, such as multibeam imaging sonar.
Recent studies examined the possibility that marine mammals may be able to hear sonar
and may be potentially affected by it if in close proximity (several hundred metres) (Deng et
al. 2014). The studies found that these sounds were likely detectable by the animals over
distances up to several hundred metres, but were well below potentially harmful levels.
Incidental reports have included descriptions of situations in which SRKWs have been
observed in the presence of active sonar systems and were observed to detect their
presence (Deng et al. 2014).
Williams et al. (2013) described the quality of the acoustic environment of SRKW critical
habitat at locations in the Strait of Georgia and Haro Strait. In Haro Strait, in areas of high
commercial vessel traffic, they estimated that SRKWs currently lose from 55% to 97% of
their communication space (i.e., the area where individuals can communicate and hear calls
and clicks) as a result of masking in the mid-frequency bands (1.5 kHz to 3.5 kHz) used for
social communication calls, depending on the assumed size of communication range (up to
8 km). The predicted loss of communication space for the higher-frequency bands (18 kHz
to 30 kHz) used for whistles or echolocation clicks was much smaller.
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Detailed information describing existing underwater noise from commercial vessel traffic in
the LAA and RAA can be found in Section 9.8.6 Underwater Noise, Existing Conditions.
Modelling results show that current levels of underwater noise from commercial vessel
traffic in the LAA and RAA expose SRKWs to levels of underwater noise that could result in
potential behavioural effects and acoustic masking (see Appendix 14-B). Modelling of the
effects of existing underwater noise in the RAA from commercial vessel traffic on SRKWs
predicts that existing underwater noise is affecting individual SRKW foraging success and
potentially affecting population recovery (see Appendix 14-C). The PCOD model predicted
that under the existing conditions of commercial vessel traffic in the RAA, the SRKW
population is likely to be stable or slowly increasing. However, large confidence intervals in
this prediction allow the possibility that current levels of underwater noise from commercial
vessel traffic is reducing the ability of SRKW to successfully forage on Chinook salmon, and
that this reduction of foraging from underwater noise is adversely affecting the health of
individual SRKW and potentially limiting population recovery. In addition, this PCOD
prediction does not include potential behavioural effects or acoustic masking from
underwater noise produced from smaller vessels not included in the VTOSS data, including
the potential effects of underwater noise from whale-watching vessels.
Availability of Prey
A reduction in the availability (defined by the quantity and quality) of Chinook salmon prey
within critical habitat is a potential threat to SRKWs (DFO 2011a). When the availability of
prey is reduced, killer whales may be forced to spend more time and travel greater
distances to forage for their food. Alternatively, they may switch to less profitable prey,
which could lead to lower reproductive rates and higher mortality rates. Recent research
suggests that inadequate levels of prey may be influencing SRKW population dynamics
(DFO 2011a, Ayres et al. 2012, Hilborn et al. 2012). Ford et al. (2005) found that trends in
the birth and mortality rates of SRKWs were correlated with each other, and were related to
fluctuations in the abundance of Chinook salmon, but not chum salmon. As a result of the
SRKW’s high selectivity for Chinook salmon, SRKW’s survival and fecundity are likely
influenced by Chinook salmon abundance (Ford et al. 2005, 2010a, b, Ward et al. 2009,
Hanson et al. 2010, Ayres et al. 2012, Hilborn et al. 2012).
Chinook salmon spawning runs originating from the Fraser River system are considered to
be of greatest overall importance in the diet of SRKWs based on genetic stock identification
data (DFO 2011a, Ayres et al. 2012, NOAA 2014). Approximately 58% of Chinook salmon
consumed by resident killer whales in all areas of the B.C. coast are composed of stocks
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from the Fraser River system (Ford et al. 2010a, b, Hanson et al. 2010). Of these Fraser
River stocks, SRKW primarily consume South Thompson River and Lower Fraser River
Chinook (Ford et al. 2010a). The South Thompson run of Chinook is a summer-run stock
arriving at the mouth of the Fraser River from June to early September. Southern resident
killer whales may be foraging on late-run Fraser River stocks during the late summer and
early fall at Roberts Bank; however, the exact stocks that SRKW forage on at Roberts Bank
have not been confirmed.
Fraser River Chinook salmon stocks have experienced depressed production in recent years
(DFO 2011b). In addition to reduced Chinook abundance, the quality of individual fish
appears also to have declined over recent decades. Average weights of Chinook salmon in
nine populations from B.C. to California declined by up to 45% between 1975 and 1993
(Bigler et al. 1996). The nutritional yield of each Chinook salmon is therefore substantially
less today than it was in past years, which may have an effect on the overall foraging
energetics of resident killer whales (DFO 2011a). An independent Canada-U.S. science panel
concluded that on a broad scale, salmon abundance will likely influence the recovery
of SRKWs, but that there was a great deal of uncertainty about whether current
fisheries remove enough salmon to have a meaningful influence on the whales’ status
(Hilborn et al. 2012).
At Roberts Bank, juvenile Chinook that could potentially grow and become adult prey for
SRKW, commonly use the nearshore and shore-tied areas, including waters within and
adjacent to the RBT2 footprint and the inter-causeway area. For a full description of salmon
and other potential SRKW prey occurring in the Project area, refer to Section 13.5.1
Marine Fish, Existing Conditions, Pacific Salmon.
Water and Sediment Quality
Killer whales are vulnerable to accumulating high concentrations of persistent organic
pollutants (POPs), in particular PCBs, because they are long-lived animals that feed high in
the food web (Ross et al. 2000, 2002, Rayne et al. 2004, Ross 2006, DFO 2011a).
Polychlorinated biphenyls can enter the environment in a variety of ways: atmospheric
deposition, urban runoff, sewage outfalls, groundwater, watersheds such as the Fraser
River, and smaller tributaries. Pollutants such as PCBs are transported through atmospheric
processes and ocean currents, and may travel to the west coast of North America from as
far away as Asia in less than 5-8 days (Wilkening et al. 2000). Consequently, the
northeastern Pacific may be a sink for globally produced POPs (Ross et al. 2000, 2004, 2006
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in DFO 2011a). Regulatory bans in Canada and most industrialised nations were introduced
in the 1970s, but high concentrations continue to be detected in high trophic level marine
mammals, including SRKWs. Exposures to PCBs have been linked with adverse health
effects in marine mammals including endocrine disruption, reproductive impairment, and
immune system depression (Ross et al. 2000, Ross 2006, DFO 2011a).
Polychlorinated biphenyl concentrations measured in adult killer whales indicate that they
are among the most PCB-contaminated marine mammals in the world (Ross et al. 2000,
2002). Detected PCB concentrations in resident killer whales exceed thresholds for the onset
of adverse health effects determined for other marine mammals (Hall et al. 2006, Kannan et
al. 2000, Reijnders 1986, Ross et al. 1996). The high contaminant levels found in SRKWs
may arise from consuming fish that are from industrialised areas near the B.C.-Washington
border (Ross et al. 2000). Studies suggest that most salmonids are importing contaminants
from their time at sea, reflecting global environmental contamination (O’Neill et al. 1998,
Ewald et al. 1998, Cullon et al. 2009). Only a limited contaminant contribution is thought to
occur during the juvenile stage that occurs at Roberts Bank (Cullon et al. 2009).
There is high variability in PCB concentrations in killer whales due to pod, age, sex,
reproductive status, and birth order (Ross et al. 2000, Ylitalo et al. 2001, Mongillo et al.
2010). Newborns have very low contaminant loads, but the concentration of PCBs can
rapidly increase as they nurse from their mother and receive her contaminant load via lipid
rich milk, and the contaminant load is especially high for first born calves (Ylitalo et al.
2001, Mongillo et al. 2012). One-year-old killer whales tend to be the most contaminated
members of the population, and as killer whales grow and switch to a less contaminated fish
diet, their PCB concentration is diluted (Ylitalo et al. 2001). PCB concentrations in male killer
whales tend to increase with age, whereas females transfer their contaminant burden to
their offspring (Ylitalo et al. 2001). Although PCBs are declining in the marine environment
of the SRKW critical habitat adjacent to B.C. and reaching steady state in biota over time,
as observed in harbour seal pups (Ross et al. 2013), they continue to biomagnify in regional
food webs (Cullon et al. 2005, 2009, 2012, Alava et al. 2012), and therefore remain a major
toxicological concern for killer whales.
Sediments currently occurring in either the Project’s dredge basin or tug basin at a depth
beneath the seabed greater than approximately 1 m to 2 m do not contain detectable PCBs.
The PCB concentrations of suspended sediments delivered to the candidate DAS site or
other marine areas surrounding the Project are the same as observed in the receiving
environment, when expressed on the basis of organic carbon normalised, or percent fines
normalised concentrations (Appendix 14-D).
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14.5.1.5

Past and Current Threats

Historical effects to the SRKW population included live capture for aquaria and intentional
shooting mortalities related to commercial fisheries. Between 1965 and 1973, when live
capture ended, an estimated 47 individuals, many of which were juveniles, were removed
by the live capture industry for aquaria with the population reaching a low of 70 individuals
by the early 1970s (Bigg and Wolman 1975, Bigg et al. 1990, DFO 2011a, CWR 2015, NOAA
2014). In the 1960s and 1970s, negative societal attitudes toward killer whales and
perceived threats to fisheries resulted in approximately one quarter of whales live-captured
for aquaria with observed gunshot wounds (Ford et al. 2000). The number of SRKW
mortalities from these shootings is unknown.
Factors potentially affecting the existing condition of SRKW include physical and acoustic
disturbance, reduction in the availability or quality of Chinook prey, and environmental
contamination (DFO 2011a). As described above, PCOD modelling results (which do not
include noise from recreational or small commercial vessels such as whale watching vessels)
show that current levels of underwater noise from commercial vessel traffic in the LAA and
RAA expose SRKWs to levels of underwater noise that could result in potential behavioural
effects and acoustic masking and that existing underwater noise is potentially affecting
individual foraging success and population recovery (see Appendix 14-C). This model
predicts that under the existing conditions of commercial vessel traffic, the SRKW
population is likely to be stable or slowly increasing. However, large confidence intervals in
this prediction allow the possibility that current levels of underwater noise from commercial
vessel traffic is reducing the ability of SRKW to successfully forage on Chinook salmon and
that this reduction of foraging from underwater noise is limiting population recovery. As the
model does not include recreational or small commercial vessels such as whale-watching
vessels, the effect of the underwater noise from these smaller vessels on the recovery of
SRKW is not predicted. The extent to which these factors affect population recovery are
poorly understood.
Census studies have shown that the small size of the population makes it difficult to forecast
how alterations in commercial Chinook salmon fishing might affect the population
(Hilborn et al. 2012, NOAA 2014). An analysis of hormones in the feces of SRKW showed
that reduced prey availability has a greater effect on SRKW than vessel traffic, though
during years with poor food availability the presence of vessels may contribute to stress
(NOAA 2014).
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Other factors such as mortality caused by fishing gear have posed a threat to cetacean
populations in other areas, and could potentially affect resident killer whales. Killer whales
are rarely entangled in fishing gear, based on anecdotal accounts and an absence of net
marks in identification photographs, but the actual numbers of whales caught are unknown
(Baird 2001 in DFO 2011a). Vessel strikes are a potential threat, but are not identified as a
current threat in the DFO Recovery Strategy. Climate change has the potential to affect
entire ecosystems, and it is likely that in order to survive, killer whales may have to adapt
to the consequences of local changes in their prey base.
How current threats may act in combination to affect killer whales is unknown, but in other
species, multiple stressors have been shown to have strong negative and often lethal
effects, particularly when animals carry elevated levels of environmental contaminants
(Sih et al. 2004 in DFO 2011a).
14.5.2

North Pacific Humpback Whale

North Pacific humpback whale (humpback whale) was listed as Special Concern by
COSEWIC in 2011, and a change in SARA listing from Threatened to Special Concern is
imminent. The following section describes the existing conditions for humpback whales
including life history, abundance, regional and local assessment area distribution, and
threats.
14.5.2.1

Life History

The humpback whale occurs in all major ocean basins in both hemispheres (Reilly et al.
2008). It is a strongly migratory species, travelling over shelf waters between tropical
breeding and temperate feeding grounds (Reilly et al. 2008). In the eastern North Pacific,
humpbacks migrate between breeding areas in Central America, Mexico, or Hawaii in winter
and the cold, productive feeding waters of B.C., Alaska, and the Arctic in spring through fall
(Darling and Juraz 1983, Darling et al. 1996, Urbán et al. 2000, Calambokidis et al. 2001,
Reilly et al. 2008, DFO 2013b). The lifespan of humpbacks is unknown, but they may live
50 years or longer (Baird 2003). The majority of humpback whale calves are born in
December through April, with a calving interval for reproductive females of two to three
years, although annual births are possible (Baird 2003).
Humpback whales in the eastern and central North Pacific are believed to comprise a
single stock, but with geographically distinct feeding aggregations (DFO 2013b). Long-term
photo-identification studies indicate that the choice of feeding area is maternally directed

Page | 14-35

PORT METRO VANCOUVER | Roberts Bank Terminal 2
and they return every year to the same feeding grounds that their mother brought them to
as calves (Baker et al. 1998, Calambokidis et al. 2008, DFO 2013b). One aggregation feeds
from California to southern B.C. and a second feeds from northern B.C. to Alaska
(DFO 2013b). The humpbacks that use northern Washington State and southwestern
Vancouver Island may be a distinct sub-group of whales occurring in northern B.C.
(Calambokidis et al. 2008, Nichol et al. 2010). Whales from this group are most frequently
encountered from May to October, although some animals are observed in these waters
year-round (DFO 2013b).
Humpback whales in B.C. use this area to feed, building up fat reserves to sustain their long
migrations and their fasting period on the breeding grounds over the winter months
(DFO 2013b). Distribution of humpback whales in B.C. occurs in aggregations that likely
reflect the patchy, mobile distribution, and abundance of their prey (Whitehead and
Carscadden 1985, Piatt et al. 1989, Payne et al. 1990 in DFO 2013b). These whales
consume a variable diet of mostly zooplankton (e.g., krill, copepods), cephalopods, and
small schooling fishes (e.g., herring, sardine, juvenile salmonids) (DFO 2013b). Humpback
whales are referred to as gulp feeders since they take in large quantities of water and prey
by expanding their pleated throats and straining the prey with baleen plates from the water.
Occasionally humpbacks in B.C. feed in coordinated groups to trap fish in bubbles at the
surface (referred to as bubble net feeding), but they often feed alone by lunging through a
shoal of prey with their mouths wide open (referred to as lunge feeding) (Baird 2003, DFO
2013b). Baleen whales are primarily sensitive to low and mid-frequency sounds, and lack a
high-frequency echolocation system (Richardson et al. 1995). The estimated auditory
bandwidth of baleen whales is 7 Hz to 22 kHz (Southall et al. 2007).
14.5.2.2

Abundance

In the North Pacific, humpback whales appear to be successfully recovering from a period of
heavy exploitation by commercial whaling (Gregr et al. 2000, Gregr 2002, Calambokidis et
al. 2008, COSEWIC 2011, Williams and Thomas 2007) at a rate of 4.9 to 6.8% annually,
with recent estimates of 18,302 humpbacks in the North Pacific and 2,145 in B.C.
(Calambokidis et al. 2008, DFO 2013b). Recent genetics and photo-identification studies
estimate that 200 to 400 humpbacks feed in northern Washington and southern B.C.
(COSEWIC 2011, DFO 2009, 2013b, Ford et al. 2009, 2010c, Rambeau 2008, Calambokidis
et al. 2008).
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In Pacific Canadian waters, the humpback whale was listed by COSEWIC in 2011 to be of
Special Concern (COSEWIC 2011). In their most recent 2011 assessment and status report,
COSEWIC found that there had been no evidence of a population decline since the 1960s,
which is around the time that commercial whaling ended. Although no trend data are
available from 1966 to the 1990s, COSEWIC has found that the population has been
increasing at approximately 4% per year since the early 1990s. Based on 2006 photo
identification data, the population was estimated to have increased by more than 50% over
the last three generations (i.e., 64.5 years), consisting of more than 18,000 non-calf
individuals. According to COSEWIC, while the species’ situation has improved substantially
over the last five decades, current numbers are still considerably smaller than the number
that must have been present off the west coast of Vancouver Island before 1905. This
decrease in abundance, combined with the potential effect of residual threats, is the reason
why COSEWIC has determined that the North Pacific population of humpback whales is a
recovering wildlife species no longer considered to be threatened, but not yet clearly secure.
COSEWIC therefore considers this wildlife species as a species of Special Concern. Given the
reassessment by COSEWIC, the Minister of the Environment, on the advice of the Minister
of Fisheries and Oceans Canada, recommended in April 2014 to the Governor in Council to
make a regulatory amendment to Schedule 1 of SARA in order to change the status of the
species from Threatened to Species of Special Concern.
14.5.2.3
Humpback

Distribution
whales

were

the

most

frequently

sighted

species

during

21

ship

surveys undertaken in 2002 to 2008 off the B.C. coast (Ford et al. 2010c). Vessel and
photo-identification surveys (2002 to 2004) in B.C. report humpback whale sightings around
Haida Gwaii, western Hecate Strait, Moresby Island, Langara Island, and Vancouver Island
(Calambokidis et al. 2003, Heise et al. 2003), with greatest densities possibly occurring in
the Queen Charlotte Basin and the mainland inlets of the north and central coasts (Williams
and Thomas 2007).
Regional Assessment Area Distribution
Concentrations of humpback whales have been observed during summer in the area east of
Barkley Canyon and between La Pérouse Bank and Nitinat Canyon, and on the shelf edge
near the southern portion of Juan de Fuca Canyon (Ford et al. 2010c). Humpback whales
were common in the inside marine waters of Washington and B.C. until the early 1900s, but
were decimated by hunting, and they remain rare visitors (Scheffer and Slipp 1948,
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Calambokidis and Steiger 1990). However, sightings are increasing in inside waters.
Notably, in 2012, a humpback was present in Hood Canal from late January through much
of February (Washington Department of Fish and Wildlife 2013).
In U.S. waters, humpback whales that could occur in the RAA are referred to as the
California/Oregon/Washington stock by the U.S. National Marine Fisheries Service. However,
there is some mixing of individuals from this stock and a southern B.C. stock in the waters
off northern Washington, suggesting the presence of a third stock located in this specific
area (Calambokidis et al. 2008, Carretta et al. 2013). Although the extent of sighting
occurrences is unknown in U.S. waters, it can be assumed that individuals occurring in
Canadian waters could also travel or feed in U.S. waters.
Local Assessment Area Distribution
Humpback whales are uncommon, but occur occasionally in the LAA, and individuals are
only opportunistically sighted. From August to September 2013, no humpback whales were
observed during shore-based observations from Westshore Terminals (Hemmera 2014b).
Similarly, no humpback whales were observed opportunistically during waterbird surveys
conducted at Roberts Bank in 2012 and 2013 (Hemmera 2014b). Opportunistic sightings
from the B.C. Cetacean Sighting Network over 27 years from 1986 to 2013 are shown
in Figure 14-5.
14.5.2.4

Threats

The federal Recovery Strategy for North Pacific Humpback Whales (DFO 2013b) outlines
potential threats, as identified below:


Physical disturbance (i.e., vessel strikes);



Entanglement;



Environmental contamination (i.e., toxic spills);



Declines in availability of prey (i.e., quality and quantity); and



Acoustic disturbance.

As stated previously, a downgrading of humpback whales from Threatened to Special
Concern under SARA is imminent due to observed recovery from previous exploitation
during commercial whaling (Calambokidis et al. 2008, COSEWIC 2011, Williams and Thomas
2007). In B.C., humpback whales are blue-listed (Special Concern). At least 95 humpback
whales were commercially hunted and killed in the Strait of Georgia and Queen Charlotte
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Strait between 1866 and 1873 (DFO 2013b). Their numbers heavily reduced by whaling,
humpback whales remain vulnerable to a variety of potential threats described in the DFO
Recovery Strategy including vessel strikes, disturbance, or displacement from foraging
habitat due to underwater noise, entanglement in fishing gear, toxic spills, and potential
declines in prey quality and quantity (Nichol et al. 2010, DFO 2013b).
14.5.3

Steller Sea Lion

Steller sea lions are classified as Special Concern under SARA. The following section
describes the existing conditions for Steller sea lions including life history, abundance,
regional and local assessment area distribution, and threats.
14.5.3.1

Life History

Steller sea lions are the largest member of the Otariidae family, and occur along the coast
of North America from California north to the Bering Strait and south along the coast of Asia
to Japan (DFO 2008, B.C. Marine Conservation Analysis (BCMCA) 2011). They are most
abundant in the Gulf of Alaska, southeastern Alaska, and B.C. (Reeves et al. 2002). There
are two genetically distinct populations: the western stock ranging from Russia to the Gulf
of Alaska; and an eastern stock ranging from southeast Alaska to California (DFO 2008,
Allen and Angliss 2012). Only animals from the eastern stock occur in coastal B.C. In 2012,
western and eastern stocks of Steller sea lions were designated as a sub-species based on
genetic differentiation of mitochondrial DNA: the western Steller sea lion (E. j. jubatus), and
the eastern Steller sea lion or Loughlin’s northern sea lion (E. j. monteriensis). For the
purposes of this assessment, Loughlin’s northern sea lion is herein referred to as Steller
sea lion.
Steller sea lions have a polygynous mating system and congregate on traditional rookeries
to breed, returning to the rookery where they were born (DFO 2008). Breeding primarily
takes place during the summer (June and July), with the males arriving first at the rookeries
in May to stake out their territory. Males mature at three to seven years of age, but only the
dominant bulls (aged nine to thirteen years) breed (DFO 2010a). Females mature at three
to six years of age, and pregnant cows arrive on rookeries throughout June giving birth to a
single pup soon thereafter (DFO 2010a). Pups cannot swim at birth and are confined to the
rookery for the first month. After the first week, females make regular one-day feeding trips
alternating with a day on shore (DFO 2010a).
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Steller sea lions feed on the continental shelf and are generally found in waters within
60 km of land and in depths of less than 400 m, although they can venture hundreds of km
offshore (COSEWIC 2003). Steller sea lions are occasionally found congregating in
freshwater, such as the Fraser River, to feed on migrating salmon (COSEWIC 2003). These
are opportunistic predators, feeding on prey that are locally or seasonally most abundant
(DFO 2008) and foraging mainly at night. During the breeding season, Steller sea lions feed
predominantly on fish, such as rockfish, sculpins, capelin, flatfish, and invertebrates,
including squid, octopuses, shrimps, and crabs (BCMCA 2011). During the non-breeding
season, they prey mainly on schooling fish such as herring, hake, pollock, dogfish, and
salmon (Trites and Donnelly 2003, BCMCA 2011). On rare occasions, they have been
observed to prey on birds and other mammals, including neonate fur and harbour seals
(DFO 2008). Steller sea lions are sensitive to 500-Hz to 32-kHz sounds and do not have
an echolocation system like porpoises and dolphins (Richardson et al. 1995). The estimated
in-water frequencies that seals and sea lions can hear are between 75 Hz and 75 kHz
(Southall et al. 2007).
14.5.3.2

Abundance

The minimum population size of the eastern stock, including animals in Alaska, B.C.,
Washington, Oregon, and California, is estimated to be 52,847 (Allen and Angliss 2012).
During the most recent survey conducted in 2006 in B.C., a total of 19,818 sea lions
(4,118 pups and 15,700 non-pups) were counted (DFO 2008, Allen and Angliss 2012). The
counts from aerial surveys represent minimum abundance estimates as pups are often
difficult to distinguish and some animals could be at sea foraging. Based on estimated pup
production, it is possible that as many as 28,000 Steller sea lions currently inhabit the
coastal waters of B.C. (DFO 2010a). In the Strait of Georgia, estimates from the winter of
2008 suggest that approximately 1,400 Steller sea lions can be found in the area (Olesiuk
et al. 2011).
14.5.3.3

Distribution

Regional Assessment Area Distribution
Steller sea lions use both marine and terrestrial habitats, with marine environments used for
foraging and terrestrial locations used to rest or haul out. Sea lions can haul out on a
variety of surfaces, including rocky outcrops, log booms, floats, docks, and piers.
Three categories of haulouts have been defined by DFO: (1) rookeries, used for breeding
and rearing pups; (2) winter haulouts, primarily used during the breeding season; and
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(3) year-round haulouts, which are occupied continuously (DFO 2010a). Four of the
five known breeding rookeries used by Steller sea lions from the eastern population are
located in B.C. and none occur in the Project or assessment areas. These rookeries include
the Scott Islands, off the northwestern tip of Vancouver Island; Cape St. James, off the
coast of the southern Queen Charlotte Islands; the Sea Otter Group, off the central coast;
and North Danger Rocks, off the northern mainland coast (Banks Island) (DFO 2008,
BCMCA 2011). From May to August, most of the Steller sea lion population gathers in
rookeries to mate and give birth (LGL Limited et al. 2009). In late summer and autumn,
individuals on rookeries disperse along the coast to numerous wintering sites and haulouts.
Currently there are 24 major haulout sites (more than 50 sea lions) in B.C. (Pitcher et al.
2007); however, none occur in the LAA. Several major Steller sea lion winter haulout sites
have been identified around Southern Vancouver Island, including Race Rocks in the Strait
of Juan de Fuca, Trial Island off Victoria in Haro Strait, the Belle Chain area, the Gulf
Islands, and Baynes Sound in the northwestern Strait of Georgia (Jeffries et al. 2000,
Olesiuk 2009). Numerous Steller sea lion haulouts around B.C. are also protected within
national or provincial parks, such as Pacific Rim and Gulf Islands National Park Reserves,
Race Rocks Ecological Reserve, and others.
Increases in ocean temperatures resulting from global climate change might be expected to
shift the distribution of Steller sea lions northward (NOAA 2008), and indeed the species has
been disappearing from the southernmost part of their breeding range on both the North
American and Asian coasts (Pitcher et al. 2007, Burkanov and Loughlin 2007). The centre of
distribution of the breeding population on the west coast of North America has shifted
northward from the Columbia River (46.0ºN) in the 1920s to central B.C. (51.5ºN) by 2002
(Pitcher et al. 2007).
Local Assessment Area Distribution
No Steller sea lions were observed during shore-based observations from Westshore
Terminals during August and September 2013. The highest number of sightings, maximum
number of individuals sighted, and greatest number of harbour seal and unidentified
pinniped sightings per hour were recorded in the second half of August (Hemmera 2014b).
A figure showing harbour seal and unidentified pinniped sightings during these surveys can
be found in Hemmera (2014b). Five sea lion sightings (7% of total sightings; 29 individuals)
were recorded during 51 coastal waterbird surveys conducted between May 2012 and May
2013 (Hemmera 2014b). Steller sea lions are known to frequent the area (Keple 2002,
Jeffries et al. 2000) and, although they were not specifically observed during the surveys,
some of the unidentified pinnipeds may have been sea lions.
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Three winter haulout sites occur in the LAA including Sand Heads near the mouth of the
Fraser River, Kendrick Island, and Porlier Pass (Bigg 1988). Except for several individuals
sighted in the summer, Steller sea lions are only present in the Strait of Georgia from
September to May (Calambokidis and Baird 1994).
14.5.3.4

Threats

Traditionally, Steller sea lions were hunted by Aboriginal peoples in B.C. for use as a food
source (Bigg 1985), and whiskers continue to be used on some traditional ceremonial garb.
Use of sea lions by Aboriginal people appears to have declined during the 1800s, and sea
lion meat has not been an important dietary staple since the early 1900s (Bigg 1985).
Between 1912 and 1968, thousands of Steller sea lions were killed in B.C. in a campaign to
reduce competition for fish stocks with commercial fishers (LGL Limited et al. 2009).
Through a combination of population control programs and commercial harvests, it is
estimated that during this period at least one rookery was eradicated while the population
density at other rookeries was reduced by 70% to 75% of their peak levels. Recent surveys
indicate that the eastern stock population has increased in B.C. since the early 1970s
(DFO 2008), with non-pup members and pup members increasing at a rate of 5% and
7.9%, respectively, per annum since the early 1980s. Abundance of Steller sea lions has
also increased in recent years at neighbouring rookeries in southeastern Alaska and Oregon
(the species does not breed in Washington) (DFO 2008). This population increase is in
contrast with the western stock population, which has declined by 80% since the 1970s and
has been designated as Endangered.
Despite an increasing population in B.C. of an average of 3.2% per year since 1971 (Pitcher
et al. 2007), this species’ listing was upgraded by COSEWIC from Not at Risk to Special
Concern in 2003 for the following reasons:


Only three major breeding locations exist in B.C.;



The species is sensitive to human disturbance while on land;



The potential for acute oil spills can threaten populations; and



Unexplained declines have been observed in other populations to the north and west
of B.C. (COSEWIC 2003, DFO 2008, DFO 2013a).

Other potential threats to Steller sea lions include human disturbance, entanglement in
fishing gear, and human persecution (Stewardship Centre for B.C. 2009). For example,
there have been instances in which permits have been granted for the killing of Steller sea
lions in an attempt to protect fish farms being preyed upon by the animals (DFO 2014).
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free-ranging pinnipeds. Field studies suggest linkages between contaminant levels and
reproductive impairment (Helle 1976a, b, Addison 1989), premature births (DeLong et al.
1973, Gilmartin et al. 1976, Martin et al. 1976), birth defects (Arndt 1973), skeletal
deformities (Bergman et al. 1992), suppression of the immune response (Mos et al. 2006),
and disruption of vitamin A and thyroid hormone physiology (Tabuchi et al. 2006, Mos et al.
2007). Captive feeding studies of harbour seals have also demonstrated deleterious effects
of persistent contaminants on the reproductive, immune, and endocrine systems (Brouwer
et al. 1989, de Swart et al. 1994, Ross et al. 1995, Ross et al. 1996). In B.C., there have
been few systematic studies of contaminant levels in Steller sea lions, although studies have
recently been initiated to evaluate PCBs and polybrominated diphenyl ethers (PBDEs: flame
retardants).
Vessel disturbance of pinnipeds at haulouts can reflect a suite of influences, including vessel
type and number, speed, and distance from animals (Henry and Hammill 2001, Szaniszlo
2005). Nonetheless, Steller sea lions at winter feeding sites often habituate to chronic
disturbances, and some haulout sites are located in high traffic areas close to major urban
centres such as Vancouver and Victoria (Bigg 1985, DFO 2010a).
Chronic noise stress in important foraging areas and near rookeries could have a long-term
effect on Steller sea lion vital rates and body conditions; however, given the remote
locations of rookeries at present, concern remains low.
Transient killer whales are an important predator and could limit Steller sea lion
populations. The potential for altering the predation rate by killer whales due to
environmental variability, changes in prey availability (i.e., increased distance required for
foraging excursions), or increased incidence of disease may increase the effect of this
natural threat on the population viability of Steller sea lions in B.C. Effects to other killer
whale prey, such as harbour seals, could result in a shift in killer whale diet and increased
predation on sea lions. Disturbances that cause animals to enter the water or move to other
sites could also increase exposure to killer whales. Additionally, an increasing trend in
population growth for transient killer whales (Ford et al. 2007) indicates that there is
potential for the predation rate to increase.
Steller sea lions are killed incidentally in various fisheries and there is incomplete fisheries
observer coverage to adequately monitor by-catch levels. Animals can get trapped in trawl
nets or caught in drift and gill nets, and ultimately drown (Loughlin and Nelson 1986).
Unfortunately, once an animal is entangled the potential for rescue or rehabilitation is
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extremely low. Annual by-catch in U.S. waters in recent years has been estimated at
approximately 25 animals per year (Loughlin and York 2000, Angliss and Outlaw 2007).
No such estimates are available for fisheries in B.C.
14.5.4

Expected Conditions

The Roberts Bank ecosystem is a dynamic environment with ongoing and projected
increasing commercial vessel traffic activity. Projects and activities underway during EIS
preparation and expected to be completed prior to Project commencement are described in
Section 3.4.3 Geographical Setting, Projects Contributing to Expected Conditions.
These projects and their associated increases in vessel traffic may result in changes to the
environment, including changes to the acoustic environment and increased risk of vessel
strikes.
A conservative and precautionary approach has been adopted for this assessment with
expected conditions at the time of Project commencement (2018) considered the same as
existing conditions (2012 to 2014). This approach is considered conservative and
precautionary because existing conditions of commercial vessel traffic (and resulting
underwater noise) are assumed to be quieter than expected conditions in 2018; therefore, a
comparison of potential Project-related effects with existing conditions considers a greater
possible effect.
14.6

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on marine
mammals in relation to the indicators listed in Table 14-4. Potential effects associated with
identified Project and marine mammal interactions for the construction and operation
phases were identified through discussions with regulators, Aboriginal groups, stakeholders,
and through professional judgement, and are presented in Table 14-8 and Table 14-9,
respectively.
A preliminary evaluation of the potential effects associated with these interactions on
marine mammals is also provided to focus the assessment on those interactions of greatest
importance. Interactions resulting in no effect (those not listed in the table, but contained
within Appendix 8-B Project Interaction Matrix) or a negligible effect are not carried
forward for assessment. Negligible effects (identified in Table 14-8 and Table 14-9 and
described in Section 14.6.1) are those effects that are so small they are not detectable or
measureable, and are not anticipated to influence the short-term or long-term viability of
the VC or sub-components. Potential effects considered to be of minor or moderate
consequence (see Table 14-8 and Table 14-9) are discussed in Section 14.6.2.
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Table 14-8
Project
Component

Identification of Potential Project Interactions with Marine Mammals for Construction Phase
Project Works and
Activities

Potential
Effect
Rating1

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE
Land Development

Vibro-densify native soil
at terminal building
foundation areas

Transport Fraser River
sand (and quarry sand if
required) to intermediate
transfer pit (ITP) and
store

Marine
Terminal

Install temporary pipeline
between ITP and Project
fill sites

Moderate

Minor

Negligible

Minor

Potential changes to the acoustic environment from vessel traffic resulting in
behavioural disturbance or acoustic masking and potential physical disturbance
(i.e., vessel strike) resulting in injury or mortality.
Potential changes to the availability of prey resulting from changes in fish
habitat quality and quantity and potential changes to water and sediment
quality resulting in adverse health effects from potential re-distribution of
contaminants in sediments (i.e., PCBs).
Potential changes to the acoustic environment from support vessels resulting in
behavioural disturbance and/or acoustic masking.

Moderate

Potential changes to the acoustic environment from vessel traffic resulting in
behavioural disturbance or acoustic masking.

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Minor

Potential changes to the acoustic environment from vessel traffic resulting in
behavioural disturbance or acoustic masking and potential physical disturbance
(i.e., vessel strike) resulting in injury or mortality.

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Install piles and barge
ramps

Transport aggregate, rip–
rap, and sand from
existing quarries to barge
ramps

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.
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Project
Component

Potential
Effect
Rating1

Nature of Interaction and Effect, and Rationale for Effects Rating

Moderate

Potential changes to the acoustic environment from support vessels resulting in
acoustic injury, behavioural disturbance, or acoustic masking.

Negligible

Potential changes to the availability of prey from potential changes in fish
habitat quality and quantity.

Moderate

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity and potential changes to water and sediment quality resulting in
adverse health effects from potential re-distribution of contaminants in
sediments (i.e., PCBs).

Pump excess water in
terminal basins to DAS
site

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity and potential changes to water and sediment quality resulting in
adverse health effects from potential re-distribution of contaminants in
sediments (i.e., PCBs).

Vibro-densify native soil
in dredged area

Moderate

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.

Moderate

Potential changes to the acoustic environment from dredging of sand stored in
the ITP resulting in behavioural disturbance or acoustic masking.

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Preload east terminal
basin with sand from ITP,
then vibro-densify dyke
and compact sand

Moderate

Potential changes to the acoustic environment from dredging of sand stored in
the ITP and vibro-densification resulting in behavioural disturbance or acoustic
masking.

Preload west terminal
basin with sand from ITP
and preload material from
east terminal basin, then
vibro-densify dyke and
compact sand

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Project Works and
Activities
Construct permanent
containment dykes
around terminal east and
west terminal basins

Dredge the dredge basin
and pump material to
east and west terminal
basins

Fill terminal basins to final
grade with sand pumped
from ITP
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Project
Component

Project Works and
Activities

Potential
Effect
Rating1

Nature of Interaction and Effect, and Rationale for Effects Rating
Wharf Construction

Place sacrificial rock,
slope buttress rock, then
mattress rock in dredge
basin
Vibro-densify mattress
rock in dredge basin, then
pump silty material to
terminal basins
Level mattress rock layer;
apply screed layer in
caisson area
Transport precast
concrete caisson
infrastructure to Roberts
Bank via marine transport
Place caissons, ballast,
berm, and berm filter rock
in wharf area, and install
keys to lock structure
together
Add toe and scour
protection rock in berth
pocket
Install precast cover and
connecting slabs on top of
caissons; install cope and
crane walls, and concrete
crane beam
Fill apron area with
terminal basin and
causeway preload
material; vibro-densify
closure dykes and
compact sand

Negligible

Potential changes to the acoustic environment from support vessels not
anticipated to be measureable.

Moderate

Potential changes to the acoustic environment from vibro-densification resulting
in behavioural disturbance or acoustic masking.

Negligible

Potential changes to the acoustic environment from support vessels not
anticipated to be measureable.

Minor

Potential changes to the acoustic environment from vessel traffic resulting in
behavioural disturbance or acoustic masking, and potential physical disturbance
(i.e., vessel strike) resulting in injury or mortality.

Negligible

Potential changes to the acoustic environment from support vessels not
anticipated to be measureable.

Negligible

Potential changes to the acoustic environment from vibro-densification
expected to be unmeasurable due to above-ground activity.
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Project
Component

Project Works and
Activities
Install marine fenders,
wharf hardware, mooring
dolphin, and access
bridge

Potential
Effect
Rating1
Moderate
Negligible

Nature of Interaction and Effect, and Rationale for Effects Rating
Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.
Potential changes to the availability of prey from changes in fish habitat quality
and quantity.
Terminal Utilities and Infrastructure

Deliver via ocean-going
vessels and install preassembled terminal
equipment (e.g., cranes)
Deliver granular base
materials by barge to
barge ramps then to
trucks or barge-mounted
conveyor

Minor

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking; and potential physical disturbance (i.e., vessel
strike) resulting in injury or mortality.

West Widening
Construct containment
dyke along west portion
of causeway

Widened
Causeway

Remove rip-rap /shore
protection from north side
of existing causeway and
use in containment dyke
or place in aggregate
storage site at S-bend

Fill and preload contained
area with sand from ITP

Vibro-densify dyke

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Moderate

Potential changes to the acoustic environment from dredging of sand stored in
the ITP resulting in behavioural disturbance or acoustic masking.

Negligible

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Negligible

Potential changes to the acoustic environment likely to be unmeasurable due to
location of vibro-densification activity.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating1

Nature of Interaction and Effect, and Rationale for Effects Rating
East Widening

Construct containment
dyke along east portion of
causeway
Remove rip-rap / shore
protection from north side
of existing causeway and
use for containment dyke
or place in aggregate
storage site at S-bend
Fill and preload east
causeway area with west
causeway preload
(dry material)
Dredge entire tug basin
area

Expanded
Tug Basin

Dispose of dredge
material to DAS site or reuse as general fill

Negligible

Moderate

Negligible

Install piles, mooring
Moderate
floats, gangways,
navigation piles, and
construct crest protection
Negligible
dyke
Decommissioning of
Remove ITP pipelines
Negligible
Remove DAS discharge pipe/pump
infrastructure

1.

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.
Potential changes to the availability of prey from changes in fish habitat quality
and quantity, and potential changes to water and sediment quality resulting in
adverse health effects from potential re-distribution of contaminants in
sediments (i.e., PCBs).
Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.
Potential changes to the availability of prey from changes in fish habitat quality
and quantity.
Temporary Construction Infrastructure
Potential changes to the acoustic environment from support vessels not
anticipated to be measureable.

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.
Potential changes to the availability of prey from changes in fish habitat quality
Negligible
and quantity.
Potential effect ratings are defined as: Negligible – potential effects are so small they are not detectable or measurable; Minor potential effect is considered to be of low consequence or severity; Moderate –potential effect is considered to be of moderate
consequence or severity.

Remove temporary piles at barge ramps,
ramps, pivot ramp abutments, and
navigation markers
Notes:

Potential changes to the availability of prey from changes in fish habitat quality
and quantity.

Moderate
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Table 14-9

Identification of Potential Project Interactions with Marine Mammals for Operation Phase

Project
Component

Project Works and
Activities

Potential
Effect
Rating1

Nature of Interaction and Effect, and Rationale for Effects Rating
OPERATION PHASE

Marine
Terminal

Expanded
Tug Basin

Notes:

1.

Movement and berthing of
ships

Moderate

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking, and potential physical disturbance (i.e., vessel
strike) resulting in injury or mortality.

Maintenance dredging
(if required)

Moderate

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.

Moderate

Potential changes to the acoustic environment resulting in behavioural
disturbance or acoustic masking.

Transiting of tugs
between tug basin,
assisting approaching and
departing ships, and
berthing and unberthing

Maintenance dredging (if
required)
Potential effect ratings are defined as: Negligible – potential effects are so small they are not detectable or measurable; Minor potential effect is considered to be of low consequence or severity; Moderate –potential effect is considered to be of moderate
consequence or severity.
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14.6.1

Negligible Effects from the Project

Further discussion is provided below for the negligible ratings indicated in the tables above.
Negligible effects are anticipated for:


Potential increases from in-air noise to the acoustic environment;



Potential increases in environmental contamination from air pollution;



Potential decreases in the availability of prey from changes in fish habitat quality and
quantity; and



Potential decreases in water and sediment quality resulting in adverse health effects
from potential re-distribution of contaminants (i.e., PCBs) in sediments.

14.6.1.1

Acoustic Environment – In-Air Noise

In-air noise from the Project will not propagate into waters at Roberts Bank at levels that
could result in injury or behavioural effects to marine mammals (see Section 9.3.9 Noise
and Vibration, Future Conditions with the Project). Potential behavioural effects to
hauled-out Steller sea lions on land are expected to be short term and are not anticipated to
result in population-level effects due to low levels of noise. Therefore, potential effects of inair noise are negligible for marine mammals and are not assessed further.
14.6.1.2

Environmental Contamination – Air Pollution

Future air quality contaminant concentrations for criteria air contaminants are expected to
improve or remain similar to existing conditions, with or without the RBT2 Project
(see Section 9.2.10 Air Quality, Summary of Assessment for more information).
Historically, concerns related to the effect of air pollutants on marine ecosystems
have focused

on

bio-accumulating

substances

such

as

organchlorine

pesticides

(e.g., dichlorodiphenyltrichloroethane (DDT)), PCBs, dioxins and furans, polycyclic aromatic
hydrocarbons (PAHs), amongst others, and trace elements such as mercury, lead, selenium
and cadmium. These compounds are either not emitted from the transportation sources
relevant to the Project, or have been deemed not to be emitted in sufficient quantities from
such transportation sources (refer to Appendix 9.2-A Roberts Bank Terminal 2
Technical Report Air Quality Study: Appendix B, Section 2.2 for more information on
Mobile Source Air Toxics).
During Project construction, the largest potential change of air contaminant emissions would
be particulate matter deposition from fugitive dust to surface waters that could increase
turbidity levels in the immediate vicinity of the construction activity. Any such changes are
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anticipated to be negligible compared with natural turbidity levels, of short duration, and
reversible on completion of the construction activity. Air contaminant emissions and
predicted ambient air concentrations during Project operation are expected to be lower
than for existing conditions, and similar or slightly higher in over-water locations
immediately adjacent to Roberts Bank compared to expected conditions without the Project
(see Section 9.2.10 Air Quality, Summary of Assessment). Effects to marine
mammals from air pollution are therefore not anticipated, and this interaction is not
considered further.
14.6.1.3

Availability of Prey

Marine mammals considered in this assessment either feed exclusively on fish (i.e., SRKW)
or a combination of fish and invertebrates (i.e., humpback whale, Steller sea lion). While
residual effects relating to productivity losses are expected for some invertebrate
(i.e., bivalve shellfish, Dungeness crab) and fish (i.e., forage fish, flatfish) sub-components,
they are determined to be minor and not significant; further, cumulative effects are
considered either unlikely (marine invertebrates) or negligible (marine fish). Therefore,
any changes to the quantity, quality, or distribution of prey species are not anticipated
to adversely affect the marine mammal foraging. In particular, adverse effects for chum
or Chinook

salmon

are

not

predicted

due

to

the

implementation

of

effective

mitigation measures (Section 13.7 Marine Fish, Mitigation Measures).
14.6.1.4

Changes in Water and Sediment Quality

Project construction activities, such as DAS, vibro-densification and dredging activities, will
result in sediment re-suspension that will lead to changes in sediment dispersion and
increases in sediment deposition. There is concern that these activities may also disturb
historical deposits of sediment-bound contaminants that, when or if re-suspended, may be
ingested and magnified through the food chain, ultimately adversely affecting the health of
marine mammals.
Contamination risk of humpback whale is considered negligible because they feed on
invertebrates and small fish that occupy lower levels of the food chain, and are therefore
less likely to accumulate contaminants to the same extent as top predators, such as SRKW
and Steller sea lion. While SRKW and Steller sea lion are vulnerable to accumulating a
wide range of persistent, lipophilic (fat-loving) organic contaminants, including chlorinated
pesticides such as chlordane and DDT and PBDEs, no substance other than PCBs
appears to approach or exceed thresholds resulting in toxicological effects. Consideration of
Project-related contamination effects on marine mammals therefore focused on PCBs.
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Modelling was performed to predict changes in SRKW PCB exposure potential due to marine
discharge of sediment in the candidate RBT2 disposal at sea site, located in critical habitat
(see Appendix 14-D). The RBT2 model is site and project specific, and builds on an earlier
modelling assessment that examined the issues of dredging and DAS in the context of killer
whale health (Lachmuth et al. 2010, Alava 2011, Alava et al. 2012).
Contamination risk for SRKW is considered negligible. Results indicate that, under existing
conditions, the uptake from surface sediments and trophic transfer could result in PCB
concentrations in SRKW tissues that exceed conservative health effect thresholds for PCBs
in marine mammals. However, the model further predicts that incremental changes in
SRKW PCB exposure due to Project-related construction activities are extremely low relative
to existing conditions. For example, increases in PCB contamination of 0.00003% for males
and 0.00002% for females were predicted for the scenario where the affected seabed area
accumulates sediment greater than or equal to 0.1 mm in an area of 196.7 km2. An
increase of 0.000003% in PCB contamination for both males and females was predicted for
the scenario where the affected seabed area accumulates sediment greater than or equal to
1.0 mm in an area of 21.6 km2 (Appendix 14-D). Because Steller sea lion occupy a similar
trophic position to SRKW, levels of PCB exposure risk are considered comparable and,
therefore, also negligible.
14.6.2

Potential Effects of the Project on Southern Resident Killer Whales

The potential effects of the Project have been assessed in a manner consistent with SARA
requirements, namely whether the Project may harm an individual or cause destruction of
critical habitat. As noted previously, the features of critical habitat and essential SRKW life
functions are described in the Table 14-1. Potential effects of Project components and
activities during construction and operation that may harm a SRKW or affect SRKW life
functions include acoustic effects from underwater noise and physical disturbance due to a
vessel strike.
These potential Project-related effects could result in changes in critical habitat features that
affect the SRKW population by altering the ability of individuals to carry out essential life
functions when required, such as foraging, mating, resting, and socialising. The following
assessment examines these potential effects and concludes that the Project does not result
in changes to critical habitat features that alter the ability for individual SRKW to carry out
life functions.
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14.6.2.1

Changes to the Acoustic Environment

Introduction
Marine mammals use sound as a primary means for underwater communication and
sensing. A considerable number of reviews have been undertaken in the last decade to
describe the effects of anthropogenic noise on marine organisms (Richardson et al. 1995,
Holt 2008, Okeanos 2008, NRC 2003, 2005).
Underwater noise from the Project’s construction activities and container ship approaching,
departure, berthing, and unberthing activities during operation have the potential to
increase underwater noise levels in the acoustic environment. Underwater noise from the
Project could potentially result in effects to SRKWs and the acoustic environment within
critical habitat when needed for essential life functions. These potential acoustic effects
include the following:


Acoustic injury;



Behavioural effects, including potential displacement or avoidance of a portion of
habitat; and



Acoustic masking of communication calls or feeding echolocation.

The types and ranges of effects are highly dependent on the characteristics of the sound
source, the environment in which the sound occurs, and the animal(s) receiving the sounds
(Richardson et al. 1995, Southall et al. 2007).
The majority of studies on underwater noise disturbance of resident killer whales in B.C.
have examined the potential behavioural effects of commercial whale-watching boat traffic.
Whale-watching boat presence has been linked to short-term behavioural changes in
resident killer whales such as increased swim speed, travelling in less predictable patterns,
switching from foraging to travelling, and altered dive lengths (Smith and Bain 2002,
Williams et al. 2002a, b; Williams et al. 2006, Lusseau et al. 2009, Noren et al. 2009,
Williams and Noren 2009, Williams et al. 2009). Furthermore, SRKWs have been
documented to increase the duration and volume of their calls to overcome masking effects
by whale-watching vessels, a phenomenon referred to as the Lombard effect (Erbe 2002,
Foote et al. 2004, DFO 2011a). Population-level consequences of the Lombard effect
observed during these studies were inconclusive (Trites et al. 2002, DFO 2011a).
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Underwater Noise from Roberts Bank Terminal 2
Potential effects to SRKWs and SRKW critical habitat due to Project-related underwater
noise were assessed based on modelling of sound propagation during construction and
operation scenarios (see Section 9.8.7 Underwater Noise, Future Conditions with the
Project).

Construction-phase

modelling

incorporated

vibro-densification,

impact

and

vibratory pile driving, and dredging activities. Operation-phase modelling considered
container ship and support tug approaches and departures, and berthing and unberthing
activities. A description of the duration and frequency of Project construction activities can
be found in Appendix 4-E. See Appendix 9.8-A and Section 9.8.7 Underwater Noise,
Future Conditions with the Project for detailed tables, figures, and a full description of
underwater noise modelling results.
This assessment considers available known killer whale behavioural reactions and various
physical injury and behavioural disturbance thresholds for both impulsive and continuous
noise sources, including SRKW-specific behavioural effect thresholds determined for this
assessment (see Table 14-11 for thresholds and Section 14.4.4.1 for information on the
behavioural disturbance threshold study). The assessment also addresses the potential
effects on SRKWs of acoustic masking of echolocation calls from Project-related underwater
noise (see Appendix 14-B).
Underwater Noise Impact Criteria
There are currently no regulations or policies regarding underwater noise and marine
mammals in Canada. Canada does have a Statement of Canadian Practice with Respect to
the Mitigation of Seismic Sound in the Marine Environment to provide guidance on
mitigating potential effects of seismic surveys on marine mammals (DFO 2007). For marine
mammals, there are two widely acknowledged yet different sets of injury and behaviour
disturbance criteria for sound exposure that are commonly used for EAs in Canada, as
presented below:

7



Regulatory criteria applied by the U.S. NOAA7; and



Recommended criteria of Southall et al. (2007).

http://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_guidance.html

Page | 14-55

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Both sets of criteria distinguish between continuous and impulsive sounds, and the injury
thresholds are based on the estimated onset of permanent threshold shift (PTS)
(i.e., permanent loss of hearing sensitivity) for marine mammals. The NOAA auditory injury
threshold criteria are currently being reviewed by NOAA, but are still being implemented
until newly proposed draft criteria are revised and formally accepted by NOAA.
The NOAA criteria specify separate injury criteria for two groups of marine mammals:
cetaceans (whales, dolphins, and porpoises) and pinnipeds (seals and sea lions). The NOAA
injury criteria are based on the maximum root mean square (RMS) SPL, averaged over the
pulse duration, to which a marine mammal may be safely exposed before injury occurs.
National Oceanic and Atmospheric Administration has not established injury criteria for
exposure to continuous sounds, and the NOAA behavioural disturbance criteria, which are
based on a limited set of behavioural data, are widely applied. Table 14-10 lists the NOAA
auditory injury and disturbance criteria.
Southall et al. (2007) employ a dual criteria based on peak SPL and cumulative M-weighted
sound exposure level thresholds; the cumulative injury criteria are specified as originating
from single or multiple exposure events over a 24-hour period. A received sound exposure
is assumed to cause injury if it exceeds either the peak SPL or the sound exposure level
(SEL) criterion, or both. Southall et al. (2007) did not recommend specific SPL thresholds
for marine mammal disturbance criteria. Table 14-10 lists the Southall et al. (2007)
auditory injury criteria.
For the purposes of this assessment for marine mammals:


NOAA and Southall et al. 2007 injury criteria were applied to all representative
species, namely SRKW, North Pacific humpback whale, and Steller sea lion;



NOAA behavioural disturbance criteria were applied to North Pacific humpback whale
and Steller sea lion; and



Killer whale-specific behavioural disturbance criteria were applied to SRKW.
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Table 14-10

Auditory Injury and Disturbance Thresholds for Marine Mammals

NOAA Thresholds
RMS SPL (dB re 1 µPa)

Subcomponent
Species

Continuous Sounds

Southall et
al. (2007)
M-weighted
24-Hour SEL
Thresholds
(dB re 1
µPa2s)

Southall et
al. (2007)
peak SPL
Thresholds
(dB re 1 µPa)

Impulsive
Sounds

Impulsive
Sounds

Impulsive Sounds

Injury

Disturbance

Injury

Disturbance

Injury

Injury

Cetaceans

-

120

180

160

198

230

Pinnipeds in
water

-

120

190

160

186

218

Sources: National Marine Fisheries Service, Southall et al. 2007.
Notes:
NOAA - National Oceanic and Atmospheric Administration; RMS SPL – root mean square
sound pressure level; SEL- sound exposure level; µPa – micro Pascal.

Southern Resident Killer Whale-specific Underwater Noise Behavioural Impact
Criteria
Other jurisdictions have used the NOAA criteria for potential behavioural effects to killer
whales from continuous underwater noise; however, TAG members, in addition to
international experts (see Southall et al. 2007), concluded there are weaknesses in the
approach, as these thresholds are largely based on behavioural reactions of baleen whales.
With the aim of better understanding underwater noise-related effects on SRKWs, TAG
members

discussed

the

need

to

establish

SRKW-specific

thresholds

above

which

underwater noise may cause injury or behavioural disturbance, or mask echolocation clicks
to locate prey.
The TAG recommended analysis of three existing data sets to determine a SRKW-specific
behavioural disturbance threshold: two of NRKWs in proximity to ship traffic (NRKWs
were considered an appropriate proxy for SRKWs by the TAG) and one of hydrophone
recordings of

vessels

and

SRKW audiogram-weighted
measures of background

SRKW

calls.

measures

noise

were

The
of

better

SRKW

received
at

TAG

also

levels;

predicting

the

recommended
however,
Lombard

using

broadband
effect

than

other frequency-weighted measures of background noise (e.g., SRKW audiogram weighting,
M-weighting, Type II weighting) (see SMRU 2014b).
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In all three studies, observed killer whale behaviour responses were scored based on the
Southall severity scores developed by international marine mammal experts (Southall et al.
2007). The Southall severity score system ranks behavioural changes in increasing degree
of severity from 0 to 9, and allows for standardised comparisons across the three datasets.
Southall severity scores from 0 to 3 (low) are considered relatively brief and minor
behavioural responses; scores from 4 to 6 (moderate) represent behavioural responses
that have a higher potential to affect foraging, reproduction, or survival; and scores from
7 to 9 (high) are considered likely to affect vital rates. For the current study, 5%,
50%, and 95% probability of disturbance threshold radii were computed for low- and
moderate-severity responses (Table 14-11). High-severity responses (scores 7 to 9)
were not predicted from modelling of underwater noise produced from Project construction
and operation.
The low-severity behavioural response curve for SRKWs predicts that 5% of the population
could potentially exhibit a low-severity response at 117 decibels (dB) re 1 micro Pascal
(µPa), 50% could respond at 129 dB re 1 µPa, and 95% could respond at 146 dB re 1 µPa.
The moderate severity dose-response curve for SRKWs predicts that 5% of the population
could potentially exhibit a moderate-severity response at 126 dB re 1 µPa, 50% could
respond at 137 dB re 1 µPa, and 95% could respond at 153 dB re 1 µPa (SMRU 2014b). See
Section 9.8.5 Underwater Noise, Methods for a description of underwater noise metrics
and noise modelling.
Table 14-11

Behavioural Response Thresholds for Southern Resident Killer
Whales from Continuous Noise Sources
Probability of Response

Severity of
Response

5%

50%

95%

Low

117

129

146

Moderate

126

137

153

Note: Response thresholds are based on unweighted broadband SPL, dB re 1 µPa.

Construction Phase
Hearing Injury
Impact pile-driving during construction is the only potential Project activity during
construction or operation that has the potential to produce sound that could cause hearing
injury to SRKWs (Table 14-12). If only vibratory methods are used, no potential for
acoustic injury is predicted. The maximum predicted radius of underwater noise during
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construction exceeding a threshold that may result in acoustic injury (i.e., the area within
which SRKWs may sustain hearing injury) is 220 m from impact pile driving of temporary
barge ramps.
Table 14-12

Injury and Disturbance Radii for Southern Resident Killer Whales
during Impulsive Construction Noise

NOAA Thresholds
rms SPL (dB re µPa)
Construction Scenario

Southall et al.
(2007) Mweighted 24-hr
SEL Threshold
(100 min.) (198
dB re 1 µPa2s)

Southall et
al. (2007)
peak SPL
Threshold
(230 dB re 1
µPa)

180 RMS
Injury
Radius (m)

160 RMS
Disturbance
Radius (m)

Impact pile driving at
mooring dolphin

100

1,320

180

2

Impact pile driving at tug
basin

110

490

150

2

Impact pile driving at
temporary barge ramps

120

750

220

2

Impact sheet pile driving at
west end caisson

70

690

130

1

Impact sheet pile driving at
east end caisson

70

710

140

1

Injury Radius (m)

Behavioural Disturbance
Southern resident killer whale-specific dose-response behavioural disturbance thresholds
were developed and modelled for 5%, 50%, and 95% probability of low-severity
and moderate-severity behavioural responses to continuous construction noise sources,
with resulting thresholds ranging from 117 dB re 1 µPa to 153 dB re 1 µPa (Table 14-13).
Low-severity behavioural responses have been predicted to last five minutes and are
considered relatively minor and brief; moderate-severity behavioural responses have been
predicted to last 25 minutes and have a higher likelihood of affecting foraging, reproduction,
and subsequent long-term vital rates of individual whales (Southall et al. 2007,
SMRU 2014b).

Without

considering

existing

underwater

noise

conditions,

low-

and

moderate-severity behavioural responses were predicted to occur 0.03 km to 22.2 km and
less than 0.02 km to 5.42 km from construction activities, respectively (Table 14-13).
No high-severity behavioural responses (i.e., extensive or prolonged aggressive behaviour,
obvious aversion or fleeing) were predicted from underwater noise produced during Project
activities (SMRU 2014b).
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Table 14-13

Behavioural Effect Radii of Unweighted Sound Pressure Level for
Southern Resident Killer Whales during Construction Activities
Producing Continuous Noise

Construction Scenario

Low-severity Response

Moderate-severity Response

(SPL dB re 1 µPa)

(SPL dB re 1 µPa)

Disturbance Radius (m)

Disturbance Radius (m)

117

129

146

126

137

153

Vibratory pile driving at
mooring dolphin

21,050

3,310

1,640

5,420

2,010

1,540

Vibratory pile driving at
tug basin

690

550

180

580

450

90

Vibratory sheet pile
driving at west caisson

22,150

1,940

200

4,390

630

80

Vibratory sheet pile
driving at east caisson

21,310

2,340

210

4,430

630

80

Vibro-densification at
dredge basin

2,480

610

70

990

170

40

Dredging at dredge basin

2,860

480

70

680

220

<20

Dredging at intermediate
transfer pit

1,220

400

30

500

160

30

Note: < - less than.

When compared to existing conditions of the acoustic environment, underwater noise levels
predicted to potentially result in both low- and moderate-severity behavioural responses
during construction were comparable to levels currently measured at Roberts Bank. Existing
underwater noise levels measured at Roberts Bank in 2013 and 2014 ranged from 98.1 dB
re 1 µPa to 149.8 dB re 1 µPa with a mean of 119.5 dB re 1 µPa (see Section 9.8.7
Underwater Noise, Future Conditions with the Project for more information).
Therefore, although underwater noise levels during construction may at times exceed
current existing levels, they are generally comparable on average. During construction,
there are increases in underwater noise at specific times, depending on the level of
construction activity. For example, maximum sound levels of approximately 150 dB re 1 µPa
occur less than 50 m during vibro-densification and dredging activities, and is comparable
to the maximum sound level measured during existing conditions (approximately 150 dB
re 1 µPa).
Mitigation measures to reduce or eliminate potential effects of underwater noise to SRKWs
during construction are discussed in Section 14.7.1.1.
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Operation Phase
Terminal operation will produce underwater noise including container ship approach and
departure and berthing and unberthing (i.e., 260 ship calls per year out of 12,706 total
commercial marine vessels transiting the waters near Roberts Bank in 2030). Expected
underwater noise levels and zones of potential behavioural disturbance to SRKWs were
predicted due to Project activities during terminal operation within the scope of the Project.
These predictions were calculated with hydrophone-measured wind-driven ambient noise
and distant vessel traffic. Detailed information describing predicted underwater noise from
operational activities can be found in Section 9.8.7 Underwater Noise, Future
Conditions with the Project.
Southern resident killer whales are not expected to exhibit low-severity behavioural
responses (5% of population predicted to have low-severity behavioural response at
20.29km) beyond 20.29 km during approach (Figure 14-6) and 29.20 km during berthing
(Figure 14-7). Table 14-14 provides the probability of response by the SRKW population
at the thresholds illustrated (e.g., 5% of the population is expected to experience a low
behavioural response at 117 dB re 1 µPa). While low-severity behavioural responses are
predicted to be detectable, they are not anticipated to result in changes to vital rates that
may affect reproduction or survival of individuals. Moderate-severity behavioural responses
(5% of the population) that have the potential to affect vital rates were not predicted
beyond 8.43 km during berthing and 6.37 km during approach transiting (Table 14-14).
When compared to existing conditions of the acoustic environment, average underwater
noise levels predicted to potentially result in both low- and moderate-severity behavioural
responses during operation were comparable to average levels currently measured at
Roberts Bank, but would exceed existing levels frequently during operation. Underwater
noise produced both during existing conditions and from the Project can potentially result in
effects to marine mammals including acoustic injury, behavioural effects, or acoustic
masking. During operation, there are predicted increases in underwater noise at specific
times when container ships call on RBT2. For example, as shown in Table 9.8-4 Radii
(R95%) of Sound Pressure Level Contours for Continuous Construction Scenarios,
sound levels of approximately 150 dB re 1 µPa occur 370 m from berthing and 160 m from
approach and is comparable to the maximum sound level measured during existing
conditions (approximately 150 dB re 1 µPa).
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Hydrophone measurement at Westshore Terminals included all vessel traffic in proximity to
the hydrophone, not just commercial vessels accessing the terminals. Note that the
hydrophone did not measure underwater noise in the entire LAA, but was localised around
the hydrophone deployed at Roberts Bank (see Section 9.8.6 Underwater Noise,
Existing Conditions). The predicted annual average underwater noise produced during
260 container ship calls at RBT2 was compared to this mean underwater noise level
measured with hydrophones for existing conditions (119.5 dB re 1 µPa). One call included
45 minutes of a Maersk Triple E class (EEE-class) container ship approach and departure
and one hour of berthing and unberthing during extreme weather conditions, requiring three
tugs and a line boat. Under these assumptions, average annual container ship berthing and
unberthing underwater noise increases over average annual existing conditions would be
present in the LAA approximately 2.97% of the year, and average annual container ship
approach and departure noise increases over average annual existing conditions would be
present in the LAA approximately 2.23% of the year (Figure 14-8, Appendix 9.8-A).
Therefore, average underwater noise from the Project exceeding average underwater noise
levels during existing conditions would be realised approximately 3% of the year, and the
remaining 97% of the time underwater noise from the Project is expected to be within
existing underwater noise levels. This calculation is expected to be conservative for the
following reasons:


Terminal operation noise predictions are based on the berthing and unberthing
activities of an EEE-class container ship, which is the largest class of vessel that may
call at RBT2;



Measured existing underwater noise levels do not include vessel traffic noise over the
entire LAA (only in proximity to the hydrophone); therefore, the prediction of
Project-contributed noise over existing conditions is likely overestimated;



Mean broadband existing noise levels do not consider fluctuations in underwater
noise levels over time in existing underwater noise conditions (i.e., minimum of
approximately 98 dB re 1 µPa, maximum of approximately 150 dB re 1 µPa) at the
proposed terminal; and



Predictions of underwater noise for each container ship call were produced during
extreme weather events with three tugs and a line boat assisting the container ship
approach and berthing.

With these conservative assumptions, underwater noise levels during operation may at
times exceed current existing levels of underwater noise. It is important to note that this
calculation examines the average underwater noise levels during existing conditions and
predicted from the Project over the course of a year. Both measurements of existing
underwater noise with hydrophones, and modelling predictions of underwater noise from
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commercial vessel traffic during existing conditions, characterise fluctuations in underwater
noise levels over the course of a day and between times of year (see Section 9.8.7
Underwater Noise, Future Conditions with the Project). Therefore, although the
average contribution of underwater noise from the Project is small compared to existing
conditions (approximately 3% of the year), SRKW may be exposed to underwater noise
levels from the Project that exceeds underwater noise from the existing conditions at a
given moment in time that could result in behavioural effects or acoustic masking to SRKW.
Models and studies were conducted to examine and quantify the extent of these potential
residual behavioural and acoustic masking effects to SRKW from underwater noise produced
during Project operation and during existing conditions, and are described below and in
Appendix 14-B and Appendix 14-C.
It is important to note that the models described in Appendices 14-B and 14-C do not
include the contribution of underwater noise from small recreational or commercial vessel
traffic, including whale-watching vessels. Modelling of existing levels of underwater noise
was produced from the vessel traffic operations support system (VTOSS)8 data of tracked
commercial vessel traffic, including container ships, oil tankers, tugs, ferries, bunkers, and
other commercial vessel traffic (see Appendix 9.8-B). Therefore, small vessels, including
commercial whale-watching vessels, are sparsely represented in VTOSS, and as a result are
incompletely captured.
Table 14-14

Radii of Unweighted Sound Pressure Level Contours for Southern
Resident Killer Whale Behavioural Change During Continuous
Operational Noise
Low-severity Response
(SPL dB re 1 µPa)

(SPL dB re 1 µPa)

Disturbance Radius (km)

Disturbance Radius (km)

117

129

146

126

137

153

Berthing of an EEE-class
container ship with 3 tugs
and a line boat at 4 knots

29.20

5.31

0.50

8.43

1.41

0.30

EEE-class container ship
approaching terminal at 6
knots with 4 tugs
approaching container ship
at 12 knots

20.29

4.05

0.29

6.37

1.01

0.11

Operational Scenario

8

Moderate-severity Response

VTOSS is the regional vessel traffic management system for Canadian Coast Guard Marine Communications
and Traffic Services.
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Figure 14-6

Maersk Triple E Class Container Ship Approaching Terminal at 12
Knots with Three Tugs and a Line Boat
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Figure 14-7

Maersk Triple E-Class Container Ship Berthing at Terminal with
Three Tugs and a Line Boat
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Figure 14-8

Modelled Increase in Underwater Noise Above Hydrophonemeasured Mean Existing Conditions from a Container Ship Call at
Roberts Bank Terminal 2 ‒ Approach, Berthing, Unberthing, and
Departure

Underwater Noise Exposure and Acoustic Masking Model
To evaluate potential behavioural and acoustic masking effects from the Project to
SRKWs, an underwater noise exposure and acoustic masking model was developed
(Appendix 14-B). Modelling was completed before the final scope of the Project was
defined in the EIS Guidelines and included both Project activities within PMV jurisdiction, as
well as incremental shipping traffic associated with the Project in the RAA. Two temporal
scenarios were modelled as follows:

9



Existing conditions (2012); and



RBT2 and incremental shipping associated with RBT2 (2030)9.

Project scenario includes existing and expected conditions. Expected conditions include increases in vessel
traffic and existing Westshore and Deltaport terminals between 2012 and 2030.
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Model inputs included the spatial overlap in the RAA between i) the probability of
SRKW occurring; ii) SRKW-specific behavioural underwater noise effects thresholds; and
iii) estimates of echolocation masking. Analysis of data collected from digital acoustic tags
attached to NRKWs suggests that individuals recover from low-severity behavioural
responses within approximately five minutes, and from moderate-severity responses after
approximately 25 minutes (DTAG Appendix B in SMRU 2014b).
Predictions of Project effects are conservative because they:


Include expected conditions (approximately 100 vessels per year), in addition to the
260 container ships per year anticipated for RBT2;



Assume a worst-case scenario of a EEE-class container ship approaching and
berthing with three tugs and a line boat;



Includes incremental container ship traffic associated with the Project outside the
scope of the Project throughout the RAA; and



Have only assessed the RBT2 contribution of underwater noise as a proportion of
commercial vessel noise, rather than all underwater noise.

Despite these conservative assumptions, the difference between predicted behavioural and
acoustic masking effects during existing conditions and with the Project and Projectassociated shipping are small and are discussed below.
Behavioural Effects
Within the LAA, a median of 207 low-severity (17.25 hours) and 90 moderate-severity
behavioural responses (37.5 hours) were predicted for each individual SRKW per year
during existing conditions (Table 14-15). With the addition of the Project and incremental
container ship traffic associated with the Project (including a number of conservative
assumptions), there was a projected increase of 10 low-severity (50 minutes) and
4 moderate-severity behavioural responses (1.67 hours) from existing conditions per whale
per year. High levels of variability in predictions of behavioural responses per scenario
introduced uncertainty in the difference between scenarios.
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Table 14-15

Number of Behavioural Responses (95% Confidence Intervals) and
Median Hours of Behavioural Disturbance per Whale per Year in the
Local Assessment Area from Project and Incremental Projectassociated Shipping Traffic
Behavioural Severity Response

Assessment
Area

Local
Assessment
Area

Predicted
Behavioural
Responses

Low

Moderate

Existing

RBT2 + RBT2
Shipping

Existing

RBT2 + RBT2
Shipping

Median number
of responses
per whale per
year

207 (76; 478)

217 (81; 495)

90 (28; 205)

94 (30; 212)

Predicted hours
of disturbance
per whale per
year

17.25

18.08

37.50

39.17

Acoustic Masking
Southern resident killer whales use echolocation clicks to detect prey, and can only detect
prey that are close enough for individuals to hear the echoes above ambient noise (Au et al.
2004). Some studies have suggested that vessel noise might impair the ability of
odontocetes, including killer whales, to forage using echolocation (e.g., Bain and Dahlheim
1994, Bain et al. 2006, Aguilar Soto et al. 2006). To improve signal detection in noisy
environments, marine mammals, including odontocetes, exhibit a variety of noise-induced
vocal modifications as compensation strategies, including longer calls, louder calls,
increasing call rates, shifting the frequency of the call outside the noise band, and waiting to
call until the noise decreases (Tyack 2008). A vocal response to noise, known as the
Lombard effect, refers to the tendency of a human or animal to raise the source levels of
their vocalisations in a noisy environment (Brumm and Zollinger 2011). Several studies
have reported varying energetic costs of sound production (e.g., a 0.5% increase in
metabolic rates of bottlenose dolphins (Jensen et al. 2012)), whereas at least one study
suggests that some dolphins use passive listening to avoid the energetic costs of
echolocation (Gannon et al. 2005). Masking by noise effectively reduces the active space of
a signal, since the receiver would have to be closer to the signaler as ambient noise
increases to maintain the same signal-to-noise ratio as without the noise. The active space
of a signal is largely a function of its source level, the levels of background noise, and
the transmission loss of the signal between the signaler and the receiver (Miller 2006).
Species-specific active space is determined by physical, behavioural, and ecological factors
(reviewed in Jensen et al. 2012).
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Few studies have estimated masking effects on the range of odontocete signals in their
natural environment, termed the active space of signals. Masking effects on active space,
and zones of acoustic masking, have been studied for only a few mid-frequency odontocetes
species

including

belugas,

short-finned

pilot

whales

(Globicephala

macrorhynchus),

bottlenose dolphins, and killer whales (Erbe and Farmer 2000a, b, Jensen et al. 2009, Bain
and Dahlheim 1994, Erbe 2002, Au et al. 2004, Miller 2006, Griffin and Bain 2006, Holt
2008, Crystal et al. 2011).
Methods for estimating the distance over which SRKWs might use echolocation and potential
Project effects are discussed in detail in Appendix 14-B. Previous social call and
echolocation click masking models of killer whale calls by including vocal compensation
(i.e., the Lombard effect) were updated, given evidence that SRKWs utilise the Lombard
effect to compensate for changes in background noise levels. Masking was only assumed to
occur if a SRKW individual had not already experienced a low-severity or moderate-severity
behavioural response in that five-minute period, as these behaviour changes were assumed
to cause a complete loss of foraging opportunity (i.e., equivalent to complete masking).
Since there is uncertainty by SRKW experts in whether to measure changes in echolocation
by distance, area, or volume, masking was calculated as a proportional loss of foraging
function in a three-dimensional listening space.
This call masking model suggests that call detection range does not start to decrease until a
whale is less than 500 m from dredging or vibro-densification activities, and that at 200 m
detection distance of a call would still be at least 2 km. For most container ships, call
detection distance was not expected to decrease until the whale was within 1 km of the
ship. Modelling dredging and vibro-densification masking of echolocation clicks was not
possible because the data did not include recordings at a high enough frequency
(i.e., 50 kHz). Modelling of echolocation click masking of the container ship Zim LA
suggested that noise from this ship starts to reduce echolocation detection distance at
approximately 2.5 km, which is 1 km further than when it starts to reduce call masking
detection distance. For more typical container ships, such as the Hanjin Marseille, ship noise
is likely to start decreasing echolocation click detection at approximately 1 km.
The methods for estimating the distance over which SRKWs might use echolocation were
developed by Au et al. (2004) (see Appendix 14-B). This masking model takes into
account the amplitude of SRKW echolocation clicks, transmission loss of underwater noise,
how much of the click echoes off their typical salmon prey, and SRKW hearing. Since there
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is uncertainty among experts as to whether to measure changes in echolocation by
distance, area, or volume, a precautionary and conservative approach was selected, and
masking is reported as a proportional loss of foraging in three-dimensional listening space.
Acoustic masking of SRKW echolocation clicks was assumed to occur if a low- or moderateseverity behavioural response was predicted; however, levels of underwater noise may at
times not result in a direct behavioural effect to SRKWs, but acoustic masking of
echolocation signals can occur. The amount of time was estimated that masking of SRKW
echolocation clicks would occur, in addition to acoustic masking during low-severity and
moderate-severity behavioural responses, in the LAA from underwater noise produced
during existing conditions.
During existing conditions in the LAA, the model predicted 2.55 days per year per whales of
acoustic masking and 2.70 days of acoustic masking per year per whales from underwater
noise produced during RBT2 operation and incremental vessel traffic associated with RBT2
(i.e., approximately 3.6 hour increase from existing conditions). Due to high levels
of variability in predictions, the difference between existing conditions and Project and
Project-associated shipping traffic are difficult to distinguish. However, a precautionary
approach was taken and underwater noise from Project operation was predicted to result in
small changes in the acoustic environment resulting in predicted acoustic masking of
foraging opportunities.
Population Consequence of Disturbance Model
Availability of prey is a potentially limiting factor in SRKW population dynamics (Ford et al.
2010a; Williams et al. 2011), especially since there is a demonstrated relationship between
Chinook abundance and adult survival (Ford et al. 2010a, Ward et al. 2013) and
reproduction (Ward et al. 2009, Ward et al. 2013). This gives rise to the inadequate prey
hypothesis, which posits that the nutritional stress placed on the population through
limitations in the availability of prey inhibits the population’s growth (DFO 2011a, Ayres et
al. 2012).
The SRKW PCOD model therefore summarises the effects of behavioural disturbance and
acoustic masking from underwater noise as the percentage of lost Chinook foraging
opportunities as a measure of health (see Appendix 14-C). The model addresses the way
changes in health (i.e., lost foraging time) can lead to population-level effects through
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changes in killer whale survival and reproduction by using the Chinook salmon index (Ward
et al. 2009, Ford et al. 2010a,b, Ward et al. 2013) and its relationship with killer whale
demography.
The outputs from the SRKW Underwater Noise Exposure and Acoustic Masking Model
(Appendix 14-B) were used to estimate reduced foraging time resulting from behavioural
effects or masking of echolocation clicks. By combining this information with demographic
information regarding each individual in the SRKW population, it was possible to predict how
population and survival probabilities would be affected by increased noise exposure. A
prediction was also consequently developed to assess how the population growth rate would
be affected under future scenarios (Appendix 14-C).
Results of the PCOD model showed that predicted low-severity and moderate-severity
behavioural responses, as well as auditory masking during existing conditions and future
conditions (the Project and Project-associated shipping traffic), did not change the survival
or reproductive rates of individual SRKW from existing conditions. No change is therefore
predicted to the relative growth rate or size of the population (Table 14-16). Since there
was little difference in the number of acoustic disturbances of acoustic masking estimated
between existing conditions and the Project, this prediction is expected. This prediction of
no changes to individual SRKW vital rates or the population as a whole is in line with
previous PCOD modelling, which found that a predicted increase in vessel traffic in the
Moray Firth, Scotland, did not affect the population of bottlenose dolphins (Tursiops
truncatus) found in the area (New et al. 2013a).
Table 14-16

Population Consequence of Disturbance Model Predictions in the
Local Assessment Area for Southern Resident Killer Whales
LAA

Mean Survival
Mean Fecundity
Mean Population Growth Rate
Relative Change in Population
Size in 20 Years

Existing

RBT2 + RBT2 Shipping

0.97

0.97

(0.95, 0.99)

(0.95, 0.99)

0.034

0.034

(0.016, 0.058)

(0.017, 0.058)

1.01

1.01

(0.97, 1.04)

(0.97, 1.04)

-

0.0
(-0.43, 0.75)
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Summary of Effects from Changes to the Acoustic Environment
The Project will produce underwater noise and result in small changes to the acoustic
environment (i.e., 260 ship calls per year out of 12,706 total commercial marine vessels
transiting the waters near Roberts Bank in 2030). When compared to existing conditions of
the acoustic environment, underwater noise levels from the Project were predicted to
potentially result in both low- and moderate-severity behavioural responses and acoustic
masking during construction and operation. However, the predicted change to the acoustic
environment and predicted behavioural responses and acoustic masking, are not predicted
to affect an individual SRKW’s ability to forage in critical habitat when needed, and is
therefore not predicted to result in population-level effects on SRKWs.
For more details on mitigating potential effects from changes to the acoustic environment,
see Section 14.7.1.
14.6.2.2

Physical Disturbance – Vessel Strikes

Smaller cetaceans may be less vulnerable to collisions with large vessels than larger baleen
whales

given

that

their

greater

overall

manoeuvrability

relative

to

large

whales,

echolocation capabilities, and social behaviour (groups of individuals travelling together)
may enhance vessel detection and escape (Lawson and Lesage 2013). In addition, vessel
strikes are not identified by DFO as a primary threat to SRKW in their recovery strategy
(DFO 2011a). Collisions between vessels and resident killer whales (including southern
residents) and transient killer whales occur occasionally and result in injury or death (Ford
et al. 2000, NOAA 2008, Lusseau et al. 2009, Williams and O’Hara 2009). At least eight
killer whales are known or suspected to have been struck by vessels off the Canadian west
coast, judging by observed incidents, scarring, or recovery of carcasses. Six of these strikes
have occurred since 2002. The types of vessels involved range from small high–speed skiffs
(6 m to 8 m length) to 20 m tug boats (Cetacean Research Program (CRP)–DFO
unpublished data).
In 2005, an NRKW was struck by an unknown small vessel, but survived (DFO 2011a). In
2006, three NRKWs were struck by vessels (two struck by charter fishing vessel and one
struck by unknown vessel causing blunt force trauma) and two did not survive
(Wild Whales 2014, Vancouver Aquarium 2014). In 2005, a SRKW was struck by a
commercial whale-watching vessel resulting in minor injury that subsequently healed (NOAA
2008). In 2006, a juvenile SRKW separated from its mother and living in isolation in Nootka
Sound was killed by a tugboat by being sucked into the ship propeller (Orca Network 2015).
This death was likely due to the juvenile whale pursuing vessels for social interaction, and
not a vessel strike.
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However, killer whales are not as commonly struck by vessels compared to baleen whales,
since these marine mammals are fast swimming and agile, enabling them to avoid
approaching vessels (Laist et al. 2001, Jensen and Silber 2003). Vessel strikes can cause
injuries ranging from scarring to direct mortality of individual whales. Vessels travelling at
speeds of more than 14 knots (26 km/hr) provide the greatest threat of collision with
cetaceans (Laist et al. 2001). However, larger ships are far less likely to detect the
physical impact of a collision than smaller vessels, and this could account for the lack of
reported strikes.
Vessel strikes may be fatal to a SRKW, or an individual may recover. The chance of a
Project-related container ship, tug, or support vessel striking a SRKW within PMV
jurisdiction and resulting in injury or mortality is qualitatively determined to be very low.
Section 14.7.2 provides details on mitigation measures for potential vessel strikes.
14.6.2.3

Summary of Changes to Southern Resident Killer Whale Critical Habitat
and Life Functions from Project-related Effects

As described in Section 14.1.1, SRKW critical habitat includes identified biophysical
features, namely lack of acoustic disturbance, availability of prey (specifically Chinook and
chum salmon), and water and sediment quality that does not cause adverse health effects.
The assessment concluded that the Project does not result in changes to critical habitat
features that affect SRKWs’ ability to use critical habitat when needed for foraging. Both the
TAG and the DFO Recovery Strategy for SRKWs state that foraging is the primary SRKW life
function. Based on measurements of the existing conditions, acoustic modelling of
construction and operation, prediction of behavioural effects, acoustic masking, and
population consequence of underwater noise disturbance from the Project, it is concluded
that potential effects of underwater noise from the Project are comparable and are not
substantially different from existing conditions. Information on the SRKW life functions of
mating, resting, and socialising in critical habitat are not fully understood and are a data
gap; however, the conclusions of the assessment on the life function of foraging is used as a
proxy for potential effects on the life functions of mating, resting, and socialising.
14.6.3

Potential Effects of the Project on North Pacific Humpback Whale

Project activities that could potentially affect North Pacific humpback whales include acoustic
injury and disruption of behaviours due to changes in the acoustic environment from
underwater noise during construction and operation activities, and physical disturbance from
vessel strikes.
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14.6.3.1

Changes to the Acoustic Environment

For the purposes of this assessment, NOAA and Southall et al. 2007 injury criteria
and NOAA behavioural disturbance criteria were applied to humpback whales. See
Section 14.6.2.1 for a description of underwater noise criteria.
Construction Phase
Impact pile-driving during construction is the only construction or operation activity that has
the potential to produce sound levels that will be high enough to cause potential injury to
humpback whales. Injury from underwater noise produced during construction activities was
predicted with both NOAA and Southall et al. 2007 injury criteria. The most conservative
injury criteria of the two was used to assess effects. Under worst-case scenarios, an
individual humpback whale could be injured 220 m from pile-driving of the temporary
barge ramp (Southall et al. 2007 injury threshold of 198 dB SEL for 100 minutes of pile
driving) (Table 14-17). Vibratory pile driving is predicted to result in potential behavioural
effects from 0.64 km to 14.53 km from the construction noise source (Table 14-18).
Table 14-17

Injury and Disturbance Radii for North Pacific Humpback Whale
during Impulsive Construction Noise

Construction
Scenario

NOAA Thresholds
rms SPL (dB re µPa)

Southall et al.
(2007) Mweighted 24hr SEL
Threshold (198
dB re 1 µPa2s)

Southall et al.
(2007) peak
SPL
Threshold
(230 dB re
1µPa)

180 RMS
Injury Radius
(m)

160 RMS
Disturbance
Radius (m)

Impact pile driving at
mooring dolphin

100

1,320

200

2

Impact pile driving at
tug basin

110

490

160

2

Impact pile driving at
temporary barge ramps

120

750

220

2

Impact sheet pile driving
at west end caisson

70

690

140

1

Impact sheet pile driving
at east end caisson

70

710

160

1

Injury Radius (m)
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Table 14-18

Behavioural Disturbance Radii of Unweighted Sound Pressure Level
Contours for North Pacific Humpback Whales during Continuous
Construction Noise
NOAA 120 dB (re 1 µPa)
Threshold 95% Radius (km)

Construction Scenario
Vibratory pile driving at mooring dolphin

12.50

Vibratory pile driving at tug basin

0.64

Vibratory sheet pile driving at west caisson

14.53

Vibratory sheet pile driving east caisson

14.2

Vibro-densification at dredge basin

1.74

Dredging at dredge basin

2.15

Dredging at intermediate transfer pit

0.96

When compared to existing conditions of the acoustic environment, underwater noise levels
predicted to potentially result in behavioural responses during construction were comparable
to levels currently measured at Roberts Bank. Underwater noise levels measured with
hydrophones at Roberts Bank in 2013 and 2014 ranged from 98.1 dB re 1 µPa to 149.8 dB
re 1 µPa with a mean of 119.5 dB re 1 µPa. Therefore, although underwater noise
levels during

construction

may

at

times

exceed

current

existing

levels,

they

are

generally comparable. For more details on mitigation measures during construction see
Section 14.7.1.1.
Operation Phase
Commercial vessel traffic is a major contributor to low-frequency chronic underwater noise,
and the effects of this disturbance on humpback whales are currently unknown (DFO
2013b). Humpback whales have demonstrated avoidance behaviour in response to SPLs of
160 dB to 170 dB (DFO 2013b). When compared to existing conditions of the acoustic
environment, underwater noise levels predicted to potentially result in behavioural
responses during operation are comparable to levels currently measured at Roberts Bank.
Underwater noise levels measured at Roberts Bank in 2013 and 2014 ranged from 98.1 dB
re 1 µPa to 149.8 dB re 1 µPa with a mean of 119.5 dB re 1 µPa. See Appendix 9.8-A and
Section 9.8 Underwater Noise for detailed tables, figures, and a full description of
results. Therefore, although underwater noise levels during operation may at times exceed
current existing

levels, they are generally

comparable.

Roberts Bank Terminal 2

traffic during operation will include 260 container ship calls per year out of 12,706 total
commercial

marine

vessels

transiting

the

waters

near

Roberts

Bank

in

2030

(see Appendix 30-A). As humpback whales rarely occur in the LAA, no population-level
effects are anticipated and potential effects of operational noise are not assessed further.
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14.6.3.2

Physical Disturbance from Vessel Strikes

Vessel activities from the Project, including container ships and support vessels, could
potentially strike whales, resulting in injury or mortality. Species most likely to be struck
include humpback whales and fin whales, which are both listed under SARA (Laist et al.
2001, Jensen and Silber 2003, DFO 2013b). In B.C., humpback whales are the most
common species of cetaceans struck by vessels (DFO 2013b). Between 2001 and 2008,
there were 21 reports of vessel strikes involving humpback whales (Ford et al. 2009).
Reported humpback‒vessel strike incidents in B.C. waters have mainly involved small
vessels (less than 10 m long), typically capable of speeds up to 25 to 30 knots (46 to
55 km/hr). There are no confirmed reports of humpback whale collisions in B.C. waters
attributed to commercial shipping, cruise ship, or B.C. Ferries traffic. However, larger ships
are far less likely to detect the physical impact of a collision than smaller vessels, and this
could account for the lack of reported strikes. While impacts to individual whales can be
severe, current population growth trends for humpback whales and apparent frequency of
vessel strikes in B.C. indicate that vessel strikes are not affecting overall population viability
at this time and risk to the population is low, and determined to be negligible (DFO 2013b).
Vessel strikes may be fatal to a marine mammal, or an individual may recover; however,
baleen whales are not common in the inside waters of the Salish Sea adjacent to the Project
area and are only occasionally sighted. The chance of a Project-related container ship, tug,
or support vessel striking a humpback whale within Project scope and resulting in injury or
mortality is very low and would not result in population-level effects. For more details on
mitigation measures to reduce or eliminate potential physical disturbance of North Pacific
humpback whales from vessel strikes, see Section 14.7.2.
14.6.4

Potential Effects of the Project on Steller Sea Lions

Potential effects on Steller sea lions include acoustic injury and disruption of behaviours
due to changes in the acoustic environment during construction and operation activities
and physical

disturbance

from

vessel

strikes

during

operations.

These

effects

are

described below.
14.6.4.1

Changes in the Acoustic Environment

For the purposes of this assessment, NOAA and Southall et al. 2007 injury criteria and
NOAA behavioural disturbance criteria were applied to assess underwater noise disturbance
of Steller sea lions. See Section 14.6.2.1 and Table 14-10 for a full description of
underwater noise criteria.
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Construction Phase
Southall et al. 2007 injury criteria for pinnipeds (218 dB SPL) predicted the largest injury
radii of 1.17 km during a worst-case scenario of 100 minutes of continuous impact pile
driving at the mooring dolphin (Table 14-19).
For the NOAA pinniped injury threshold (190 dB RMS SPL), the largest injury radii were
generated by impact pile driving at the tug basin and temporary barge ramps (both 40 m).
The largest disturbance radii (160 dB RMS SPL) were produced by impact pile driving at the
mooring dolphin (1.3 km).
Construction activities producing continuous noise were predicted to result in disturbance to
in-water sea lions from up to 650 m (vibratory pile driving of the tug basin) to 14.5 km
(vibratory sheet pile driving at the east and west end caissons) (Table 14-20).
Table 14-19

Injury and Disturbance Radii for Steller Sea Lions during Impulsive
Construction Noise

NOAA Thresholds
120 RMS SPL (dB re µPa)
Construction Scenario

Southall et al.
(2007) Mweighted 24hr SEL
Threshold (100
min) (186 dB
re 1 µPa2s)

Southall et al.
(2007) peak
SPL
Threshold
(218 dB re
1µPa)

190 RMS
Injury Radius
(m)

160 RMS
Disturbance
Radius (m)

Impact pile driving at
mooring dolphin

30

1,320

1,170

7

Impact pile driving at tug
basin

40

490

480

9

Impact pile driving at
temporary barge ramps

40

750

680

9

Impact sheet pile driving
at west end caisson

20

690

640

5

Impact sheet pile driving
at east end caisson

20

710

670

5

Injury Radius (m)
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Table 14-20

Behavioural Disturbance Radii of Unweighted Sound Pressure Level
Contours for Steller Sea Lions during Continuous Construction
Noise
Construction Scenario

Vibratory pile driving at mooring dolphin
Vibratory pile driving at tug basin

NOAA 120 dB (re 1 µPa)
Threshold 95% Radius (km)
12.50
0.64

Vibratory sheet pile driving at west caisson

14.50

Vibratory sheet pile driving east caisson

14.20

Vibro-densification at dredge basin

1.74

Dredging at dredge basin

2.15

Dredging at intermediate transfer pit (ITP)

0.96

When compared to existing conditions of the acoustic environment, underwater noise levels
predicted to potentially result in behavioural responses during construction were comparable
to levels currently measured at Roberts Bank. Underwater noise levels measured at Roberts
Bank in 2013 and 2014 ranged from 98.1 dB re 1 µPa to 149.8 dB re 1 µPa with a mean of
119.5 dB re 1 µPa. Therefore, although underwater noise levels during construction may at
times exceed current existing levels, they are generally comparable. Mitigation measures to
reduce or eliminate potential effects to Steller sea lions from underwater noise produced
during construction are discussed in Section 14.7.1.1.
Operation Phase
Commercial vessel traffic is a major contributor to low-frequency chronic underwater noise,
and the effects of this disturbance on Steller sea lions are currently unknown (DFO 2010a).
Potential behaviour effects were predicted at levels above the NOAA threshold of 120 dB re
1 µPa 14.2 km from a transiting vessel and 22.0 km from a berthing vessel. However, when
compared to existing conditions of the acoustic environment, underwater noise levels
predicted to potentially result in behavioural responses during operation were comparable to
levels currently measured at Roberts Bank. Underwater noise levels measured at Roberts
Bank in 2013 and 2014 ranged from 98.1 dB re 1 µPa to 149.8 dB re 1 µPa with a mean of
119.5 dB re 1 µPa. See Appendix 9.8-A and Section 9.8 Underwater Noise for detailed
tables, figures, and a full description of results. Therefore, although underwater noise levels
during Project operation may at times exceed current existing levels, they are generally
comparable. Project traffic during operation will include 260 container ship calls per year out
of 12,706 total commercial marine vessels transiting the waters near Roberts Bank in 2030
(see Appendix 30-A for vessel number projections).
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Previous monitoring of underwater and in-air noise disturbance of seals and sea lions at
Race Rocks Ecological Reserve, B.C. from military training blasting of explosives has
indicated that behavioural changes, including movement off a haulout, were short term with
little or no long-term consequence for long-term use. After observable disturbance, animals
typically returned to the haulout shortly after, suggesting they are resilient to disturbance.
With repeated disturbance over a period of years, individuals continue to use Race Rocks as
habitat with no measureable effect on seal or sea lion populations (Demarchi 2010). Some
regulators have responded to seal presence in rivers with acoustic deterrent devices (ADDs)
to reduce seal foraging of fish, and seals have been observed to habituate to these ADDs
(SMRU 2014c). Habituation to noise has also been observed in seals and sea lions hauled
out on docks resting in direct proximity to regularly scheduled float planes in Victoria, B.C.
In locations with regular vessel traffic, harbour seals have been observed to habituate and
allow close approach by touring boats that repeatedly visit haulout locations (Bonner 1982,
Johnson et al. 1989).
Details on mitigating potential effects from changes to the acoustic environment are
provided in Section 14.7.1.
14.6.4.2

Physical Disturbance from Vessel Strikes

Vessel strikes may be fatal to a Steller sea lion, or an individual may recover. The chance of
a Project-related container ship, tug, or support vessel in striking a seal or sea lion within
Project scope and resulting in injury or mortality is very low and determined to be
negligible. Vessel strikes were not identified as a potential threat in the DFO Management
Plan for Steller sea lions and will not be assessed further.
14.7

MITIGATION MEASURES

Mitigation measures, including any standard practices or operating practices, as well as
management practices or measures developed to specifically avoid or reduce the potential
adverse effects of the Project on marine mammals are described below and summarised in
Table 14-21.
Selection of mitigation measures was informed by the following:


A review of mitigation measures and follow-up programs undertaken for past
developments at Roberts Bank (i.e., DP3) and other marine projects in Canada and
internationally, and effectiveness of those mitigations;



Regulator, public, and Aboriginal group input; and



An internal evaluation of technical and economic feasibility.
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14.7.1

Mitigation of Acoustic Disturbance

There are no formal regulations regarding underwater noise mitigation and marine
mammals. Guidelines for standard industry practices have evolved in Canada and
internationally. Guidance was initially developed for the mitigation of underwater noise
effects from geophysical seismic surveys (Weir and Dolman 2007; DFO 2004, 2010b).
Guidelines have been successfully used in the Port of Vancouver and extensively throughout
the world to mitigate the effects of underwater noise on marine mammals from seismic
surveys and a range of marine activities, including marine construction (see Weir and
Dolman 2007 and DFO 2010b for a review of mitigation use and effectiveness). After
reviewing existing guidelines and recommendations, and other relevant scientific literature
(i.e., Richardson et al. 1995, Johnson et al. 2007), a series of mitigation measures were
developed for the Project and are described below.
14.7.1.1

Mitigating Underwater Noise during Construction Activities

Mitigation measures that will be implemented during construction are outlined in sub-plans
described in Section 33.3 Construction Environmental Management Plans, including
the Environmental Training Plan (Section 33.3.2), Underwater Noise Management Plan
(Section 33.3.7), and Marine Mammal Observation Plan (Section 33.3.8),
These sub-plans will be implemented during Project construction to reduce or eliminate
potential adverse underwater noise-related effects to marine mammals resulting from
the Project. Details relevant to these sub-plans that pertain to marine mammals are
provided below.
Establishment and Monitoring of Buffer Distances
Areas of potential injury10 and disturbance described in Section 14.6.2.1 will be monitored
with marine mammal observers (MMOs) and through the use of underwater hydrophones to
reduce exposure of marine mammals to levels of underwater noise from construction
activities that could potentially result in hearing injury or adverse behavioural effects. The
areas to be monitored are referred to as buffer distances and are an area where Project
construction activities will be suspended or modified within the buffer distance to reduce or
eliminate potential effects to marine mammals. Detailed monitoring methods and buffer
distances will be determined in consultation with DFO.
10

Project activities that may result in acoustic injury are limited to impact pile-driving. If only vibratory methods
of pile driving are utilised during construction, acoustic modelling has predicted no potential for acoustic injury
to marine mammals.
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If a SARA-listed marine mammal is sighted by trained MMOs or detected acoustically with
hydrophones within the applicable buffer distance, the construction activity will be
suspended until the animal moves beyond the buffer distance and remains beyond the
buffer distance for 30 minutes. Hydrophones will detect vocalising marine mammals during
periods of poor visibility or darkness when in proximity to the buffer distance. Hydrophones
can also be calibrated to alert MMOs when noise threshold criteria have been reached to
avoid exposure of marine mammals to underwater noise levels with the potential to result in
injury or adverse behavioural effects. While the Marine Mammal Observation Plan has been
designed as an additional safeguard to protect cetaceans and species of conservation
concern, the intent of current Canadian practice (e.g., the Statement of Canadian Practice
with respect to the Mitigation of Seismic Sound in the Marine Environment; DFO 2007) is
not directed at mitigating underwater noise effects for non-SARA-listed pinnipeds.
Reducing Construction Noise
Noise-producing equipment and activities will, if possible, be gradually started to avoid
startling marine mammals and give them time to leave the area.
To minimise underwater noise, the Underwater Noise Management Plan outlines that noisy
equipment be shut down when not required and when being relocated and that equipment
and vessels, including propellers and hulls, will be properly cleaned and maintained to
minimise vibration and underwater noise. Underwater noise reduction and dampening
methods and technologies will be used to avoid or reduce potential effects on marine
mammals.
With the implementation of mitigation measures during construction, no detectable or
measureable residual adverse effects from Project generated underwater noise are
predicted for marine mammals (Table 14-21).
14.7.1.2

Mitigation of Underwater Noise during Operation Activities

No specific mitigation measures to reduce underwater noise during operation that may
result in residual behavioural or acoustic masking effects are proposed. A detectable or
measureable residual adverse effect from Project-generated underwater noise is anticipated
for marine mammals (Table 14-21).
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14.7.2

Mitigation of Physical Disturbance from Vessel Strikes during Operation
Activities

It is unlikely that a Project-related container ship, tug, or support vessel will strike a
marine mammal within PMV jurisdiction; however, PMV will implement measures within
its jurisdiction to reduce the risk of physical disturbance from vessel strikes during
Project operation. Measure include: 1) implementation of an Environmental Training Plan
(Section 33.4.2) in which vessel operators will be provided with site- and species-specific
guidelines, similar to those guidelines produced as a commitment from DP3; and 2)
distribution

of

Roberts Bank

a

marine

Area)

to

mammal

marine

awareness

pilots

working

pamphlet
within

(Marine
PMV

Mammals

jurisdiction.

of

the

With

the

implementation of mitigation measures during construction and operation, no detectable
or measureable residual adverse effects from vessel strikes are predicted for marine
mammals (Table 14-21).
Table 14-21

Summary of Mitigation Measures to Address Potential Adverse
Project Effects on Marine Mammals

#

Potential Effect

1

Change in acoustic
environment
resulting in
behavioural effects
or acoustic masking
for southern resident
killer whale, North
Pacific humpback
whale, and Steller
sea lion

2

Physical disturbance
from vessel strikes
for southern resident
killer whale and
North Pacific
humpback whale

Applicable
Phase(s)

Mitigation Measure

Detectable /
Measurable
Residual Effect

Construction

Construction Environmental
Management Plan and supporting
plans, including: Construction
Compliance Monitoring Plan;
Environmental Training Plan;
Underwater Noise Management Plan;
and Marine Mammal Observation
Plan.

No

Operation

No mitigation proposed.

Yes

Construction

Construction Environmental
Management Plan and supporting
plans, including: Construction
Compliance Monitoring Plan and
Environmental Training Plan.

No

Implementation of Operation
Environmental Management Plan and
supporting plan: Environmental
Training Plan.
Operation

Distribution of a marine mammal
awareness pamphlet, "Marine
Mammals of the Roberts Bank Area"
to marine pilots working within PMV
jurisdiction.

No
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14.8

CHARACTERISATION OF RESIDUAL EFFECTS AND CONTEXT

This section provides characterisation of the residual effect associated with changes to the
acoustic environment that cannot be fully mitigated, as summarised in Table 14-21. This
adverse residual effect to marine mammals was characterised by qualitatively assessing the
magnitude, extent, duration, reversibility, and frequency. Definitions for ratings applied to
residual effects criteria and developed with specific reference to marine mammals are
presented in Table 14-22.
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Table 14-22
Criteria

Criteria Used to Characterise Residual Effects on Marine Mammals
Description

Definition of Rating

Magnitude

Expected size or severity
of the residual effect

North Pacific Humpback Whale and
Steller Sea Lion
Low – Corresponds to measurable change
within the range of natural variability that
includes low-severity behavioural
disturbance responses to continuous noise
and is unlikely to affect population viability
or recovery.
Moderate – Corresponds to measurable
change beyond the range of natural
variability that includes moderate-severity
behavioural responses to continuous noise
and is unlikely to affect population viability
or recovery.
High – Corresponds to measurable change
beyond the range of natural variability that
includes high-severity behavioural responses
to continuous noise and is likely to affect
population viability or recovery.

Southern Resident Killer Whale
Low – Corresponds to measurable change
within the range of natural variability that
includes low-severity behavioural disturbance
responses to continuous noise and is unlikely to
affect SRKW life functions or critical habitat
features.
Moderate – Corresponds to measurable change
beyond the range of natural variability that
includes moderate-severity behavioural
responses to continuous noise and is unlikely to
affect SRKW life functions or critical habitat
features.
High – Corresponds to measurable change
beyond the range of natural variability that
includes moderate- and high-severity
behavioural responses to continuous noise and is
likely to affect SRKW life functions and critical
habitat features.

Extent

Spatial scale over which
the residual effect is
expected to occur

Site-specific – Limited to areas proximal to the Project area.
Local – Effects at Roberts Bank.
Regional – Effects within LAA.

Duration

Length of time over
which the residual effect
is expected to persist

Short-term – Confined to a period of minutes up to a day.
Medium-term – Confined to a period of days or months.
Long-term – Confined to a period of months or years.
Permanent – Effects present indefinitely.

Reversibility

Whether or not the
residual effect can be
reversed once the
physical work or activity
causing the effect ceases

Fully reversible – Indicator(s) will return to existing conditions after Project effects cease.
Partially reversible – Indicator(s) will trend toward, but may not return to existing conditions.
Irreversible – Indicator(s) will not return to existing conditions.

Frequency

How often the residual
effect is expected to
occur

Infrequent – Effect(s) occur once and are unlikely to occur repeatedly.
Frequent – Effect(s) occur repeatedly during Project construction or operation.
Continuous – Effect(s) occur continuously throughout the Project phases.
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Residual effects for marine mammals are defined in the context of resilience. Resilience is
defined as the capacity of a representative species to tolerate changes to its environment
that are outside of existing natural variability. Resilience and sensitivity are defined
as follows:


Low resilience or high sensitivity – Representative species is unable to tolerate
predicted changes and slowly returns or does not return to its unaffected state;



Moderate resilience or moderate sensitivity – Representative species is able to
tolerate predicted changes under some conditions; and



High resilience or low sensitivity – Representative species is able to tolerate
predicted changes and rebound quickly.

Due to the Endangered status of SRKWs under SARA, a lack of recovery of the population,
the loss of 10 individuals in the past four years – SRKWs are assumed to have high
sensitivity and low resilience to changes to their environment outside of natural variability.
In the case of SRKWs, individuals may also have high sensitivity and low resilience to
natural changes to their environment from existing variability.
The SARA status of humpback whales was recently proposed to change to Special Concern
from Threatened due to a strong growth rate and increasing population in the North Pacific
and B.C. waters (see Section 14.1.1). Despite this growth, this species remains listed
under SARA and therefore is assumed to have moderate resilience or moderate sensitivity,
and will likely be able to tolerate predicted changes to its environment.
Steller sea lions in B.C. are listed as Special Concern, primarily due to concern regarding
declines in the population in Alaska, the uncertainty regarding this decline, and the potential
for the status of sea lions to change in B.C. in the future. Although the Steller sea lion
populations in B.C. and in proximity to the Project are considered healthy, a precautionary
and conservative approach assumes that they have moderate resilience and moderate
sensitivity to changes to their environment.
14.8.1

Characterisation of Acoustic Disturbance from Operational Noise

Increased underwater noise produced during operational activities by container ships and
support tugs, including approaching and departure, as well as berthing and unberthing could
result in an adverse residual effect to marine mammals. Ratings for criteria and supporting
rationale for the criteria rating for this residual effect are summarised in Table 14-23.
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Table 14-23

Summary of Criteria
Operational Noise

Ratings

Criteria
Rating

Criteria

Disturbance

from

Rationale for Criteria Rating

Low-Moderate

Low

North Pacific humpback whales and Steller sea lions: A measurable
change, but within the range of natural variability that will not
affect population recovery or viability.

Regional

Duration

Acoustic

SRKWs: A measurable change within or beyond the range of
natural variability including low- and moderate-severity
behavioural responses to continuous noise unlikely to affect
SRKW life functions or critical habitat features.

Magnitude

Extent

for

Short-term

Area where Project operation could result in behavioural effect or
acoustic masking.
SRKWs: Analysis of killer whale behavioural studies suggest
moderate-severity behavioural responses last approximately 25
minutes.
North Pacific humpback whales and Steller sea lions: Duration of
behavioural effects is less than 0.5 hour.

Frequency

Frequent

Behavioural effects to individuals could occur repeatedly during
approaching/departure and berthing/unberthing of container ships
and use of associated support vessels.

Reversibility

Reversible

Behaviour of individuals from increased underwater noise return
to expected conditions after effects from berthing/unberthing
and/or approaching/departure cease.

14.8.1.1

Southern Resident Killer Whale

Approximately

260

container

ships

(i.e.,

260

ship

calls

per

year

out

of

12,706 total commercial marine vessels transiting the waters near Roberts Bank in 2030
(Appendix 30-A)) will call on RBT2 per year with approach and departure as well as
berthing and unberthing activities lasting approximately 1.3 hours. Future underwater noise
levels and zones of potential behavioural disturbance to SRKWs were predicted for
Project activities during terminal operation within the Project scope (see Figure 14-6 and
Figure 14-7).
Models and studies were conducted to examine and quantify the extent of these potential
residual behavioural and acoustic masking effects to SRKW from underwater noise produced
during

Project

operation

and

during

existing

conditions

(Appendix

14-B).

These

behavioural responses are predicted to occur approximately 3% of the year when annual
average underwater noise from operation is predicted to exceed average existing conditions
(see Figure

14-8).

The

difference

between

behavioural

responses

and

acoustic

masking predicted during existing conditions and from Project operation was small
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(see Table 14-15). Studies predicted that the small amount of behavioural responses will
be of short duration and reversible. Analysis of the behaviour of NRKWs indicates that
measurable low- and moderate-severity behavioural responses to underwater noise lasts
approximately 5 and 25 minutes, respectively, before an individual’s behaviour returns to
that prior to disturbance. Modelling also predicted that although individuals will experience
behavioural effects or acoustic masking, these effects are not substantially different from
existing conditions and are not predicted to affect the predicted population growth rate
(see Table 14-16). Therefore, predicted behavioural responses and acoustic masking are
not predicted to harm an individual or adversely affect the life functions of individual
animals, including foraging, mating, resting, or socialising. The difference between existing
conditions and conditions with the Project are unlikely to result in effects to individuals that
could adversely affect their ability to survive or reproduce.
14.8.1.2

North Pacific Humpback Whale

Humpback whales are not common in the LAA or RAA. If a humpback whale does occur in
the LAA, it will be exposed to Project-related underwater noise, which could potentially
result in behavioural responses. These responses are anticipated to be of short duration and
reversible. Given the low use of the LAA by humpback whales (and other baleen whale
species), residual effects to these species from the Project are considered unlikely.
14.8.1.3

Steller Sea Lion

Underwater noise from operational activities, including berthing and transiting, will result in
potential behavioural effects to Steller sea lions. Steller sea lions occur in the LAA and RAA
and will be regularly exposed to underwater noise from operation. If behavioural responses
occur, they will likely be short-term, of short duration, and reversible. No rookeries or
major haulouts occur in the LAA, and the Project is unlikely to result in residual effects to
the population.
14.8.2

Context of Residual Effects

The context of the residual effect anticipated from underwater noise generated during the
operation phase is provided below for each of the three representative species.
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14.8.2.1

Southern Resident Killer Whale

Southern resident killer whale is Endangered and their population has struggled to recover
since the end of live capture of approximately 47 individuals in the 1960s and 1970s.
Furthermore, 10 individuals have died in the past four years, and the population has
decreased from 87 individuals to 78 individuals (as of January 5, 2015 (CWR 2015); the
direct cause for this decline is unknown. Fisheries and Oceans Canada has identified a
number of historical and current threats, including physical and acoustic disturbance, the
availability of prey, and environmental contamination (see Section 14.5.1.4 for more
information). The role of past activities, such as live capture, and the ongoing effects of
existing conditions, including the threats identified by DFO on the lack of recovery of SRKW
population, is uncertain.
As discussed in Section 14.6.2.1, whale-watching vessel presence has been linked to
short-term behavioural changes in resident killer whales and the Lombard effect
(i.e., increases in the duration and volume of their calls to overcome masking effects (Erbe
2002, Foote et al. 2004, DFO 2011a)). Population-level consequences from the Lombard
effect observed during these studies were inconclusive (Trites et al. 2002, DFO 2011a).
Although modelling of underwater noise from existing commercial vessel traffic identified
relatively high levels of underwater noise, and large numbers of SRKW behavioural
responses and

acoustic

masking

(Appendix

14-B),

a

population

consequence

of

disturbance model (PCOD) found that low-severity and moderate-severity behavioural
responses, as well as auditory masking during existing conditions did not change the
survival or reproductive rates of individual SRKW (see Appendix 14-C). However, large
confidence intervals in this prediction allow for the possibility that current levels of
underwater noise from commercial vessel traffic is reducing the ability of SRKW to
successfully forage on Chinook salmon and that this reduction of foraging is limiting
population recovery. Furthermore, small recreational and commercial vessels, such as
whale-watching vessels, were not included in predictions of behavioural responses, acoustic
masking, or population-level effects of existing underwater noise, and as a result, effects of
existing underwater noise on SRKW may be under-estimated.
Recent research suggests that inadequate levels of prey may be influencing SRKW
population dynamics (DFO 2011a, Ayres et al. 2012, Hilborn et al. 2012). Trends in the
birth and mortality rates of SRKWs were found to be correlated with each other, and related
to fluctuations in the abundance of Chinook salmon, but not chum salmon (Ford et al. 2005,
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2009, 2010b; Ward et al. 2009, Hanson et al. 2010, Ayres et al. 2012, Hilborn et al. 2012).
As discussed in Section 14.5.1.4, Fraser River Chinook salmon stocks have experienced
depressed production in recent years (DFO 2011a). In addition to reduced Chinook
abundance, the quality of individual fish appears also to have declined over recent decades.
Average weights of Chinook salmon in nine populations from B.C. to California declined by
up to 45% between 1975 and 1993 (Bigler et al. 1996). The nutritional yield of each
Chinook salmon is therefore substantially less today than it was in past years, which may
have an effect on the overall foraging energetics of resident killer whales (DFO 2011a). An
independent Canada-U.S. science panel concluded that on a broad scale, salmon abundance
will likely influence the recovery of the whales, but that there was a great deal of
uncertainty about whether current fisheries remove enough salmon to have a meaningful
influence on the whales’ status (Hilborn et al. 2012).
Although PCBs are declining in the marine environment within SRKW critical habitat and
reaching steady state in biota over time, as observed in harbour seal pups (Ross et al.
2013), they continue to biomagnify in regional food webs and therefore remain a major
toxicological concern for killer whales (Cullon et al. 2005, Cullon et al. 2012, Alava et al.
2012). A large body of evidence links PCB exposure to disease and reproduction problems in
marine mammals, such as potentially affecting thyroid hormone levels, mimic or offset
reproductive processes, and alter immune disease response (NOAA 2014). High levels of
existing pollutants in SRKW may be preventing the population from increasing at the rate
required for recovery (NOAA 2014).
14.8.2.2

North Pacific Humpback Whale

Under past and existing levels of underwater noise, humpback whale have made a dramatic
recovery with a growth rate of 4.9% to 6.8% annually (DFO 2013b). Humpback whales are
occasionally use the LAA and RAA, and potential residual behavioural effects from Project
operation will likely not jeopardise the survival or recovery of this species.
14.8.2.3

Steller Sea Lion

Under past and existing levels of underwater noise, Steller sea lion have made a dramatic
recovery, with a growth rate of 3.2% annually (DFO 2010a). Steller sea lions occur in the
LAA and RAA, but no rookeries or major haulouts are located in these areas. Potential
residual behavioural effects from Project operation will likely not jeopardise the survival or
recovery of this species.
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14.9

DETERMINATION OF SIGNIFICANCE OF RESIDUAL ADVERSE EFFECTS

This section provides a determination of significance for the residual effect on the marine
mammals VC.
14.9.1

Significance Definition

A significant adverse residual effect was defined separately for SRKW (Section 14.9.1.1),
and North Pacific Humpback whales and Steller sea lions (Section 14.9.1.2).
Likelihood of the residual effect was based on professional judgement, with unlikely effects
defined as those having a low probability of occurring, and likely effects having a higher
probability of occurring. A low level of confidence is assigned to effects predictions with little
or no empirical site-specific data, whereas a moderate level of confidence is assigned to
predictions that are based on site-specific data sources such as predictive model outputs
and published literature. A high level of confidence is assigned to predictions that have
direct, site-specific quantitative data to support the prediction.
14.9.1.1

Southern Resident Killer Whale

A significant adverse residual effect to SRKWs is one that:
1. Affects one or more individuals; or
2. Results in a change to critical habitat such that a feature would not be available
when needed for an SRKW life function,
either to the extent which could jeopardise survival or recovery of the species.
14.9.1.2

North Pacific Humpback Whale and Steller Sea Lion

A significant adverse residual effect to North Pacific Humpback whales (and all baleen
whales) and Steller sea lion (and all seals and sea lions) is one that would jeopardise the
survival or recovery of the species.
14.9.2

Significance Determination

Marine mammals, if and when they occur in the LAA, may be exposed to underwater noise
during Project operation. This interaction between marine mammals in the LAA and the
Project has the potential to result in behavioural effects or acoustic masking. The
significance of this acoustic disturbance effect is discussed for each representative species
below, along with the likelihood of the residual effect, and the level of confidence associated
with the determinations of significance and likelihood.
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14.9.2.1

Southern Resident Killer Whales

This assessment has concluded that acoustic disturbance to SRKWs from Project operation
(i.e., 260 ship calls per year out of 12,706 total commercial marine vessels transiting the
waters near Roberts Bank in 2030; Appendix

30-A: Table B-3), is of low to

moderate magnitude, regional extent, and short-term duration, and frequent and reversible
(Table 14-23). Although moderate-severity behavioural responses are predicted from the
Project and its associated shipping, the amount over existing conditions in the LAA is
approximately 1.5 hours per whale per year. These RBT2 estimates included conservative
assumptions including approximately 100 non-RBT2 vessels associated with increases in
traffic at the existing Roberts Bank terminals, RBT2-traffic including EEE-class container
ships and four tugs, and RBT2-associated shipping traffic outside of PMV jurisdiction. In
conclusion, RBT2 container ship calls will occur 260 times per year and be of short duration,
therefore acoustic disturbance from Project operation over and above existing conditions is
unlikely to affect individual SRKWs such that the survival or recovery of the species is
jeopardised. Therefore, residual adverse acoustic disturbance to SRKWs from the Project is
expected to be not significant. Confidence in this determination is considered moderate.
This rating is based on the extensive site- and SRKW-specific studies (e.g., SRKW-specific
behavioural effect thresholds), modelling, and conservative assumptions incorporated into
this assessment.
Changes in Critical Habitat Features
This assessment has concluded that all three of the critical habitat features (acoustic
environment, the availability of prey, and water and sediment quality) will not be affected
by the Project when needed by individuals for their life functions of foraging, mating,
resting, or socialising. Destruction of SRKW critical habitat from the Project is therefore not
anticipated (as per the definition of critical habitat destruction provided in Section 14.1.1)
and the Project will not limit the survival or recovery of SRKW.
14.9.2.2

North Pacific Humpback Whale

North Pacific Humpback whales (and other baleen whales) are uncommon in the LAA;
therefore, behavioural effects from operational noise are unlikely. Should a humpback whale
or other baleen whale occur in the LAA, it has the potential to experience underwater noise
from Project operation activities, which may result in short-term and reversible changes in
behaviour or communication masking. Such effects are not anticipated to affect the
humpback whale population and its recovery; therefore, residual effects from Project
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operation on humpback whales are considered not significant. Confidence in this
determination is high, and is based on the known low use of humpback whales of the LAA
and the recent increases in this population.
14.9.2.3

Steller Sea Lion

Effects on Steller sea lion (and other pinnipeds and seals) will be short-term and reversible
and will not result in residual effects that will threaten the survival of the population. Such
effects are not anticipated to affect the Steller sea lion population and its recovery;
therefore, residual effects from Project operation are considered not significant. Confidence
in this determination is high, and is based on the known low use of Steller sea lions of the
LAA and the recent increases in this population.
14.9.2.4

Marine Mammal Valued Component Summary

Effects from the Project on SRKW (toothed whales), baleen whales (North Pacific humpback
whale), and pinnipeds (Steller sea lion) are considered to be not significant. For the reasons
described above, the adverse residual effect of the Project to marine mammals is
determined to be not significant. The residual effect is anticipated to be likely, and the level
of confidence in these determinations is moderate (Table 14-24). This non-significant
effect is carried forward in the cumulative effects assessment (Section 14.10).
Table 14-24

Summary of Significance Determination of Residual Effects for
Marine Mammals

Residual Effect
Change in acoustic
environment resulting in
behavioural disturbance
during operation phase.

14.10

Significance
(significant /
not significant)

Likelihood of
Residual Effect
(likely/unlikely)

Level of Confidence
(low/moderate/high)

Not Significant

Likely

Moderate

CUMULATIVE EFFECTS ASSESSMENT

The residual effect to marine mammals to be evaluated in the cumulative effects
assessment is behavioural effects or acoustic masking resulting from increases in
underwater noise associated with Project operation. This residual effect could potentially
combine with effects experienced from past projects and activities and behavioural effects
from underwater noise produced by other expected, certain and reasonably foreseeable
projects and activities, as the affected animal travels through the RAA, resulting in a
cumulative effect.
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This section describes the assessment of potential total cumulative effects on marine
mammals. The cumulative effects assessment examines the potential for the Project-related
residual effect to combine with effects from past and present projects and activities, and
effects of other expected, certain and reasonably foreseeable projects and activities that will
be carried out in the future. Expected projects are described in Section 3.4.3 Projects
Contributing to Expected Conditions and other certain and reasonably foreseeable
projects and activities are identified in Table 8-8 Project and Activity Inclusion List.
The residual effect of the underwater noise generated during Project operation including
marine vessel traffic within Project scope, is likely to combine with the effects of other
projects and activities, including underwater noise from incremental marine vessel traffic
outside PMV jurisdiction (Section 9.8.8 Underwater Noise, Future Conditions with and
without the Project and Other Certain and Reasonably Foreseeable Projects and
Activities).
Table 14-25 identifies the other certain (including expected projects) and reasonably
foreseeable projects and activities that could interact with a Project-related residual effect
on marine mammals and result in a cumulative effect.
Table 14-25

Potential Incremental Effects of Other Certain and Reasonably
Foreseeable Projects and Activities on Marine Mammals

Other Certain or
Reasonably Foreseeable
Project or Activity

Description of Traffic Activity with Regional
Assessment Area

Fraser Surrey Docks Direct
Coal Transfer Facility

Marine vessel traffic increase is projected to be 500
barges and 80 bulk vessels per year.

Gateway Pacific Bulk
Terminal at Cherry Point

Marine vessel traffic increase is projected to be 500
barges and 80 bulk vessels per year.

Kinder Morgan Pipeline
Expansion Project

Marine vessel traffic increase is projected to be 350
additional tankers per year.

Vancouver Airport Fuel
Delivery Project

Marine vessel traffic increase is projected to be 12
additional tankers and 48 barges per year.

Neptune Terminals Coal
Expansion

Marine vessel traffic associated with this expected
project includes 60 bulkers.

Richardson International
Grain Storage Capacity
Project

Marine vessel traffic associated with this expected
project is 12 bulkers.

Pacific Coast Terminals

Marine vessel traffic associated with this expected
project is 104 chemical carriers.

Incremental Marine Vessel
Traffic Associated with RBT2

Marine vessel traffic increase is projected to be 260
container vessels per year.

Potential
Incremental
Effects

Behavioural
effects of
acoustic
masking from
underwater
noise
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Rationales for the exclusion of other certain and reasonably foreseeable projects and
activities from the assessment of cumulative effects for marine mammals are provided in
Appendix 14-A.
14.10.1

Cumulative Interactions and Potential Cumulative Effects

This section identifies the potential interactions between Project-related residual effects and
the effects of past projects and activities and other expected, certain, and reasonably
foreseeable projects and activities. The potential cumulative effects resulting from these
interactions are described below.
Due to the Endangered status of SRKWs under SARA and a lack of recovery of the
population, it is reasonable to assume that past projects and activities that have been
carried out have had a significant adverse effect to SRKW. Cumulative effects to SRKW from
the contribution of acoustic disturbance from Project operation, in combination with past
projects and activities that have been carried out, therefore, are anticipated to remain
significant. Considering this assumption, the following subsections describe potential
cumulative effects from underwater noise produced during Project operation and other
certain and reasonably foreseeable projects and activities, listed in Table 14-25. Acoustic
modelling conducted for this assessment focussed on SRKW, as described below.
14.10.1.1 Southern Resident Killer Whale
To examine the potential cumulative effects of acoustic disturbance (behavioural effects and
echolocation masking) on SRKWs from the Project and future commercial vessel traffic,
several acoustic models were conducted in the RAA (Appendix 14-B and Appendix 14-C).
Each model and its key outcomes are presented below.
Underwater Noise Exposure and Acoustic Masking Model
To evaluate potential cumulative underwater noise exposure and acoustic masking effects to
SRKWs, three temporal conditions were evaluated in the cumulative effects assessment
area (see Appendix 14-B) including:


Existing conditions (2012);



Future conditions with other certain or reasonably foreseeable projects without the
Project (2030) (including existing and expected conditions); and



Future conditions with other certain or reasonably foreseeable projects with the
Project (2030) (including existing and expected conditions).
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Predictions of Project-related effects in this cumulative effects assessment are considered to
be conservative for the following reasons:


Expected conditions (approximately 100 vessels per year at Roberts Bank) are
included in the model, in addition to the 260 container ships per year anticipated for
RBT2;



A worst-case scenario of a EEE-class container ship approaching and berthing with
three tugs and a line boat has been assumed;



Project container ship traffic outside the scope of the Project throughout the RAA has
been included; and



The contribution of potential effects from small recreational and commercial vessels
was not included in the underwater noise models, including commercial whalewatching vessels.

It is unlikely that a Project-related behavioural effect would combine with effects from
underwater noise produced by other commercial vessel traffic to result in a cumulative
effect throughout the entire RAA, and the area of cumulative effects is expected to be much
smaller. However, even without a spatial and temporal overlap of potential Project effects
with effects from other reasonably foreseeable projects, there could be a potential
cumulative adverse health effect of repeated reduction of foraging throughout the critical
habitat. Therefore, to be careful and precautionary in this cumulative effects assessment, as
well as to provide valuable information regarding potential effects of commercial vessel
traffic within SRKW critical habitat, results will be presented for the entire RAA.
Results of the models for behavioural effects and echolocation masking and population
effects of disturbance for SRKWs are discussed below.
Behavioural Effects
As stated above, an SRKW could experience a behavioural effect in the LAA from
underwater noise produced during Project operation. This residual effect could potentially
combine with behavioural effects from underwater noise produced by commercial vessel
activities, resulting in a cumulative effect occurring outside the LAA.
Within the LAA, a median of 207 low-severity (17.25 hours) and 90 moderate-severity
behavioural responses (37.50 hours) were predicted for each individual SRKW per year
during existing conditions without RBT2 (Table 14-26). Note that this estimate of
behavioural effects does not include small vessel traffic, including whale-watching traffic.
With the addition of underwater noise from Project operation and vessel traffic associated
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with all certain and foreseeable projects and activities (including RBT2 vessel traffic), there
was a predicted increase of 13 low-severity (1.08 hour) and 5 moderate-severity
behavioural responses (2.08 hours) per whale per year. These increases represent a
combined cumulative effect from Project operation and other projects and activities that
have been and will be carried out within the LAA. However, the Project’s contribution to this
total increase in low-severity and moderate-severity behavioural responses in LAA was
0.50 hours (0.027%) and 1.28 hours (0.032%). Due to high levels of variability, it was
difficult to determine the difference between the numbers of low and moderate-severity
behavioural responses between these three temporal scenarios (Appendix 14-B).
Within the RAA, a median of 1,482 low-severity and 624 moderate-severity behavioural
responses

were

predicted

for

each

individual

SRKW

per

year

under

existing

conditions (Table 14-26). With the addition of underwater noise from Project operation and
vessel traffic associated with all other certain and reasonably foreseeable projects
and activities (including incremental shipping traffic calling on RBT2), there was an increase
of 105 low-severity

(8.75

hour)

and

33

moderate-severity

behavioural

responses

(13.75 hours) from existing conditions, per whale per year. However, the Project’s
contribution

to

this

total

increase

in

low-severity

and

moderate-severity

behavioural responses in the cumulative effects assessment area was 2.67 hours (2.0%)
and 6.25 hours (2.2%).
Due to high levels of variability in predictions, the difference between the numbers of low
and moderate-severity behavioural responses between these three temporal scenarios was
difficult to determine (see Appendix 14-B). Under the most conservative scenario, which,
as stated above, is unlikely, this increase represents Project-related behavioural effects
from underwater noise, combined with effects from underwater noise from commercial
vessel activity due to certain and reasonably foreseeable commercial vessel traffic in the
entire RAA.
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Table 14-26

Number of Behavioural Responses and Median
Behavioural Disturbance per Year per Whale in
Assessment Area and Regional Assessment Area

Hours of
the Local

Behavioural Severity Response
Assessment
Area

Local
Assessment
Area

Regional
Assessment
Area

Predicted
Behavioural
Responses

Median
number of
responses per
whale per
year
Predicted
hours of
disturbance
per whale per
year
Median
number of
responses per
whale per
year
Predicted
hours of
disturbance
per whale per
year

Low
Existing

No
Project
+ All

Moderate
Project
+ All

Existing

No
Project
+ All

Project
+ All

207

214

220

90

92

95

(76; 478)

(80; 490)

(82; 501)

(28; 205)

(29; 208)

(30; 214)

17.25

17.83

18.33

37.50

38.30

39.58

1,482

1,556

1,587

624

642

657

(1,082;
2,680)

(1,144;
2,801)

(1,167;
2,855)

(417;
1,100)

(432;
1,129)

(444;
1,154)

123.50

129.58

132.25

260.00

267.50

273.75

Echolocation Masking
For information on acoustic masking and acoustic masking modelling see Section 14.6.2.1
and Appendix 14-B.
Acoustic masking of SRKW echolocation clicks was assumed to occur if a low- or moderateseverity behavioural response was predicted; however, levels of underwater noise may at
times not result in a direct behavioural effect to SRKWs, but acoustic masking of
echolocation signals can occur. The amount of time was estimated that masking of SRKW
echolocation clicks would occur, in addition to acoustic masking during low-severity and
moderate-severity behavioural responses, in the LAA and RAA from underwater noise
produced during existing conditions and during future conditions with the Project and
commercial vessel traffic from certain and reasonably foreseeable projects and activities
(Table 14-27).
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Table 14-27

Masking of Southern Resident Killer Whale Echolocation Clicks in
the Local Assessment Area and Regional Assessment Area
Hours of Masking
per Whale per Year

Assessment Area

Local Assessment Area
Regional Assessment
Area

Percent of Year with Masking

Existing

No
Project
+ All

Project
+All

Existing

No
Project
+ All

Project
+ All

6.42

7.50

7.57

0.07%

0.09%

0.09%

32.77

37.02

37.40

0.37%

0.42%

0.43%

Within the LAA, 6.42 hours of additional acoustic masking was predicted for each individual
SRKW per year during existing conditions (Table 14-27), in addition to masking occurring
during low-severity and moderate-severity behavioural responses. With the addition of
underwater noise from Project operation and vessel traffic associated with all certain and
foreseeable projects and activities (including RBT2 shipping traffic), an increase of
1.15 hours of acoustic masking of echolocation clicks from existing conditions is predicted,
per whale per year. However, the Project contribution to this increase in masking in the LAA
and RAA was 0.07 hours (0.009%) and 0.38 hours (0.010%). This increase represents a
combined cumulative effect from both Project operation and other projects and activities
that will be carried out within the LAA. All temporal scenarios had high levels of
variability that

introduced uncertainty

in the difference in

masking

between

them

(see Appendix 14-B).
Within the RAA, 32.77 hours of acoustic masking of echolocation clicks was predicted for
each individual SRKW per year during existing conditions (Table 14-27), in addition to
masking occurring during low-severity and moderate-severity behavioural responses. With
the addition of underwater noise from Project operation and vessel traffic associated with all
certain and reasonably foreseeable projects and activities (including incremental shipping
traffic calling on RBT2), there was an increase of 4.63 hours of acoustic masking from
existing conditions, per whale per year, in addition to masking occurring during low-severity
and moderate-severity behavioural responses. This increase represents Project-related
operation acoustic masking effects from underwater noise combined with effects from
underwater noise from commercial vessel activity from certain and reasonably foreseeable
commercial vessel traffic in the entire RAA.
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Population Consequence of Disturbance Model
For information on the PCOD model see Section 14.6.2.1 and Appendix 14-C. Results of
the PCOD model showed that predicted low-severity and moderate-severity behavioural
responses, as well as auditory masking during existing conditions and future conditions with
and without the Project, as well as with certain and reasonably foreseeable projects and
activities, did not change the survival or reproductive rates of individual SRKW from existing
conditions. No change is therefore predicted to the relative growth rate or size of the
population (Table 14-28). Since there was little difference in the number of acoustic
disturbances of acoustic masking estimated for each future case, this prediction is expected.
This prediction of no changes to individual SRKW vital rates or the population as a whole is
in line with previous PCOD modelling, which found that a predicted increase in vessel traffic
in the Moray Firth, Scotland, did not affect the population of bottlenose dolphins (Tursiops
truncatus) found in the area (New et al. 2013a).
Table 14-28

Population Consequence of Disturbance Model Predictions in the
Local Assessment Area and Regional Assessment Area for Southern
Resident Killer Whales
Local Assessment Area

Mean Survival

Mean Fecundity

Mean Population
Growth Rate
Relative Change in
Population Size in
20 Years
Note:

Regional Assessment Area

Existing

No
Project
+All

Project +
All

Existing

No
Project +
All

Project +
All

0.97

0.97

0.97

0.97

0.97

0.97

(0.95,
0.99)

(0.95,
0.99)

(0.95,
0.99)

(0.95,
0.98)

(0.95,
0.98)

(0.94,
0.98)

0.034

0.034

0.034

0.033

0.033

0.03

(0.016,
0.058)

(0.016,
0.059)

(0.016,
0.059)

(0.016,
0.055)

(0.015,
0.054)

(0.015,
0.051)

1.01

1.01

1.01

1.0

1.0

1.0

(0.97,
1.04)

(0.97,
1.04)

(0.97,
1.03)

(0.97,
1.04)

(0.97,
1.04)

(0.96,
1.03)

0.0
-

(-0.45,
0.83)

0.0
-

(-0.52,
0.60)

The predicted difference in the population size in 20 years relative to existing conditions is also presented.
A negative value indicates that the predicted value was less than the existing conditions scenario. All
values are provided with 95% confidence intervals.
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Cumulative Effects of Acoustic Disturbance on Southern Resident Killer Whale
Critical Habitat
Potential cumulative effects of underwater noise on critical habitat features during Project
operation include changes to the acoustic environment, which resulted in behavioural effects
and acoustic masking. However, the difference in acoustic environment changes from
existing conditions and cumulative effects from the Project as well as future certain and
reasonably foreseeable projects did not result in harm to an individual SRKW or behavioural
effects or acoustic masking that are likely to affect features of SRKW critical habitat or
SRKW life functions. Modelling of PCOD determined that there was no statistically significant
difference in survival, fecundity (reproduction rate), or population growth of SRKWs
between existing and future conditions with the Project and future certain and reasonably
foreseeable projects and activities.
14.10.1.2 North Pacific Humpback Whale
A cumulative effect on humpback whale could occur within the RAA (Southern Strait of
Georgia, Haro Strait, Rosario Strait). The residual effect of Project operation on baleen
whales, including marine vessel traffic within the Project scope, is likely to combine with the
effects of other projects and activities, including underwater noise from incremental marine
vessel traffic outside PMV jurisdiction (Figure 14-1, see Section 9.8.8 Underwater
Noise, Future conditions with and without the Project and Other Certain and
Reasonably Foreseeable Projects and Activities).
14.10.1.3 Steller Sea Lion
A cumulative effect on Steller sea lion (and all seals and sea lions) could occur within the
RAA (Southern Strait of Georgia, Haro Strait, Rosario Strait). The residual effect of Project
operation on seals and sea lions, including marine vessel traffic within Project scope, is
likely to combine with the effects of other projects and activities, including underwater
noise from incremental marine vessel traffic outside PMV jurisdiction (Figure 14-1,
see Section 9.8 Underwater Noise).
14.10.2

Mitigation Measures for Cumulative Effects

Mitigation measures for Project effects have been described in Section 14.7. No additional
mitigation measures are proposed to reduce the identified adverse cumulative effects of the
Project on marine mammals because effects do not differ significantly from those occurring
during existing conditions.
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14.10.3

Characterisation of Residual Cumulative Effects and Context

The residual cumulative effect pertaining to behavioural effects or acoustic masking
associated with underwater noise is described below. Definitions for rates applied to residual
effect criteria are provided in Table 14-22, and Table 14-29 summarises the criteria
rating for the predicted residual cumulative effect.
Table 14-29
Criteria

Summary of Criteria Ratings for the Residual Cumulative Effect
Criteria
Rating
LowModerate

SRKW: A measurable change outside natural variability, including
low- and moderate-severity behavioural responses to continuous
noise, unlikely to affect SRKW life functions or critical habitat
features.

Low

Humpback whale and Steller sea lion: A measurable change, but
within the range of natural variability that will not affect population
recovery or viability.

Regional

Area where residual effects from Project operation could combine
with cumulative effects resulting in behavioural effect or acoustic
masking.

Magnitude

Extent

Duration

Rationale for Criteria Rating

Short term

SRKW: Analysis of killer whale behavioural studies suggest
moderate-severity behavioural responses last approximately
25 minutes.
Humpback whale and Steller sea lion: Approximately 0.5 hour.

Frequency

Frequent

Behavioural effects to individuals could occur repeatedly during
transiting, berthing, and unberthing of container ships, and
associated support vessels.

Reversibility

Reversible

Behaviour of individuals from increased underwater noise return to
existing conditions after causal activities cease.

14.10.4

Significance Determination for Residual Adverse Cumulative Effects

Studies were conducted to inform the assessment of cumulative effects of Project operation
underwater noise in combination with certain and foreseeable projects and activities to
SRKW. As noted previously, this included all commercial vessel traffic throughout the RAA
(but did not include recreational or small commercial vessels such as whale-watching
vessels), including incremental vessel traffic associated with RBT2. The contribution of
acoustic disturbance from the Project in combination with certain and reasonably
foreseeable projects and activities is considered unlikely to affect individual SRKWs such
that the survival or recovery of the species is jeopardised.
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As stated previously, due to the Endangered status of SRKWs under SARA and a lack of
recovery of the population, it is reasonable to assume that past projects and activities that
have been carried out have had a significant adverse effect to SRKW. Therefore, the
cumulative contribution of acoustic disturbance from Project operation, past projects and
activities that have been carried out, and certain and reasonably foreseeable projects that
will be carried out, are expected to remain significant to SRKW. Due to the minor
contribution of the Project to cumulative effects (i.e., 260 ship calls out of 12,706 total
commercial

marine

vessels

transiting

the

waters

near

Roberts

Bank

in

2030

(Appendix 30-A), it is concluded that all three of the critical habitat features (acoustic
environment, availability of prey, and water and sediment quality) will not be affected by
the Project contribution to cumulative effects, when needed by individuals for their life
functions of foraging, mating, resting, or socialising. Destruction of SRKW critical habitat
from the Project is therefore not anticipated (as per the definition of critical habitat
destruction provided in Section 14.1.1) and the Project contribution to cumulative effects
will not limit the survival or recovery of the SRKW population.
Confidence in the likelihood of this residual cumulative effect and the SRKW-specific
determination of significance that cumulative effects of underwater noise from past projects
and activities, certain and reasonably foreseeable projects and activities, and effects
from the Project during operation is high. This rating is based on the extensive site- and
SRKW-specific studies (e.g., SRKW-specific behavioural effect thresholds), modelling, and
conservative assumptions incorporated into this assessment.
North Pacific Humpback Whales, Steller Sea Lions, and Other Toothed Whales
(other than SRKWs)
Humpback whales (and other baleen whales) are uncommon in the LAA; therefore,
cumulative behavioural effects from Project operational noise, combined with effects from
other certain and reasonably foreseeable projects, are unlikely. Potential cumulative effects
are not anticipated to affect the humpback whale population and its recovery; therefore,
cumulative effects of underwater noise on humpback whales are considered not significant.
Confidence in this determination is high, and is based on the known low use of humpback
whales of the LAA and the recent increases in this population.
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Cumulative effects on Steller sea lion (and other pinnipeds and seals) and other toothed
whales other than SRKW will be short-term and reversible and will not result in residual
cumulative effects that will threaten the survival of the population. Such effects are not
anticipated to affect populations; therefore, cumulative effects are considered not
significant. Confidence in this determination is high, and is based on the known use of the
LAA and stability in populations.
Past projects and activities that have been carried out are not considered to have had a
significant adverse effect to toothed whales other than SRKW. Therefore, the contribution of
acoustic disturbance from Project operation, in combination with past projects and activities
that have been carried out, and certain and reasonably foreseeable projects that will be
carried out, is not anticipated to result in a significant cumulative effect to toothed whales
other than SRKW.
Due to the determination of significant effects to SRKW due to projects and activities that
have been carried out, in combination with the Project and other certain and foreseeable
activities - this assessment concludes that for the marine mammal VC, there is an overall
significant residual cumulative effect from changes in the acoustic environment during
operation. The likelihood of this residual cumulative effect and level of confidence in the
determinations of significance and likelihood are summarised in Table 14-30.
Table 14-30

Summary of Significance Determination of Residual Cumulative
Effects for Marine Mammals

Residual Cumulative
Effect
Change in acoustic
environment resulting in
behavioural effects or
acoustic masking from
the Project and past and
certain and foreseeable
projects and activities

14.11

Significance
(significant /
not significant)

Likelihood of
Residual
Cumulative Effect
(likely/unlikely)

Level of Confidence
(low/moderate/high)

Significant
(considering past,
present, and future
cumulative effects)

Likely

High

SUMMARY OF RESIDUAL EFFECTS AND RESIDUAL CUMULATIVE ENVIRONMENTAL EFFECTS

Table 14-31 summarises the residual effects and residual cumulative effects anticipated to
result from Project operation.
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Table 14-31

Summary of Potential
Cumulative Effects

Project

Residual Effects
Residual Effect

Magnitude, Extent,
Duration, Reversibility,
Frequency

Change in acoustic
environment
resulting in
behavioural effects
or acoustic
masking during
operation phase.

Low-Moderate,
Regional,
Short-term,
Reversible,
Frequent

14.12

Residual

Effects

and

Residual

Residual Cumulative Effects

Significance

Magnitude, Extent,
Duration, Reversibility,
Frequency

Significance

Not
Significant

Low-Moderate,
Regional,
Short-term,
Reversible,
Frequent

Significant
(considering
past,
present,
and future
cumulative
effects)

MONITORING AND FOLLOW-UP PROGRAMS

Monitoring and follow-up programs will occur before (if warranted), during, and after the
construction of the Project, with details to be further determined collaboratively with
regulatory agencies, including DFO. Section 33.3.1 Environmental Management
Program, Construction Compliance Monitoring Plan and Section 33.4.1 Operation
Compliance Monitoring Plan outline the compliance monitoring requirements for both
phases. Section 33.5 Roberts Bank Terminal 2 Follow-up Program outlines the
purpose of the program and provides additional specifics relevant to this VC.
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14.13
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15.0 Coastal Birds Assessment Highlights:
•

Potential Project-related effects to coastal birds include acoustic and visual
disturbances during construction, loss of subtidal habitat for diving birds, and
mortality of barn owl from vehicle collisions near the rail tie-ins and emergency
access road at the east end of the causeway.

•

Project-related effects can be fully mitigated through the implementation of
environmental management plans and the creation of habitat, except for residual
productivity loss associated with loss of subtidal habitat for diving birds.

•

The Project is not expected to result in any significant adverse residual effects to
coastal birds.

•

The Project is not expected to result in measurable incremental adverse
cumulative effects to coastal birds.

15.0 COASTAL BIRDS EFFECTS ASSESSMENT
This section presents the results of the assessment of potential Project-related and
cumulative effects on coastal birds. The rationale for selection of coastal birds as a VC,
assessment boundaries, and existing conditions relevant to coastal birds are described.
Assessment findings, including identification of Project-related interactions and effects,
proposed approaches to mitigation, evaluation of residual Project-related and cumulative
effects, and determination of significance are presented. Monitoring and follow-up programs
to be conducted with respect to coastal birds are also described.
This section addresses VC-specific information requirements identified in the EIS Guidelines
part 2, section 9.1.6, and provides the following:


Description of ecosystems used by migratory birds and by federally or provincially
listed birds likely to be affected by the Project;



Description of the regional, continental, and global importance of Roberts Bank for
migratory birds;



Description of abundance, distribution, and life stages of migratory and nonmigratory birds in the area, including waterfowl, raptors, shorebirds, and marsh
birds;



Characterisation of year-round migratory bird use of the area (e.g., over-wintering,
spring migration, breeding season, fall migration);



Characterisation of the way moon phase and existing artificial light affects bird
distribution at the Project site;



List of all potential or known bird species at risk that may be affected by the Project;
and



Description of the contaminant loading in bird species whose contaminant loadings
may be affected by the Project.
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This assessment was guided by information and procedures detailed in the Canadian Wildlife
Service’s A Framework for the Scientific Assessment of Potential Project Impacts on Birds
(Hanson et al. 2009).
15.1

COMPONENT OVERVIEW AND REGULATORY SETTING

Coastal birds play an important role in the ecology of the Fraser River estuary, of which
Roberts Bank is a part. The Fraser River estuary is one of the most important ecosystems
for overwintering and migrating birds in Canada, supporting large proportions of numerous
species’ continental or global populations (BirdLife International et al. 2012). The Roberts
Bank area is also recognised as an important location for coastal birds, supporting an
abundance and diversity of species annually, including greater than one million western
sandpipers (Calidris mauri), up to 20,000 Pacific dunlin (Calidris alpina ssp. pacifica), tens of
thousands of waterfowl, and a high diversity and abundance of raptors (Butler and Vermeer
1994, Fernández et al. 2010, Environment Canada 2013, Drever et al. 2014, Hemmera
2014a, b).
Aboriginal groups value coastal birds for social and ceremonial purposes, and several
species are hunted by Aboriginal and non-Aboriginal hunters. Additionally, large numbers of
birdwatchers are attracted to the region. Based on studies in other jurisdictions,
contributions to the regional economy are likely considerable (Kerlinger 1993, USFS 2004).
The regulation, management, and protection of coastal birds occurs primarily through the
following:


The Species at Risk Act (SARA);



The Committee on the Status of Endangered Wildlife in Canada (COSEWIC);



The Migratory Bird Convention Act, 1994 (MBCA);



The B.C. Wildlife Act;



Canada-British Columbia Agreement on Species at Risk;



The B.C. Conservation Data Centre (CDC);



B.C. Ministry of Environment’s (MOE) Conservation Framework; and



Parks and protected management and conservation areas (e.g., Roberts Bank,
Sturgeon Bank, and Boundary Bay Wildlife Management Areas (MFLNRO 1991, 1998,
2011, B.C.MFLNRO 1995); Alaksen National Wildlife Area; George C. Reifel Migratory
Bird Sanctuary; Fraser River Delta Ramsar Wetland Site (Ramsar Convention 2013);
Important Bird Area (IBA Canada 2012); and Western Hemisphere Shorebird
Reserve Network (WHSRN 2005). See Section 3.0 Geographical Setting.
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Twenty-one bird species are considered to be of conservation concern provincially (i.e., Red
or Blue-listed) or federally (i.e., Endangered, Threatened, or Special Concern) in the Fraser
River estuary. Listed species known to occur within the Roberts Bank area on an annual
basis and their conservation status are provided in Appendix 15-A: Coastal Bird Species
of Conservation Concern with the Potential to Occur in the Local Assessment Area.
15.2

SELECTION OF COASTAL BIRDS VALUED COMPONENT

The selection of the coastal birds followed a three-step selection process as set out in
Section 8.1.2 Effects Assessment Methods, Selection of Valued Components.
Coastal birds are considered a VC in this environmental assessment because they:


Occur in and near the Project area;



Have the potential to interact with Project components and activities;



May be vulnerable to cumulative disturbance from the Project in combination with
other projects and activities;



Are of conservation and ecological importance;



Are of interest to Aboriginal groups, the public, and stakeholders; and



Have been identified by regulatory agencies and scientific experts as important.

The Project Interaction Matrix (Appendix 8-B) was used to identify interactions between
Project activities and coastal birds. Project construction activities that could interact with
coastal birds include tug basin dredging, use of the intermediate transfer pit (ITP) to store
terminal fill, terminal construction, and causeway widening. The Project is expected to cause
indirect interactions including changes in tidal circulation, physical water properties,
sedimentation, and erosion, plus a change in habitat availability and quality, potentially
affecting coastal birds. Operational activities that could interact with coastal birds include
disturbance through the transiting of ships to and from the port, terminal lighting, and
mortalities due to collisions with vehicles and vessels.
In addition to federal and provincial regulations and policies that provide for the
management of coastal birds, bird species of interest were identified through discussions
with regulators and Aboriginal groups, input from scientific experts during the ShorebirdBiofilm Technical Advisory Group (TAG) process, and engagement with public and local
governments (see relevant subsections in Section 7.0 Engagement and Consultation),
and professional judgement. For subsequent statements in this section pertaining to
professional judgement or reliance, the names and qualifications of the individuals making
that judgement are listed at the beginning of Volume 3.
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Changes to other VCs that provide habitat and food for coastal birds and contribute to their
productivity

include

marine

vegetation

(Section

11.0),

marine

invertebrates

(Section 12.0), and marine fish (Section 13.0). Changes to these VCs will ultimately be
driven by either a direct loss through footprint effects or indirectly through changes in ICs
such as coastal geomorphology, and sediment and water quality. The association between
other ICs and VCs and coastal birds is outlined in Table 8-1 Intermediate Component
and Valued Component Linkages. Other mechanisms that can influence coastal bird
productivity include underwater and above-ground noise and vibration, artificial light, and
visual disturbances.
15.2.1

Sub-components

Coastal birds represent a broad and diverse group of species with differing life history
strategies and varying potential for interaction with the Project. For example, a diving
waterbird such as western grebe (Aechmophorus occidentalis) will use the Project area in
different ways than barn owl (Tyto alba). Because the nature of the interaction is different,
potential effects and mitigation approaches may also be different.
Life history strategies and habitat requirements of all coastal bird species with the potential
to occur in the assessment area were investigated, and the resulting comprehensive species
list was screened to focus the assessment on species of regulatory, conservation, scientific,
or cultural importance. Criteria used to select representative species satisfied one or more
of the following criteria: 1) listed under Schedule 1 of SARA; 2) migratory birds as defined
under the MBCA (1994); 3) listed as Red or Blue provincially (Canada-B.C. Agreement on
Species at Risk); 4) assessed by COSEWIC; 5) ranked as Priority 1 in the B.C. Conservation
Framework; 6) identified as valued by Aboriginal groups or stakeholders; and 7) identified
as important by the scientific community and regulatory agencies (e.g., TAG).
Species meeting the threshold criteria were assembled into one of seven sub-components
based on their life history strategies and potential interaction with the Project. A subcomponent is a group of species that are similar in nature, occupy comparable habitat
types, play similar ecological roles, or are affected by the Project in analogous ways. Finally,
13 representative species (i.e., proxies for other species within a sub-component) were
selected to facilitate data presentation, interpret potential effects, and represent species
diversity. Rationales for selection of sub-components and representative species are
provided in Table 15-1.
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Table 15-1

Sub-components for Coastal Birds

Sub-components

Representative
Species

Pacific dunlin
(Calidris alpina)
Shorebirds
Western
sandpiper
(Calidris mauri)

American
wigeon
(Anas
americana)
Waterfowl
Brant
(Branta
bernicla)

Herons

Great blue heron
(Ardea herodias
ssp. fannini)

Surf scoter
(Melanitta
perspicillata)
Diving Birds

Western grebe
(Aechmophorus
occidentalis)

Rationale for Selection
 Recommended by the TAG as good indicators of
change;
 Potential to be directly and indirectly affected by
Project;
 Roberts Bank is important for migrating and
overwintering shorebirds;
 Conservative estimates of 500,000 western sandpipers
use the Roberts Bank annually during migration, and
5,000 to 20,000 dunlin during the winter;
 Good historical data on distribution and abundance;
and
 Both species are protected under MBCA.
 Recommended by the TAG as good indicators of
change;
 Ecologically dependent on Roberts Bank;
 Roberts Bank is an important migratory stopover and
wintering site with more than 10,000 birds (wigeon)
annually;
 Largely feed on marine vegetation and invertebrates,
which could potentially be affected by Project
development;
 American wigeon represents other waterfowl species
with similar ecological requirements;
 Both species are protected under MBCA;
 Brant is Blue-listed provincially; and
 Brant primarily feed on eelgrass when in the local
assessment area (LAA).
 Recommended by the TAG as good indicator of change;
 Ecologically dependent on Roberts Bank;
 Consistently present in relatively high numbers and
good historical data available on distribution and
abundance;
 Potential changes to habitats (e.g., eelgrass, intertidal
marsh) that support prey could affect herons;
 Represent other fish-eating bird species;
 Listed as Blue provincially, and Special Concern under
SARA (Schedule 1); and
 Protected under MBCA.
 Potential changes to habitats (e.g., eelgrass, intertidal
marsh, pilings, rocky habitat) that support food could
affect diving birds;
 Represent other species that eat fish and marine
invertebrates;
 Surf scoter is Blue-listed provincially;
 Western grebe is Red-listed provincially and Special
Concern by COSEWIC; and
 Protected under MBCA.
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Sub-components

Representative
Species

Rationale for Selection
 Important to Aboriginal groups;

Bald eagle
(Haliaeetus
leucocephalus)

 Bald eagle and peregrine falcon recommended by the
TAG as good indicators of change;
 Good historical data for bald eagle and peregrine
falcon;
 Project area is within one of the largest overwintering
areas for eagles in North America;

Barn owl

Raptors

(Tyto alba)

Peregrine falcon
(Falco
peregrinus ssp.
anatum)

 Project could affect prey for eagles (e.g., fish and
waterfowl) and falcons (e.g., shorebirds);
 Portion of the Project near the east end of the
causeway could affect barn owls through increasing
vehicular traffic as barn owls often hunt adjacent to
roads and are periodically struck by vehicles;
 Barn owl is Blue-listed provincially, Special Concern by
SARA (Schedule 1), and Threatened by COSEWIC;
 Peregrine falcon (ssp. anatum) is Red-listed
provincially, and Special Concern by SARA (Schedule
1); and
 Protected under B.C. Wildlife Act.

Caspian tern
(Hydroprogne
caspia)
Gulls and Terns

Glaucouswinged gull
(Larus
glaucescens)

 Caspian tern is Blue-listed provincially;
 Caspian tern is representative of other fish-eating
species;
 Gulls and terns are of cultural importance to Aboriginal
groups; and
 Protected under MBCA.
 Large diversity of passerines documented in LAA;

Barn swallow
Passerines

(Hirundo
rustica)

 Barn swallows forage over intertidal mudflats and could
be affected by Project;
 Frequently observed within LAA and use
anthropogenic structures for nesting;
 Listed as Blue provincially and Threatened by
COSEWIC; and
 Protected under MBCA.

15.2.2

Indicators

Indicators are measureable parameters that provide a means of determining a Projectrelated change to a VC. Indicators chosen for coastal birds and the rationale for their
selection are presented in Table 15-2. A summary of the indicators used for the different
sub-components is provided in Table 15-3.
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Table 15-2
Indicator

Indicators for Coastal Birds
Rationale for Selection
 Indicator for all seven sub-components, except passerines;
 Ecosystem-level and area-wide approach to assessing Project-related effects;

Modelled
Productivity
(biomass)

 Integrates Project-related effects across disciplines, and incorporates local, fieldcollected, and literature-based knowledge;
 Indicates ecosystem health and contributes to ongoing productivity of the Fraser
River estuary; and
 Practical, measurable, and predictable parameter that will reflect potential
changes to VC in response to the Project.
 Contributes to ongoing productivity of Fraser River estuary;

Abundance

 Incorporates local and regional data used in other environmental assessments;
and
 Practical, measurable, and predictable parameter that will reflect potential
Project-related changes to VC.
 Contributes to ongoing productivity of Fraser River estuary;

Density
(number of
birds/area)

Species
Diversity
Distribution

 Incorporates local and regional data used in other environmental assessments;
and
 Practical, measurable, and predictable parameter that will reflect potential
Project-related changes to VC.
 Incorporates local and regional data used in other environmental assessments;
and
 Practical, measurable, and predictable parameter that will reflect potential
Project-related changes to VC.
 Rationale as for Diversity above
 Fraser River estuary and Roberts Bank provide an abundance of food and are
relatively safe from predators (i.e., falcons);

Foraging
Opportunity
(energy/area)

Suitable
Habitat Area
(habitat
quantity)

Contaminant
Levels

 Foraging opportunity is a measure of amount of food available to shorebirds in
relation to predation risk; and
 Changes in foraging opportunity can be modelled pre and post Project
construction, and changes to resources available to shorebirds and potential
effects can be assessed.
 Contributes to ongoing productivity of Fraser River estuary;
 Incorporates local and regional data used in other environmental assessments;
 Useful for identifying priority areas for mitigation; and
 Practical, measurable, and predictable parameter that will reflect potential
Project-related changes to VC.
 Relevant to other sub-components and human health in terms of trophic
linkages;
 Practical and measureable parameter that will reflect potential changes to VC in
response to the Project; and
 Incorporates local and regional data used in other environmental assessments.
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Suitable
Habitat Area

Contaminant
Levels

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Distribution

X

Diversity

X

Density

X

Sub-component

Abundance

Foraging
Opportunity

Indicators Applicable to Coastal Birds Sub-components
Productivity

Table 15-3

Shorebirds

X

X

X

X

X

Waterfowl

X

X

X

X

Herons

X

X

X

Diving Birds

X

X

Raptors

X

Gulls and Terns

X

Passerines

15.3

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
coastal birds, and any administrative or technical boundaries that may apply.
15.3.1

Spatial Boundaries

The local assessment area (LAA), regional assessment area (RAA), and cumulative effects
assessment area for coastal birds are defined in Table 15-4, and shown in Figure 15-1,
Figure 15-2, and Figure 15-3, respectively.
Table 15-4

Spatial Boundary Definitions for Coastal Birds

Spatial Boundary

Description of Assessment Area

Local assessment
area (LAA)

Roberts Bank, from the north side of the B.C. Ferries Terminal causeway to
Canoe Passage, and from the high-water mark to –100 m chart datum (CD).
Includes all areas where Project-related effects (direct or indirect) to coastal
birds are expected to occur, and is based on life history information and
spatial extent of Project-related influences (e.g., levels of acoustic impact or
disturbance, total suspended solids (TSS) levels, sediment dispersion
predictions).
Informed by current and past data from Roberts Bank, and current use for
traditional purposes by Aboriginal groups.

Regional
assessment area
(RAA)

The LAA at Roberts Bank plus, Roberts Bank North (west of Westham
Island), the Fraser River South Arm Marshes, Sturgeon Bank north to the
Iona Jetty, Boundary Bay, and adjacent agricultural habitat extending 8 km
inland.

Cumulative
Effects
Assessment Area

The RAA plus the Strait of Georgia south to Cherry Point, west to the east
side of the Gulf Islands, and north to Howe Sound, Burrard Inlet, and the
Fraser River east to the Port Mann Bridge.
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The LAA (approximately 6,110 ha) encompasses the area within which the Project is
expected to interact with and potentially have an effect on coastal birds. In determining LAA
boundaries, consideration was given to the nature and characteristics of coastal birds
(e.g., foraging mode, habitat usage), historical and current traditional use activities, and
documented distribution and abundance. The extent of potential changes to physical
processes affecting habitat attributes (e.g., water column salinity and sediment distribution)
and the maximum extent of potential adverse effects were also considered. The LAA also
possesses the same boundaries as the Roberts Bank ecosystem model (referred to as
ecosystem model from here on) to aid in assessment of potential effects.
The RAA was established to provide a regional context for the assessment of Project-related
effects. The cumulative effects assessment area was established to encompass the area
within which the Project-related residual effects on coastal birds are likely to combine with
the effects of other projects and activities to result in a cumulative effect.
15.3.2

Temporal Boundaries

Temporal characteristics of the Project’s construction and operation phases are defined in
Section 4.0 Project Description. The temporal boundaries established for the assessment
of adverse Project-related effects on coastal birds encompass these Project phases.
The assessment to characterise existing conditions was reflective of the year 2014, when
coastal bird studies were completed in the LAA. Changes to coastal birds related to Project
operation were assessed for the horizon year 2031 as the representative year of this phase,
as this is when the Roberts Bank ecosystem is predicted to reach equilibrium following
construction of the terminal containment dykes (i.e., approximately a decade after terminal
footprint construction). Refer to Section 10.3 Biophysical Setting, Overview of
Assessing Ecosystem Productivity for more information on the Roberts Bank ecosystem
model.
Temporal characteristics specific to coastal birds (e.g., migration periods, overwintering
periods, etc.) are described in Section 15.5.
15.3.3

Administrative Boundaries

To encompass potential effects from the Project, the LAA follows the –100 m chart datum
(CD) contour line and crosses the Canada-U.S.A. border. Permits to collect data within the
U.S.A. were not acquired and surveys were not conducted outside of Canada. Bird
abundance and use of subtidal waters in the U.S.A. were assumed to be similar to those
documented in Canada.

Page | 15-9

PORT METRO VANCOUVER | Roberts Bank Terminal 2
15.3.4

Technical Boundaries

Technical boundaries relevant to this assessment include the following:


Sampling at pre-determined locations was occasionally confounded by access issues
and health and safety concerns relating to tides and tidal channels. Where
appropriate, additional sampling locations were created ad hoc, as close to the
primary point as possible;



Shorebird foraging opportunity models were constructed for the migration and
overwintering periods to determine current and future distribution and abundance of
food relative to site safety within the LAA and RAA. While sediment grain size is
highly correlated with shorebird foods (i.e., benthic and epifaunal invertebrates and
biofilm), wave height, a parameter highly correlated with sediment grain size, was
used as a proxy because of technical constraints in modelling (see Appendix 15-B
Shorebird Foraging Opportunity during Migration and Appendix 15-C
Overwintering Dunlin Foraging Opportunity); and



Certain limitations are inherent in mass balance models. The ecosystem model
described in Section 10.3 Overview of Assessing Ecosystem Productivity (and
supporting Appendices 10-B Roberts Bank Ecopath with Ecosim and Ecospace
Model Parameter Estimates and 10-C Roberts Bank Ecosystem Model
Development and Key Run) required the input of many parameters. Where data
were not available, input values were adapted from ecosystem models for other
sites, or were based on available literature and professional judgement, which
introduces some uncertainty. In recognition of this uncertainty, a number of
sensitivity analyses were conducted, as described the results of which are
incorporated in the final results as described in Section 10.3.3 Ecosystem Model
Process and Appendix 10-D Roberts Bank Spatial Ecosystem Model
Sensitivity Analysis.

15.4

INFORMATION SOURCES

Extensive reviews were undertaken to characterise the ecology and habitat preferences of
coastal birds at Roberts Bank. Literature and data sources included the following:


Publicly available Aboriginal traditional knowledge (e.g., (LGL Limited and
Tsawwassen Fisheries Department 2012, 2013, Blakley et al. 2012, 2013),
workshops with Tsawwassen First Nation (TFN) and Musqueam First Nation, and ATK
from Project-specific studies related to current use (described in Section 32.0
Potential or Established Aboriginal and Treaty Rights and Related Interests).



Books, academic journals, scientific literature, and consultant and government
technical reports;



Databases (e.g., Fisheries and Oceans Canada (DFO) WAVES Catalogue; CDC;
COSEWIC Wildlife Species Database; Coastal Resource Information Mapping System;
B.C. Marine Conservation Atlas ; SARA registry);
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Previous environmental assessments and monitoring programs (e.g., Deltaport Third
Berth (DP3)); and



Expert opinion.

Coastal birds in the Roberts Bank area have been studied for several decades. Previous
studies relevant to and considered in this assessment include the following:


Shorebird (i.e., western sandpiper and dunlin) migration and stopover ecology
(Butler et al. 1987, Wilson 1994, Paulson 1995, Warnock and Gill 1996, Iverson et
al. 1996, Butler and Lemon 2001, Ydenberg et al. 2002, 2004, Mathot and Elner
2004, O’Hara et al. 2006, Pomeroy 2005, O’Hara et al. 2005, Pomeroy et al. 2006,
2008, Mathot et al. 2007, Fernández and Lank 2008, Fernández et al. 2010,
Fernandez et al. 2010, Hope et al. 2011);



Shorebird diet (Sutherland et al. 2000;,Mathot and Elner 2004, Elner et al. 2005,
Nebel 2005, Mathot et al. 2007, Stein et al. 2008, Fernández and Lank 2008, Kuwae
et al. 2008, 2012, Mathot et al. 2012, 2010, Beninger et al. 2011, Jarnie et al.
2012);



Overwintering shorebird habitat use of intertidal mudflats and agricultural areas
(Shepherd et al. 2003, Shepherd and Lank 2004, Evans-Ogden et al. 2005, 2008a,
b, Zharikov et al. 2009, Hentze 2012);



Western sandpiper and dunlin genetics (Wenink et al. 1993, 1996, Wenink and Baker
1996, Wennerberg 2001, Buhler and Baker 2005, Marthinsen et al. 2007, EnríquezParedes et al. 2012);



Western sandpiper migratory connectivity (Lank et al. 2007, Franks et al. 2012);



Great blue heron natural history and demography in the Lower Mainland (Elliott et al.
1989, Norman et al. 1989, Butler 1991, 1993, 1995, 1997, Gebauer and Moul 2001,
Vennesland 2009);



Raptors (e.g., peregrine falcon) habitat use, abundance, and predator-prey
interactions (Dekker 1995, 1998, Dekker and Ydenberg 2004, Ydenberg et al. 2004,
2007, Lank et al. 2007, Dekker et al. 2012);



Coastal waterbird distribution and abundance (Butler and Campbell 1987, Butler and
Cannings 1989, Sullivan 1992, Butler 1992, Butler and Vermeer 1994, Vermeer et al.
1994, Page et al. 1999, Butler and Lemon 2001, Butler et al. 2002, Michalak 2004,
Morrison et al. 2006, Badzinski et al. 2008, Hemmera et al. 2008, 2009, 2010, 2011,
Hemmera 2009a, Andres et al. 2012, National Audubon Society 2014); and



Effects from overhead transmission lines on birds at Roberts Bank terminals and
causeway (Roe and Williams 1984, Burger and Cassidy 1995, Cassidy et al. 1998,
Next 2005).
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15.4.1

Desktop and Field Studies

In 2012, PMV initiated field, desktop (i.e., literature review), and modelling studies on
coastal

birds

to

support

Project

planning,

environmental

assessment,

and

future

management. Building on available information, these studies were designed to address
known data gaps, as well as issues and interests of Aboriginal groups, stakeholders, and the
public, while providing a framework from which before-after-control-impact (BACI) study
programs could be implemented to assess Project-related effects (Smit et al. 1993, Hanson
et al. 2009). Table 15-5 provides a summary description of the studies completed that
informed the characterisation of existing conditions and Table 15-6 summarises the studies
that contributed to predictions of Project-related effects, and are provided as an appendix to
this section.
Some studies pertaining to coastal birds were reviewed through the Shorebirds-Biofilm TAG
process, which convened both local and international experts during four workshops to
discuss known data gaps, review study objectives, and scrutinise methodologies. Refer to
Section 7.4 Technical Advisory Group Process (2012 to 2013) for further details.
Study approaches were reviewed and adapted to strengthen scientific methods and provide
robust results. Meetings were also held with regulatory agencies, such as the Canadian
Wildlife Service (CWS), to obtain feedback on study approaches and subsequently on study
results.
Table 15-5

Coastal Birds Studies to Support the Assessment

Study Name

Shorebird
Abundance and
Foraging Use in the
Fraser River estuary
during Migration
(Hemmera 2014c)

Migratory
Connectivity of
Western Sandpipers
using the Fraser
River Estuary
(Hemmera 2014d)

Study Purpose

Report
Accessible at:

 Identify areas within the Fraser River estuary that host
the highest concentrations of foraging shorebirds
during migration;
 Assess the density and distribution of shorebird use of
intertidal habitat across the Fraser River estuary;
 Assess the nocturnal distribution of sandpipers in
relation to artificial light from Roberts Bank terminals;
and

RBT2 website1

 Determine if/how artificial light affects nocturnal usage
of the intertidal habitat around the terminals by
foraging shorebirds.
 Identify the major wintering regions from which
western sandpipers using Roberts Bank and the Fraser
River estuary originate; and
 Determine the relative number of wintering regions
represented by the western sandpiper population in
the Roberts Bank area.

RBT2 website
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Report
Accessible at:

Study Name

Study Purpose

Genetics of Western
Sandpipers Using
Fraser River Estuary
during Northward
Migration

 Determine if western sandpipers visiting Roberts Bank
are genetically differentiated from those that visit
other areas of the Fraser River estuary.

RBT2 website

 Describe and compare the proportion of biofilm and
other diet components consumed by western
sandpipers across the Fraser River estuary.

RBT2 website

(Hemmera 2014e)
Western Sandpiper
Diet Composition
(Hemmera 2014f)

Abundance and
Distribution of
Overwintering
Shorebirds in the
Fraser River Estuary
(Hemmera 2014g)

Genetics of Pacific
Dunlin
Overwintering
Populations
(Hemmera 2014h)
Pacific Dunlin
Regional
Distribution Study
(Hemmera 2014a)
Nocturnal
Agricultural Habitat
Use by Dunlin
(Hemmera 2013a)
Coastal Waterbird
Distribution and
Abundance Study
(Hemmera 2014b)
Upland Waterbirds
Study
(Hemmera 2014i)

Effects of Overhead
Transmission Lines
and Vehicular Traffic
on Birds
(Hemmera 2014j)

 Determine the number, distribution, and concentration
of shorebirds at sites across the Fraser River estuary
(i.e., Roberts Bank, Sturgeon Bank, and Boundary
Bay) over the overwintering period; and
 Assess the nocturnal distribution of overwintering
dunlin in relation to environmental variables to
develop a model capable of predicting use across the
Fraser River estuary under current and future
conditions.

RBT2 website

 Determine if genetic structure exists among dunlin
within the Fraser River estuary and whether dunlin
overwintering at Roberts Bank and the Fraser River
estuary are genetically differentiated from other
overwintering populations (e.g., California and
Mexico).

RBT2 website

 Evaluate the importance of the Fraser River estuary
and Roberts Bank to overwintering Pacific dunlin
compared to the entire wintering range.

RBT2 website

 Investigate the influence of climatic and habitat
factors on the nocturnal distribution of overwintering
dunlin.

RBT2 website

 Determine the abundance, distribution, and density of
coastal waterbirds (e.g., heron, shorebird, waterfowl,
cormorant, loon, grebe, gull, and tern) in the vicinity
of Roberts Bank terminals to identify areas of high use
and importance.

RBT2 website

 Assess the presence and distribution of non-breeding
waterbirds during the winter in the terrestrial
environments of the study area.

RBT2 website

 Determine the number, species, and behaviour of
birds crossing the transmission lines and Roberts Bank
causeway;
 Document the number, species, chronology, and
spatial distribution of human-caused bird fatalities in
the study area; and

RBT2 website

 Calculate the annual mortality rate of bird species and
sub-components resulting from anthropogenic causes.
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Study Name

Study Purpose

Barn Owl Habitat
Suitability, Habitat
Use, Site Occupancy
and Collision Study
(Hemmera 2014jk)

Wintering Raptor
Study
(Hemmera 2014m)

Report
Accessible at:

 Understand barn owl habitat suitability and habitat use
in and around the existing road and rail right-of-way
corridor in the vicinity of the LAA;
 Estimate the number and spatial distribution of barn
owls killed or injured by collisions with vehicles and
trains; and

RBT2 website

 Estimate the number and spatial distribution of active
nest and roost sites.
 Assess the presence, abundance, and distribution of
diurnal wintering raptors using habitats in the vicinity
of the LAA.

RBT2 website

Note 1. RBT2 website available at http://www.portmetrovancouver.com/RBT2/environmental assessment.

Table 15-6

Coastal Birds Studies Contributing to Project-related Predictions

Study Name

Shorebird Foraging
Opportunity during
Migration
(LGL and Hemmera
2014a)

Overwintering
Dunlin Foraging
Opportunity
(LGL and Hemmera
2014b)
Assessment of
Changes to
Predation Risk to
Shorebirds
(Hemmera 2014)

Study Purpose
 Model food (i.e., biofilm and benthic invertebrates)
available to foraging shorebirds under different levels
of predation risk (collectively termed foraging
opportunity) under existing conditions at Roberts Bank
and the Fraser River estuary; and

Report
Accessible at:

Appendix 15-B

 Model how changes in physical factors, such as water
velocity, wave height, and salinity, will affect foraging
opportunity with construction of RBT2.
 Model food (i.e., benthic invertebrates) available to
foraging dunlin under different levels of predation risk
during existing conditions at Roberts Bank and the
Fraser River estuary; and

Appendix 15-C

 Model how changes in physical factors such as water
velocity, wave height, and salinity will affect foraging
opportunity with construction of RBT2.
 Assess falcon presence and predatory pressure on the
shorebird population within the LAA, and whether
RBT2 construction would change the site safety level
of the intertidal mudflats

Appendix 15-D

Descriptions of the data management, analysis, mapping, and modelling methods for these
coastal birds studies are discussed in each of the documents identified in Table 15-5 and
Table 15-6.
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15.5

EXISTING CONDITIONS

This section describes the existing conditions of coastal birds, and the surrounding
environment and factors influencing coastal birds. For detailed descriptions of Aboriginal
historic and current traditional use of coastal birds, refer to Section 32.2 Current Use of
Land and Resources for Traditional Purposes Assessment.
15.5.1

Overview

Ecological context for coastal birds is provided in Section 10.0 Biophysical Setting.
An estimated 1.4 million birds representing more than 250 species, including waterfowl,
shorebirds, seabirds, great blue herons, songbirds, and raptors, use Roberts Bank and the
Fraser River estuary annually (Butler and Campbell 1987, Toochin 1994, Mol 2002, B.C.
Waterfowl Society 2013, Hemmera 2014b) (Figure 15-4). Tsawwassen First Nation
territory was known as a place to harvest waterfowl, and traditionally TFN have hunted for
birds along their foreshore (Quadra Planning 1995). The abundance of birds from each subcomponent of this VC varies throughout the year. Many of the bird groups are most
abundant either during northward (April to May) and southward (September to November)
migratory periods or during winter (November to March). For most groups, summer (June to
August) represents a time of lowest use of the area. Exceptions are herons, passerines, and
gulls and terns, which are common in the summer.
Figure 15-4

Sub-component

Mean Annual Abundance of Bird Groups within 1 km of the Roberts
Bank Terminals, Roberts Bank
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Shorebirds
Waterfowl
Heron
Diving waterbirds
Raptors
Gull and Terns
Passerines

Note: Line Thickness Increases by a Factor of 10 at Each Step, with the Thinnest Line Equaling 1 to
10 Birds and Scaling to greater than 10,000 Birds.

The high use of Roberts Bank and the Fraser River estuary by coastal birds predates current
human development. One of the primary anthropogenic influences potentially affecting
coastal bird use of the LAA was the construction of the B.C. Ferries and Westshore terminals
and their associated causeways in 1961 and 1969, respectively (Sutherland et al. 2013).
Construction of the terminals not only removed important intertidal mudflats used by
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various coastal birds, it also altered physical factors in the environment, such as water flow
patterns, salinity regimes, and sediment deposition patterns that influence the maintenance,
creation, and distribution of marine habitats used by many bird species. For example,
eelgrass within the LAA has increased dramatically since 1967, which is likely due to the
Roberts Bank causeway deflecting the silty Fraser River plume (increasing light availability),
and the B.C. Ferries Terminal causeway protecting eelgrass from southeasterly winter
storms (Durance 2004) (see Section 11.5.1 Marine Vegetation, Existing Conditions,
Eelgrass). Eelgrass is an important food source for numerous coastal bird species and
provides habitat for many fish and invertebrate species preyed on by birds (see Sections
15.5.3 to 15.5.9).The expansion of eelgrass, however, benefits some bird species, but not
all. For example, eelgrass provides valuable feeding habitat for waterfowl, great blue heron,
and piscivorous diving birds, but decreases non-vegetated mudflat habitat important to
shorebirds. Similar to eelgrass, tidal marsh has also expanded in the LAA. Despite dredging
activities and installation of river-training structures to decrease sedimentation rates, Hales
(2000) estimated a 123% increase in intertidal marsh area at Brunswick Point from 1930 to
1994 (see Section 9.5.6 Coastal Geomorphology, Existing Conditions). Similar to
eelgrass, the expansion of tidal marsh has benefited numerous bird species, but has
removed valuable habitat for others (see Sections 15.5.3 to 15.5.9).
Despite these alterations, the LAA continues to support a diverse and abundant bird
community. Additionally, negative effects to birds from recent development appear to be
minor. For example, bird use of the LAA prior to, during, and after the construction of DP3,
from 2007 to 2009, did not appear to have an adverse effect on coastal bird abundance or
habitat within the LAA (Hemmera et al. 2009 to 2013), as diversity and abundance
estimates documented from 2003 to 2013 were consistent with previous studies conducted
in the Fraser River estuary (Butler 1992, Butler and Vermeer 1994, Badzinski et al. 2008).
The population trends, ecology, and habitat use within the LAA and Fraser River estuary of
each sub-component are discussed in Sections 15.5.3 to 15.5.9.
15.5.2

Food Web

Along with marine fish (Section 13.0) and marine mammals (Section 14.0), coastal birds
are one of the ultimate receptors in the Project-related effects pathways, and represent one
of the highest groups in the ecosystem’s food chain. A simplified food web illustrating
linkages between coastal bird sub-components and other VCs is provided in Figure 15-5.
Detailed descriptions of the diets of sub-components and representative species are
presented in Sections 15.5.3 to 15.5.9.
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Figure 15-5

Food Web Displaying Linkages between Coastal Bird, Marine Fish,
Marine Invertebrate, and Marine Vegetation Sub-components

Note: Numbers indicate trophic levels.

15.5.3
15.5.3.1

Shorebirds
Overview

Shorebirds are the most abundant group of birds in the Fraser River estuary (Butler and
Cannings 1989, Butler and Vermeer 1994, Vermeer et al. 1994, Hemmera 2014c), with over
one million birds documented in the LAA in a single day (Drever et al 2014). The abundance
of shorebirds has led the estuary to be designated a site of hemispheric importance
(WHSRN 2005). Large portions of western sandpiper and Pacific dunlin (ssp. pacifica)
populations stop in the Fraser River estuary during migrations to replenish energy and fat
reserves. The Fraser River estuary is one of the five most heavily used stopover sites on the
western sandpiper’s migration route along the Pacific coast (Butler et al. 1987, Iverson et
al. 1996, Fernández et al. 2010), and supports greater numbers of dunlin during winter and
migration than most, if not all sites, in western North America (Fernández et al. 2010).
Thousands of black-bellied plover (Pluvialis squatarola ssp. squatarola), least sandpiper
(Calidris minutilla), and regular numbers of many other shorebird species also inhabit the
Fraser River estuary during migratory periods (Butler and Vermeer 1994). During winter,
the high numbers of dunlin in the Fraser River estuary constitute the largest wintering
population of shorebirds in Canada (Butler and Vermeer 1994, Shepherd and Lank 2004).
Documented nesting by shorebirds within the LAA is limited to black oystercatchers
(Haematopus bachmani) nesting along the B.C. Ferries Terminal jetty.
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The importance of the Fraser River estuary can be gauged by comparing local shorebird
abundance records to overall population sizes. Estimated population sizes of western
sandpiper and Pacific dunlin are 3.5 million and 550,000, respectively (Fernández et al.
2010, Andres et al. 2012). Overwintering numbers of dunlin (November to March) in the
Fraser River estuary range from 25,000 to 70,000 individuals. From 1975 to 2010, the
Fraser estuary annually supported an average of 20% of the total population (Hemmera
2014n). Over 500,000 western sandpiper and 150,000 dunlin have been observed in the
Fraser River estuary on single days during the northward migration (Butler and Vermeer
1994, Hemmera 2014c), which represents important proportions of their total populations
(Hemmera 2014n). Numbers of other shorebird species are small relative to overall
population estimates; therefore, dunlin and western sandpiper are the focus of the following
discussion.
15.5.3.2

Population Trends

Survey records over the past 30+ years indicate apparent population declines for 61% of
shorebird species that breed in North America (Andres et al. 2012); however, survey
records of western sandpiper and Pacific dunlin suggest either stable or uncertain population
trends. Recurring counts of western sandpipers at migratory stopover sites have yielded
declining numbers over the past 25 years (Fernández et al. 2010, Andres et al. 2012);
however, other research found that decreases in the length of western sandpipers’ stay at
stopover sites may be responsible for declining counts (Ydenberg et al. 2002). Over the last
24 years, the median number of western sandpipers using the Brunswick Point area, just
north of the Roberts Bank causeway, during northward migration averaged 600,000 birds
per year, but ranged between approximately 300,000 to 1,800,000 (Drever et al. 2014).
Peak single-day abundances ranged from 77,163 to 1,050,561 birds, with a median value of
149,581 birds (Drever et al. 2014). Analysis of survey data found no meaningful trend in
the western sandpiper population during this period (Drever et al. 2014).
Trends in the overall Pacific dunlin population have recently been investigated using
Christmas Bird Count (CBC) data from overwintering sites on the Pacific Coast of North
America (National Audubon Society 2014). Records since 1975 indicate an overall stable
population with rising and falling numbers occurring in approximately 10-year cycles (Xu et
al. 2014). A similar fluctuation has been documented for the population using the LAA
during northward migration (Drever et al. 2014). Summaries of recent CBC data and other
surveys in the Fraser River estuary recorded high abundances relative to other years,
indicating that the population may be approaching a peak in its cycle (Butler and Vermeer
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1994) (Appendix 15-E Coastal Birds Supporting Figures: Figure 15-E1). The annual
dunlin population using the Brunswick Point area during northward migration from 1991 to
2013 averaged approximately 200,000 birds, but ranged between 58,000 to 374,000
(Drever et al. 2014). Shifts in dunlin distribution and length of stay of western sandpiper at
stopover sites have been linked to increased predation pressures as a result of rising falcon
numbers (Ydenberg et al. 2002, D. Lank, unpublished data).
15.5.3.3

Migration Timing

Southward migration of western sandpiper (July to September) from breeding sites in
Alaska is relatively protracted and mostly trans-oceanic, while the northward spring
migration (mid-April to early May) is more condensed and follows a coastal route (Butler
and Campbell 1987, Warnock and Gill 1996). Consequently, higher densities of shorebirds
occur in the Fraser River estuary during the northward migration. Northward migration,
therefore, corresponds to a period having one of the highest likelihoods of shorebirds
experiencing resource limitations in food (e.g., biofilm, macrofauna, meiofauna) due to
competition with other shorebirds. Based on dropping density and shorebird surveys, the
highest shorebird concentrations in the Fraser River estuary occur at Roberts Bank between
Roberts Bank terminals and Brunswick Point (i.e., within the LAA) (Hemmera 2014c). After
early May and until the onset of the southward migration, few shorebirds are present in the
estuary. During southward migration, western sandpiper foraging use and daily abundances
are a fraction of that occurring during northward migration. During this time, sandpiper
usage is divided more evenly across Sturgeon Bank, Roberts Bank, and Boundary Bay, but
with consistently highest concentrations around Brunswick Point and Canoe Passage
(Hemmera 2014c). During winter (November to March), dunlin are most abundant at
Boundary Bay, followed by Roberts Bank, and only a small proportion of shorebirds use
Sturgeon Bank (Hemmera 2014g, o).
15.5.3.4

Shorebird Diet

Western sandpiper and dunlin diets are composed of biofilm, macrofauna, and meiofauna
such as copepods, cumaceans, amphipods, molluscs, and polychaetes (Wilson 1994, Sewell
1996, Elner et al. 2005, Kuwae et al. 2008, 2012, Mathot et al. 2010). The DP3 Adaptive
Management Strategy (AMS), an eight-year study monitoring for negative trends in the
ecosystem linked to DP3 construction and operation found that infaunal and epifaunal
populations in both the inter-causeway and reference area (i.e., north side of the Roberts
Bank causeway) are diverse, healthy, and well established (Hemmera et al. 2013). Biofilm,
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which is located on the surface of intertidal mudflats, is composed of a mucilaginous layer of
bacteria, diatoms, and extracellular polymeric substances produced by those organisms
(Decho 1990; see Section 11.5.5 Marine Vegetation, Existing Conditions, Biofilm).
Conservatively, biofilm comprises an estimated 50% to 68% of western sandpiper and 20%
of dunlin daily energy requirements during northward migration (Kuwae et al. 2008, 2012,
Mathot et al. 2010). Recent research on the capacity of biofilm to support northwardmigrating shorebirds indicates there is an abundance of biofilm within the LAA. Model results
indicate that biofilm within the LAA can support upwards of 1.3 million birds on a single day
before becoming limiting (Appendix 15-B), which is approximately 7 times more
shorebirds (i.e., western sandpiper and dunlin) than the single day peak abundance
(i.e., 177,000 birds) typically documented over the last 24 years of annual surveys (Drever
et al. 2014).
The proportion of macrofauna and meiofauna comprising western sandpiper and dunlin diets
varies by season and feeding location. At Roberts Bank during migration, macrofauna and
meiofauna comprises approximately 30 to 50% of western sandpiper and 80% or more of
dunlin diets. Current foraging capacity estimates indicate a surplus in both food types during
migration (Appendix 15-B). During northward migration the unconsumed proportion of
macrofauna ranges from 38% in areas close to Canoe Passage to 82% for the region
southeast of Brunswick Marsh. During southward migration the amount of unconsumed
macrofauna is larger, ranging from 91% to 95% for areas around Canoe Passage and
southeast of Brunswick Marsh, respectively. Very similar trends in meiofauna consumption
and availability occur during southward migration. During northward migration, current
estimates indicate the unconsumed proportion of meiofauna range from 17% in areas close
to Canoe Passage to 83% for the region southeast of Brunswick Marsh. During southward
migration the amount of unconsumed meiofauna is large and very similar to macrofauna,
ranging from 91% to 96% for areas around Canoe Passage and southeast of Brunswick
Marsh, respectively. These estimates are considered conservative, as: 1) the modelling was
conducted to estimate the maximum possible levels of consumption by western sandpiper
and dunlin, and 2) the estimates were derived from data collected during a 25-year freshet
event when higher volumes of freshwater with lower salinity levels reduces available
macrofauna, meiofauna, and biofilm biomass (see Section 11.5.5 Marine Vegetation,
Existing Conditions, Biofilm and Section 12.6 Marine Invertebrates, Future
Conditions with the Project). Under typically freshet conditions, the amount of biofilm,
meiofauna, and macrofauna available to foraging shorebirds is likely to be larger. Based on
these results, the capacity of the LAA to support shorebirds is estimated to be very large
(Appendices 15-A and 15-B).
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Western sandpiper males typically have shorter bills than females; therefore, foraging
modes and diets of western sandpipers appear to differ between sexes (Mathot and Elner
2004, Franks et al. 2013). At Roberts Bank, western sandpiper males feed by pecking at the
surface of sediments more than females, and females probe their bills more deeply into
sediments than males (Mathot and Elner 2004), suggesting that biofilm may comprise a
greater portion of the male diet relative to females; however, chemical markers (i.e., stable
isotope signatures) in western sandpiper across their range failed to find a consistent
relationship between sex and trophic feeding level (Franks et al. 2013). Although local
observations suggest foraging differences between males and females, evidence from stable
isotope analyses indicates that the differences in diet may not be important.
As discussed previously, small invertebrates (i.e., macrofauna and meiofauna) and biofilm
comprise the majority of dunlin diet (Bengtson and Svensson 1968, Senner et al. 1989,
Brennan et al. 1990, Mathot et al. 2010), but biofilm is not used to the same extent (Elner
et al. 2005, Kuwae et al. 2008, 2012, Mathot et al. 2010). Daily energy expenditure
requirements for dunlin derived from biofilm are estimated to range around 14% to 20%
(Mathot et al. 2010, Kuwae et al. 2012), with the remainder satisfied by invertebrates.
Additionally, dunlin in the LAA and Fraser River estuary also obtain more than one-third of
their diet (adults: 35%; juveniles 43%) from agricultural habitat adjacent to intertidal areas
(Evans-Ogden et al. 2005). Despite bill variation in dunlin being less pronounced than in
western sandpiper, statistically significant differences in foraging have been documented
between sexes. Male dunlin have been documented consuming a higher proportion of prey
(e.g., arthropods) on the surface of mudflats than under the surface (Sutherland et al.
2000, Mathot et al. 2010).
15.5.3.5

Shorebird Habitat Selection

Selection of foraging areas by shorebirds is influenced by factors such as diet, prey
abundance, prey size, site safety, and bird size (Senner et al. 1989, Yates et al. 1993,
Pomeroy et al. 2006, Zharikov et al. 2009, Miller and de Rivera 2014). In intertidal habitat,
dunlin tend to forage in relatively concentrated flocks close to the tide line, whereas western
sandpipers tend to be more evenly dispersed across mid and upper intertidal mudflats
(Senner et al. 1989, field observations) (Appendix 15-E: Figure 15-E2). Dunlin are larger
than western sandpiper, which enables wading and foraging in deeper water, a feeding
strategy employed when following receding tides (Senner et al. 1989; field observations).
For both species, small tidal channels and areas with relatively fine sediments tend to
attract higher foraging than areas away from channels and with more coarse grain sizes
(Yates et al. 1993, Zharikov et al. 2009, Miller and de Rivera 2014).
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For overwintering dunlin, which obtain a portion of their diet from agricultural fields, the
majority of terrestrial foraging occurs at night, during high tides (Shepherd and Lank 2004,
Evans-Ogden et al. 2008, Hemmera 2013a). When intertidal areas are flooded during
daytime high tides, dunlin tend to flock over the ocean rather than roost or feed in upland
habitat (Hentze 2012). Over-ocean flocking is thought to be a predator evasion strategy as
shorebirds are most vulnerable to surprise falcon attacks from the cover of vegetation and
land (Dekker and Ydenberg 2004, Dekker 2012).
As an additional safety precaution, western sandpipers and dunlin may avoid foraging
adjacent to areas that provide cover for hunting raptors and are therefore perceived to have
high predation risk. For example, Pomeroy et al. (2006) documented an avoidance of sites
within 300 to 400 m of shore, which was attributed to a higher successful kill rate by
hunting peregrine falcons. Shorebirds may, however, choose to use more dangerous
locations if they possess an abundance of high-quality food (Ydenberg et al. 2002). This
behaviour has been documented in the LAA north of the Roberts Bank causeway where
high shorebird

usage

has

been

documented

close

to

shore

(Hemmera

2014l,

o)

(Appendix 15-E: Figure 15-E2). These areas are known to contain an abundance of
energy-rich marine and freshwater-associated biofilm that vary in density depending on
water salinity and distance from the freshwater outflows associated with Canoe Passage
(see

Section

11.5.5

Marine

Vegetation,

Existing

Conditions,

Biofilm

and

WorleyParsons 2014b).
Within the LAA during migration, shorebird usage of intertidal mudflats ranges from areas
with low (4 to 6 practical salinity units (PSU)) to high (30 PSU to 32 PSU) salinity (Hemmera
2014c). During the 2012 and 2013 northward migrations, the highest shorebird usage was
documented in areas possessing salinities between 10 PSU to 12 PSU, with lower, but
consistent usage at sites with salinity values between 12 PSU to 24 PSU. This corresponds
closely with optimal biofilm productivity (as measured in chlorophyll a biomass), which is
known to range between 10 PSU to 30 PSU depending on environmental conditions and the
diatom species comprising biofilm (see Section 11.5.5 Marine Vegetation, Existing
Conditions, Biofilm). Within the LAA, biofilm biomass was predicted to be highest between
8 PSU to 23 PSU with a peak in biomass between 14 PSU to 18 PSU (Appendix 15-B).
Results from the shorebird foraging opportunity modelling (SFOM) conducted to understand
shorebird foraging within the LAA, show that western sandpiper and dunlin habitat usage
closely track biofilm, macrofauna, and meiofauna biomass during northward and southward
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migrations (see Appendix 15-B). Similar to Boundary Bay (Pomeroy et al. 2006),
shorebirds appeared to use sites within the LAA that are safer from falcon predation more
than more dangerous sites (Hemmera 2014c, Appendix 15-B). For example, in 2012 and
2013 the highest shorebird usage was consistently documented in Canoe Passage, even
though Canoe Passage had lower total available biomass than the areas southeast of
Brunswick Marsh (Hemmera 2014c, Appendix 15-B). A separate analysis conducted to
model winter macrofauna foraging opportunity available to overwintering dunlin in the LAA
showed general trends similar to those observed in spring and summer migration periods
(see Appendices 15-B and 15-C).
15.5.3.6

Foraging Timing

While tidal cycles predominantly expose intertidal habitat during the daylight hours of
migration periods, shorebirds also forage in the intertidal at night. During the winter,
intertidal habitat in the Fraser River estuary is predominantly exposed at night, making
nocturnal foraging a necessity. Sandpipers also alter habitat use and foraging modes
between day and night (Mouritsen 1994, Evans-Ogden et al. 2008, Zharikov et al. 2009),
with tactile foraging being the most common foraging mode in low-light conditions
(Mouritsen 1994). Recent research suggests that artificial and natural light (i.e., moonlight)
improve foraging efficiency for shorebirds by permitting them to feed visually (Dwyer et al.
2013), and studies of overwintering and northward migrating shorebirds have not found
light to be an important factor affecting spatial use or foraging distribution at night
(Zharikov et al. 2009, Hemmera 2014c).
15.5.3.7

Western Sandpiper Population Dynamics

The Project team investigated wintering origins of western sandpipers migrating through the
Fraser River estuary, and the influence of temporal variation (i.e., early, mid, late migrants)
and spatial variation (Sturgeon Bank vs. Roberts Bank vs. Boundary Bay) on migrant origin
(Hemmera 2014d). Western sandpipers came from all areas of the wintering range, but
most were from western North American. Birds from western North America tended to
migrate during the middle of the northward migration (April 24 to 30), while a large
proportion of later migrants (May 1 to 6) was of birds from the Gulf of California in western
Mexico and the Atlantic coast. Site use by birds of different winter origin did not differ
greatly among Roberts Bank, Sturgeon Bank, and Boundary Bay.

Page | 15-23

PORT METRO VANCOUVER | Roberts Bank Terminal 2
15.5.3.8

Western Sandpiper and Dunlin Genetic Variation

The Project team also investigated genetic variation in northward migrating western
sandpiper and overwintering dunlin using the Fraser River estuary (Hemmera 2014e, h).
Although little genetic structure in western sandpipers was found among Roberts Bank,
Sturgeon Bank, and Boundary Bay, there was high variability within each site. Levels of
genetic variability were highest at Roberts Bank, suggesting that individuals from a large
gene pool are present during the northward migration. Distinct genetic groups of western
sandpiper were not observed across sites and therefore birds visiting Roberts Bank do not
appear to be genetically unique.
No evidence of population structure was detected among overwintering Pacific dunlin
populations sampled at Roberts Bank, Sturgeon Bank, and Boundary Bay (Hemmera
2014h), which suggests that dunlin at Roberts Bank are not genetically differentiated from
dunlin visiting other areas of the estuary, and are equally likely to come from any of the
presumed breeding populations. Similarly, comparisons of the data with previously sampled
populations in California and Mexico indicated few genetic differences between wintering
populations.
15.5.4
15.5.4.1

Waterfowl
Overview

The Fraser River estuary supports globally or continentally important populations of six
waterfowl species, five of which occur regularly on Roberts Bank: American wigeon,
northern pintail (Anas acuta), mallard (Anas platyrhynchos), brant, and snow goose
(Chen caerulescens) (IBA Canada 2014). The area annually supports 80,000 to 100,000
ducks (Hirst and Easthope 1981). In fall and winter at Roberts Bank, large flocks (greater
than 10,000) of wigeon, green-winged teal (Anas crecca), mallard, and northern pintail
roost along channels in Brunswick Marsh and feed just beyond the tide line (Hemmera
2014b). During the 2012 to 2013 study in the LAA, these species comprised 70% of all
waterfowl observations (Hemmera 2014b). Trumpeter swans (Cygnus buccinator) also occur
within the LAA, typically close to Brunswick Marsh, but at much lower numbers. Trumpeter
swans were documented 4 times in the LAA during weekly surveys conducted from May
2012 to May 2013, and averaged 21 birds per detection (Hemmera 2014b). Tundra swans
also occur in the Fraser River estuary and LAA, but are much less abundant than trumpeter
swans (Butler and Vermeer 1994, Hemmera 2014b).
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Waterfowl are most abundant in the LAA during fall migration and winter (Hemmera 2009a,
2014b), with densities estimated as high as 990 birds per 25 ha north of the Roberts Bank
causeway between September 2012 and April 2013 (Appendix 15-E: Figure 15-E3).
Waterfowl density within the LAA throughout the year (May 2012 to May 2013) appears
highest near the Brunswick dyke and directly north of the Roberts Bank causeway
(Appendix 15-E: Figure 15-E4). Foraging and resting were the primary uses in intertidal
habitat in the LAA and upland (e.g., agricultural fields) portions of the RAA (Hemmera
2014b).
Data from CBC surveys indicate that waterfowl numbers within the LAA and adjacent areas
have not changed appreciably over the last 40 years (Appendix 15-E: Figure 15-E5)
(National Audubon Society 2014). The area around Roberts Bank is noted as a primary
waterfowl use area, both historically and in present day, by various Aboriginal traditional
knowledge studies (Métis Nation B.C. and Métis Youth B.C. 2014, Tsawwassen First Nation
Hunters 2014a, b, Woolman 2014). Waterfowl hunting levels in this area appear low and
decreasing (Musqueam Band Council 1984, Tsawwassen First Nation Hunters 2014b).
Several studies have attempted to quantify bird mortalities resulting from transmission line
collisions in the LAA (Roe and Williams 1984, Burger and Cassidy 1995, Cassidy et al. 1998,
Next 2005). During 2012 to 2013, waterfowl (i.e., particularly teal) accounted for almost
25% of carcasses detected, despite crossing the transmission line infrequently relative to
local populations. American wigeon accounted for 21% of dabbling duck carcasses, and
brant comprised 5% of the waterfowl carcasses (Hemmera 2014j).
15.5.4.2 Dabbling Ducks
In the Fraser River estuary, many dabbling duck species spend the entire winter in
agricultural fields and marshes, with large concentrations at Westham Island and Roberts
Bank (Butler and Campbell 1987, Campbell et al. 1990a, Badzinski et al. 2008). Many
species use the LAA as a staging area during fall migration, with numbers building into the
winter (Hemmera 2009a). During fall migration, dabbling ducks primarily forage on eelgrass
and marsh vegetation (Lovvorn and Baldwin 1996); however, in late fall, ducks shift usage
patterns, spending 50% or more of their time in the uplands foraging on grasses and waste
crops. Much of the upland use occurs at night, with roosting during daylight hours occurring
offshore in the marine environment (Lovvorn and Baldwin 1996). Use of fields at night is
thought to be a strategy to avoid predation by peregrine falcon and bald eagle, and
waterfowl hunters (Merkel and Mosbech 2008, Elliott et al. 2011).
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In the LAA, peak numbers during 2007 to 2008 and 2012 to 2013 ranged from 3,600 to
15,000 American wigeon, 4,700 to 6,100 green-winged teal, 1,000 to 2,400 mallards, and
1,200 to 1,300 northern pintail, representing a substantial proportion of the Fraser River
estuary population (Hemmera 2009a, 2014b). During 2012 to 2013 surveys within the LAA,
dabbling ducks were concentrated within 500 m of the shoreline, and primarily used
intertidal marsh, Ulva, and biomat habitats along the Brunswick dyke and north of the
Roberts Bank causeway. Deeper waters along Westshore Terminals received relatively little
use by dabblers (Hemmera 2014b). Wintering wigeon feed on stems, leaves, grasses, and
seeds, while pintail and teal also eat invertebrates (Austin and Miller 1995, Johnson 1995,
Mowbray 1999). American wigeon, mallard, and northern pintail are considered to have
stable populations (i.e., no statistically significant trend) within the Strait of Georgia based
on B.C. Coastal Waterbird Survey (BCCWS) data collected from 1999 to 2011 (Crewe et al.
2012), and CBC data for American wigeon do not indicate a change in abundance in the LAA
and the vicinity of the Project over a 40-year period (Appendix 15-E: Figure 15-E6)
(National Audubon Society 2014). A statistically significant declining trend (7.9% per year)
was reported for green-winged teal from 1999 to 2011 (Crewe et al. 2012). Mallard ducks
are mentioned in various Aboriginal traditional knowledge studies as the most common
waterfowl

species

found

and

harvested

in

the

foreshore

area

of

Roberts

Bank

(Chuuchkamalthnii 2014, Lyackson First Nation 2014, Tsawwassen First Nation Hunters
2014b). Mallard, pintail, wigeon and teal are all noted as harvested species, both
traditionally and in present day (Musqueam Band Council 1984 1984, Ham 2014,
Tsawwassen First Nation Hunters 2014a, Woolman 2014). At least one Elder commented
that mallard populations appear to have decreased (Chuuchkamalthnii 2014), which differs
from annual survey data collected over the last 40 years within the LAA and Boundary Bay
that indicate stable populations (National Audubon Society 2014).
Peak abundance of American wigeon in the LAA was observed from September to November
primarily between the Brunswick dyke and the Roberts Bank causeway (Appendix 15-E:
Figure 15-E7) (Hemmera 2014b). In the RAA, mallard and wigeon accounted for 92% of all
waterfowl observations during surveys of agricultural fields adjacent to the LAA (Hemmera
2014i). Because of its abundance within the study area, American wigeon was chosen as the
representative species to assess Project-related effects to dabbling ducks.
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15.5.4.3 Geese
Several hundred to several thousand brant typically winter in the eelgrass beds (generally
beds with greater than 30% cover) of the inter-causeway area, while smaller numbers occur
north of the Roberts Bank causeway (Appendix 15-E: Figure 15-E8) (Butler and Cannings
1989, Hemmera et al. 2009, Hemmera 2014b). Peak numbers of brant in the Fraser River
estuary occur in April during the northward migration (Moore et al. 2004, Hemmera 2009a,
2014b). Based on CBC data for the last 40 years, the brant population overwintering within
the LAA and Boundary Bay has been steadily increasing since the mid-1980s when they
were virtually absent (Appendix 15-E: Figure 15-E9) (National Audubon Society 2014).
This is in contrast to at least one Aboriginal interviewee that felt brant numbers were
decreasing (Woolman 2014). Also, brant seem to be relatively well adapted to the presence
of the Deltaport and Westshore terminals as they did not appear to have been affected by
recent activities associated with DP3 construction or operation (Hemmera et al. 2012).
Aboriginal traditional knowledge studies note the presence and historical harvest of brant in
the foreshore area of Roberts Bank (Ham 2014, Métis Nation 2014, Tsawwassen First
Nation 2014).
Eelgrass is the primary food for brant, but Ulva, sea cabbage (Enteromorpha spp.), Pacific
herring (Clupea pallasii) roe, crustaceans, and mollusks are also eaten (Derksen and Ward
1993, CDC 2013). The native eelgrass area at Roberts Bank has been and continues to
increase since the early 1970s (see Section 11.5.1 Marine Vegetation, Existing
Conditions, Eelgrass). Increases are likely due to the construction of the Roberts Bank
and B.C. Ferries Terminal causeways that reduced turbidity (and increased light availability)
and created the wave shadow that likely facilitated native eelgrass colonisation in the intercauseway. Similarly, the native eelgrass bed area north of Roberts Bank causeway has
increased over 15-fold since 1994. As discussed previously, these changes have directly
benefited brant and other waterfowl species.
Snow geese arrive in the Fraser River estuary in mid-September or early October from their
Wrangel Island breeding grounds (Campbell et al. 1990a). Numbers of wintering snow
geese vary widely between years, but 60,000 to 100,000 generally occur. In the LAA, snow
goose numbers peaked in mid-November with 7,500 to 8,800 birds observed (Hemmera
2009a, 2014b). No population trends have been reported for snow goose in the BCCWS
data due to data quality issues (Badzinski et al. 2008, Crewe et al. 2012). Within the LAA,
the highest densities of snow geese were along the Roberts Bank causeway in intertidal
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marsh, Ulva, and biofilm habitats (Hemmera 2014b). In intertidal areas, bulrush rhizomes
are preferred food, while in adjacent fields, potatoes, rye, grasses, and winter wheat are
eaten (Boyd 1995). Large snow geese habitat around TFN is documented in Aboriginal
traditional knowledge studies, and snow geese are harvested in the area (Musqueam Band
Council 1984 1984, Woolman 2014).
Unlike snow geese, Canada geese are present in the estuary year-round, with highest
numbers during late summer (Butler and Vermeer 1994). Canada geese populations have
been apparently increasing in the region over the last 25 years, with BCCWS reporting a
statistically significant increasing trend of 3.8% per year from 1999 to 2011 (Crewe et al.
2012). The highest densities of Canada Geese have been reported along Sturgeon Bank and
off Brunswick Point (Butler and Vermeer 1994), reflecting the species preference for eating
bulrush rhizomes and sedges associated with brackish tidal marsh. Within the LAA, Canada
geese were the least abundant goose species observed during the 2012 to 2013 surveys
(Hemmera 2014b).Some of the highest densities (50 birds per km) however were
associated with intertidal marsh habitat within 500 m of the Brunswick dyke. Traditional
knowledge studies note the presence and harvest of Canada geese in the Roberts Bank area
(Musqueam Band Council 1984).
Because of their conservation concern and dependence on eelgrass habitat, brant were
chosen as the representative species to assess Project-related effects on geese.
15.5.5
15.5.5.1

Herons
Overview

The five heron species documented within the RAA are great blue heron, green heron
(Butorides virescens), black-crowned night heron (Nycticorax nycticorax), great egret
(Ardea alba), and American bittern (Botaurus lentiginosus) (Mol 2002, eBird 2012). All
herons have similar foraging habits, primarily feeding on fish, but also consuming
invertebrates, small mammals, and other prey (Davis and Kushlan 1994, Hothem et al.
2010, Mccrimmon et al. 2011, Vennesland and Butler 2011). Generally, heron numbers
reported in CBC data decreased across the Strait of Georgia between 1973 and 2012,
although no trend was apparent at the Roberts Bank-Boundary Bay CBC location
(Appendix 15-E: Figure 15-E10) (National Audubon Society 2014).
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Great blue heron is by far the most common heron species, occurring within the Fraser
River estuary, and good historical data on distribution and abundance exist (Badzinski et al.
2008, Butler and Campbell 1987). Herons are considered by Aboriginal groups to be
ceremonially important species both historically and in present times (Woolman 2014).
Black-crowned night-herons are unlikely to occur at Roberts Bank as they occur in only one
or two sites, and great egrets occur rarely. Green herons and American bitterns are
considered to be uncommon; however, at least one pair of each species has been
documented using Brunswick Marsh in recent years (eBird 2012, Hemmera unpublished
data) and likely nest within Brunswick Marsh. Great blue heron was chosen as
representative of other heron species because it is the most common heron species, is of
conservation concern, and forages close to port infrastructure.
15.5.5.2

Heron Habitat Selection

Great blue heron was commonly observed along the Brunswick dyke and north of the
Roberts Bank causeway, with the highest numbers in ephemeral Ulva, native eelgrass
(greater than 30% cover), and mud habitats greater than 250 m from the causeway
(Appendix 15-E: Figure 15-E11). Heron foraging in the Fraser River estuary is extremely
tide-dependent. An ebbing tide exposes eelgrass beds, which provide shelter for prey
(Hemmera 2009a). Herons feed primarily on mudflats and eelgrass beds from April to
August, but in fall and winter, when high tides during the day make eelgrass beds and
intertidal habitats inaccessible, many individuals forage in inland marsh and agricultural
habitats (Butler 1997, Hemmera et al. 2010).
Several heron colonies are present within the RAA, but the largest, of approximately
300 pairs, is located at the base of the B.C. Ferries Terminal causeway in Tsawwassen,
approximately 3 km southeast of Roberts Bank terminals. Surveys conducted at Roberts
Bank show peak heron counts of 250 to 300 birds foraging at low tide during May and June
(Hemmera 2009a).
15.5.5.3

Population Trends

From 1997 to 1999, the B.C. coastal great blue heron population was estimated to number
between approximately 1,537 to 1,663 breeding pairs (Butler 1997, Gebauer and Moul
2001). According to Bower (2009), numbers declined by 9.4% between 1969 and 2000, and
some populations have disappeared from the Sunshine Coast. Although not providing
population estimates, based on annual winter survey data, Badzinski et al. (2008) found
evidence for a population increase from 1999 to 2004, while Crewe et al. (2012)
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documented a significant declining trend (3% per year) from 1999 to 2011 within the Strait
of Georgia. Data from CBC surveys between 1973 and 2012 for the Strait of Georgia also
indicate a decrease, although no trend was apparent for the heron population using the LAA
and Boundary Bay (Appendix 15-E: Figure 15-E12) (National Audubon Society 2014).
Great blue heron use of the inter-causeway area within the LAA was monitored from 2008
to 2012 out of concern that construction and operation of DP3 would affect heron use of the
area (Hemmera et al. 2013). Results indicated that overall abundance and habitat use
within the inter-causeway area by herons were similar to pre-construction surveys
conducted from 2003 to 2004 indicating little effect.
15.5.5.4

Predator-prey Interactions

Bald eagle, the primary predator of great blue heron on the B.C. coast, greatly affects heron
populations (Norman et al. 1989, Butler et al. 1995, Vennesland and Butler 2004). As eagle
populations have recovered from dichlorodiphenyltrichloroethane (DDT) exposure, the
number of attacks on heron nests has more than doubled. Predation and associated
disturbance results in higher heron nest and colony abandonment rates, and forces herons
to new sites of lower quality. When disturbed, herons leave their nests unguarded, exposing
eggs and chicks to predation.
15.5.5.5

Human-caused Limiting Factors

The greatest effects on herons are loss of nesting and foraging habitat, human disturbance
of nesting colonies, and nest predation (Vennesland and Butler 2004, Species at Risk Public
Registry 2014).
15.5.6
15.5.6.1

Diving Birds
Overview

During migration and winter, the Fraser River estuary is home to up to 15 diving duck
species, five species of grebe, three species of cormorant, four species of loon, and several
species of pelagic seabirds (Butler and Cannings 1989, The B.C. Waterfowl Society 2013).
Diving waterbird abundance in the LAA is highest in spring and lowest in summer (Hemmera
2014b), with the subtidal waters within 1 km of the Roberts Bank terminals receiving the
highest use (Appendix 15-E: Figure 15-E13) (Hemmera 2014b). Habitats consist of sandy
substrate, sparse sea pen, rocky intertidal, and native eelgrass (greater than 30% cover)
habitats. According to CBC data, the abundance of diving waterbirds over the last 40 years
in the Strait of Georgia and on the Roberts Bank/Boundary Bay count has declined
(Appendix 15-E: Figure 15-E14) (National Audubon Society 2014).
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The diving bird sub-component occurring within the LAA can be divided into two categories,
largely based on feeding strategy and diet. The mainly piscivorous division of the group
consists of loons, cormorants, grebes, and guillemots, while the second half of the group
largely consists of seaducks, such as scoters, scaup, bufflehead (Bucephala albeola), and
long-tailed duck (Clangula hyemalis), which primarily feed on marine invertebrates.
15.5.6.2

Piscivorous Species

Three loon species (i.e., common (Gavia immer), Pacific (G. pacifica), and red-throated
(G. stellata)), occur within the LAA. Common loon is the most abundant of the three, with
peak numbers of 25 to 40 documented on surveys within 1 km north and west of Roberts
Bank terminals (Hemmera 2009a, 2014b). Loon species were traditionally harvested in the
area (Quadra Planning 1995). Loons typically use coastal habitats (e.g., lagoons, bays,
estuaries, inlets) within several km of shore (Evers et al. 2010). Highest densities in the LAA
were observed in areas with native eelgrass. The CBC data from the past 40 years suggest
a steady decline in numbers of common loons wintering in B.C (National Audubon Society
2014), as does BCCWS data between 1999 and 2011 (Crewe et al. 2012).
Pelagic cormorant (Phalacrocorax pelagicus), the most abundant cormorant species within
the LAA, is strictly a coastal species and is present year-round (Ainley et al. 1981, Michalak
2004, Hemmera 2014b). Aboriginal groups note the presence of cormorants in the area,
and consider cormorants a species of ceremonial and food importance (Lyackson First
Nation 2014). Pelagic cormorants forage for medium-sized fish over a variety of habitat
types, but often use habitats with rockier substrates and more saline waters than doublecrested cormorant (Phalacrocorax auritus), which prefer shallower, more open water (less
than 8 m deep) close to shore (less than 5 km away) (Ainley et al. 1981, Hatch and
Weseloh 1999, Badzinski et al. 2008). In 2012 and 2013 surveys, pelagic cormorant
accounted for 83% of cormorant observations year-round, and peak numbers of 25 to 40
birds were documented between April and September (Hemmera 2014b). The highest
densities were near the active breeding colony on the coal loading jetty at the tip of the
Westshore Terminals where 11 nests were observed in late June 2012 (Hemmera 2014b).
The CBC data suggest a downward population trend in B.C. during the 1980s and early
1990s followed by stabilisation over the past 20 years, which is consistent with BCCWS data
from 1999 to 2011 (Crewe et al. 2012, National Audubon Society 2014).
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Grebes occur in the Fraser River estuary during migration and winter. Five species have
been documented within the LAA; however, numbers are dominated by western grebe,
horned grebe (Podiceps auritus), and eared grebes (P. nigricollis), with western grebe being
the most numerous. In winter, grebes feed primarily on fish, but will also eat crustaceans,
polychaetes, and other invertebrates (Stout and Nuechterlein 1999, Stedman 2000, Storer
and Nuechterlein 2013). Western grebes typically forage in deep intertidal or subtidal
habitats up to –20 m CD (Storer and Nuechterlein 2013), while the smaller horned and
eared grebes often occur closer to shore and in shallower water (less than –6 m CD)
(Stedman 2000). Western grebe have also been documented as nocturnal predators that
take advantage of vertically migrating prey (fish) available in surface waters at night
(Clowater 1998).
Western grebes are present from August to May with numbers peaking estuary-wide and at
Roberts Bank during spring and fall migration (Butler and Vermeer 1994, Michalak 2004,
Hemmera 2009a). Peak numbers of western grebes in the LAA were 610 birds in October
2007 and 140 in April 2013 (Hemmera 2009a, 2014b). The centre of western grebe
abundance in the LAA occurred between 500 to 1,000 m west of Westshore Terminals,
where they were observed resting and foraging in a mix of sparse and dense sea pen, sand,
and native eelgrass (greater than 30% cover) habitats (Appendix 15-E: Figure 15-E15)
(Hemmera 2014b). Ephemeral Ulva, native eelgrass (greater than 30% cover), recurring
Ulva, and native eelgrass (5% to 30% cover) habitats north of the Roberts Bank causeway
were also used. Because western grebe is the most numerous piscivorous diving bird
occurring in the LAA and is of conservation concern, it was chosen as the species
representative of other piscivorous diving species within the environmental assessment.
Historically, western grebe was far more abundant in the Fraser River estuary and occurred
in globally significant numbers. The CBC data indicate declines of 90 to 95% from 1970 to
2000 across B.C. (Badzinski et al. 2008). This decline is also evident for count locations
closer to Project area within the Strait of Georgia over the last 40 years (Appendix 15-E:
Figure 15-E16) (National Audubon Society 2014). The BCCWS survey results show a 16%
mean annual decline in western grebes from 1999 to 2011 (Crewe et al. 2012). Recent
research links declines in the grebe population to declines in forage fish such as sand lance
(family Ammodytidae), surf smelt (Hypomesus pretiosus), and Pacific herring (Clupea
pallasii) in the Salish Sea (Wagner 2014). While the Salish Sea wintering population has
decreased, smaller populations of western grebes in southern areas have increased by
300% during the same period and may be the result of a shift in grebe overwintering
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distribution. It has been theorised that declines such as those documented for western
grebe are related to the specialisation of a species’ diet, with species with broader diets
being less susceptible to changes in particular prey than species possessing narrower diets
(Wagner 2014).
Habitats benefiting foraging piscivorous birds that have been created since the construction
of Westshore Terminal in 1969 include the considerable expansion of eelgrass on both side
of the Roberts Bank causeway (see Section 11.5.1 Marine Vegetation, Existing
Conditions, Eelgrass) and establishment of artificial reefs seaward of Westshore Terminal
(see Section 13.5.2 Marine Fish, Existing Conditions, Reef Fish). Eelgrass beds and
subtidal reefs are known to provide habitat for a number of fish species hunted by
piscivorous birds. PMV constructed eight subtidal reefs west of the Westshore Terminals as
habitat compensation for the DP3 expansion. Surveys conducted from 2009 to 2013 indicate
the reefs contained a complex macro-algal community, and abundant and diverse fish
communities (Balanced Environmental 2011), with fish species abundance and diversity on
all artificial reefs comparable to typical rocky reefs in the Strait of Georgia (Archipelago
2014c). Surveys conducted from 2012 to 2013 showed some of the highest diving bird
densities vicinity of the reefs.
15.5.6.3

Seaduck Species

Seaducks primarily occur within the LAA from fall through spring and largely feed on marine
invertebrates such as mollusks and crustaceans. Surf scoter occur throughout the Fraser
River estuary from September to May, with highest densities during April on Sturgeon Bank
(Butler and Vermeer 1994). Depending on the year, the Fraser River estuary provides fall
and winter habitat for 1,000 to 28,000 surf scoters (IBA Canada 2012). The estuary is also
a major moulting area for surf scoters from July to September, when up to 10,000 scoters
are present in large flocks over shallow water (Tschaekofske 2010, Palm et al. 2012, J.R.
Evenson, Washington Department of Fish and Wildlife, unpublished data). While in the
estuary, surf scoters feed primarily on bivalves (Tschaekofske 2010).
Within the LAA, surf scoter was the most abundant diving waterbird accounting for 37% of
all diving waterbird observations (Hemmera 2014b). Highest densities were observed in
deeper waters south and southwest of Westshore Terminals, particularly within 500 m,
where sandy substrate, kelp, and sparse sea pen habitats are prevalent (Appendix 15-E:
Figure 15-E17). Peak surf scoter abundance (i.e., 534 birds) in the LAA was documented in
May 2013 north and west of Roberts Bank causeway (Hemmera 2014b). Over the past 40
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years, CBC data indicate a decline in surf scoter numbers at several locations within the
Strait of Georgia, including the Roberts Bank-Boundary Bay count (Appendix 15-E:
Figure 15-E18) (National Audubon Society 2014). White-winged scoter (Melanitta fusca) and
black scoter (M. americana) also occur in the LAA, but in much lower numbers (Hemmera et
al. 2008, 2009, 2010, Hemmera 2009a, 2014b). Scoters are traditionally known as black
ducks, and the presence and offshore harvest of this species has been noted by various
Aboriginal groups (Musqueam Band Council 1984, Lyackson First Nation 2014, Woolman
2014). Some concerns have been noted about a lack of forage (small crabs) for black ducks
in the Roberts Bank area (Quadra Planning 1995).Recent surveys, however, documented
that crabs are currently among the most abundant organisms in subtidal waters at Roberts
Bank, indicating healthy populations available to seaducks (Archipelago 2014, Hemmera
2014h). Additionally, the presence of anthropogenic infrastructure at Roberts Bank, such as
rip-rap and pilings, has provided habitat complexity benefitting oysters and mussels fed on
by scoters and other coastal birds. Because surf scoter is the most numerous seaduck
occurring in the LAA and is of conservation concern, it was chosen as the species
representative of other marine invertebrates (e.g., bivalves) consuming diving bird species
within the environmental assessment.
Greater scaup (Aythya marila) occur in the LAA from fall through spring. Highest densities
occur in the inter-causeway area (n = 500 birds) (Hemmera et al. 2009). High counts of
120 to 150 individuals have been documented north and west of the Roberts Bank
causeway between March and May (Hemmera 2009a, 2014b). In the Fraser River estuary,
scaup use shallow (i.e., less than 2 m deep), silt-covered intertidal areas where they forage
on vegetation, seeds, herring spawn, molluscs, and other small invertebrates (Vermeer and
Levings 1977, R Campbell et al. 1990, Austin et al. 1998, Kessel et al. 2002). Lesser scaup
(A. affinis) also occurs in the LAA, but in much lower numbers.
Wintering long-tailed duck (Clangula hyemalis) occur within the LAA in much lower numbers
than scoters (peak abundance 29 birds in December 2007). Long-tailed duck is the deepest
diving coastal bird occurring in the LAA, reaching depths of –20 m to –60 m CD while
foraging. Bufflehead (Bucephala albeola) occurs in small flocks in the Fraser River estuary
from fall through spring, feeding mostly on crustaceans and molluscs in relatively shallow
(usually less than 3 m) protected marine waters and inland freshwater habitats (Gauthier
1993, Butler and Vermeer 1994, Hemmera 2009a). Alcids (family Alcidae) such as auks,
auklets, and murres occur in very low numbers in the LAA.
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15.5.7
15.5.7.1

Raptors
Overview

The Fraser River estuary is recognised as a regionally important ecosystem for resident,
migratory, and overwintering raptor species (i.e., hawks and owls) (Butler and Campbell
1987). Twenty-six raptor species have been documented in the RAA, of which 14 species
have been recorded in the LAA (Mol 2002, eBird 2012). The estuarine marshes and tidal
mudflats of the LAA support important prey populations, including waterfowl, shorebirds,
small mammals, and fish. In general, raptors observed in the LAA were seen standing on
the mudflat, perched in live trees or on poles, or hunting within intertidal and agricultural
field habitats. Agricultural habitats along the Brunswick dyke had the highest recorded
detection frequency (Appendix 15-E: Figure 15-E19). Data from the CBC for the area
encompassing the LAA and Boundary Bay and the broader Strait of Georgia indicate an
increase in overwintering raptor abundance (Appendix 15-E: Figure 15-E20) (National
Audubon Society 2014).
Peregrine falcon, barn owl, and bald eagle were selected as representative species, and are
described in more detail below. Other raptor species of conservation concern occur
within the LAA but were not selected as sub-components due to their low numbers
(i.e., western-screech

owl

(Megascops

kennicottii

ssp.

kennicottii),

gyrfalcon

(Falco

rusticolus), and short-eared owl (Asio flammeus)), low likelihood of interacting with the
Project (i.e., rough-legged hawk, Buteo lagopus), and irruptive population dynamics
(i.e., snowy owl, Bubo scandiacus). Raptors are considered ceremonially important species
to Aboriginal groups both historically and in present times (Woolman 2014).
15.5.7.2

Peregrine Falcon

North American populations of peregrine falcon underwent severe declines in the 1950s and
1960s due to pesticide poisoning (COSEWIC 2007). Extensive re-introduction programs and
restrictions on pesticide use have allowed populations to recover to what is believed to be
pre-1950 levels (COSEWIC 2007). While peregrine falcons are present most of the year in
the LAA, they have not been documented nesting within the assessment area since suitable
nesting habitat is not available. Peregrine falcon are regularly observed hunting within the
LAA during fall migration and winter, particularly north of the Roberts Bank causeway and
along the Brunswick dyke. Highest numbers were observed over ephemeral Ulva, native
eelgrass, ephemeral Ulva, non-native eelgrass, and intertidal marsh habitats within 250 m
of shore, over biofilm and biomat habitats, and in agricultural fields behind Brunswick dyke
(Appendix 15-E: Figure 15-E21).
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The BCCWS did not detect a change in peregrine falcon populations in the Strait of Georgia
between 1999 and 2011 (Crewe et al. 2012), but CBC data detected an small decrease
between 1959 and 1988 across the province (Sauer et al. 1996). Data from the Roberts
Bank-Boundary Bay count and seven count locations within the Strait of Georgia indicate a
significant increase between 1973 and 2012 (Appendix 15-E: Figure 15-E22). The number
of peregrine falcons observed on the Ladner count (encompassing the LAA and Boundary
Bay) have increased from an average of five between 1983 and 1987 to 21 between
2008 and 2012 (National Audubon Society 2014). Tsawwassen First Nation residents note
an increased presence of peregrine falcons (Tsawwassen First Nation 2012). Surveys at
Roberts

Bank

indicate

that

peregrine

falcon

is

an

uncommon

but

regular

occurrence, accounting for 4 to 7% of raptors observed (Hemmera 2009a, 2014e; Hemmera
et al. 2009).
During transmission line bird crossing surveys along the Roberts Bank causeway, peregrine
falcon accounted for 4% of all raptor crossings (Hemmera 2014j). Falcons were observed
perching on transmission line poles, where resting, hunting, feeding, and preening
behaviours were documented (Hemmera 2014j). A single peregrine falcon carcass was
located on the Roberts Bank causeway (Hemmera 2014j), but cause of death could not be
definitively determined.
Coastal falcon populations have adapted to a diverse range of native (e.g., waterfowl and
shorebirds) and introduced species (i.e., doves and starlings) (Zevit and Fenneman 2010).
Presence of peregrine falcons has been shown to influence the shorebird migration timing
(Hope et al. 2011), site selection (Ydenberg et al. 2002, 2007), and habitat use (Pomeroy et
al. 2006).
15.5.7.3

Barn Owl

Barn owls are at their northernmost extent of their North American range in the Lower
Mainland where they are limited to agricultural areas such as in southwest Delta, which has
some of the highest barn owl densities in Canada (Campbell et al. 1990). Barn owls are
threatened by the ongoing loss of foraging, nesting, and roosting habitats from urban and
industrial development of agricultural lands, and decay and demolition of wooden barns and
outbuildings.
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Barn owls are particularly vulnerable to vehicle collisions as they often hunt from perches
such as fence posts, and fly low (less than 4 m) over suitable habitat adjacent to roads
while hunting (Andrusiak 1994, Taylor 1994, Ramsden 2003, Preston and Powers 2006).
Between 1987 and 2005, Preston and Powers (2006) recorded vehicle-related mortality of
10 owl species in the Lower Mainland and Central Fraser Valley; barn owl was the most
frequently collected species (57%; n = 952). The greatest barn owl mortality occurs during
winter to early spring (Andrusiak 1994, Preston and Powers 2006). Barn owls have been
documented in the LAA, but in low numbers. During roadside surveys conducted in the RAA
in 2012 and 2013, approximately 4% (i.e., 4 of 101) of observations occurred within the
LAA (Hemmera 2014k). Six barn owl carcasses were documented in the RAA during the
same period, one of which was located in the LAA (Hemmera 2014k). An additional barn owl
carcass was located on the Deltaport Way overpass located at the eastern end of the
Roberts Bank causeway in November 2014, after the study had been completed.
Barn owls generally forage over open fields, grasslands, and agricultural areas where they
prey almost exclusively on small mammals, particularly Townsend’s vole (Microtus
townsendii) (CDC 2014). Grassy verges adjacent to roads are also considered suitable.
Approximately 818 ha has been rated as providing moderate to high-quality foraging habitat
for barn owls in the RAA (Hemmera 2013b, 2014k), whereas approximately 4 ha has been
rated moderate to high-quality near the east end of the Roberts Bank causeway associated
with agricultural habitats adjacent to Deltaport Way (Hemmera 2013b, 2014k).
The barn owl core breeding season typically occurs from April through August, but may
extend longer depending on food availability and weather (S. Hindmarch, personal
communication). Existing data from southwest Delta indicate that the barn owl population
(based on breeding pairs) has been relatively stable from the 1990s to the present
(Andrusiak 1994, Hindmarch 2010, Hemmera 201bb). Of the 69 barn owl nest or roost sites
documented within the RAA, breeding has been documented at 22 of the sites (Hemmera
2013b, 2014k). Barn owls are not known to nest or roost within the LAA; however, as of
2011, there were five active nests within 2.5 km of its border. Since that period three have
been destroyed due to development. In 2014, one of the two remaining nest sites was
inactive, with the closest active nest located approximately 2 km from the LAA border east
of the Roberts Bank causeway (Hemmera 2015). Loss of nest or roost sites are a primary
threat to the long-term viability of the species in the region (Hemmera 2013b); however,
the Delta Farmland and Wildlife Trust have initiated a nest box program to compensate for
losses in Delta.
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15.5.7.4

Bald Eagle

During the late 20th century, bald eagle populations increased dramatically due to decreases
in contamination and persecution (Buehler 2000, Elliott et al. 2011, Dekker et al. 2012).
While the CBC noted a population increase of 4.5% in B.C. between 1959 and 1988 (Sauer
et al. 1996), the BCCWS detected a declining trend (1.8% per year) in the Strait of Georgia
between 1999 and 2011 (Crewe et al. 2012). Data for the Ladner CBC survey
(encompassing the LAA and Boundary Bay) and seven other locations around the Strait of
Georgia indicate an increase between 1973 and 2012 (Sauer et al. 1996, National Audubon
Society 2014) (Appendix 15-E: Figure 15-E23).
Five nests have been identified within 1 km of the LAA by the Wildlife Tree Stewardship
Program (WiTS), representing at least two eagle nesting territories (WiTS 2010). In 2014,
one active bald eagle nest was documented approximately 2 km northwest of the Roberts
Bank causeway near Brunswick Point marsh (WiTS 2014, Hemmera 2014m). Many eagles
have been observed by TFN residents (Tsawwassen First Nation Hunters 2014b).
The resident south-coastal B.C. population is augmented in the late fall and early winter by
the arrival of northern breeders (Blood and Anweiler 1994, Badzinski et al. 2008, Crewe et
al. 2012), which together represent a substantial portion of the North American wintering
population. In cold years, when more eagles migrate south from Alaska, the wintering
population along the coast can reach approximately 56,000 (plus or minus 8,000) birds
(Elliott et al. 2011). Within the Fraser estuary, wintering populations of approximately
2,500 eagles have been documented (Elliott et al. 2011). In late fall and early winter birds
gather to feed on salmon runs, whereas during the remainder of the year, waterfowl,
shorebirds, and gulls are consumed (Elliott et al. 2006, Crewe et al. 2012), with waterfowl
becoming increasingly important to the bald eagle’s diet toward the end of winter.
Bald eagle is the most common raptor at Roberts Bank, accounting for 45% to 69% of
raptor observations (Hemmera 2009a, 2014b, Hemmera et al. 2009). Eagles were observed
year-round within the LAA, with peak numbers occurring in May and June (Hemmera
2014b) (Appendix 15-E: Figure 15-E24). During transmission line bird crossing surveys
along the Roberts Bank causeway, bald eagle accounted for 0.1% to 1.0% of all crossings
(Burger and Cassidy 1995, Hemmera 2014j). Eagles spent a considerable amount of time
perched on transmission line poles and to a lesser extent light towers, where resting,
hunting, feeding, and preening were observed (Hemmera 2014j). Despite their prevalence
at Roberts Bank, only one fatality resulting from a transmission line collision has been
documented (Burger and Cassidy 1995).
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15.5.8
15.5.8.1

Gulls and Terns
Overview

Twenty-two gulls and tern species have been documented in the RAA (Mol 2002, eBird
2012), and 15 species have been recorded in the LAA (Hemmera 2009a, 2014b, Hemmera
et al. 2009, 2010, eBird 2012). Gulls are present throughout the year, while terns are
present between April and October (eBird 2012). The most common gull species in the LAA
are glaucous-winged gull, mew gull (Larus canus), ring-billed gull (L. delawarensis), and
California gull (L. californicus), while the most common tern species is Caspian tern
(Hemmera 2009b, 2014b, eBird 2012).
Within the LAA, gull and tern use of intertidal and subtidal habitats is most evident along
Brunswick dyke (i.e., 250 to 1,000 m from shore), where swimming, feeding, and resting on
the mudflat are the most common behaviours (Appendix 15-E: Figure 15-E25) (ECL
Envirowest Consultants Limited 2004, Hemmera 2014b). Gulls and terns were also
common north of the Roberts Bank causeway, but fewer observations are made in the
inter-causeway area (ECL Envirowest Consultants Limited 2004, Hemmera 2014b). The CBC
data from several counts around the Strait of Georgia indicate a decline in gull and tern
abundance from 1973 to 2012 (Appendix 15-E: Figure 15-E26) (National Audubon Society
2014). A similar declining trend for the CBC survey encompassing the LAA and Boundary
Bay was not documented (Appendix 15-E: Figure 15-E26).
Gulls and terns cross the transmission line regularly, particularly at the terminal end, with
lower crossing rates in November and December (Hemmera 2014j). Forty-two gull and
three tern carcasses were located along the causeway, likely resulting from collisions with
the transmission line, vehicular traffic, or rail traffic (Hemmera 2014j).
Due to its abundance and year-round presence in the LAA, glaucous-winged gull was
selected as the representative gull species. Due to its conservation status and it being the
only tern regularly occurring within the LAA, Caspian tern was identified as the
representative species for terns.
15.5.8.2

Glaucous-winged Gull

As generalists, glaucous-winged gulls feed on a variety of food items and forage in a
diversity of habitats (Burger 1988). Within the LAA, gulls were opportunistic foragers
throughout the year, following rising and lowering tide levels in search of prey along
exposed mudflats (Hemmera 2009b). Counts of glaucous-winged gull in the Fraser River

Page | 15-39

PORT METRO VANCOUVER | Roberts Bank Terminal 2
estuary from 2001 to 2011 ranged from 4,000 to 55,000 birds, which represent a globally
important population (IBA Canada 2012). Densities are greatest during winter and spring
migration, with peak densities occurring in February (Campbell et al. 1990, Butler and
Vermeer 1994). The BCCWS found that wintering populations of glaucous-winged gull have
remained stable between 1999 and 2004 (Badzinski et al. 2008), but CBC data from seven
areas around the Strait of Georgia indicate a statistically significant decline in abundance
from 1973 to 2012 (Appendix 15-E: Figure 15-E27) (National Audubon Society 2014). No
trend was detected for the CBC survey encompassing the LAA and Boundary Bay
(Appendix 15-E: Figure 15-E27).
Glaucous-winged gulls occur throughout the LAA but are most abundant within 500 m of the
shore, where swimming, perching, and nesting on man-made structures are the most
common behaviours (Appendix 15-E: Figure 15-E28) (Hemmera 2014b). Glaucous-winged
gulls cross the transmission line frequently, and mortalities occur but appear consistent with
the local population crossing rate (Hemmera 2014j).
15.5.8.3

Caspian Tern

Between 1960 and 1980, the Pacific Coast population of Caspian terns increased from
3,500 to 6,000 breeding pairs during a northward expansion of breeding range (Gill and
Mewaldt 1983). Since 1980, population size has more than doubled to nearly 13,000 pairs,
and the range has continued to expand north and south (Suryan et al. 2004). Caspian Tern
was first confirmed nesting in B.C in June 1984, when a flightless young was observed at
Roberts Bank (Campbell et al. 1990b); however, no nests or colony sites were located at
that time. In 2012, the province’s first breeding colony was documented on a warehouse
roof in Richmond (Pynn 2012), which is located within the RAA and approximately 16 km
from the LAA. The current breeding population in B.C. remains small but new sites are being
established (Pearson and Healey 2012).
Caspian tern is most commonly observed at Roberts Bank from May through September,
when several hundred use the area for resting and foraging (ECL Envirowest Consultants
Limited 2004, Hemmera 2009a, 2014b, Hemmera et al. 2009). Most observations are made
from Brunswick dyke, where they are often observed resting in mixed flocks with gulls or
hunting over open water (Appendix 15-E: Figure 15-E29) (ECL Envirowest Consultants
Limited 2004, Hemmera 2014b). Caspian terns are frequently observed crossing the
transmission line during the summer months (Hemmera 2014j).
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Major threats to Caspian tern are believed to be human disturbance during the breeding
season and nest predation by gulls (Pearson and Healey 2012). Although terns move readily
among breeding sites and rapidly colonise new areas, the concentration of breeding Caspian
terns among fewer colonies in response to anthropogenic factors is an important
conservation concern for this species (Suryan et al. 2004).
15.5.9
15.5.9.1

Passerines
Overview

Passerines (i.e., songbirds) are an almost exclusively terrestrial order of birds. While many
passerines are associated with edge habitats bordering watercourses (e.g., red-winged
blackbird (Agelaius phoeniceus) and marsh wren (Cistothorus palustris)) or forage over
shallow coastal waters (e.g., barn swallows), they are poorly equipped for open water and
generally only venture over it during migration. Within the RAA, over 115 passerine species
have been documented at the George C. Reifel Migratory Bird Sanctuary (The B.C.
Waterfowl Society 2013). After a full year of monitoring coastal and marine habitats of the
LAA, just 34 species of passerines were documented, most of which were strongly
associated with Brunswick dyke and within 250 m of shore (Hemmera 2014b). Only four
species

(i.e.,

three

swallows,

and

northwestern

crow

(Corvus

caurinus))

were

detected further from shore. Along the causeway, passerine numbers are dominated by
two introduced species: European starling (Sturnus vulgaris) and rock pigeon (Columba
livia). Tsawwassen First Nation residents specifically noted the presence of hummingbirds in
the area (Tsawwassen First Nation Hunters 2014b).
Passerine diversity was greatest during the breeding season and lowest during the
post-breeding season. Barn swallow was chosen as the representative species for the
passerines sub-component due to its conservation status and use of the intertidal area as
foraging habitat.
15.5.9.2

Barn Swallow

The barn swallow breeds in all Canadian provinces, but the population is estimated to have
dropped 55% since the mid-90s (COSEWIC 2011). The cause of this population decline is
believed to be a combination of habitat loss or degradation, pollution, climate change,
altered or reduced flying insect populations, ecto-parasites, and competition with invasive
species, especially house sparrows (Passer domesticus) (COSEWIC 2011).
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Barn swallows are only present in the Fraser River estuary during the breeding season.
Unlike other swallow species, they nest nearly exclusively on human-made structures, but
require low human activity and disturbance to breed successfully. As aerial insectivores,
they require open areas with an abundance of flying insects. Barn swallows were the second
most abundant passerine detected during surveys to document annual coastal bird
distribution and abundance within the LAA (Hemmera 2014b) representing 28.4% of all
passerine detections, and were detected at all but one survey station within 250 m from
shore (Appendix 15-E: Figure 15-E30). Tsawwassen First Nation residents have observed
swallows returning to the area, making nests around existing houses TFN Elders 2014).
15.6

EXPECTED CONDITIONS

Projects and activities underway during EIS preparation and expected to be completed by
commencement of the Project are described in Section 3.4.3 Projects Contributing to
Expected Conditions. The only marine-based project at Roberts Bank is the Terminal
Infrastructure Reinvestment Project initiated by Westshore Terminals Ltd. All proposed
works will be within the existing footprint and will not involve in-water construction activities
(SNC-Lavalin 2013); therefore, expected conditions for coastal birds will be primarily
influenced by natural environmental conditions and physical processes at Roberts Bank
rather than other projects or activities.
Environmental conditions and physical processes (i.e., depth, salinity, bottom current, and
wave height) that influence Roberts Bank are expected to remain essentially unchanged
prior to Project construction (see Section 9.5.7 Coastal Geomorphology, Expected
Conditions). Short-term changes in environmental conditions and physical processes are
likely to be minor, and within tolerance limits of coastal birds. Long-term effects of climate
change are discussed in Section 9.5.7 Coastal Geomorphology, Expected Conditions,
though implications for the ecosystem in general and coastal bird populations in particular,
are yet unknown.
15.7

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on coastal birds
in relation to the indicators listed in Table 15-2. Potential effects associated with Projectcoastal bird interactions were identified through: discussions with regulators, Aboriginal
groups, and stakeholders; review of the EIS Guidelines; and professional judgement of the
Project team, and are presented in Table 15-7 and Table 15-8, respectively.
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Potential effect ratings and a preliminary evaluation of the potential effects associated with
these interactions on coastal birds is also provided, to focus the assessment on those
interactions of greatest importance. An interaction resulting in no effect (i.e., project activity
or works not listed in the table, but contained within Appendix 8-B Project Interaction
Matrix and considered in this assessment) or a negligible effect are not carried forward for
assessment.
Negligible potential effects are those effects before mitigation that are so small that they
are not detectable or measureable, and are not anticipated to influence the short-term or
long-term viability of the VC or sub-components. Negligible effects are described in
Section 15.7.1.
Minor, moderate or high potential effect ratings indicate potential consequences of the
interaction on short-term or long-term viability, and take into account both the multiple
mechanisms influencing potential changes from the interaction, as well as the physical and
biological aspects of natural ecosystem variability (as described in Section 9.5.6 Coastal
Geomorphology, Existing Conditions; Section 9.6.6 Surficial Geology and Marine
Sediment,

Existing

Conditions;

Section

9.7.6

Marine

Water

Quality,

Existing Conditions; Section 9.8.6 Underwater Noise, Existing Conditions, and
Section 15.5). Potential effects considered to be of minor, moderate, or high consequence
are discussed in Section 15.7.2. Mechanisms (e.g., changes in habitat quantity, noise) that
may lead to potential effects are described in Section 15.7.2.1. Changes in coastal bird
productivity resulting from relevant effect mechanisms are described on by sub-component
in Sections 15.7.2.2 to 15.7.2.8.
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Table 15-7
Project
Component

Identification of Potential Project Interactions with Coastal Birds for Construction Phase
Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE
Land Development

Vibro-densify native soil
at terminal building
foundation areas

Marine
Terminal

Transport Fraser River
sand (and quarry sand if
required) to ITP and
store

Install temporary
pipeline between ITP and
Project fill sites

Install piles and barge
ramps

1
2

Negligible

Area is small and localised. Small potential to decrease productivity to coastal
birds through changes in habitat availability and acoustic disturbance (i.e.,
prolonged1 underwater noise), and increased TSS. Limited interaction with the
VC because coastal birds are highly mobile and anticipated to avoid area
under adverse conditions.

Moderate

Potential to decrease productivity through: 1) reduced prey availability
through burial of marine invertebrates (e.g., polychaetes, amphipods,
bivalves) fed on by diving birds (e.g., surf scoter); 2) lowered foraging
efficiency of diving birds through changes in water quality (i.e., increased
TSS); 3) restricted access to habitats through prolonged acoustic disturbance
from underwater noise (e.g., surf scoter and western grebe); 4) potential
mortality due to collision with marine transport vessels; and 5) increased
energy expenditures through disturbance from increased vessel traffic.
Coastal birds are highly mobile and anticipated to avoid area under adverse
conditions.

Negligible

Small potential to decrease productivity through: 1) changes in habitat
availability and quality (i.e., increased TSS and underwater noise); and 2)
reduced potential diving bird food or access to food. Limited interaction with
the VC because activity will be temporary and localised, and coastal birds are
highly mobile and anticipated to avoid area under adverse conditions.

Minor

Small footprint and limited habitat disturbance that could affect coastal bird
productivity. Installation of piles has the potential to decrease productivity
primarily through injury from impulsive noise2. Limited interaction with the VC
because activity will be temporary and localised, and coastal birds are highly
mobile and anticipated to avoid area under adverse conditions.

Sound can be classified into impulsive and non-impulsive (or prolonged/continuous). Continuous noise is relatively low intensity but long-lasting noise that
raises background noise, and is generated from activities such as vessel movement, vibratory piling, and dredging (Popper and Hastings 2009).
Impulsive sound is high-intensity sound, of short duration (i.e., less than several seconds), and generated from activities such as impact pile driving.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Minor

Potential to decrease productivity through: 1) changes in habitat quality and
access to diving bird food through acoustic disturbance from underwater
noise; 2) potential mortality due to collision with marine vessels; and 3)
increased diving bird and waterfowl energy expenditures through disturbance
from increased vessel traffic. Limited interaction with the VC because activity
will be temporary and localised.

High

Lower productivity is anticipated through permanent loss of subtidal foraging
habitat within areas buried by the containment dykes and subsequent
changes in current patterns of tidal waters and changes in coastal bird safety
through creation of structure(s) that conceal hunting raptors.

High

Potential to decrease productivity through reduced food quantity for diving
birds through the direct loss of soft bottom subtidal foraging habitat
containing bivalves and other benthic invertebrates, and increased TSS and
underwater noise.

Minor

Potential to decrease productivity through reduced access to foraging habitat
availability and foraging efficiency in vicinity of outfall, and increased TSS.
Activity has limited spatial overlap with VC, as DAS outfall locations will be at
−45 m CD, with few species (e.g., long-tailed duck) using habitat at this
depth. Modelled plume concentrations and depositional thicknesses are
predicted to be within the range of natural conditions.

Vibro-densify native soil
in dredged area

Minor

Area will have been already dredged and disturbed at time of activity.
Potential to decrease productivity through changes in habitat quality through
prolonged acoustic disturbance from underwater noise and increased TSS.
Limited interaction with the VC because activity will be temporary and
localised, and coastal birds are highly mobile and anticipated to avoid area
under adverse conditions.

Fill terminal basins to
final grade with sand
pumped from ITP

High

Decreases in productivity are expected through permanent burial of subtidal
foraging habitat.

Transport aggregate,
rip-rap and sand from
existing quarries to
barge ramps
Construct permanent
containment dykes
around terminal east and
west terminal basins
Dredge the dredge
basin, and pump
dredged material to east
and west terminal basins
Pump excess water in
terminal basins to
Disposal at Sea (DAS)
site
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Preload east terminal
basin with sand from
ITP, then vibro-densify
dyke and compact sand

Preload west terminal
basin with sand from ITP
and preload material
from east terminal basin,
then vibro-densify dyke
and compact sand

Minor

Potential to decrease productivity through acoustic disturbance (continuous
noise) near vibro-densification and compaction activities, and increases in TSS
within the ITP area. Coastal birds are highly mobile and anticipated to move
to more suitable sites in the area in LAA if disturbed. Displacement is likely to
be temporary and restricted to areas close to vibro-densification/ compaction
activities. Changes in water quality will also be temporary and localised.

Minor

Basin areas will have already been dredged and dyked; however, there is the
potential for works/activities to decrease productivity through acoustic
disturbance (continuous noise) near vibro-densification and compaction
activities, and changes in water quality (increases in TSS) within the ITP area.
Coastal birds are highly mobile and anticipated to move to more suitable sites
in the area in LAA if disturbed. Displacement is likely to be temporary and
restricted to areas close to vibro-densification/ compaction activities.
Wharf Construction

Place sacrificial rock,
slope buttress rock, then
mattress rock in dredge
basin
Vibro-densify mattress
rock in dredge basin,
then pump silty material
to terminal basins
Transport precast
concrete caisson
infrastructure to Roberts
Bank via marine
transport
Place caissons, ballast,
berm, and berm filter
rock in wharf area, and
install keys to lock
structure together

Negligible

Area will have been already dredged and densified; however, there is the
potential for activities to decrease productivity through acoustic disturbance
and elevated TSS. Activities and effects will be temporary and localised.
Coastal birds are highly mobile and anticipated to move to more suitable sites
in the area in LAA if disturbed.

Negligible

Potential to decrease coastal bird productivity through acoustic disturbance
from transport vessels. Activities and effects will be of periodic and localised.
Coastal birds are highly mobile and anticipated to avoid vessel traffic and
move to more suitable sites in LAA.

Negligible

Potential to decrease productivity through visual and acoustic disturbance.
Activities and effects will be temporary and localised. Coastal birds are highly
mobile and anticipated to avoid vessel traffic and move to more suitable sites
in LAA.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Add toe and scour
protection rock in berth
pocket
Install precast cover and
connecting slabs on top
of caissons; install cope
and crane walls, and
concrete crane beam
Fill apron area with
terminal basin and
causeway preload
material; vibro-densify
closure dykes and
compact sand
Install marine fenders,
wharf hardware,
mooring dolphin, and
access bridge

Minor

Basin areas will have already been dredged and dyked; however, there is the
potential for works/activities to decrease productivity through acoustic
disturbance (continuous noise) near vibro-densification and compaction
activities, and changes in water quality (increases in TSS) within the ITP area.
Coastal birds are highly mobile and anticipated to move to more suitable sites
in the area in LAA if disturbed. Displacement is likely to be temporary and
restricted to areas close to vibro-densification/ compaction activities.

Minor

Potential to decrease productivity through auditory injuries from impulsive
noise (impact pile driving), or acoustic disturbance from continuous noise
(vibratory pile driving); and 2) changes in habitat quality (increases in TSS).
Coastal birds are highly mobile and anticipated to move to more suitable sites
in the LAA if disturbed.
Terminal Utilities and Infrastructure

Install underground
utilities in terminal
buildings area, container
yard (CY), intermodal
yard (IY), apron area,
and main wharf
Conduct ground
improvements at
building footprints

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Deliver building
materials to site via road
transport after RBT2
overpass completion
Deliver rail materials to
site via rail transport
after causeway rail
infrastructure completion
Construct terminal
buildings; install
electrical, lighting,
controls, security, and
communications
infrastructure
Install fuelling facilities
for mobile
equipment/vehicles
Install CY, IY, and
terminal rail
infrastructure
Deliver via ocean-going
vessels and install preassembled terminal
equipment (e.g., cranes)
Deliver granular base
materials by barge to
barge ramps then to
trucks or barge-mounted
conveyor
Pave CY, IY, and general
terminal areas
Install truck entry and
exit gate infrastructure

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed Also, potential to change coastal bird
safety level in adjacent habitats through creation of structures to conceal
hunting raptors.

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed.

Negligible

Potential to decrease productivity through acoustic disturbance from
continuous noise caused by transport vessels and mortality due to collision
with marine vessels. Coastal birds are highly mobile and anticipated to move
to more suitable sites in LAA if disturbed.

Negligible

Potential to decrease coastal bird productivity through acoustic disturbance
from continuous noise caused by transport vessels and mortality due to
collision with marine vessels. Coastal birds are highly mobile and anticipated
to move to more suitable sites in LAA if disturbed.

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE
West Widening

Construct containment
dyke along west portion
of causeway

Widened
Causeway

Remove rip-rap/shore
protection from north
side of existing
causeway and use in
containment dyke or
place in aggregate
storage site at S-bend
Fill and preload
contained area with sand
from ITP

Vibro-densify dyke

High

Potential to decrease bird productivity through: 1) Loss of eelgrass, marsh,
ephemeral Ulva, and mudflat foraging habitat; and 2) changes to habitat
quality (increases in TSS) and availability from construction activities. Coastal
birds are highly mobile and anticipated to avoid area under adverse
conditions.

Minor

Potential to decrease productivity through increases in TSS, acoustic and
visual disturbance, and loss of rocky intertidal roosting/foraging habitat. Loss
of habitat availability will be temporary (i.e., rip-rap will be replaced). Coastal
birds are highly mobile and anticipated to move to more suitable sites in LAA
if disturbed.

Negligible

Contained area will be previously disturbed during dyking and riprap removal
activities. Potential to decrease productivity through increases in TSS at the
ITP, and visual and acoustic disturbance. Limited interaction with the VC
because activities will be temporary and localised. Coastal birds are highly
mobile and anticipated to move to more suitable sites in LAA if disturbed.

Minor

Potential to decrease productivity through acoustic disturbance (continuous
noise). Displacement is likely to be temporary and restricted to areas close to
vibro-densification activities. Coastal birds are highly mobile and anticipated
to move to more suitable sites in LAA if disturbed.
East Widening

Construct containment
dyke along east portion
of causeway

High

Potential to decrease productivity through: 1) Loss of eelgrass, marsh,
ephemeral Ulva, and mudflat (biofilm) foraging habitat; and 2) changes to
habitat quality (increases in TSS).
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Remove rip-rap/ shore
protection from north
side of existing
causeway and use for
containment dyke or
place in aggregate
storage site at S-bend
Fill and preload east
causeway area with west
causeway preload (dry
material)

Minor

Potential to decrease productivity through increases in TSS, acoustic and
visual disturbance, and loss of rocky intertidal roosting/foraging habitat. Loss
of habitat availability will be temporary (i.e., rip-rap will be replaced). Coastal
birds are highly mobile and anticipated to move to more suitable sites in LAA
if disturbed.

Negligible

Contained area will be previously disturbed during dyking and riprap removal
activities. Potential to decrease productivity through visual and acoustic
disturbance. Limited interaction with the VC because activities will be
temporary and localised. Coastal birds are highly mobile and anticipated to
move to more suitable sites in LAA if disturbed.
Infrastructure and Utilities

Install rail infrastructure
including new leads, Tyard, locomotive and
bad-order yards, and
tie-ins to existing rail
network
Construct RBT2
overpass; install new
road from RBT2
overpass to RBT2
terminal and pave
Install VACS gates,
waterline in utility
corridor, overpass and
rail switch lighting, twolane emergency gravel
road

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed.

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed. Also, potential to change coastal bird
safety level in adjacent habitats through creation of structure(s) that conceal
hunting raptors.

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
CONSTRUCTION PHASE

Dredge entire tug basin
area

Expanded
Tug Basin

Dispose of dredge
material to DAS site, or
re-use as general fill

Install piles, mooring
floats, gangways,
navigation piles, and
construct crest
protection dyke

Moderate

Potential to decrease coastal bird productivity through: 1) acoustic
disturbance (continuous noise); 2) increases in TSS; and 3) changes in
habitat quantity (i.e., permanent alteration of the benthic subtidal foraging
habitat within the tug basin). Limited interaction with the VC because the
affected area is small relative to the LAA, and the tug basin region is already
highly modified. Coastal birds are highly mobile and anticipated to move to
more suitable sites in LAA if disturbed.

Negligible

If surface disposal at DAS site, potential to decrease productivity through: 1)
reduced access to foraging habitat availability and foraging efficiency in
vicinity of outfall; and 2) increased TSS. Modelled plume concentrations and
depositional thicknesses are predicted to be within range of natural
conditions. If disposed of as general fill, no potential effects.

Minor

Potential to decrease productivity through: acoustic disturbance (continuous
noise, during pile installation); increases in TSS; and changes in habitat
quantity (i.e., loss of soft subtidal, but gain of rocky habitat through
infrastructure placement). There is the potential for auditory injuries from
impulsive noise (impact pile driving) or acoustic disturbance from continuous
noise (vibratory pile driving). Coastal birds are highly mobile and anticipated
to move to more suitable sites in LAA if disturbed.

Decommissioning of Temporary Construction Infrastructure
Remove ITP pipelines
Remove DAS discharge
pipe/pump infrastructure
Remove temporary piles
at barge ramps, ramps,
pivot ramp abutments,
and navigation markers

Negligible

Elevated TSS and noise levels are expected to be minimal, temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the area in LAA if disturbed.

Negligible

Potential to decrease productivity through reduced habitat quality through
visual and acoustic disturbance. Activities and effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to move to more
suitable sites in the LAA if disturbed
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Table 15-8
Project
Component

Identification of Potential Project Interactions with Coastal Birds for Operation Phase
Project Works and
Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
OPERATION PHASE
Terminal Berths

Marine
Terminal

Movement and berthing
of ships

Minor

Ship-to-shore container
movement

Negligible

Maintenance dredging
(if required)

Minor

Potential to decrease coastal bird productivity through changes in habitat
quality as a result of visual and acoustic disturbance from noise, mortality due
to collision with marine vessels, and changes to habitat availability from
increased vessel traffic. Activities and effects will be temporary and localised.
Coastal birds are highly mobile and anticipated to avoid vessel traffic and area
under adverse conditions.
Potential to decrease productivity through visual and acoustic disturbance.
Effects anticipated to be minimal as current populations do not appear
affected by similar activities at Roberts Bank terminals.
Potential to decrease coastal bird productivity through changes in habitat
quality through visual and acoustic disturbance (continuous noise), and
changes in habitat quality (increases in TSS). Effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to avoid area under
adverse conditions.

Container Storage Yard and Rail Intermodal Yards
Transfer of containers
to/from wharf, and
to/from CY and rail IYs
Truck and train arrival,
unloading and loading,
and departure;
container coning and
de-coning

Negligible

Potential to decrease productivity through visual and acoustic disturbance.
Effects anticipated to be minimal as current populations do not appear
affected by similar activities at Roberts Bank terminals.

Railcar maintenance
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Project
Component

Project Works and
Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
OPERATION PHASE
Infrastructure and Utilities

Power and lighting for
24-hour operation

Minor

Stormwater collection
and discharge
Sanitary sewage
collection, treatment
and discharge

Negligible

Potential to decrease coastal bird productivity through changes in habitat
quality. Artificial lighting may affect how habitat is used by birds of prey
species. Effects of artificial lighting on birds vary by species and focal group
ranging from positive to negative effects. Effects anticipated to be minor as
current populations are not known to be affected by current lighting at
Roberts Bank terminals. Also, potential to change coastal bird safety level in
adjacent habitats through installation of new structures to conceal hunting
raptors.
Potential to decrease coastal bird productivity through changes in habitat
quality. As described in Section 9.7. 8 Marine Water Quality, Future
Conditions with the Project, any potential effects are anticipated to be
mitigated through Project design and implementation of the Operation
Environmental Management Plan (Section 33.4).
Rail and Vehicle Movements

Rail traffic

Widened
Causeway

Railcar storage and
switching
DPU locomotive storage
and railcar repair

Road traffic

Minor

Potential to decrease productivity through visual and acoustic disturbance or
mortalities from collision with trains. Effects anticipated to be negligible as
current populations do not appear affected by similar activities at Roberts
Bank terminals.

Negligible

Potential to decrease coastal bird productivity through changes in habitat
quality through visual and acoustic disturbance. Effects anticipated to be
minimal as current populations do not appear affected by similar activities at
Roberts Bank terminals.

Minor

Potential to decrease productivity through visual disturbance and mortalities
from collision with moving vehicles. Effects from visual disturbance
anticipated to be negligible as current populations do not appear affected by
similar activities at Roberts Bank terminals. Current mortality levels due to
collisions with vehicles are estimated to be very low compared to coastal bird
population size.
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Project
Component

Project Works and
Activities

Potential
Effect Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
OPERATION PHASE

Truck staging

Negligible

Potential to decrease coastal bird productivity through changes in habitat
quality through visual disturbance. Effects anticipated to be minimal as
current populations do not appear affected by similar activities at Roberts
Bank terminals.
Utilities

Overpass lighting and
rail switch lighting

Expanded
Tug Basin

Transiting of tugs
between tug basin,
assisting approaching
and departing ships,
and berthing and
unberthing

Maintenance dredging
(if required)

Minor

Potential to decrease coastal bird productivity through changes in habitat
quality. Artificial lighting may affect how habitat is used by birds of prey
species. Effects of artificial lighting on birds vary by species and focal group,
ranging from positive to negative effects.

Minor

Potential to decrease coastal bird productivity through changes in habitat
quality as a result of visual and acoustic disturbance from noise, mortality due
to collision with marine vessels, and changes to habitat availability from
increased vessel traffic. Activities and effects will be temporary and localised.
Coastal birds are highly mobile and anticipated to avoid vessel traffic and area
under adverse conditions.

Minor

Potential to decrease coastal bird productivity through changes in habitat
quality through visual and acoustic disturbance (continuous noise), and
changes in habitat quality (increases in TSS). Effects will be temporary and
localised. Coastal birds are highly mobile and anticipated to avoid area under
adverse conditions.
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15.7.1

Negligible Effects

As stated above, negligible potential effects are those effects before mitigation that are so
small that they are not detectable or measureable and are not anticipated to influence the
short-term or long-term viability of coastal bird sub-components. When negligible effects
are characterised quantitatively, such as in the Roberts Bank ecosystem model, this
definition applies to predicted changes (i.e., increases or decreases) in productivity between
0% and 5%. Increases or decreases less than 5% are considered to be within the margin of
error of the ecosystem model, and are therefore not considered to be detectable or
measurable (see Section 10.3.3 Ecosystem Model Process).
In the discussion and summaries that follow, changes in productivity for coastal birds are
considered to be negligible for increases or decreases between 0% and 5%, minor for
increases or decreases between 6% and 30%, and moderate for increases or decreases
between 31% and 60% (potential minor and moderate adverse effects are described in
Section 15.7.2). Change ratings take into consideration physical and biological aspects of
natural ecosystem variability.
Further discussion is provided below for the negligible potential effect ratings indicated in
the tables above for specific construction activities (e.g., installation of pipelines, adding toe
and scour protection rock in berth pocket, installation of utilities and infrastructure) and
operation activities (e.g., stormwater and sanitary sewage discharges). Potential Projectrelated effects to coastal birds that are considered to be negligible result from anticipated
changes in contaminant re-suspension, water quality (i.e., TSS and salinity), sediment
deposition and water velocity; effluent discharges and other operational procedures; direct
mortality or physical injury; and predation, as described below in Sections 15.7.1.1 to
15.7.1.8. Changes in salinity are not anticipated from the activities listed in Table 15-7
and Table 15-8, but are anticipated from changes in coastal processes as a result of
terminal placement (see Section 15.7.1.2).
Mechanisms that have the potential to affect coastal bird productivity are described in
Section 15.7.2.1, and potential productivity-related effects from these mechanisms are
described for each sub-component in Sections 15.7.2.2 to 15.7.2.8.
15.7.1.1

Contaminant Re-suspension

A wide variety of chemicals (e.g., polychlorinated biphenyls (PCBs), polybrominated
diphenyl ethers (PBDEs)) and trace elements (e.g., lead, selenium) can be toxic to birds.
While some potentially toxic substances occur naturally (e.g., heavy metals), they are
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referred to as contaminants herein. Contaminants can bio-magnify through the food chain,
potentially reaching toxic concentrations in higher trophic-level predators such as coastal
birds, piscivorous fish, and marine mammals (Elliott et al. 2009, Johannessen and
Macdonald 2009, Kaplan et al. 2013).
Given the presence of a coal terminal at Roberts Bank terminals, chemical indicators of coal
contamination, namely arsenic, cadmium, selenium, and PAHs, were examined. Existing
concentrations of metals, PAHs, and PCBs were all less than routine detection limits in
intertidal sediments (see Section 9.6.6 Surficial Geology and Marine Sediment,
Existing Conditions, CCME 1995) and ecosystem soil screening-level toxicity reference
values (TRVs) for birds (U.S. EPA 2005a, b, 2007).
The concentrations of trace elements and organic chemical contaminants in marine soils are
expected to remain unchanged throughout Project development, as the Project is not
expected to contribute additional inputs (Section 9.6.8 Surficial Geology and Marine
Sediment,

Future

Conditions

with

the

Project).

However,

the

potential

for

Project-related construction activities (e.g., dredging, dyke construction, vibro-densification,
DAS) to disturb subtidal sediments that could potentially re-introduce historical contaminant
deposits into the water column was examined. Re-suspended contaminants can be
consumed by coastal bird prey (e.g., bivalves) (Vermeer and Peakall 1979, Harrison et al.
1998, DFO 2013) or absorbed through gills, and after consumption result in elevated
contaminant loads in birds with consequent risks of toxic effects (Vermeer and Peakall 1979,
Bryan and Langston 1992).
Hydrodynamic and sediment transport models (see Section 9.6.6 Surficial Geology and
Marine Sediment, Existing Conditions) indicate that sediments in areas that will be
disturbed or re-suspended due to Project activities were not considered contaminated.
Exposure of coastal birds and their prey to sediment-bound contaminants during dredging
operations is therefore considered very unlikely. Also, given that the Project area is highly
influenced by wave action and riverine flows, and subject to continuous dilution through
tidal flushing and natural hydrodynamic processes, any potential exposure would be brief,
on the order of minutes to hours (Jones et al. 1981, Wilber and Clarke 2001, Roberts 2012).
Based on these findings, the potential for contaminants to affect coastal birds or their prey
(i.e., marine invertebrates (Section 12.6.2 Marine Invertebrates, Future Conditions
with the Project, Negligible Effects) and marine fish (Section 13.6.2 Marine Fish,
Future Conditions with the Project, Negligible Effects)), is considered negligible.
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Overall, effects of contaminant re-suspension on coastal bird productivity are considered to
be negligible because: 1) there are no Project-related inputs of contaminants in the LAA;
2) sediments in areas that will be disturbed or re-suspended due to Project activities are not
considered contaminated; 3) if contaminants were present, continuous dilution of
suspended sediments, along with tidal flushing, would lead to short-duration biological
exposures on the order of minutes to hours; and 4) the potential for bioaccumulation of
contaminants in coastal bird prey is considered negligible. This effect is therefore considered
negligible and not discussed further in this assessment.
15.7.1.2

Water Quality

Construction and placement of the marine terminal is predicted to cause changes in water
quality, which, in turn, may influence the productivity of the coastal birds sub-components.
Total Suspended Solid (TSS) Concentrations
The Fraser River estuary is highly influenced by wave action, silt-laden riverine flows, and
sediment movement (Mackas and Harrison 1997, Bolam and Rees 2003), with TSS levels
naturally varying between 2 mg/L 3 and 260 mg/L within the LAA (see Section 9.7.6
Marine Water Quality, Existing Conditions). Water clarity in the Fraser River estuary
varies seasonally, with the most turbid conditions occurring during the spring freshet.
Increased TSS and turbidity may temporarily decrease light transmission and visibility,
potentially affecting the ability of some coastal birds to forage and capture prey. Direct
effects of increased TSS and turbidity on coastal birds are anticipated to be negligible, as
changes are predicted to be within range naturally encountered in the LAA.
Although there are no specific guidelines addressing potential effects of water turbidity or
decreases in clarity on coastal birds, the Canadian Council of Ministers of the Environment
(CCME) clear-flow guideline was used to contextualise predicted increases in TSS levels as it
is the most conservative guideline for the evaluation of Project-related changes to marine
water quality. This guideline is not considered biologically meaningful to coastal birds
(e.g., diving birds), however, which often use estuarine habitats and are adapted to
naturally high background TSS levels as well as large seasonal variations in TSS. The clear
flow guideline is therefore not used in the assessment of Project-related TSS change on
coastal birds. Rather, the CCME high-flow-period guideline (i.e., 25 mg/L over background

3

2 mg/L is the lab detection limit for routine water sample analyses; therefore, concentrations may be lower
than 2 mg/L but are reported at the lab detection limit.
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when background levels are between 25 to 250 mg/L) is considered more relevant to
coastal birds at Roberts Bank, enabling a more realistic evaluation of potential effects, and
is therefore used in this VC assessment.
Dispersion modelling results indicate that TSS concentrations will be within the ambient
range (i.e., up to 60 mg/L in subtidal waters and up to 260 mg/L in intertidal waters during
the spring freshet period) beyond the localised area of activity. Total suspended solids
concentrations from the Project are not predicted to exceed the high-flow guideline,
except in the immediate area surrounding the DAS discharge pipe (see Table 9.7-4,
Section 9.7.8 Marine Water Quality, Future Conditions with the Project). Maximum
TSS levels in subtidal waters (approximately 100 mg/L and 150 mg/L during flood tide and
ebb tide, respectively) are predicted near the DAS discharge point, but are expected to
dissipate along the delta foreslope with distance from the outfall (to approximately 10 mg/L
to 20 mg/L).
While the maximum TSS concentrations resulting from dredging or DAS are not likely to
exceed the existing maximum levels associated with estuarine circulation, the relative
proportion of time that a turbid condition is likely to be encountered at specific locations in
the LAA will increase from Project construction activities. For the operation phase, effects
from maintenance dredging (if required) are assumed to be less than those experienced
during construction-phase dredging activities in the dredge basin and tug basin, based on
smaller anticipated dredge areas.
The location of the DAS outfall should also lessen the likelihood of coastal birds interacting
with elevated TSS levels. Decanted water pumped from the terminal footprint to the DAS
site will be discharged at a depth of –45 m CD, which is below the foraging depth of most
diving birds. For example, surf scoters rarely dive beyond –9 m CD in winter (Savard et al.
1998), and western grebes typically forage above a depth of –20 m CD (Storer
and Nuechterlein 2013). Long-tailed duck, which has been documented diving to depths
of -60 m CD to forage (Robertson and Savard 2002), is the only species documented to dive
deep enough to encounter increased TSS at the DAS site. However. the scheduled late
spring to summer timing of discharge to the DAS site does not overlap with the winter
occurrence of this species or many other diving bird species annually occurring within the
LAA (Hemmera et al. 2008, 2009, 2010, Hemmera 2014b). Because of the above-described
lack of both spatial and temporal overlap with this activity, and because TSS concentrations
will be within the naturally occurring ambient range found within the LAA, TSS is not
considered to be of concern for coastal birds. Associated effects to coastal bird prey are also
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anticipated to be minimal (see Section 11.6.3 Marine Vegetation, Future Conditions
with the Project, Potential Effect– Changes in Productivity; Section 12.6.3 Marine
Invertebrates, Potential Effect – Changes in Productivity; and Section 13.6.3
Marine Fish, Potential Effect – Changes in Productivity). Effects from elevated levels
of TSS and turbidity are therefore predicted to have a negligible effect on coastal bird
productivity and are not considered further in this assessment.
Salinity
Estuaries, such as the Fraser River estuary, are characterised by changing water flow
patterns, either from seasonal (e.g., freshet) or daily (e.g., river inputs, tidal cycles) events
that cause large fluctuations in salinity; as a result, estuaries contain a varied fauna that are
euryhaline or well adapted to a wide range of salinities.
Placement of RBT2 will alter the flow of tidal waters entering and leaving the area north of
the Roberts Bank causeway (see Section 9.7.8 Marine Water Quality, Future
Conditions with the Project). Changes to the tidal currents caused by diversion of flow
around the Project will change how freshwater from the Fraser River discharging from
Canoe Passage interacts with saline water from the Strait of Georgia. While terminal
placement will not disrupt the overall tidal regime at Roberts Bank, areas behind the
terminal are expected to become less saline, on average, relative to existing conditions.
Conversely, lower tideflat elevations adjacent to Canoe Passage are predicted to become
slightly more saline with the Project in place. These predicted changes occur for both freshet
and non-freshet periods, although changes for non-freshet periods are less, reflecting the
much smaller volume of freshwater mixing over the tidal flats. It is important to note that
the range of salinity will not change, as it will continue to fluctuate daily based on tides, and
seasonally based on the freshet.
Coastal bird species occurring in estuaries are well adapted to a wide range of salinities, and
changes in mean water column salinity resulting from the Project are unlikely to directly
affect coastal birds. Effects from changing salinity may affect the abundance and
distribution of coastal bird food, which could affect the productive potential of the LAA to
support the VC. Predicted changes to coastal bird foods from salinity are addressed in
the marine vegetation (Sections 11.6.2 to 11.6.4), marine invertebrates (Section 12.6.2
Negligible Effects and Section 12.6.3 Potential Effect – Changes in Productivity),
and marine fish (Section 13.6.2 Negligible Effects) sections. Potential effects to coastal
birds from changes in food abundance or distribution are addressed under the Biotic
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and Abiotic

Interactions

subsection

for

each

sub-component,

where

relevant

(see

Sections 15.7.2.2 to 15.7.2.8). This mechanism is therefore not discussed further as a
direct effect in the coastal birds assessment.
15.7.1.3

Sedimentation

Direct effects to coastal birds from changes in sedimentation are not anticipated; however,
indirect effects may affect the abundance and distribution of coastal bird food, which could
affect coastal bird productivity. Predicted changes to coastal bird foods are anticipated to be
minimal and addressed in the marine vegetation (see Section 11.6.3 Marine Vegetation,
Potential Effect– Changes in Productivity), marine invertebrate (see Section 12.6.3
Marine Invertebrates, Potential Effect – Changes in Productivity), and marine fish
(see Section 13.6.3 Marine Fish, Potential Effect – Changes in Productivity) sections.
15.7.1.4

Water Velocity

Direct effects of changes in water velocity to coastal birds are not anticipated. With the
exception of localised sea bed scour near the northwest edge of the terminal, changes in
water velocities due to RBT2 placement are predicted to be localised and largely within the
range

of

existing

conditions

at

Roberts

Bank

(see

Section

9.5.10

Coastal

Geomorphology, Summary of Assessment). Effects from a localised reduction in tidal
currents and decreased wave energy over a 70-ha area in the lee of the terminal will have
no direct effect on coastal birds, with minimal changes predicted in the capacity of the LAA
to support coastal bird productivity through effects to their prey (i.e., marine vegetation,
invertebrates, and fish) Similar negligible effects to changes in the capacity of the LAA to
support coastal bird productivity are predicted as a result of localised sea bed scour near the
northwest edge of the terminal (see Section 12.6.3 Marine Invertebrates, Potential
Effect – Changes in Productivity). Effects to coastal birds from changes in water velocity
are therefore not anticipated.
15.7.1.5
Potential

Effluent Discharges and Other Operational Procedures
operation-phase

changes

in

water

quality

from

wastewater

discharge

(e.g., sewage), stormwater runoff, oil or fuel pollution, anti-fouling chemicals, and
discharges from ships (bilge water and ballast water) are not expected to affect coastal
birds, including through the introduction of invasive species, due to the incorporation of:
(1) management and treatment measures, as well as regulatory requirements and
guidelines, described in Section 4.4.2 Project Description, Operation-phase Activities;
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and (2) current regulatory requirements and guidelines (refer to Section 9.7.8 Marine
Water Quality, Future Conditions with the Project for more information). With
implementation of these plans, no changes from discharges to marine water quality from
Project operation are expected, and are therefore not expected to affect coastal birds.
15.7.1.6

Direct Mortality and Physical Injury from Marine Vessels

Mortality or injury may be caused by collision of coastal birds with marine vessels during
Project construction or operation. During daylight hours, coastal birds likely see and avoid
approaching vessels; however, during nighttime birds may become disoriented, causing
potential collisions (Merkel and Johansen 2011). In southwest Greenland, Merkel (2010)
estimated that more than 2,000 birds were killed annually due to light-induced collisions
with vessels, with the majority occurring within 4 km of shore. The disorientation leading to
collisions was thought to be due to the powerful searchlights used to navigate icy waters off
Greenland. Species most susceptible to collisions were low-flying flocking species, with
seaducks comprising 99% of collisions. Similar focused searchlights are not used by vessels
around the existing Roberts Bank Terminals; therefore, the likelihood of a potential effect
from vessel light is expected to be considerably less. The number of collisions is expected to
increase under poor weather conditions that reduce visibility (e.g., snow) (Merkel 2010).
Currently, there are no known reports of coastal bird collisions with vessels at Roberts Bank
terminals or within the LAA. Furthermore, this effect has not been of concern in recent
project developments at Roberts Bank Terminals (e.g., DP3). This effect is therefore
considered negligible and is not discussed further in this assessment.
15.7.1.7

Direct Mortality from Entrapment in Open-ended Steel Pile

Another cause of coastal bird mortality is entrapment within uncapped, open-ended, steel
piles used in construction of marine facilities (DFO 2009). If piles are not capped, high
mortality of a number of species can result, as birds fall into piles when attempting to
perch. Sub-components known to be most susceptible to pile entrapment include diving
birds (e.g., cormorants), gulls, and raptors. Capping of hollow steel piles is a standard
practice that will be used as part of the terminal construction. Mortalities to coastal birds
due to entrapment will therefore not be of concern. This effect is considered negligible and
is not discussed further in this assessment.
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15.7.1.8

Safety from Predation

Research has shown that shorebirds select feeding and resting sites on the basis of food
availability and on a site's safety from predators, primarily peregrine falcon and merlin
(Falco columbarius) (Dekker 1998). Consequently, safety attributes may be as important as
food availability in determining a site's overall quality. Peregrine falcons are common within
the LAA during the winter and migration, and play a significant role in influencing shorebird
feeding and roosting habits (Lank et al. 2003, Pomeroy et al. 2006, Ydenberg et al 2010,
Dekker 2013). The construction of RBT2 could alter the level of predation risk to staging
shorebirds in the intertidal zone by confining shorebirds to areas that are safe from
predation, but less rich in food resources, or alternately, by providing perching structures
that favour falcons, allowing predation on shorebirds at closer range. The primary factor
correlated with increased predation danger is the distance a shorebird feeding or roosting
site is to a visual obstruction (e.g., shoreline vegetation, a causeway, or a terminal)
(Pomeroy et al. 2006). Safer sites are well away from obstacles that falcons might use to
hide their approach and surprise their prey (Dekker and Ydenberg 2004).
There is no evidence that either shorebirds or falcons are attracted to or disturbed by the
Roberts Bank causeway or existing terminals (Appendix 15-D Assessment of Changes
to Predation Risk to Shorebirds). Furthermore, because of the limited size of the
causeway widening and the location of Project terminal approximately 5 km offshore, away
from high quality-foraging habitats, effects of the Project on intertidal site-safety levels are
not expected to change from existing conditions. This effect is therefore considered
negligible and is not discussed further in this assessment.
15.7.2

Potential Effect - Changes in Productivity

Productivity is defined by several components that allow organisms to persist or thrive
within a system, including growth, individual performance, survival, movement, and
reproduction (Bradford et al. 2014) (Table 15-9). Components of productivity can be
divided into factors that are affected by various mechanisms resulting from the Project’s
presence or associated works. For example, coastal bird growth or survival can be affected
by changes to food quality or quantity. The Project-specific mechanisms affecting growth
and survival might be the removal of foraging habitat (i.e., habitat quantity) or changes
associated with TSS concentrations, water velocity, or salinity (i.e., habitat quality). The
pathway mechanisms affecting productivity can be complex, with a single activity affecting
multiple productivity components. This can be seen with mechanisms such as disturbance
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from noise that may prevent birds from accessing nearby habitats to forage or roost,
elevate stress levels, expend energy needlessly to avoid the disturbance, or in worst-case
scenarios cause injury or death if birds pass too close to activities such as pile driving.
Mechanisms that may lead to potential changes in productivity are described in
Section 15.7.2.1.

Productivity

mechanisms

considered,

but

determined

to

not

be

applicable to the assessment, were: 1) increases in infection or disease; 2) increases in
predation; and 3) exceedances of environmental tolerances.
Table 15-9

Components and Factors of Productivity
Potentially Causing Changes in Productivity.

Components/Factors
of Productivity

Productivity
Mechanisms

and

Mechanisms

RBT2 Specific Mechanisms

Growth
Changes to food
quality

Biotic and Abiotic Effects: changes in salinity,
sedimentation patterns, physical processes
Water Quality: increased TSS

Reduction of food
quantity

Changes to Habitat Quantity: habitat removal due
to RBT2 footprint

Reduction in
foraging efficiency

Noise and Other Disturbance: disturbance from
construction or operation activities (e.g.,
underwater or above-ground noise, vessel
movement, and increased TSS)
Artificial Lighting

Sub-optimal
environmental
conditions

Noise and Other Disturbance: disturbance from
construction or operation activities (e.g.,
underwater or above-ground noise, and vessel
movement)

Direct mortality

Direct mortality by
project

Direct Mortality: collision of birds with vehicles;
potential injury/mortality from close proximity to
vibro-densification, piling entrapment

Reduced habitat
quality or quantity

Habitat supply
limitation

(See Growth / Food Supply factor)

Restriction of
access to habitats

Noise and Other Disturbance: disturbance from
construction or operation activities (e.g.,
underwater and above-ground noise and increased
TSS)

Sub-optimal
environmental
conditions

Noise and Other Disturbance: disturbance from
construction or operational activities (e.g.,
underwater or above-ground noise, vessel
movement)

Food supply

Efficiency

Individual Performance
Stress
Survival

Movement
Habitat isolation
Reproduction
Reduced nest
success or
productivity

Note: Adapted from Bradford et al. 2014.
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Most coastal bird species using the LAA do so during a portion of their annual cycle. Species
abundance and diversity are greatest during migration and overwintering periods, and
lowest during the summer months typically associated with the breeding season (R. W.
Butler and Vermeer 1994, Hemmera et al. 2009, Hemmera 2014b). As a consequence, a
limited number of species annually nest within the LAA (see Section 15.5); therefore,
coastal bird productivity within the LAA was not defined by the annual production of young
to support population growth, but instead was measured through a bird’s ability to maintain
its individual performance, growth, survival, and movement so it may complete its annual
cycle (as per Bradford et al. 2014).
Within the ecosystem model, changes in productivity are based on rates of change in
biomass (tonnes (t)) per unit area (km2) per unit time (year) (t/km2/y)) (Section 10.3
Overview of Assessing Ecosystem Productivity). Because of the transient nature of the
majority of coastal birds using the LAA, and because processes outside the LAA can
influence population sizes, changes in coastal bird productivity are viewed as changes in the
ability of the LAA to support sub-component populations and not necessarily as changes in
the actual number of birds that will use the LAA in the future.
The ecosystem model incorporates five abiotic parameters (i.e., salinity, bottom current
velocity, wave height, substrate (hard vs. soft), and depth) as well as numerous biotic
factors (e.g., biomass, production, consumption, diet composition) to quantify changes in
productivity (refer to Section 10.3.3 Ecosystem Model Process for more information).
Ecosystem model values presented in subsequent sections are results of the key run, which
shows the difference in productivity between two future cases (with and without the
Project), and is used to estimate the change in productivity as a result of RBT2
(see Appendix 10-C Roberts Bank Ecosystem Model Development and Key Run).
The ecosystem model uses biomass to estimate changes in productivity. Net changes in
biomass can be more accurately thought of as indicators of change in the productive
potential of the ecosystem, rather than estimates of absolute increases or decreases. For
example, a model biomass ratio output of 0.95 for brant suggests that with the Project, the
study area can support 5% fewer brant than it can without the Project and should not be
interpreted as a –5% loss of brant biomass as a result of the Project. The difference
between potential and realised production is dependent upon how close to carrying capacity
a group is, which in turn is dependent on life history, habitat utilisation patterns, and the
trophic level of each group.
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As outlined in Section 10.3.3 Ecosystem Model Process, comprehensive sensitivity
analyses were performed to evaluate the uncertainty and understand the confidence in
model predictions. Different analyses tested the model’s sensitivity to abiotic and
biotic factors,

as

well

as

input

parameters;

detailed

methods

and

results

are

described in Appendix 10-D Roberts Bank Spatial Ecosystem Model Sensitivity
Analysis while a high-level summary of the main outcomes is presented in Table 15-10
below. In general, key run predictions were quite robust to the sensitivity analyses, and
evaluations of uncertainty did not substantively change model predictions. However, results
suggest that in some instances (i.e., gulls and terns), the magnitude of change may be
slightly underestimated while in other instances (i.e., raptors), it may be overestimated.
The ecosystem model, which does not take into account construction or operation-phase
activities, predicts changes in productivity due to geomorphologic changes resulting from
the proposed Project (e.g., the Project footprint burying prey), assuming bird biomass is
distributed as a function of suitable habitat and prey productivity. To ensure a complete
assessment of potential effects, changes in coastal bird productivity are evaluated both
qualitatively and quantitatively using a combination of literature review, empirical field
studies, and predictive modelling. Quantitative predictions of productivity changes are
calculated using ecosystem modelling, as outlined in Section 10.3 Overview of Assessing
Ecosystem Productivity, and statistical modelling specific to sub-components where data
are available (e.g., shorebird foraging opportunity model in Appendix 15-B).
The Project has the potential to affect coastal birds productivity through effects relating to
loss of habitat from terminal placement and causeway widening, and alteration of coastal
geomorphic processes (described in Section 9.5.8 Coastal Geomorphology, Future
Conditions with the Project) that influence nutrient dynamics and trophic interactions
(e.g., changing relative abundances and distributions of predators and prey). Overall, the
model predicts a 2.9% increase (+0.81 t) in coastal bird biomass associated with changes
due to the Project (Table 15-10).
As stated in Section 15.7, negligible potential effects are those effects before mitigation
that are so small that they are not detectable or measureable and are not anticipated to
influence the short-term or long-term viability of the VC or sub-components. In the
discussion and summaries that follow, within the context of the Roberts Bank ecosystem
model, changes in productivity between 0% and 5% (see Section 10.3.3 Ecosystem
Model Process) are considered to be within the margin of error of the model, meaning
little or no Project-related change. Productivity increases or decreases between 6% and
30% are termed minor as they are considered in the range of natural ecosystem variability.

Page | 15-65

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Overall, the Project is predicted to have minor effects on the capacity of the LAA to support
coastal bird productivity, with biomass changes of sub-components and representative
species ranging from approximately –8% to +31%. The model indicated that the productive
potential of the LAA to support coastal birds was most influenced by changes in salinity and
increases in current velocity (ESSA 2014b). Changes in productivity of sub-components and
representative species are presented in Sections 15.7.2.2 to 15.7.2.8.
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Table 15-10

Summary of Roberts Bank Ecosystem Model Productivity Results for Coastal Birds
Sensitivity Analyses

Subcomponent
and
Representative
Species

Difference
in
Productive
Potential
(%)

Difference in
Productive
Potential
(biomass
(t))1

● Sensitive
▲ Insensitive
Predator
Vulnerability
Setting

Abiotic
Factors

Changes in
Abiotic
Factors

Variation in
Biotic Input
Parameters

Potential
Biomass
Loss2

Summary
of Model
Results3,4

Shorebirds
Western
Sandpiper

+13

+0.008

▲

▲

●

●

No

Minor
increase

Dunlin

+13

+0.06

▲

▲

●

●

No

Minor
increase

–2

–0.001

▲

▲

●

●

Yes

Negligible

+12

+0.067

-

-

-

-

-

-

Other
Shorebirds
Total
Waterfowl
American
Wigeon

–8

–0.4

▲

●

●

●

Yes

Minor
decrease

Brant

–5

–0.06

▲

●

●

▲

Yes

Negligible

Other Waterfowl

+8

+1.35

●

▲

●

●

Yes

Minor
increase

Total

+4

+0.89

-

-

-

-

-

-

<–1

–0.002

▲

●

●

●

Yes

Negligible

–0.1

▲

▲

▲

●

Yes

Minor
decrease

Herons
Great Blue
Heron
Diving Birds
Diving Birds

–6
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Sensitivity Analyses
Subcomponent
and
Representative
Species

Difference
in
Productive
Potential
(%)

Difference in
Productive
Potential
(biomass
(t))1

–7

● Sensitive
▲ Insensitive

Potential
Biomass
Loss2

Summary
of Model
Results3,4

Predator
Vulnerability
Setting

Abiotic
Factors

Changes in
Abiotic
Factors

Variation in
Biotic Input
Parameters

–0.008

▲

●

●

●

Yes

Minor
decrease

+31

+0.003

●

●

●

●

No

Moderate
increase

–4

–0.005

-

-

-

-

-

-

–1

–0.04

▲

▲

●

●

Yes

Negligible

+0.81

-

-

-

-

-

-

Raptors
Bald Eagle
Other Raptors
Total
Gulls and Terns
Gulls and Terns
5

VC Total

-

Notes:
1. Biomass is a measure of productivity, and is presented as the net change in productivity resulting from Project-related changes
associated with the footprint. This measure of productivity does not include productivity gains from proposed offsetting mitigation, as
described in Section 17.3 Offsetting Potential Effects.
2. If any of the model runs have a negative outcome (i.e., key run or one of the four sensitivity analyses), a potential biomass loss is
indicated (see Appendix 10-D).
3. The Summary of Change in Productive Potential column indicates the likely outcome based on the combined information from the model
key run and four types of sensitivity analyses.
4. Productivity change ratings (applicable to both increases and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change.
Change ratings take into consideration physical and biological aspects of natural ecosystem variability.
5. Passerines were not included in the Roberts Bank ecosystem model.
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15.7.2.1

Mechanisms Affecting Productivity

This section describes mechanisms that influence productivity of coastal birds, including
changes to habitat quantity, water quality, direct mortality, artificial lighting, the visual and
acoustic

environment,

and

biotic

and

abiotic

interactions.

Anticipated

effects

for

mechanisms specific to each sub-component are described in Sections 15.7.2.2 to
15.7.2.8.
Changes to Habitat Quantity
Due to the abundance and diversity of food in the LAA, a primary use of the area by coastal
birds is foraging; therefore, the removal of key habitats for foraging (e.g., native eelgrass)
or supporting coastal bird prey (i.e., sandy subtidal bivalve habitat) could have a direct
effect on the capacity of the LAA to support coastal birds.
The terminal’s wharf face will be located at the –10 m CD contour line (approximately 6 km
from the shoreline), with the majority of the Project’s footprint located in the subtidal zone.
Construction of the terminal will result in permanent loss of approximately 113 ha of
subtidal and 3.1 ha of intertidal habitats (for a total of 116.1 ha). An additional 17.4 ha of
subtidal habitat will be dredged or densified to –30 m and –47 m CD, respectively.
Causeway widening and expansion of the tug basin will directly affect an additional 49.4 ha
and 3.1 ha of intertidal habitat, respectively. The value of these areas to coastal birds is
primarily as foraging habitat and to a lesser extent roosting habitat. Changes in habitat
availability may cause indirect mortality and reduce individual fitness by altering behaviours
and causing physiological stress through increasing energy expenditure in finding alternative
food sources. Potential effects vary by sub-component, effectiveness of mitigation
measures, and availability of alternative habitats within the LAA (see Sections 15.7.2.2
to 15.7.2.8).
Noise and Other Disturbance
Sources of noise and other forms of disturbance from Project-related activities that can
affect coastal birds include: 1) underwater and above-ground noise during terminal
construction; 2) increased underwater noise from vessel traffic during construction and
operation; and 3) increased visual disturbance from vessels transporting materials during
construction or the approach and departure of container vessels during Project operation.
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Injuries or mortalities to coastal birds from impulsive sound waves during construction
activities will likely affect birds. The most common injury is damage to a bird’s hearing, but
more severe injuries, or even death, are possible (Niemiec et al. 1994, Ryals et al. 1999).
Fortunately, damage to hearing is often temporary as hair cells within bird ears can
regenerate (Niemiec et al. 1994, Ryals et al. 1999). Physical effects of noise to birds, which
can differ depending on whether the bird is above or below water, are described below.
The effects of noise on birds have been studied extensively (Pater et al. 2009, Blickley et al.
2012, Ortega 2012), with much of the research addressing above-ground noise effects,
especially on breeding birds in terrestrial systems (Francis et al. 2009, 2011, 2012, van
Langevelde and Jaarsma 2009, Halfwerk et al. 2011, Summers et al. 2011, Schroeder et al.
2012). Quantification of underwater noise effects to coastal waterbirds has been limited.
The potential effects of noise and other anthropogenic disturbances on birds include
avoidance of the affected area, fright–flight responses, and physical damage of tissues and
death. A discussion of known bird responses and potential effects associated with RBT2 is
summarised below.
Underwater Noise

Behavioural studies to assess the effects of underwater noise on diving birds have generally
found few effects. A 1980 to 1982 study by Stemp (1985) in Hudson Strait on the effects of
seismic surveys (i.e., chemical explosives and airguns) on northern fulmar (Fulmaris
glacialis), black-legged kittiwake (Rissa tridactyla), and thick-billed murre (Uria lomvia)
found no differences in numbers of birds using areas with or without seismic activity. In
their review of the Stemp (1985) study, Turnpenny and Nedwell (1994) concluded that
there was no evidence of harm caused by air guns, and even chemical explosives, unless
the birds ventured very close to detonation. A subsequent study on the effects of
underwater seismic surveys on molting male long-tailed ducks in the Beaufort Sea found no
effect on movements and diving behaviour (Lacroix et al. 2003). Finally, Leopold and
Camphuysen (2009) found negligible effects of pile-driving (i.e., during wind farm
installation) on seabirds off the Dutch coast, although the study was conducted in April
through July, when seabird numbers were already low. Although none of the studies
documented effects of underwater noise on birds, survey timing, lack of quantification of the
magnitude of underwater noise, and study design were consistent study limitations.
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Published literature concerning injury thresholds for birds from impulsive underwater noise
are lacking. Teachout (2006) evaluated effects from impact pile-driving on marbled murrelet
(Brachyramphus marmoratus) and found that installation of 36-inch and 24-inch hollow
steel piles produced sound pressure levels of 210 dB peak, which exceeded the 180 dB peak
above which physical injury, including death, has been documented in aquatic organisms.
Sound-pressure levels above 153 dB (root mean square) were expected to cause temporary
behavioural changes that may negatively affect foraging efficiency (Teachout 2006). A
subsequent panel of university researchers, state and federal biologists, and consultants
recommended noise injury thresholds with an auditory threshold of 202 dB cumulative
sound exposure level (SEL) and non-auditory threshold of 208 dB SEL for repetitive,
impulsive sounds (SAIC 2011). Mitigation measures to reduce potential exposure in the
above study focused on using sound-attenuation devices (e.g., bubble curtains) and
reducing the extent of the geographic area where adverse effects could occur (Teachout
2006). A hazing program was used to move murrelets out of the area (42 to 168 m) where
physical injury was expected.
Underwater noise levels during RBT2 construction were modelled to be generally
comparable to existing conditions (see Section 9.8.8 Underwater Noise, Future
Conditions with the Project). Predicted noise levels ranged from 170 dB re 1 micro Pascal
(µPa) at less than 20 m from vibratory piling at the mooring dolphin to 120 dB re 1 µPa at
14,520 m from vibratory sheet piling at the west-end caisson. This is similar to the current
noise levels adjacent to the Port, which ranged from 98.1 dB re 1µPa to 149.8 dB re 1µPa
with a mean of 119.5 dB re 1µPa.
During

operation,

activities

that

produce

underwater

noise

include

approach

or

departure and berthing or unberthing of container ships with associated support vessels
(see Section 9.8.8 Underwater Noise, Future Conditions with the Project). Predicted
underwater noise levels ranged from 170 dB re 1 µPa at less than 20 m to 140 dB re 1 µPa
at less than approximately 1 km for both berthing and approaching ships. Due to the time
between arriving and departing ships, increased noise over existing conditions is predicted
to be present 3% of the year.
Above-ground Noise and Visual Disturbance

A variety of activities have been shown to cause birds to avoid areas prone to disturbance.
Researchers have attributed lower bird occupancy adjacent to roads with increased traffic
noise levels (Reijnen et al. 1995, Forman and Deblinger 2000, Brotons and Herrando 2001,
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Fernández-Juricic 2001). Other research has shown avoidance by songbirds of noisy areas
(e.g., around gas well compressors) (Francis et al. 2009) and a 1.5-times greater density of
breeding birds near noiseless energy installations compared to sites with noisy compressors
(Bayne et al. 2008, Ortega 2012, Ortega and Francis 2012). Masking or interference with
vocal signals (e.g., songs and communication calls) between birds may be one of the
reasons for reduced use. Impairment of call detection can have serious consequences, as
songs and calls are often used to attract mates and defend territories (Slabbekoorn and
Smith 2002, Warren et al. 2006, Wood et al. 2006, Barber et al. 2010). The vast majority of
bird species using habitat in the vicinity of Roberts Bank terminals use the area for foraging,
roosting, overwintering, or as a migration site, and not breeding. Exceptions are European
starling (Sturnus vulgaris), pelagic cormorant, and pigeon guillemot (Cepphus columba),
which have habituated to human presence and anthropogenic disturbances. European
starlings regularly nest in holes and cavities found in manmade structures (Cabe 2014), a
pair of guillemot nest along the B.C. Ferries Terminal jetty, and for over 10 years a pelagic
cormorant colony has nested on the loading jetty at the tip of Westshore Terminals (2014)
and appear to have adapted to anthropogenic noise and disturbance in the LAA.
Areas with increased human activity levels may also be avoided by birds. Within terrestrial
environments in Delta, B.C., waterfowl are less tolerant and abundant in fields with greater
human activity, even if the fields possess higher quality forage (Middleton 2014). Similarly,
field use by geese in Scotland was negatively associated with disturbance (Gill et al. 1996),
and use of reserves in England were avoided by waterfowl during periods in which hunting
was allowed (Hirons and Thomas 1993). Although studies have not been conducted in the
marine environment, disturbance likely also plays a large role in site use of waterfowl and
other sub-components.
Response to disturbance is complex and varies with the type of disturbance, species, flock
size, season, and location (Brown 1990, Hockin et al. 1992, Burger 1998, Conomy et al.
1998a, Conomy et al. 1998b, Rodgers and Schwikert 2002, Ortega 2012). The abruptness
or intensity of disturbance seems to be positively correlated with a fright-flight response.
Brown (1990) found that two colonies of crested tern (Sterna bergii) with no prior exposure
to loud noise searched for the source of abrupt noises at all decibel levels, but did not take
flight until exposures reached greater than 85 dBA. Burger (1998) found common terns
(Sterna hirundo) were more liable to elicit a flight-fright response when boats raced at high
speeds or were outside established travel channels. Rodgers and Schwikert (2002) proposed
buffer zones for watercraft to minimise effects to foraging and loafing waterbirds in Florida.
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With regular exposure, coastal birds become habituated to numerous types of disturbance
(Cutts et al. 2009). Conomy (1993), cited in (Conomy et al. 1998b), hypothesised that
American black duck (Anas rubripes), American wigeon, gadwall (A. strepera), and greenwinged teal had become habituated to low-flying military aircraft in North Carolina since
only 2% of individuals exhibited a response and less than 1.4% of their daily time-activity
budget was spent reacting to these disturbances. In subsequent controlled experiments,
black ducks were exposed to six different recordings of jet noise (Conomy et al. 1998b). The
proportion of times black ducks reacted to noise decreased significantly by two-thirds from
the first day of exposure (25%) to the last day (i.e., day 4; 8%). Wood duck (Aix sponsa)
did not demonstrate the same habituation rates, suggesting that habituation to disturbance
may be species-specific (Conomy et al. 1998b). As well, habituation may be less likely to
occur when the nature of disturbance continually changes. Smit and Visser (1993) found
that feeding and roosting waders and ducks in the Dutch Wadden Sea habituated to
standard helicopter movements; however, unusual planes that show up irregularly
continued to elicit strong responses.
Although no controlled disturbance or habituation experiments have been conducted at
Roberts Bank terminals, observations of bird distribution, abundance, and flight patterns
indicate that much of the bird community is likely habituated to existing port activities and
associated noise. Year-round surveys conducted for the DP3 AMS program (Hemmera et al.
2008, 2009, 2010, 2011) and surveys conducted in support of the RBT2 Project (Hemmera
2009a, 2013c, 2014b, g) indicate high use by most coastal birds species within 100 m to
250 m of existing facilities. Construction of DP3 was completed in December 2009; results
from the monitoring program indicated that coastal bird abundance and habitat use within
the inter-causeway area (adjacent to the project) was similar to pre-construction surveys
(Hemmera 2011). Also, coastal birds were regularly observed in areas adjacent to
construction activities. It was speculated that this habituation behaviour was likely the
result of the extent of disturbance that regularly occurred in the area from operation of the
two existing berths at Deltaport and the tug facilities. It is likely that similar habituation to
the presence of RBT2 will occur, particularly with the establishment of features to reduce
disturbance incorporated into the terminal design and operation (see mitigation measures
described in Section 15.8).
The most severe effect to birds from above-ground noise is physical injury to soft tissues.
Physical damage to birds’ ears in air occurs either with short-duration, but very loud,
sounds (greater than 140 dBA for single blasts or 125 dBA for multiple blasts;
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e.g., construction noise) or continuous (greater than 72-hour) exposure to noise greater
than 110 dBA (Dooling and Popper 2007); however, typical noise levels for most
construction activities 30 m from source are less than 95 dBA (U.S. FTA 2006).
No standard disturbance thresholds for effects to birds from above-ground noise exist;
however, noise levels greater than 85 dBA have caused coastal waterbirds (e.g., crested
terns) to flee affected areas (Brown 1990). Maximum in-air noise levels in marine areas
during RBT2 construction are predicted to be 63.7 dBA, 1 km from the terminal
(see Section 9.3.9 Noise and Vibration, Future Conditions with the Project). Noise
levels of greater than 85 dBA would occur approximately 60 m to 100 m from the noise
source at RBT2. The likelihood of coastal birds encountering impulsive noises greater than
85 dBA is low at RBT2 because of the large size of the terminal (i.e., many point sources of
noise will be greater than 100 m from coastal birds and their habitat), and because birds
are able to move away from disturbances. Although birds may be temporarily excluded from
certain habitats adjacent to active construction, the effect can be minimised through
appropriate mitigation (see Section 15.8.3).
If birds are displaced from suitable habitat, the habitat is temporarily lost; however, if an
adequate supply of alternate habitat exists, no adverse effects of displacement should
occur. Effects related to changes in habitat and food availability for each sub-component are
discussed in Sections 15.7.2.2 to 15.7.2.8.
Direct Mortality from Vehicles
Collisions with road vehicles is one of the top five sources of human-related avian mortality
in Canada (Calvert et al. 2013), and is estimated to kill 13.8 million birds annually during
the breeding and fledging season (Bishop and Brogan 2013). There is less published data on
bird collisions with trains, and trains were not included in the Calvert et al. (2013) review
synthesising human-related causes of avian mortalities in Canada. Bird collisions with trains,
however, are known to occur and have been documented within the LAA and RAA
(Hemmera 2014j, k). Hereafter, vehicles and trains are collectively referred to as vehicles.
Vehicle collisions remove healthy and mature birds from the population, the majority of
which are passerines (Bishop and Brogan 2013). Carcass searches conducted at Roberts
Bank terminals have estimated annual mortality to range from 635 to 710 individuals
(Burger and Cassidy 1995, Cassidy et al. 1998, Next 2005, Hemmera 2014j). Next (2005)
and Hemmera (2014k) estimated that approximately 38% of this annual mortality were
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from vehicle collisions and 62% were from collisions with overhead wires. Burger and
Cassidy (1995) found collision rates positively associated with inclement weather (e.g., fog),
which theoretically reduced visibility and made vehicles and infrastructure at the terminals
more difficult to see. Fifty-four percent of vehicle-caused mortalities were passerines, of
which 77% were from two introduced species not protected under the MBCA, European
starlings and rock pigeons. Other coastal birds struck by vehicles included western
sandpiper, dunlin, glaucous-winged gull, common goldeneye (Bucephala clangula), and song
sparrow (Melospiza melodia). Carcasses of two species of conservation concern, barn owl
and surf scoter, were also documented (Next 2005, Hemmera 2014j).
Once capacity at the terminal reaches 2.4 million TEUs (2030), total daily port-related truck
movements (i.e., including both arrivals and departures) are expected to be 3,700 on an
average day and an additional 8 train movements (i.e., 4 trains per day on average) are
expected (see Section 4.4.2 Project Description, Operation-phase Activities). Traffic
volume is frequently mentioned as a factor affecting bird mortality (Erritzoe et al. 2003),
and an increase in traffic along the Roberts Bank causeway will likely increase the number
of avian mortalities. If the vehicle-bird collision rate remains unchanged when RBT2 is
operating at design capacity, approximately 155 additional vehicle-related bird mortalities of
species protected under the MBCA or B.C. Wildlife Act across sub-components can be
anticipated annually.
Artificial Lighting
Nocturnal behaviour of birds often varies in response to lighting conditions. Many lightdependent behaviours have evolved in response to the influence of moonlight on prey
availability and predation danger. Anthropogenic sources of light (hereafter referred to as
artificial light) often elicit the same changes in behaviour as natural nighttime light.
Changes to natural light cycles from artificial light can lead to increased foraging efficiencies
for some birds, but are generally considered to be a source of stress. Furthermore, artificial
light can attract birds to hazards and disrupt their ability to navigate. A review of
documented effects of natural and artificial light on birds is provided below.
Effects of Natural Light

Use of natural light by birds can vary by sub-component and species. For example, most
seabird families avoid nocturnal feeding due to the difficulty of locating fast-swimming, agile
prey in darkness (Mougeot and Bretagnolle 2000). Great crested grebes (Podiceps cristatus)
are crepuscular foragers that disperse from roosting flocks at dusk and dawn to feed while
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there is sufficient light to detect prey (Piersma et al. 1988). Small petrel species are known
to feed more actively on dark nights to avoid predators and to take advantage of the
increased nocturnal migration of marine organisms toward the ocean’s surface (Watanuki
1985, Mougeot and Bretagnolle 2000, Cruz et al. 2013). During moonlit nights,
insectivorous night-jars (Caprimulgus tristigma) and whip-poor-wills (C. vociferous) feed
more actively (Mills 1986, Gaston et al. 2013), and some shorebirds switch from tactile
foraging to more efficient visual feeding modes (Mouritsen 1994, Rojas et al. 1999, Dwyer
et al. 2013). Short-eared owls have also been shown to feed more efficiently under moonlit
conditions (Clarke 1983).
Effects on Foraging

Artificial light likely reduces prey availability for some nocturnally foraging seabirds by
reducing nocturnal migrations of marine organisms to the ocean’s surface (Montevecchi et
al. 2006); however, if prey are forced to the surface by predators (e.g., predatory fish)
increased light can be advantageous to nocturnally foraging diving birds (Clowater 1998).
Research on the effects of natural light suggests that vertical migrations of prey are more
sensitive to nighttime light in off-shore areas than coastal areas (Cruz et al. 2013);
however, artificial light in coastal areas also allows for more efficient foraging by a variety of
shorebirds (Santos et al. 2010, Dwyer et al. 2013). Artificial light enables shorebirds that
forage visually (e.g., plovers) to increase their foraging effort, and allows shorebirds that
feed both visually and tactilely (e.g., dunlin) to employ more efficient visual foraging
methods. For example, the proportion of dunlin feeding visually more than doubles under
artificial lighting than under natural lighting conditions (Santos et al. 2010). Such shifts in
foraging behaviour can lead to substantial increases in prey intake rates. When averaged
across six species of waders examined by Santos et al. (2010), prey intake rates increased
by 83% under artificially lit conditions.
Effects on Predation Risk

While benefits of artificial lighting to shorebird foraging behaviour are well documented, the
implications for predation danger is less certain. Increases in light may increase the visibility
of shorebirds to nocturnal predators, but also may increase a shorebird’s ability to detect
approaching predators. Zharikov et al. (2009) studied nocturnal dunlin distribution and
habitat use within the LAA over two wintering periods. When snowy owls were present,
dunlin avoided areas close to shore and Roberts Bank terminals, presumably because these
areas provided cover for hunting owls, increasing the predation risk to shorebirds. When
snowy owls were absent, dunlin foraged over a wider area and used prey-rich near-shore
habitat.
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Effects as of Light an Attractant

Birds are attracted to artificial light sources in otherwise dark environments (e.g., open
ocean: Montevecchi et al. 2006). Thousands of seabird mortalities have been reported at
off-shore oil platforms and artificially illuminated coastal sites (Reed et al. 1985,
Montevecchi et al. 2006, Rodriguez and Rodriguez 2009). Birds attracted to artificial light
sources sometimes fly around illuminated areas for hours or days with energetic costs that
can lead to mortality (Montevecchi et al. 2006). Nocturnal seabirds of the order
Procellariiformes (i.e., albatrosses, petrel, shearwaters, storm petrels, and diving petrels)
most commonly suffer from such large-scale fatal effects (Montevecchi et al. 2006). There
are no known reports of the effects described above occurring at the existing Roberts
Bank Terminals.
Effects on Migration

Migration and other large-scale movements by birds can also be disrupted by artificial light
(Poot et al. 2008). Avian navigation is aided by an internal magnetic compass that can be
confused by white, yellow, orange, and red light with wave lengths longer than 565 nm
(Muheim et al. 2002, Poot et al. 2008, Wiltschko et al. 2009, ClearSky 2014). Cities and
large anthropogenic structures (e.g., Roberts Bank terminals) that are sources of artificial
light may affect the ability of birds to navigate properly. Disorienting effects to birds can be
minimised or eliminated by using fixtures emitting light in the blue-green spectrum (Poot et
al. 2008, ClearSky 2014). The energetic costs of distracted or disoriented migration can be
life-threatening for birds, but consequent mortalities are difficult to document or quantify.
Sub-components occurring in the LAA known to migrate at night include passerines,
waterfowl, diving birds (i.e., grebes and loons), and shorebirds.
Minimising Effects from Artificial Light

A number of measures have been used to minimise negative effects of artificial light to
birds. Light pollution can be reduced by shielding light (i.e., using valances) from the sky
and sea-surface, reducing light during sensitive periods (e.g., migration), using blue and
green lighting, and reducing light intensity in general (Montevecchi et al. 2006). Such
mitigation measures have reduced avian mortalities by as much as 40% in some locations
(e.g., Reed et al. 1985) and have been recommended for coastal and off-shore
developments.
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Biotic and Abiotic Interactions
Through alterations to habitat and geomorphic conditions, the Project may affect biotic
interactions at Roberts Bank. Changes in predator (e.g., bald eagle, peregrine falcon) and
prey (e.g., marine vegetation, invertebrates, fish) abundance may affect the productivity of
coastal bird sub-components. Changes relevant to each sub-component are informed by
information presented in Section 11.6 Marine Vegetation, Future Conditions with the
Project; Section 12.6 Marine Invertebrates, Future Conditions with the Project;
and Section 13.6 Marine Fish, Future Conditions with the Project; predictions from
the ecosystem model (Section 10.3.4 Roberts Bank Ecosystem Model Predictions),
and addressed in Sections 15.7.2.2 to 15.7.2.8.
15.7.2.2
The

Productivity of Shorebirds

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA to support shorebird productivity. Overall,
the ecosystem model predicts the capacity within the LAA to support shorebirds (total
shorebirds) will increase by 12% in the future with the Project (Table 15-10). The
productive potential of the LAA to specifically support western sandpiper and dunlin are
predicted to increase by 13% or 0.008 t and 0.06 t, respectively. The productive potential
to support other shorebirds, which in the ecosystem model are defined by black-bellied
plover, are predicted to decrease by 2% (–0.001 t). Results from the sensitivity analyses
did not differ from the key run model output for dunlin or other shorebirds and increased to
14% with the Project in place for western sandpiper (ESSA 2014b).
Empirical results from the SFOM modelling align with a positive increase for shorebirds
(associated with a salinity change during a typical freshet). The mechanisms behind these
changes are likely associated with increases in shorebird food, such as freshwater
biofilm (89% or 1470 t), meiofauna (11% or 175 t), and macrofauna (27% or 733 t) (see
Section 11.6 Marine Vegetation, Future Conditions with the Project and Section
12.6 Marine Invertebrates, Future Conditions with the Project).
These increases in shorebird food are likely driven by predicted reductions in water velocity,
increased deposition of fine sediments (see Section 9.5.8 Coastal Geomorphology,
Future Conditions with the Project), and a change in salinity (see Section 9.7.8
Marine Water Quality, Future Conditions with the Project), which, depending on the
size of the freshet, may be more aligned with optimum conditions for biofilm productivity
that increases its overall biomass in the LAA (Appendix 15-B). The predicted decrease in
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the productive potential for other shorebirds (–2%) is considered to be within the margin of
error of the model, meaning little or no Project-related change is predicted in the potential
of the LAA to support this group; and may be attributed to increases in food sources such as
macrofauna. For a discussion of results from the shorebird foraging opportunity model see
the Biotic and Abiotic Interactions subsection, below.
Changes in Habitat Quantity
Causeway widening will directly affect 42.4 ha of intertidal sand-mud habitat, of which
2.5 ha support biofilm used by shorebirds for foraging. This loss corresponds to a 3% loss of
sand-mud habitat and 0.8% loss of biofilm-dominated substrates. An additional 12.3 ha of
intertidal marsh-roosting habitat will be lost due to the widening, representing less than
0.01% of LAA intertidal marsh biomass. Because ample habitat remains, losses in foraging
and roosting habitat are not likely to influence productivity for shorebirds. Onsite mitigation
to offset direct loss of mudflats with the potential to support biofilm and intertidal marsh
habitats is proposed (see Section 11.7 Marine Vegetation, Mitigation Measures).
Noise and Other Disturbance
As shorebirds do not utilise submerged habitats, constant or impulsive underwater noise will
not affect this sub-component. Potential effects from underwater noise on shorebirds are
therefore considered negligible.
Studies

monitoring

shorebird

distribution,

abundance,

and

habitat

use

during

the

construction of the DP3 terminal indicate minor to negligible effects to shorebirds, as site
usage was not affected (Hemmera et al. 2009, Hemmera et al. 2010). This may partly be
due to the majority of construction works occurring away from the mid- and upper-intertidal
zones frequented by shorebirds. As part of RBT2 construction, some of the most potentially
disruptive activities associated with widening of the causeway (e.g., containment dyke
construction, removal of existing rip-rap) are scheduled during the winter months
(i.e., November to January), and therefore may affect overwintering shorebird use of the
adjacent habitat. Due to the large amount of alternative available habitat, the overall affect
is likely to be minor but can be reduced further with measures to limit sound and artificial
light transmission.
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Observations of shorebird distribution, abundance, and flight patterns at Roberts Bank
terminals indicate that shorebirds are likely habituated to existing port activities and
associated noise (see Section 15.7.2.1). It is likely that similar habituation to the presence
of RBT2 will occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal waterbirds to leave affected
areas (Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m from the noise source at RBT2. The likelihood of shorebirds
encountering impulsive noises (if impact pile driving is used) greater than 85 dBA is
therefore considered infrequent due to the large spatial area and temporal period over
which activities will be spread relative to the large size of the LAA. Additionally, impulsive
events associated with terminal development, if they occur, will occur in the subtidal zone.
Shorebird foraging and general habitat use are restricted to the intertidal zone. This
separation should further reduce the likelihood of shorebirds encountering above-ground
noise that would elicit a flight response. If noise levels are encountered that elicit a
response, the resulting effect will likely be negligible due to the large amount of alternate
habitat available within the LAA.
Artificial Lighting
A study to assess potential effects from artificial light on the distribution of northward
migrating western sandpipers within the LAA showed no association between the amount of
light in an area and usage by sandpipers (Hemmera 2014e). Additionally, overwintering
dunlin foraging within the LAA have been documented within close proximity of the existing
Deltaport Terminal when feeding nocturnally (Zharikov et al. 2009). As has been
documented with other shorebirds (Santos et al. 2010, Dwyer et al. 2013), artificial lighting
emitted from Roberts Bank terminals may benefit dunlin by allowing them to switch from
less productive tactile foraging (used under dark conditions) to more efficient visual
foraging.
Artificial lighting may increase the visibility of shorebirds to nocturnally foraging raptors
(i.e., snowy owls), which could exclude foraging dunlin from productive nearshore habitats;
however, snowy owls are not annual winter residents of the LAA and are only present
approximately every 7 to 10 years. Given the irregular occurrence of snowy owls and the
large amount of alternate foraging habitat available away from artificial lighting, increased
predation risk from nocturnal raptors is considered a minor effect.

Page | 15-80

PORT METRO VANCOUVER | Roberts Bank Terminal 2
The existing Roberts Bank terminals are one of several coastal artificial light sources that
may attract or disorient nocturnally migrating shorebirds, and RBT2 will increase the light
emissions from the area (see Section 9.4.8 Light, Future Conditions with the Project
and Section 25.6 Visual Resources, Future Conditions with the Project – Potential
Project-Related Effects). To reduce potential effects, appropriate mitigation will be
employed (see Section 15.8).
Direct Mortality from Vehicles
Shorebirds accounted for 8% of vehicle collisions mortalities. When RBT2 is running at
design capacity, an estimated 22 additional vehicle-related shorebird mortalities per year
can be expected above existing conditions (based on observed mortalities on the Roberts
Bank causeway). Species documented to have been struck by vehicles were western
sandpiper and dunlin.
Biotic and Abiotic Interactions
Salinity is a primary driver influencing the community composition, distribution, and
abundance of shorebird food, including benthic invertebrates (e.g., meiofauna and
macrofauna, also referred to as infauna and epifauna) (see Section 12.6 Marine
Invertebrates, Future Conditions with the Project), and biofilm (see Section 11.6
Marine Vegetation, Future Conditions with the Project), which ultimately affects
shorebird productivity. As part of the Fraser River estuary, the intertidal zone of the LAA is
characterised by daily (e.g., river inputs, tidal cycles) and seasonal (e.g., freshet) changes
in water flow patterns that can cause large fluctuations in salinity. As a result, the species
comprising macrofauna, meiofauna, and biofilm communities are typically tolerant to a wide
range of salinities; however, changes in salinity have the potential to influence prey species
composition and their overall productivity (e.g., biomass). For example, increases or
decreases in salinity have the potential to influence biofilm by causing its composition to
transition between marine and brackish or freshwater-associated biofilm communities
(Section

11.6.4

Marine

Vegetation,

Potential

Effect

–

Changes

in

Biofilm

Assemblage Composition). Similar changes in composition have been documented in
meiofauna and macrofauna communities (see Section 12.6.3 Marine Invertebrates,
Potential Effect - Changes in Productivity). These types of changes may ultimately
affect coastal bird usage and the productive potential of the LAA to support shorebirds.
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In general, decreases in salinity are associated with decreases in biofilm, meiofauna,
and macrofauna biomass (see Appendix 15-B). Based on data collected in 2012 during a
25-year freshet event, the SFOM predicted decreases of 5% to 14% in biofilm, meiofauna,
and macrofauna biomass in the LAA during northward migration with the Project in place.
Decreases in biomass of approximately 11% to 14% were predicted for the three food types
during southward migration. A sensitivity analysis showed that the predicted changes were
driven by changes in salinity across the intertidal mudflat. The 95% confidence limits
around these estimates were large and ranged from a 47% decrease to a 75% increase in
biomass across prey types (see Appendix 15-B). Despite this range, analysis to assess the
capacity of the LAA to support shorebirds, even under worst-case estimates, indicated more
than enough excess biofilm, macrofauna, and meiofauna in the LAA to support western
sandpiper and dunlin during northward and southward migrations.
A second analysis to further investigate the ability of biofilm to support shorebirds under
conditions with RBT2 estimated large excess biofilm capacities within the LAA, typically
seven times greater than the peak within-year shorebird demand. Under the worst-case
scenario, the model predicted there would be enough biofilm within the LAA to support a
population as large as one million shorebirds on a single day before experiencing limitations,
which equated to an amount of biofilm five to six times greater than the typical peak
demand (Drever et al. 2014). Additionally, because of biofilm’s short regeneration time
(nine days; see Section 11.5.5 Marine Vegetation, Existing Conditions, Biofilm),
biofilm was seldom predicted to be limiting on subsequent days. Because this second
approach relied on a different dataset, it can be used as a validation of the first biofilm
capacity estimate. Also, this analysis was considered conservative as additional biofilm was
most likely present in the LAA, but was not entered into the analysis, as it was below the
density detectable by the hyperspectral analysis used to estimate biofilm abundance.
All of the above estimates of change were based on data collected in 2012 during a large
freshet event that resulted in lower salinity levels across the LAA than would be observed in
a more typical year. To investigate how freshet size, and associated changes in salinity,
influenced biofilm, meiofauna, and macrofauna abundance with RBT2 in place, the SFOM
was rerun under median freshet conditions. For all three food types, estimates of change in
prey abundance were less than under a large freshet and in some instances showed
increases in abundance. For example, during northward migration, biofilm and macrofauna
were estimated to increase by 8% and 7%, respectively (see Appendix 15-B). For biofilm,
the predicted increases were a result of a slight decrease in salinity (approximately 4 PSU)
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in the mid and upper intertidal zones that potentially moved salinity levels closer to a
possible

optimum

condition

for

biofilm

and

increased

overall

biofilm

productivity

(see Appendix 15-B).
Estimates of foraging opportunity during migration, which is a measure of prey abundance
in relation to predation risk from raptors (termed safety), showed some differences related
to changes in biofilm, meiofauna, and macrofauna abundance, but there were no observed
alterations in the spatial relationship between safety and prey abundance with the Project in
place for any food source. That is, areas of high foraging opportunity remained high and
areas of low opportunity remainder low under predicted conditions with RBT2. Similar
results were documented for winter macrofauna abundance, an important food source for
overwintering

dunlin

in

the

LAA.

Overall,

changes

to

shorebird

foraging

opportunity during migration and the overwintering period were predicted to be minimal
(see Appendices 15-A and 15-B).
The Roberts Bank ecosystem model specifically investigated changes in marine and
freshwater-influenced biofilm assemblages over an annual cycle, and because of biofilm’s
importance to shorebirds, a brief summary is provided below (see also Section 10.3.4
Roberts Bank Ecosystem Model Predictions, Appendix 10-D, and Section 11.6.3
Marine Vegetation, Potential Effect - Changes in Productivity). Similar to the SFOM
modelling, the ecosystem model found salinity to be an influential factor in biofilm
productivity (Appendix 10-D). According to the ecosystem model, an overall annual
net increase of 30% productivity (1,050 t) may be possible for biofilm due to RBT2
(Appendix

10-C).

Inclusion

of separate

marine

and

freshwater-influenced

biofilm

assemblages into the ecosystem model indicated a 23% decrease (420 t) in the areas of
marine-influenced biofilm and an 89% increase (1470 t) in the areas of freshwaterinfluenced biofilm. These results indicate that while marine-influenced biofilm is likely to
decrease in annual productivity (a finding that is consistent with empirical studies presented
in Section 11.6.3 Marine Vegetation, Potential Effect - Changes in Productivity),
increases in freshwater-influenced biofilm are likely to offset these losses, resulting in an
overall negligible change in primary productivity.
Shorebird benthic invertebrate prey can tolerate a range of salinity levels (see Section
12.6.3 Marine Invertebrates, Potential Effect - Changes in Productivity). Predicted
changes in salinity will result in shifts in species composition and distribution across the
intertidal mudflats (e.g., as salinity changes during freshet conditions, more saline tolerant
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meiofauna and macrofauna will be replaced by more freshwater-associated species).
Overall, productivity of infauna and epifauna invertebrates is not expected to measurably
change with changes in salinity (see Section 12.6.3 Marine Invertebrates, Potential
Effect - Changes in Productivity); therefore, they will continue to support migrating and
overwintering shorebirds.
In summary, changes in marine and freshwater-influenced biofilm assemblages and
meiofauna and macrofauna assemblages resulting from the Project are predicted. Such
changes are not predicted to affect shorebirds for several reasons:


Studies indicate that biofilm, meiofauna, and macrofauna capacity within the LAA to
support migrating and overwintering shorebirds is very large, and even under
worst-case scenarios of change resulting from RBT2 will not become limiting;



Changes to shorebird foraging opportunity during migration and the overwintering
period were predicted to be minimal;



Studies conducted within the LAA indicate shorebirds feed on marine and
freshwater-influenced biofilm assemblages (i.e., on biofilm located across a salinity
range of 4 PSU to 30 PSU, see Section 15.5.3) and hence both are important to
shorebirds;



Evidence exists to suggest that freshwater-influenced biofilm may be preferential to
shorebirds (see Section 15.5.3), hence, short-term increases in the amount of
freshwater-associated biofilm (during freshet) from RBT2 may benefit foraging
shorebirds during migration; and



Information from the SFOM indicates that there is a general abundance of biofilm
available for foraging shorebirds. Short-term decreases in marine-type biofilm during
freshet are unlikely to affect shorebird productivity.

Summary
Evidence suggests the productive potential in the LAA to support shorebirds will not be
compromised as a result of the Project. Changes to the biomass of shorebird prey
(i.e., biofilm, meiofauna, and macrofauna) are predicted to be minor relative to amount of
prey required to sustain shorebirds, and under typical freshet conditions may seasonally
increase. Project-induced increases in TSS will not spatially overlap with shorebirds;
therefore, direct effects will be avoided. Effects to shorebird food (i.e., biofilm, meiofauna,
and macrofauna) from changes in TSS and sedimentation are predicted to be minimal
(see Sections 11.6.3 Marine Vegetation, Potential Effect - Changes in Productivity
and

Section

12.6.3

Marine

Invertebrates,

Potential

Effect

-

Changes

in

Productivity).
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The estimated increase of approximately 22 additional shorebird mortalities when RBT2 is
running at design capacity is considered negligible compared to the number of shorebirds
using the LAA annually (e.g., greater than 1,000,000 shorebirds or less than 0.002%).
Visual disturbance and noise from Project construction are anticipated to be minor;
however, mitigation measures to reduce the effects from loud, abrupt, impulsive noise will
be employed. Disturbance from operational activities are anticipated to be similar to existing
conditions and likely to be negligible, as the main areas of terminal activity are in the
subtidal zone, away from areas of intense shorebird usage. Also, to reduce the potential
negative effects of artificial lighting, mitigation will be implemented. Roosting and foraging
habitat along the causeway directly affected by the Project will be replaced within the LAA
with similar habitat. Mitigation measures are described in Section 15.8.
15.7.2.3
The

Productivity of Waterfowl

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in waterfowl productivity. The ecosystem model
predicts a slight increase (4%, 0.89 t) in the overall potential of the LAA to support
waterfowl productive potential. Productive potentials for American wigeon and brant are
predicted to decrease by 8% (–0.4 t) and 5% (–0.06 t), respectively, while remaining
waterfowl are predicted to increase by 8% (1.35 t). Results of the sensitivity analyses
did not alter the estimated changes in productive potential for any sub-component
(see Table 15-10 for more information). The primary drivers of predicted changes
include changes to waterfowl foods, including decreases in green algae (–8%, 583 t),
biomat (–29%, 356 t) and non-native eelgrass (–1%, 0.05 t), and increases in native
eelgrass (4%, 11 t) and tidal marsh (25%, 335 t). Some of the changes predicted by the
ecosystem model are not supported by other lines of evidence and are discussed below and
in Sections 11.6.3 Marine Vegetation, Potential Effect - Changes in Productivity.
The 5% decrease in the productive potential of the LAA to support brant predicted by the
ecosystem model is considered within the margin of error of the model, and is therefore
considered to indicate little or no Project-related change (see Section 10.3.3 Ecosystem
Model Process). This determination is supported by predicted negligible changes in
productivity for native and non-native eelgrass (see Sections 11.6.3 Marine Vegetation,
Potential Effect - Changes in Productivity), brant’s primary food while in the LAA.
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The 8% decrease predicted by the ecosystem model in the potential of the LAA to support
American wigeon productivity is largely driven by a similar 8% decrease in green algae.
Evidence from empirical studies and green algae’s biology suggests less of an effect
(see Sections 11.6.3). Counter to the ecosystem model, green algae’s ephemeral nature
within the LAA and its large tolerance of changes in abiotic conditions (e.g., salinity and
TSS) suggest a little change to its overall productivity and ability to support waterfowl.
Similarly, the 25% increase in tidal marsh predicted by the model may be over-estimated
and not fully realised, as the future areal extent of the intertidal marsh is difficult to
estimate due to the uncertainty in the spatial variation in sedimentation rates. Changes to
sediment deposition during construction and operation will, however, have a positive effect
on intertidal marsh productivity over the long-term, and therefore a net benefit in the ability
of the LAA to support waterfowl is predicted.
Another factor that would reduce potential effects to waterfowl resulting from changes in
aquatic vegetation in the LAA is that American wigeon and other waterfowl obtain 50% or
more of their daily winter dietary requirements from terrestrial sources such as grasses and
waste crops in nearby agricultural fields that are not affected by the Project. The division of
foraging between terrestrial and marine habitats should further reduce any potential effects
to waterfowl that are directly related to changes to aquatic vegetation.
Based on all lines of evidence it is determined that effects on the potential of the LAA to
support American wigeon, brant, and general waterfowl productivity resulting from the
Project will be negligible.
Changes in Habitat Quantity
Marine vegetation (e.g., eelgrass, macroalgae, Ulva, and sedges and rushes in intertidal
marsh) provides forage for wigeon, snow goose, brant, and other waterfowl. Empirical data
concerning changes in habitat availability support the determination that overall change to
the LAA to support waterfowl productivity will be minor (see Section 11.6.3 Marine
Vegetation, Potential Effect - Changes in Productivity). For example, Project
construction is predicted to affect just 1.7% of non-native eelgrass biomass, 1.5% of
existing Ulva biomass, 0.7% of native eelgrass biomass, less than 0.01% of intertidal marsh
biomass, and 0% of biomat biomass within the LAA. In general, effects to foraging habitat
productivity due to abiotic factors (e.g., changes in salinity, TSS, and sedimentation) with
the Project in place are predicted to be minimal and are not expected to affect habitat
availability. One exception is a predicted 1 t to 2 t increase in native eelgrass biomass in the
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wave shadow behind the terminal. Finally, due to the importance of eelgrass and marsh
habitats to coastal birds and other sub-components, mitigation of the direct loss of tidal
marsh is proposed (see Section 11.7.2 Marine Vegetation, Mitigation Measures,
Reduction and Offsetting Measures).
Noise and Other Disturbance
Waterfowl such as dabbling ducks and brant submerge their head to graze on aquatic
vegetation, and therefore can be exposed to underwater noise while feeding. Because
anticipated underwater noise levels from construction and operation will be below levels
known to cause harm to coastal waterbirds, no adverse effects are anticipated for this subcomponent from underwater noise.
Observations of waterfowl distribution, abundance, and flight patterns at Roberts Bank
terminals indicate that waterfowl are likely habituated to existing port activities and
associated noise (See Section 15.7.2.1). Studies monitoring waterfowl distribution,
abundance, and habitat use during the construction of the DP3 terminal indicate minor
effects to brant and other waterfowl (Hemmera et al. 2009, Hemmera et al. 2010). Effects
were limited to a shift in habitat usage away from construction activities to other habitats
within the study area. It was noted that brant and other waterfowl did not react to regular
Port activities such as vehicles moving along the Roberts Bank causeway or the B.C. Ferries
causeway, or surveyors, cyclists, and walkers using the edges of the study area. Acute
disturbances that displaced brant and other waterfowl were limited to disturbance by bald
eagles and humans that approached resting and feeding birds near the shoreline. Also, it
was concluded that based on observed foraging patterns, DP3-related construction effects
were considered minor to negligible for this sub-component. It is likely that similar
habituation to the presence of RBT2 construction and operation activities will occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal waterbirds to flee affected
areas (Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m of the noise source at RBT2. The likelihood of waterfowl
encountering impulsive noises greater than 85 dBA is therefore considered infrequent due to
the large spatial area and temporal period over which activities will be spread relative to the
large size of the LAA. If noise levels are encountered that elicit a response, the resulting
effects will likely be negligible due to the large amount of alternate habitat available within
the LAA.
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Artificial Lighting
When exposed to focused bright lights at night, waterfowl vision may be impaired
(e.g., blinding effect), leading to disorientation (Cummings and Hewitt 1964, Bishop and
Barratt 1969). These effects appear to lesson under moonlit conditions when background
lighting is greater (Cummings and Hewitt 1964, Bishop and Barratt 1969). Disorientation
due to artificial lighting has not been documented at the existing Roberts Bank terminals. It
is possible that the bright lights used to illuminate work areas at the Port contribute to the
background illumination of the area and are less likely to blind or disorient waterfowl.
Appropriate mitigation, however, will be employed to reduce these potential effects
(see Section 15.8 for mitigation measures).
Increased predation risk from raptors from increases in artificial lighting from RBT2 is not
predicted, as the primary waterfowl predators (e.g., bald eagle and peregrine falcon) do not
actively hunt at night.
Direct Mortality from Vehicles
No waterfowl mortalities definitively attributed to vehicle collisions have been documented
within the LAA; however, determining cause of death is often difficult so the potential for
mortalities cannot be ruled out. That said, current indications are that mortality level is low
and increases associated with RBT2 operation would have a negligible effect on waterfowl
productivity within the LAA.
Biotic and Abiotic Interactions
Biotic interactions may affect waterfowl productivity at Roberts Bank through top-down
predation and both intra and inter-specific competition. The Roberts Bank ecosystem model
indicates that predicted changes in brant, American wigeon, and other waterfowl productive
potential are partially attributable to changes in predation pressure by bald eagle and
peregrine falcon, and competition with other waterfowl and macrofauna for food
(see Appendices 10-C and 10-D). The ability of the LAA to support bald eagle and raptors
in general, as predicted by the ecosystem model, is predicted to decrease by 7% (–0.008 t)
and increase by 31% (0.003 t), respectively.
Abiotic effects (e.g., changes in salinity, TSS, and sedimentation) to waterfowl foraging
habitat productivity within the LAA are predicted to be minimal and are not expected to
affect habitat availability.
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Summary
Changes in the ability of the LAA to support American wigeon, brant, and general waterfowl
productive potential are predicted to be minor to negligible. Given the accuracy of the
ecosystem model (+/– 5 %), the changes predicted (–8% to +8% changes in biomass) are
deemed to be similar to existing conditions. Empirical studies on the percent of waterfowl
foraging habitat directly affected by Project construction support this determination.
Additionally, abiotic changes are not anticipated to adversely affect waterfowl, waterfowl
productivity, or waterfowl foraging habitat during operation. Due to the importance of
eelgrass and marsh habitats to waterfowl and other sub-components, mitigation to offset
the direct loss of these habitats and to avoid residual effects is proposed (see Section 11.7
Marine Vegetation, Mitigation Measures). Any decline in waterfowl productive potential
will be partially ameliorated since dabbling ducks obtain 50% or more of their overwintering
dietary needs from upland habitat near Roberts Bank (Wishart 1983, Miller et al. 2000).
Although none of the waterfowl mortalities documented along the causeway have been
definitively attributed to vehicle collisions, current indications are that mortality level is low
and increases associated with RBT2 operation would have a negligible effect on waterfowl
productivity within the LAA.
Observations of waterfowl distribution, abundance, and flight patterns at Roberts Bank
terminals indicate that waterfowl are likely habituated to existing port activities and
associated noise (See Section 15.7.2.1). It is likely that similar habituation to the presence
of RBT2 will occur. High levels of anthropogenic activity during construction, both visual and
auditory, could disturb waterfowl and exclude them from using suitable habitat within the
LAA. Mitigation measures to minimise abrupt noise during construction and other types of
disturbance effects are provided in Section 15.8.
15.7.2.4
The

Productivity of Herons

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA that support the productive potential for
herons. The ability of the LAA to support great blue heron productive potential is predicted
to remain essentially unchanged (less than –1%, –0.002 t) with the Project in place. The
primary mechanisms behind these results are similar minor to negligible changes to heron
prey such as forage fish (–1%, –8 t). For factors driving changes to heron prey and an
assessment of potential Project-related effects see Section 13.6.3 Marine Fish, Potential
Effect - Changes in Productivity.
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Changes in Habitat Quantity
Changes in habitat quantity potentially affecting heron productivity are limited to causeway
widening, which will affect approximately 42 ha of intertidal habitat, including intertidal
marsh within the embayment area where the causeway meets the existing terminal. Rip-rap
armouring the length of the north side of the causeway will also be removed. This rocky
habitat supports small fish (e.g., sculpins, juvenile salmonids, forage fishes) and
crustaceans. Collectively, these habitats provide foraging and roosting habitat to great blue
herons. Mitigation to offset these losses will be conducted and are addressed in
Section 15.8.
Noise and Other Disturbance
Herons periodically submerge their head when striking to capture aquatic prey and therefore
can be exposed to underwater noise. Because of the heron’s hunting technique
(i.e., foraging in shallow water with their head only very briefly submerged when attempting
to catch prey) and because anticipated underwater noise levels from construction and
operation will be below levels known to cause harm to coastal waterbirds, no adverse
effects are anticipated for this sub-component from underwater noise.
Observations of heron distribution, abundance, and flight patterns at Roberts Bank
terminals indicate that herons are likely habituated to existing port activities and associated
noise (See Section 15.7.2.1). Studies monitoring great blue heron distribution, abundance,
and habitat use during the construction of the DP3 terminal indicated minor effects to
herons (Hemmera et al. 2009, Hemmera et al. 2010). Effects were limited to a shift by
herons away from construction activities to other habitats within the study area. This
displacement was temporary, as after the completion of construction herons regularly
foraged in the areas adjacent to the terminal where they had previously been displaced
(Hemmera et al. 2013). At the cessation of monitoring it was concluded that overall heron
abundance and habitat use within the inter-causeway area during construction and
operation were similar to pre-construction surveys. It was also concluded that construction
effects did not have a detrimental effect on heron foraging or use of the inter-causeway
area. It is likely that similar to existing conditions, habituation to the presence of RBT2 will
occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal waterbirds to leave affected
areas (Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
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approximately 60 m to 100 m from the noise source at RBT2. The likelihood of herons
encountering impulsive noises greater than 85 dBA is therefore considered infrequent due to
the large spatial area and temporal period over which activities will be spread relative to the
large size of the LAA. Additionally, many of these loud impulsive events will occur on the
terminal footprint in the subtidal zone. Heron foraging and general habitat use is restricted
to the intertidal zone. This separation should further reduce the likelihood of herons
encountering above-ground noise that would elicit a flight response. If noise levels are
encountered that elicit a response, the resulting effects will likely be negligible due to the
large amount of alternate habitat available within the LAA.
Artificial Lighting
The effect of additional artificial lighting within the LAA from RBT2 on great blue herons is
anticipated to be minimal. The majority of new lighting will be on the terminal in subtidal
waters, away from habitats intensively used by herons for roosting and foraging. Increased
artificial lighting may increase the foraging time available to foraging herons in intertidal
habitats adjacent to terminal infrastructure.
Direct Mortality from Vehicles
The three heron mortalities documented along the causeway could not be definitively
attributed to vehicle collisions (Hemmera 2014j); cause of death is often difficult to
determine. Great blue heron mortality associated with vehicle collisions is possible as herons
frequently cross the causeway to access foraging habitats. That said, current indications are
the mortality level is low and increases associated with RBT2 operation would have a
negligible effect on overall heron productivity within the LAA.
Biotic and Abiotic Interactions
Great

blue

herons

are

well

adapted

to

the

marine

environment.

Abiotic

effects

(e.g., changes in salinity, TSS, and sedimentation) to foraging habitat productivity within
the LAA are predicted to be minimal.
Summary
The ability of the LAA to support great blue heron productive potential is predicted to
remain unchanged with the Project, as minor to negligible changes are predicted for heron
prey species. Herons appear to be habituated to existing anthropogenic activities at Roberts
Bank terminals; therefore, RBT2 activities are unlikely to affect heron productivity within the
LAA. As well, herons can readily move short distances to the large amount of suitable
alternative habitat within the LAA if they are disturbed.
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Great blue heron mortality associated with vehicle collisions is possible as herons frequently
cross the causeway to access foraging habitats. Although none of the three heron
mortalities documented along the causeway could be definitively attributed to vehicle
collisions (Hemmera 2014j), cause of death is often difficult to determine. That said, current
indications are the mortality level is low and increases associated with RBT2 operation
would have a negligible effect on overall heron productivity within the LAA.
15.7.2.5
The

Productivity of Diving Birds

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA to support diving bird productivity. Within
the LAA, the ecosystem model predicts overall diving waterbird productive potential to
decrease by 6% (–0.10 t), which is likely due to reductions in diving bird prey largely due to
the removal of subtidal habitat from the Project footprint. According to the model,
productivity

losses

will

be

slightly

greater

for

species

primarily

foraging

on

invertebrates (e.g., surf scoter, –8%; –0.06 t) than for piscivorous species (e.g., western
grebe, –5%; –0.04 t). This result aligns with empirical and qualitative data associated with
changes in foraging habitat and effects to piscivorous prey, which indicate potentially larger
effects to species foraging on marine invertebrates. The overall weight of evidence indicates
minor or positive effects to piscivorous birds as a result of the Project. Furthermore, some
effects to diving bird foraging habitat (e.g., removal of hard substrates (i.e., rip-rap) along
the causeway that support reef fish) will be temporary and more than offset by creation of
additional habitat associated with RBT2.
The productive potential of diving birds dependent on bivalves and other benthic
invertebrate prey is more likely to be affected by the Project. Bivalve productivity is
predicted to decrease by 8% (–519 t), which is primarily due to the loss of 186 ha of
subtidal and intertidal sand habitat from the Project footprint. In addition, predicted
changes in sedimentation patterns (e.g., deposition of finer sediments along the causeway
in the low intertidal) may make some habitats less suitable for shellfish, which typically
prefer

coarser

substrates

to

finer,

silty

substrates (see

Section

12.6.3

Marine

Invertebrates, Potential Effect - Changes in Productivity).
Changes in Habitat Quantity
Affected subtidal habitat (i.e., 133 ha) is composed of sand and mud used by
benthic invertebrates
(see Section

12.6.3

(e.g.,

amphipods,

Marine

copepods,

Invertebrates,

polychaete

Potential

worms,

Effect

-

and

clams)

Changes

in
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Productivity) that provide food for diving birds such as scoters, scaup, bufflehead, and
long-tailed duck. Total macrofauna biomass within this area is estimated to account for a
relatively small proportion (3%) of average subtidal biomass. Additionally, comparable sand
and mud-dominated shallow subtidal habitats (0 m to –20 m CD) cover approximately
830 km2 (83,000 ha) of the surface area of the Strait of Georgia (Levings et al. 1983).
While permanent loss, infilling, and compaction of these soft substrates represent a loss of
habitat for several species, availability of sand and mud habitat is not limited regionally.
Approximately 126 ha of moderate and 4 ha of high-suitability Pacific sand lance subtidal
burying habitat will be covered by the terminal, comprising approximately 9% of modelled
suitable habitat (1,380 ha) in the vicinity of the Project (Hemmera 2014q)(Hemmera
2014p). Sand lance, herring, and other forage fish are an important food for piscivorous
bird species such as western grebe, cormorants, and loons. Flatfish, which were also found
in this area during benthic trawl surveys (Archipelago 2014a), are also prey for piscivorous
birds and may provide an alternative food source under conditions of reduced forage fish
numbers (Agler et al. 1999). Vibro-densification of soft bottom substrates and placement of
rock and other hard-bottom materials within the berth pocket will make the dredge
basin area

unsuitable

for

flatfish

and

Pacific

sand

lance

burying

(Hemmera

2014q)(Hemmera 2014p).
Terminal construction will directly affect approximately 0.03 ha of kelp habitat and 0.58 ha
of rock habitat, which are used by reef fish and sessile epifaunal bivalves preyed on by
diving birds. Additional rip-rap placement in the subtidal zone, which will more than
compensate for habitat temporarily lost during construction, will increase hard-bottom
habitats suitable for Pacific oysters and bay mussels fed on by scoters and other seaducks.
The overall loss of foraging habitat and associated prey species will affect a number of
diving bird or seaduck species, including scoter, scaup, goldeneye, and long-tailed duck.
Noise and Other Disturbance
Studies to assess the effects of underwater noise on diving birds have generally found few
effects (see Section 15.7.2.1). Recommended underwater noise thresholds to avoid injury
to diving seabirds are 202 dB cumulative SEL and a non-auditory threshold of 208 dB SEL
for repetitive, impulsive sounds (SAIC 2011). Noise levels anticipated during Project
construction range from 170 dB re 1 µPa at less than 20 m from vibratory piling at the
mooring dolphin to 120 dB re 1 µPa at 14,520 m from vibratory sheet piling at the west end
caisson. During RBT2 operation, predicted underwater noise levels were modelled to range
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from 170 dB re 1 µPa at less than 20 m to 140 dB re 1 µPa at approximately less than 1 km
for both berthing and approaching ships. Based on underwater noise levels anticipated to be
emitted during Project construction and operation direct injury to diving birds are not
anticipated. Underwater noise levels above 153 dB have been theorized to cause temporary
behavioural changes in some species which may negatively affect foraging efficiency
(Teachout 2006). Given the above underwater noise levels temproray exclusion of diving
birds from foraging habitats in close proximity to inwater construction and operation
activities may occur. However, the overall affect to diving bird productivity is anticipated to
be minor due to the availability of alternative foraging habitats within the LAA and the the
limited amount of time (i.e., 3% of time above existing conditions) increased noise levels
are predicted to occur during operations (see Section 15.7.2.1).
Observations of diving bird distribution, abundance, and flight patterns at Roberts Bank
terminals indicate that diving birds are likely habituated to existing port activities and
associated noise (See Section 15.7.2.1). Studies monitoring diving bird distribution,
abundance, and habitat use during the construction of the DP3 terminal indicate minor to
negligible effects resulting from the project (Hemmera et al. 2009, Hemmera et al. 2010).
Diving birds, including cormorants, grebes, loons, mergansers, and other diving ducks, were
regularly seen swimming, diving, and feeding in close proximity to active work. At the
cessation of the follow-up monitoring it was concluded that abundance and habitat use
within the study area did not differ between pre-construction and construction surveys.
Also, no effects to the colony of pelagic cormorants nesting on the coal-loading jetty from
construction or regular operational activities have been documented. It is likely that similar
habituation to the presence of RBT2 will occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal waterbirds to leave affected
areas (Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m from the noise source at RBT2. The likelihood of diving birds
encountering impulsive noises greater than 85 dBA is therefore considered infrequent due to
the large spatial area and temporal period over which activities will be spread relative to the
large size of the LAA. If noise levels are encountered that elicit a response, the resulting
effects will likely be negligible due to the large amount of alternate habitat available within
the LAA.
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Artificial Lighting
Direct mortalities associated with artificial light are most common for Procellariiformes
seabirds (i.e., albatrosses, petrel, shearwaters, storm petrels, and diving petrels), which
seldom occur in the Project area. While seabirds are sometimes attracted to illuminated
coastal sites in poor weather conditions, Roberts Bank terminals are sheltered from the
open ocean within the Strait of Georgia. Although mortality or injuries of seabirds or other
bird species resulting from light attraction have not been reported at Roberts Bank
terminals, some potential for mortality exists. Mitigation employed to mitigate artificial light
effects for other sub-components will further reduce the potential for adverse effects to
diving birds (see Section 15.8).
Direct Mortality from Vehicles
Diving birds accounted for 8% of vehicle collisions mortalities. When RBT2 is running at
design capacity, an estimated 22 additional vehicle-related diving bird mortalities can be
expected above existing conditions. Species documented to have been struck by vehicles
were surf scoter and common goldeneye (Bucephala clangula).
Biotic and Abiotic Interactions
Similar to waterfowl, biotic interactions may affect diving bird productivity at Roberts Bank
through top-down predation. The Roberts Bank ecosystem model indicates that predicted
decreases in scoters and grebes are partially attributable to increased predation pressure by
bald eagle and peregrine falcon (see Appendix 10-D).
Abiotic effects (e.g., changes in salinity, TSS, and sedimentation) to diving bird foraging
habitat productivity within the LAA are predicted to be minimal. Increases in TSS levels
associated with Project construction will be temporary and are not anticipated to affect
diving birds. Concentrations of TSS from dredging and marine works are within the natural
variation of ambient TSS concentrations within the Fraser River estuary to which these birds
are already accustomed. Decanted water pumped from the terminal footprint to the DAS
site will be discharged at a depth of –45 m CD, below the foraging depth of most diving
birds. Additionally, the bulk of the fine material generated during construction will be diluted
to 10 mg/L to 20 mg/L (or below) and flushed into the Strait of Georgia by natural tidal
action, further reducing the potential for interaction with diving birds.
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Summary
Overall, the weight of evidence suggests that Project-induced changes in the productive
potential of the LAA to support diving birds will be minor. The ecosystem model predicts a
5% decrease in the ability of the LAA to support fish-eating diving bird species
(e.g., western grebe). The 5% decrease in the productive potential of the LAA to support
piscivorous species predicted by the ecosystem model is considered within the margin of
error of the model (see Section 10.3.3 Ecosystem Model Process), and is therefore
assessed as indicating little or no Project-related change. This determination is supported by
the assessment that the Project is unlikely to result in changes in prey productivity outside
the range of natural variability for each representative species within the LAA (see Section
13.6.3 Marine Fish, Potential Effect - Changes in Productivity).
The ecosystem model predicts an 8% decrease in the productive potential of the LAA to
support invertebrate-eating diving bird species (e.g., surf scoter). This decrease aligns with
empirical predictions, which are largely driven by the removal of 133 ha of subtidal foraging
habitat supporting bivalve shellfish. While this loss will reduce bivalve biomass over the
short-term, it is not expected to appreciably affect overall bivalve productivity in the longer
term (see Section 12.6.3 Marine Invertebrates, Potential Effect - Changes in
Productivity). Also, while habitat changes and losses associated with the Project footprint
will be permanent, these areas represent a small fraction of the subtidal (and intertidal)
sand habitat within the LAA and wider Fraser River estuary available to piscivorous and
invertebrate-eating diving birds.
Because Project-induced increases in TSS are within natural tolerance ranges found within
the Fraser River estuary and likely masked by high ambient concentrations, they are not
anticipated to adversely affect diving birds. Potential effects associated with acoustic
disturbance are anticipated to be minor. Since diving birds are highly mobile, they are
anticipated to move to unaffected habitat within the LAA if adverse conditions are
encountered.
The estimated increase of approximately 22 additional diving bird mortalities when RBT2 is
running at design capacity is considered minor compared to the number of diving birds
using the LAA annually (e.g., more than 2,000 birds or approximately1%).
Overall, the weight of evidence suggests that Project-induced changes in the productive
potential of the LAA to support diving birds will be minor.
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15.7.2.6
The

Productivity of Raptors

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA to support raptor productivity. Overall, the
ecosystem model predicts the productive potential of the LAA to support raptors to decrease
by 4% (–0.005 t) under future conditions with the Project. The productivity potential to
support bald eagle is predicted to decrease by 7% (–0.008 t), although sensitivity analyses
adjust this estimate to an 8% decrease. This decrease originates from predicted slight
decreases in the productive potential of a number of bald eagle prey species (e.g., herring,
adult Chinook salmon, adult chum salmon, American wigeon) that are not counter-balanced
in the model by increases in other prey. Many of the decreases in prey are minor and
considered within the margin of error of the model (i.e., less than 5% change) and
therefore viewed as representing no change from existing conditions. Because of these
factors and the diversity of prey (e.g., marine fish, waterfowl, gulls, shorebirds, carrion)
consumed by eagles in both marine and adjacent terrestrial habitats, changes to bald eagle
productive potential are anticipated to be negligible.
The productive potential of other raptors (e.g., peregrine falcon) is predicted to increase by
31% in the LAA with the Project in place. This increase may be an overestimate as it largely
originates from a predicted increase in raptor prey (i.e., shorebirds) that is driven by
modelled increases in foods consumed by the prey (i.e., biofilm, macrofauna). Because
shorebird populations are known to fluctuate annually due to factors outside the LAA, and
therefore may not capitalise on predicted increases in prey, the estimated increase in
raptor productive potential predicted by the model is likely overestimated, and may not
be realised.
Changes in Habitat Quantity
Raptors prey on a variety of waterfowl, seaduck, shorebird, and fish species. Although shifts
in prey distribution are anticipated, large shifts in abundance (i.e., productivity) within the
LAA are not. Changes in the areal extent of raptor foraging and roosting habitat within the
LAA are minor and are not expected to affect the productive potential of the LAA to
support raptors.
Approximately 1 ha of barn owl foraging habitat adjacent to Deltaport Way will be affected
as part of the Project footprint. This habitat consists of previously disturbed area, railway
right-of-way, and grassy roadside verge.
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Noise and Other Disturbance
Raptors, such as the bald eagle, may briefly submerge vulnerable soft tissues (i.e., ears),
when attempting to capture prey in the marine environment, and therefore can be exposed
to underwater noise. Because of the hunting techniques of raptors (i.e., diving to catch prey
with their talons and only very briefly submerging their heads) and because anticipated
underwater noise levels from construction and operation will be below levels known to cause
harm to coastal waterbirds, no adverse effects are anticipated for this sub-component from
underwater noise.
Studies monitoring raptor distribution, abundance, and habitat use during the construction
and operation of the DP3 terminal indicate negligible effects resulting from the project to
raptors (Hemmera et al. 2009, Hemmera et al. 2010). Observations of raptor distribution,
abundance, and flight patterns at Roberts Bank terminals indicate that they are
likely habituated to existing port activities and associated noise (See Section 15.7.2.1). It
is likely that similar habituation to the presence of RBT2 will occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal birds to leave affected areas
(Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m from the noise source at RBT2. The likelihood of shorebirds
encountering impulsive noises greater than 85 dBA is therefore considered infrequent due to
the large spatial area and temporal period over which activities will be spread relative to the
large size of the LAA. If noise levels are encountered that elicit a response, the resulting
effects will likely be negligible due to the large amount of alternate habitat available within
the LAA.
Artificial Lighting
Artificial lighting associated with the Project may make potential prey (e.g., shorebirds,
waterfowl) close to the terminal more visible, thereby increasing raptor (e.g., snowy owl)
productivity through increased foraging efficiency. Artificial lighting may also increase the
foraging time available to raptors in habitats adjacent to terminal infrastructure.
Roberts Bank terminals are one of several coastal artificial light sources that may attract or
disorient nocturnally migrating owls. Since the Project will increase light emissions for the
area (see Section 9.4.8 Light, Future Conditions with the Project and Section 25.6
Visual Resources, Future Conditions with the Project – Potential Project-related
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Effects),

appropriate

mitigation

will

be

employed

to

reduce

potential

effects

(see Section 15.8).
Direct Mortality from Vehicles
Two barn owl mortalities associated with vehicle collisions have been documented near the
east end of the causeway associated with agricultural habitats adjacent to Deltaport Way,
indicating activity close to the Project footprint (Hemmera 2014k). Barn owl mortalities
along the rail corridor have been documented within 2.5 km of the LAA (Hemmera 2014k).
No other raptor mortalities definitively attributed to vehicle collisions have been documented
within the LAA.
Biotic and Abiotic Interactions
Raptors are apex predators within the LAA; therefore, they are influenced by bottom-up
trophic interactions such as prey availability described elsewhere within the EIS.
Summary
Raptors are not anticipated to be adversely affected by increased artificial lighting, and the
effects of visual and auditory noise disturbance are expected to be minor. Eagles in
particular are very tolerant of anthropogenic disturbance and are frequently observed
perching on infrastructure at the existing terminals. For most raptor species, the probability
of collisions with vehicles within the LAA is considered low, as no vehicle-raptor related
mortalities were documented in 28 months of monitoring conducted along the causeway and
terminal (Next 2005, Hemmera 2014j). Barn owls have, however, been documented to be
active close to the Project footprint and are susceptible to collisions with vehicles (Hemmera
2014k). Overall, with the exception of barn owls, the weight of evidence suggests that
Project-induced changes in the productive potential of raptors are likely to be negligible.
Without mitigation, negative effects to barn owl productive potential are likely.
15.7.2.7
The

Productivity of Gulls and Terns

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA to support gull and tern productivity. The
productive potential of the LAA to support gulls and terns is predicted to remain relatively
unchanged (i.e., minor decrease of 1% (–0.04 t)) under future conditions with the Project.
Sensitivity analysis confirms the interpretation of little change, but adjusts the estimate to a
3% decrease. Results indicate that model predictions for this sub-component are influenced
little by biotic and abiotic factors, and changes in the productive potential, if any, are the
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result of footprint effects (Appendix 10-D). Information supporting a lack of change
include the diverse omnivorous diet of many gull species, allowing them to switch between
prey when necessary, and the relatively small Caspian tern population within the LAA
(i.e., 75 to 100 birds; Butler and Cannings 1989, Hemmera 2014e) compared to prey
(i.e., marine fish) availability.
Changes in Habitat Quantity
During low tides, gulls are scattered throughout the LAA, hunting and scavenging along the
receding tide line, dendritic channels, and tide pools. During high tides gulls and terns
forage opportunistically, but are often observed roosting north of the Roberts Bank
causeway and in marsh and mudflat habitat adjacent to the S-Bend where the causeway
joins the terminal. Causeway widening will remove this habitat; however, the loss is
anticipated to be temporary as it will be replaced by similar habitats as part of the Project
(see Section 15.8).
Noise and Other Disturbance
Gulls and terns periodically submerge their heads (or bodies) when attempting to capture
aquatic prey and therefore can be exposed to underwater noise. Because their hunting
techniques only expose vulnerable soft tissues, such as ears, to very brief periods of
underwater noise, and because anticipated underwater noise levels from construction and
operation will be below levels known to cause harm to coastal waterbirds, no adverse
effects are anticipated for this sub-component from underwater noise.
Studies monitoring gull and tern distribution, abundance, and habitat use during the
construction and operation of the DP3 terminal indicate negligible effects resulting from the
project to this sub-component (Hemmera et al. 2009, Hemmera et al. 2010). Observations
of gull and tern distribution, abundance, and flight patterns at Roberts Bank terminals
indicate that they are likely habituated to existing port activities and associated noise
(see Section 15.7.2.1). It is likely that similar habituation to the presence of RBT2 will
occur.
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal birds to leave affected areas
(Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m from the noise source at RBT2. The likelihood of gulls and
terns encountering impulsive noises greater than 85 dBA is therefore considered infrequent
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due to the large spatial area and temporal period over which activities will be spread
relative to the large size of the LAA. If noise levels are encountered that elicit a response,
the resulting effects will likely be negligible due to the large amount of alternate habitat
available within the LAA.
Artificial Lighting
Effects of artificial lighting on gulls and terns are not well studied. Artificial lighting may
increase the foraging time available to foraging gulls and terns in habitats adjacent to
terminal infrastructure. Adverse effects are not anticipated.
Direct Mortality from Vehicles
Gulls accounted for 17% of vehicle collisions mortalities (Next 2005, Hemmera 2014j).
When RBT2 is operating at design capacity, there is the potential for an estimated
44 additional vehicle-related gull mortalities above existing conditions. Species documented
to have been struck by vehicles were glaucous-winged gull. No tern mortalities were
attributed to collisions with vehicles.
Biotic and Abiotic Interactions
Gulls and Caspian terns are well adapted to the marine environment. Abiotic effects
(e.g., changes in salinity, TSS, and sedimentation) to foraging habitat productivity within
the LAA are predicted to be minimal because their prey are habituated to a wide natural
variation in TSS and salinity in the Fraser River estuary.
Summary
The productive potential of the LAA to support gulls and terns is not anticipated to change in
the future with the Project in place. Roosting and foraging habitat along the north side of
Roberts Bank causeway and terminal will be affected through causeway widening, but the
effect will be temporary as similar habitat is anticipated to be constructed as part of the
Project. Gulls and terns appear to be habituated to existing anthropogenic activities at
Roberts Bank terminals; therefore, RBT2 operational activities are not anticipated to affect
gull and tern productivity within the LAA. Gulls and terns are not anticipated to be adversely
affected by increased artificial lighting, and the effects of visual and auditory noise
disturbance are expected to be minor. Gulls and terns are highly mobile and can move to
more suitable habitat if disturbed, as they are not habitat limited within the LAA.
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Mortalities associated with vehicle collisions are possible. When RBT2 is operating at design
capacity, there is the potential for an estimated 44 additional vehicle-related gull mortalities
above existing conditions. This increase is considered negligible compared to the number of
gulls using the LAA annually (e.g., greater than 6,000 birds or less than 1%).
Overall, effects of the Project on gulls and terns are anticipated to be negligible.
15.7.2.8
The

Productivity of Passerines

following

discussion

presents

how

the

effect

mechanisms

from

RBT2

(Section 15.7.2.1) relate to changes in the LAA to support passerine productivity.
Changes in Habitat Quantity
Approximately 4 ha of terrestrial habitat abutting the east end of the Roberts Bank
causeway will be affected by the Project. This habitat consists of previously disturbed areas
within a railroad right-of-way, and grassy roadside verge, and comprises a very small
portion of similar habitat in the local area. Due to the small size of the affected habitat,
overall passerine productivity is not anticipated to be affected. Existing anthropogenic
habitat used by passerines at the terminals will not be affected by the Project and will not
affect passerine productivity. Also, the only a small portion of intertidal and marsh habitats
used by some species (e.g., barn swallow) for foraging is not likely to be affected by the
Project; therefore, the ability of the LAA to support passerine productivity is not anticipated
to change.
Noise and Other Disturbance
As passerines do not utilise submerged habitats, constant or impulsive underwater noise will
not affect this sub-component. Potential effects from underwater noise on passerines are
therefore considered negligible.
Studies monitoring

passerine distribution, abundance,

and habitat use during

the

construction and operation of the DP3 terminal indicate negligible effects resulting from the
project to this sub-component (Hemmera et al. 2009, Hemmera et al. 2010). Observations
of passerine distribution, abundance, and flight patterns at Roberts Bank terminals indicate
that passerines are likely habituated to existing port activities and associated noise
(See Section 15.7.2.1). It is likely that similar habituation to the presence of RBT2 will
occur.

Page | 15-102

PORT METRO VANCOUVER | Roberts Bank Terminal 2
No formal above-ground noise disturbance thresholds exist for birds; however, noise levels
greater than 85 dBA have been documented to cause coastal birds to leave affected areas
(Brown 1990). Noise levels of greater than 85 dBA are anticipated to occur within
approximately 60 m to 100 m from the noise source at RBT2. The likelihood of passerines
encountering impulsive noises greater than 85 dBA is therefore considered infrequent due to
the large spatial area and temporal period over which activities will be spread relative to the
large size of the LAA. If noise levels are encountered that elicit a response, the resulting
effects will likely be negligible due to the large amount of alternate habitat available within
the LAA.
Artificial Lighting
The existing Roberts Bank terminals comprise one of several coastal artificial light sources
that may attract or disorient nocturnally migrating passerines. The Project will increase light
emissions in the area, potentially increasing the probability of attracting and disorienting
migrating passerines; therefore, appropriate mitigation will be employed to reduce potential
effects (see Section 15.8).
Direct Mortality from Vehicles
Passerines accounted for 54% of vehicle collision mortalities within the LAA. Twenty-three
percent of mortalities were of species federally protected under the MBCA (i.e., song
sparrow (Melospiza melodia), American robin (Turdus migratorius), and Brewer’s blackbird
(Euphagus cyanocephalus)). The remaining 77% percent of mortalities were of the
introduced European starling and rock pigeon. When RBT2 is operating at design capacity,
there is the potential for an estimated 33 additional vehicle-related mortalities of passerines
protected under the MBCA above existing conditions.
Biotic and Abiotic Interactions
Biotic and abiotic factors influencing passerine use of the LAA are not anticipated to change
with the Project in place.
Summary
Due to the very small amount of habitat used by passerines affected by the Project and the
large amount of alternate habitat available, passerine productivity is not anticipated to be
affected by the Project. Passerines may be attracted to and disoriented by artificial lighting;
appropriate mitigation measures will be employed to reduce sky glow and light trespass.
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The estimated 33 additional vehicle-related mortalities of passerines protected under the
MBCA above existing conditions resulting from the Project is considered negligible compared
to population estimates for these species. Overall, effects of the Project on passerines are
anticipated to be minor.
15.7.2.9

Summary of Coastal Bird Productivity Changes

Summary of coastal bird productivity changes (due to RBT2) prior to mitigation includes the
following (Table 15-11):


A net minor decrease is anticipated overall (i.e., all coastal bird sub-components
combined).



Minor short-term negative effects are predicted through acoustic and visual
disturbance adjacent to the Project area during construction. Each sub-component,
with the exception of barn owl, appears habituated to existing disturbance and this is
not expected to affect their long-term productivity.



A large amount of alternative habitat is available if sub-components are displaced
during construction both within the RAA for barn owl and within the LAA for
remaining sub-components.
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Table 15-11

SubComponent**

Coastal Birds Productivity Summary (Prior to Mitigation) Based on Weight of Evidence
Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Shorebirds

Western
Sandpiper

◊

◊

0.008
(13%)

-

Minor
decrease

Negligible

 SFOM predicts a 4% decrease in biofilm
during northward migration and a 13%
decrease during southward migration under a
25-year freshet. Under more typical freshets
SFOM analysis predicts potential increases in
biofilm during northward migration.
 Biofilm, meiofauna, and macrofauna capacity
analyses indicate a large surplus of food for
western sandpiper within the LAA.

Dunlin

◊

◊

0.06
(13%)

-

Minor
decrease

Negligible

 SFOM results indicate little change in
macrofauna biomass during the overwintering
period.
 Increases in biofilm and macrofauna predicted
by ecosystem model are likely overestimated,
but not predicted to decrease.

Other
Shorebirds

-

◊

-

–0.001
(–2%)

Minor
decrease

 Safety levels from predation are not
anticipated to change in the LAA.
Negligible

 Negligible to potential small positive effects to
the productive potential of the LAA to support
western sandpiper, dunlin, and other
shorebirds are predicted.

Page | 15-105

PORT METRO VANCOUVER | Roberts Bank Terminal 2

SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Waterfowl
 Removal of tidal marsh along causeway due
to Project footprint will negatively affect
waterfowl.
American
Wigeon

-

◊

-

–0.4
(–8%)

Minor
decrease

Minor
decrease

 Ecosystem model predicts an 8% decrease in
wigeon, driven by predicted decrease in green
algae on which they feed. Decrease in green
algae likely overestimated (see Table 1121).
 Increase in other waterfowl predicted by
ecosystem model is largely driven by a
predicted increase in tidal marsh (+335 t) on
which waterfowl feed. This is believed to be
an overestimate (see Table 11-21).

Other
Waterfowl

-

◊

1.35
(8%)

-

Minor
decrease

Minor
decrease

 Wigeon (and other waterfowl) obtain much of
their winter forage from agricultural fields,
which will lessen the effect of any changes to
habitats within the LAA.
 Minor effects to the productive potential of
the LAA to support American wigeon and
other waterfowl are predicted.
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SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation
 Ecosystem model predicts a 5% decrease due
to negative food web effects that are likely
overestimated.

Brant

-

◊

-

–0.06
(–5%)

Minor
decrease

Minor
decrease

 Ecosystem model predicts brant’s primary
food, native eelgrass, to increase, but
empirical estimates predict small decrease (–
0.7% of total in LAA) from terminal footprint,
with potential for eelgrass expansion with
terminal in place. Overall changes to eelgrass
are considered negligible.
 No change to the productivity of predators
(e.g., bald eagle) are predicted.
 Minor effects to the productive potential of
the LAA to support brant are predicted.

Herons

Great Blue
Heron

-

◊

-

–0.002
(0%)

Minor
decrease

 Ecosystem model results generally align with
marine fish assessment (see Table 13-12),
which predicts minor effects to many heron
prey species (e.g., forage fish, shiner perch,
etc.).
Negligible

 Temporary displacement from foraging
habitat adjacent to the Project area during
construction.
 Negligible to minor effects to the productive
potential of the LAA to support great blue
heron are predicted.
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SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Diving Birds

Western Grebe
(Piscivorous
birds)

-

◊

-

–0.05
(–5%)

Minor
decrease

Minor
decrease

 Ecosystem model results align with the
marine fish assessment (Table 13-12),
which predicts minor changes to many prey
species (e.g., forage fish, shiner perch, small
demersal fish).
 Project construction will affect foraging
habitat (e.g., eelgrass, rocky shoreline).
 Minor effects to the productive potential of
the LAA to support piscivorous diving birds
are predicted.
 Negatively affected by the removal of 133 ha
of soft-bottom subtidal bivalve habitat due to
Project footprint.

Surf Scoter
(Invertebrate
consuming
diving birds)

-

◊

-

–0.06
(–8%)

Minor
decrease

Minor
decrease

 The ecosystem model predicts an 8%
decrease in the productivity potential of the
LAA to support scoters and other
invertebrate-consuming diving birds.
 Minor effects to the productive potential of
the LAA to support invertebrate-consuming
diving birds are predicted.

Page | 15-108

PORT METRO VANCOUVER | Roberts Bank Terminal 2

SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Raptors

Bald Eagle

Barn Owl

Peregrine
Falcon (other
raptors)

-

-

-

◊

◊

◊

-

N/A

0.003
(31%)

–0.008
(–7%)

N/A

-

Minor
decrease

Minor
decrease

Minor
decrease

Negligible

 Ecosystem model predicts a 7% decrease in
the productivity potential of the LAA to
support bald eagle, likely due to
overestimating negative food web effects.
 Minor changes to prey (e.g., fish, waterfowl)
are predicted within the LAA.
 Negligible to minor effects of the productive
potential of the LAA to support bald eagle are
predicted.

Minor
Decrease

 Use a small portion of anthropogenically
modified terrestrial habitat (ca. 4 ha) within
the LAA that will be modified as part of the
Project.
 Susceptible to collisions with vehicles.
 Minor effects to the productive potential of
the LAA to support barn owl are predicted.

Negligible

 Ecosystem model predicts increase in the
productive potential of the LAA to support
peregrine falcons and other raptors, based on
predicted increases in prey (i.e., shorebirds
and waterfowl) and judged to be an
overestimate.
 Prey on species that spend a portion of their
annual cycle in the LAA. Whether predicted
increases in prey are realised cannot be
determined as prey species are also affected
by factors outside the LAA that influence their
numbers in the LAA.
 Negligible to minor effects to the productive
potential of the LAA to support peregrine
falcon (and other raptors) are predicted.
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SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Gulls and Terns
 Ecosystem model predicts negligible changes
to gull and tern productivity in the LAA, which
is supported by other lines of evidence.

Caspian Tern
and Glaucouswinged Gull

-

◊

-

–0.04
(–1%)

Minor
decrease

Negligible

 Glaucous-winged gulls (and other gulls) are
omnivores and possess a diverse diet.
Changes in one food item can be
compensated by another and are therefore
considered adaptable to potential changes.
 Minor effects to Caspian terns are predicted
as associated minor effects are predicted for
many prey species (e.g., forage fish, shiner
perch, etc.).
 Negligible to minor effects to the productive
potential of the LAA to support gulls and terns
are predicted.
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SubComponent**

Empirically
Estimated/
Other Evidence
of Productivity
Change (t)
Gain

Loss

Ecosystem Model
Productivity
Change (t)
Gain

Loss

Professional Opinion/
Conclusion on Productivity
Change due to Project*
Construction

Comments

Operation

Passerines

Barn Swallow

-

-

N/A

N/A

Minor
decrease

Negligible

VC Total
Change

-

-

0.8
(2.9%)

-

Minor
decrease

Minor
decrease

 Prey (i.e., flying insects) within the LAA are
not anticipated to be adversely effected by
the Project.
 Negligible to minor effects to the productive
potential of the LAA to support barn swallow
(and other passerines) are predicted.

Legend
◊ Productivity change predicted: quantitative productivity change estimate not available
* Professional opinion/conclusion on productivity change pre-mitigation based on integration and consideration of all available lines of
evidence (including empirical evidence, ecosystem model results, and other models or evidence of change). Change Ratings (applicable to
both increases and decreases): Negligible: 0% to 5% change; Minor: 6% to 30% change. Change ratings take into consideration physical and
biological aspects of natural ecosystem variability.
N/A Species not assessed as independent species by the Roberts Bank ecosystem model
** Passerines were not included in the Roberts Bank ecosystem model
Note: quantitative productivity estimates presented here do not include anticipated productivity gains from mitigation.
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15.8

MITIGATION MEASURES

Mitigation measures, including any standard operating practices, as well as management
practices and measures developed to specifically avoid or reduce the potential adverse
effects of the Project on coastal birds, are described in this section. Each mitigation measure
is described below and is summarised in Table 15-12. Note that several mitigation
measures are specific to the effect mechanisms, rather than the effect of productivity
loss itself.
Selection of mitigation measures was informed by a review of mitigation measures and
follow-up programs undertaken for other development projects of similar scope; a review of
standard industry practices and management practices; regulator, public, and Aboriginal
group input; and internal evaluation of technical and economic feasibility. Documents
consulted include the following:


Develop with Care 2012: Environmental Guidelines for Urban and Rural Land
Development in British Columbia (MOE 2012);



Dredge Management Guidelines (FREMP 2005);



Environment Canada Avoidance Guidelines for Migratory Birds, Nests, and Eggs
(Environment Canada 2014);



Environmental Management Strategy for Dredging in the Fraser River Estuary
(FREMP 2006);



Guidelines for Raptor Conservation during Urban and Rural Land Development in
British Columbia (MOE 2013); and



Land Development Guidelines for the Protection of Aquatic Habitat (Chilibeck et al.
1993).

Additionally, special attention was given to the effectiveness of mitigation and outcomes
of monitoring pertaining to past developments at Roberts Bank (e.g., DP3 project). Projectrelated adverse effects of DP3 were mitigated by the following measures:
1) Reducing the Project footprint to minimise habitat effects;
2) Developing an Environmental Management Plan for construction;
3) Observing standard management practices (e.g., containment dykes, stormwater
treatment, emergency spill response plan);
4) Adhering to timing windows to reduce effects to birds; and
5) Developing compensatory habitat and enhancing existing habitat (i.e., eelgrass,
saltmarsh, mudflat, Tsawwassen saltmarsh and intertidal or subtidal rocky habitats).
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The AMS for DP3, an eight-year monitoring study (2007 to 2014), was designed and
implemented as an early warning system to identify risks (e.g., potential eutrophication,
tidal channel formation) or effects to VCs and implement mitigation before VCs would be
affected. The AMS was instituted to address concerns put forth by CWS. Regular surveys of
the study area to assess affects to coastal birds throughout the construction and operation
phases of the project were conducted. Documented differences in distribution and
abundance of sub-components were within the range of natural variability, with minimal
effects documented. Mitigation measures limited effects to a temporary alteration of habitat
usage

immediately

adjacent

to

active

construction

activities.

Mitigation

measures

implemented as part of the DP3 project form the foundation of the RBT2 mitigation
program, with additional mitigations added to further reduce the likelihood of potential
effects to birds (e.g., artificial light mitigation, use of bubble curtains for sound attenuation).
15.8.1

Avoidance Measures

This section summarises the design and scheduling considerations incorporated into the
Project description (Section 4.0) that will reduce Project-related effects to coastal birds.
15.8.1.1

Project Placement and Design

Several location and layout options were considered (see Section 5.4 Alternative Means
of Carrying out the Project, Location, Orientation, Layout, and Configuration
Alternatives). The preferred terminal placement is located and oriented to avoid
encroachment into the intertidal zone, minimise changes to habitats important to coastal
birds (e.g., biofilm and native eelgrass), and reduce the amount and area, of dredging
required. Other modifications and improvements made to Project design relevant to coastal
birds included the following:


Placing the marine terminal within the subtidal zone to eliminate direct effects to
intertidal habitats;



Minimising causeway expansion and optimising the footprint within the upper
intertidal biofilm zone to reduce direct losses;



Rounding the northwest corner of the terminal to reduce the projected scour area
and minimise the potential for tidal channel formation that could affect coastal bird
habitat; and



Incorporation of rocky substrate in portions of terminal and causeway perimeters to
create habitat for coastal bird prey species.
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15.8.1.2

Timing Windows

Underwater

noise

will

have

the

greatest

effects

on

diving

and

fish-eating

birds

(e.g., scoters, grebes, loons, and cormorants). Diving birds are most abundant within the
LAA (particularly in subtidal areas) from September to May (e.g., September to December
for western grebe; February to May for large numbers of scoters, scaup, and other grebes).
Although there is no legal mandate to restrict in-water work associated with diving birds,
the period of peak diving bird use of the LAA overlaps with DFO’s fisheries-sensitive window
for Dungeness crab (i.e., no in-water works from October 15 to March 31 below –5.0 m CD)
from which diving birds will benefit. This timing window has been incorporated into the
preliminary construction schedule for the Project and will avoid some potential noise effect
to diving birds, for work below –5.0 m CD.
Not all effects on coastal birds can be addressed through changes to the Project design;
therefore, additional mitigation measures are planned, as described below.
15.8.2

Mitigation #1 - Measures to Address Productivity Loss due to Changes in
Habitat Quantity

Section 17.3 Offsetting Potential Effects outlines an approach for offsetting potential
and unavoidable Project-related effects after steps have been taken to avoid and reduce
effects. The offsetting framework proposes innovative approaches to mitigate adverse
effects to the ongoing productivity of coastal bird populations. The efficacy of approaches
being proposed has been demonstrated through other Projects (e.g., DP3, Vancouver
Convention Centre) where productive intertidal and subtidal habitats have been created and
restored.

How

offsetting

will

be

applied

within

Environment

Canada’s

Operational

Framework for Use of Conservation Allowances (Environment Canada 2012) to offset
potential effects and the specific benefits to coastal bird productivity are described in
Section 17.3.2 Offsetting Framework. The creation of onsite offsetting concepts that will
benefit coastal birds are described below.
Tidal Marsh
Tidal marshes provide food and shelter for many coastal birds, including waterfowl, herons,
and shorebirds. Tidal marsh is proposed along the new causeway, and within the elbow of
the proposed terminal. A similar concept was employed for DP3 with good establishment of
marsh vegetation on open marsh benches (G.L. Williams and Associates Ltd. 2013). This
habitat is anticipated to fully offset marsh affected by the causeway widening.
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Sandy Gravel Beach
Sandy gravel beaches provide suitable habitat for a number of different types of coastal bird
food, such as forage fish (e.g., surf smelt, sand lance, herring), bivalves, macrofauna,
polychaetes, and marine algae fed on by diving birds, shorebirds, and waterfowl.
Additionally, sandy gravel beaches will provide grit consumed by brant and stored in their
gizzards to aid in digestion of plant material.
Mudflat
As discussed in Section 15.5.3, mudflats provide the substrate for a diversity of coastal
bird prey, including marine invertebrates and biofilm. This habitat will partially offset the
42.4 ha of mudflat (of which 2.5 ha has biofilm) lost to the causeway widening. Similar to
the affected habitats, the mudflat habitat created as part of the offsetting program is
proposed adjacent to Port infrastructure and therefore is expected to be in an area having
greater risk to coastal birds from raptor predation than areas further from infrastructure.
This may influence its use by certain bird sub-components, such as shorebirds.
Subtidal Rocky Reef and Rocky Shoreline
During RBT2 construction, approximately 5.5 ha the existing rocky shoreline (e.g., rip-rap,
terminal armouring) colonised by coastal bird prey (e.g., bay mussel, Pacific oyster, Ulva)
will be removed. This habitat will be replaced with similar habitat as part of construction of
the Project, with rocky habitat will be constructed along the corners of the existing
Westshore and new RBT2 terminals.
As part of onsite offsetting, subtidal rocky reef will be constructed. These habitats are
expected to be colonised by diving bird prey (e.g., bivalve shellfish), and will partially
mitigate adverse effects from the terminal footprint to diving birds (e.g., surf scoter).
Surveys in 2012 to 2013 of similar reefs constructed as part of prior developments indicated
that the faunal community on the expansion reefs had reached a stable community
composition, with fish species abundance and diversity on all artificial reefs comparable to
typical rocky reefs in the Strait of Georgia, and are physically stable (Archipelago 2014b).
Eelgrass
Eelgrass is an important food source for waterfowl (e.g., American wigeon) and brant, and
provides important habitat for a number of types of coastal bird prey (e.g., crabs, cockles,
forage fish, infaunal and epifaunal communities) fed on by herons, grebes, terns, and
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scoters. Approximately 3 ha of native eelgrass will be transplanted within the LAA. Methods
are considered to be greater than 90% effective (refer to Section 17.3.2 Offsetting
Framework).
15.8.3

Mitigation #2 - Measures to Address Productivity Loss due to Changes in
Habitat Quality

Underwater Noise
Mitigation measures have been identified to address underwater noise-related effects
related to coastal birds.
A construction Underwater Noise Management Plan (see Section 33.3.7) describing
measures to mitigate noise generated during activities such as pile driving will be
developed. The CWS will be engaged in the development of this plan to ensure their
expectations are met and concerns addressed. Techniques to mitigate potential effects that
could be employed include the following:


Installing noise reduction or dampening technologies;



Increasing or ramping-up sound levels slowly to allow birds to habituate or
temporarily leave the area; and



Hazing birds prior to construction to move them away from the affected zone if loud
operations are necessary during periods of peak bird abundance.

Above-ground Noise and Visual Disturbances
Birds can readily habituate to above-ground noise and visual disturbances that occur on a
regular basis; however, atypical or sudden disturbances can elicit flight responses with
potential

energetic

consequences

(see

Section

15.7.2.1).

A

construction

Noise

Management Plan (see Section 33.3.6) will be developed, describing measures to
mitigate construction-related above-ground noise generated by heavy equipment, trucks,
trains, and marine vessels, as well as land and marine-based activities (e.g., dredging, pile
driving, vibro-densification). Techniques to mitigate potential effects that could be employed
include the following:


Shutting down of equipment and vehicles when not in use;



Using equipment that produces less noise;



Awareness and training for construction crews;



Using barriers (e.g., acoustic blankets) to shield wildlife from abrupt loud noise
where feasible;
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Increasing or ramping-up sound levels slowly to allow birds to habituate or
temporarily leave the area;



Avoiding operations generating loud noise (greater than 85 dBA at 60 m from
source) during the period of peak northward shorebird migration (April 20 to May 7)
within 3 km of the high tide line (i.e., the shoreline); and



Implementing measures to minimise impulsive noise.

Artificial Lighting
Light trespass and sky glow are predicted to increase with the development of the Project
(see Section 9.4.8 Light, Future Conditions with the Project). Management practices
to minimise potential adverse effects from artificial lighting during Project construction and
operation will include, where feasible, the following:


Orienting lights downwards and away from residential and marine areas;



Using shielding (i.e., valences) to minimise light trespass and sky glow;



Controlling light levels and limiting light use to areas where activities are occurring;
and



Where possible, using fixtures that emit light at wavelengths shown to minimise
disorienting effects to birds.

Vessel Traffic
Vessel traffic through the LAA during construction and operation will potentially result in
acoustic and visual disturbance from underwater noise and ship presence and movement.
Vessel traffic is projected to increase by 260 calls per year when RBT2 is in full operation.
The sub-components most likely to be affected are diving birds (e.g., surf scoter and
western grebe) and waterfowl (e.g., American wigeon and brant).
Published thresholds for noise and visual disturbance do not exist for birds; however,
literature indicates minimal effects as long as vessel traffic is restricted to designated areas
(see Section 15.7.2.1 and Camphuysen et al. 2004). Such areas will be designated within
the Land and Marine Traffic Management Plan (see Section 33.3.9), and will benefit
coastal birds.
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15.8.4

Mitigation #3 - Measures to Address Productivity Loss Due to Direct
Mortality

Project-related mitigation measures will be developed to avoid collisions between barn owls
and vehicles within PMV jurisdiction in the LAA. Such mitigation measures will effectively
minimise the risk to barn owl populations. Port Metro Vancouver will work collaboratively
with the appropriate transportation organisation(s) (e.g., B.C. Rail, B.C. Ministry of
Transportation and Infrastructure) and CWS to develop and implement such mitigation
measures. Examples of such mitigation measures include hedgerows or use of reflective
fences (to force birds up and over traffic), or establishment and maintenance of barn owl
nest boxes (as availability of suitable nest sites is a factor limiting barn owls within the
region; see Hindmarch et al. 2012).
Table 15-12 summarises the mitigation measures developed to address anticipated
adverse effects on coastal birds and detectable or measureable Project-related residual
effects. Residual effects are those that remain after the implementation of avoidance,
reduction, or offsetting measures.
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Table 15-12
Potential
Effect

Productivity
Loss for
Coastal Birds
SubComponents

Summary of Mitigation Measures to Address Adverse Project-related Effects on Coastal Birds
Applicable
Phase(s)

Effect Mechanism & Mitigation Measure

Construction
/ Operation

Water Quality – Construction Phase
Construction Environmental Management Plan and supporting plans, including:
Construction Compliance Monitoring Plan; Environmental Training Plan; Dredging and
Sediment Discharge Plan; Sediment and Erosion Control Plan; Hazardous Materials and
Waste Management Plan; and Spill Preparedness and Response Plan.
Water Quality – Operation Phase
Operation Environmental Management Plan and supporting plans, including: Operation
Compliance Monitoring Plan; Environmental Training Plan; Hazardous Materials and
Waste Management Plan; and Spill Preparedness and Response Plan.
Disturbance through Noise and Artificial Lighting – Construction Phase
Timing Windows: DFO least-risk timing window for crabs (October 15 to March 30) will
benefit diving birds.
Construction Environmental Management Plan and supporting plans, including:
Underwater Noise Management Plan, Noise Management Plan, Light Management Plan,
Land and Marine Traffic Management Plan.
Disturbance through Noise and Artificial Lighting – Operation Phase
Operation Environmental Management Plan and supporting plans, including: Noise
Management Plan and Light Management Plan.
Changes in Habitat Quantity – Construction and Operation Phases
Project Design: Optimised Project design including terminal placement in subtidal
waters, reduced footprint for causeway widening, terminal rounded corner, and
incorporation of rocky shoreline in portions of the terminal and causeway perimeters.
Offsetting Plan: where losses to ongoing productivity of coastal birds cannot be
avoided, losses will be mitigated by the enhancement of existing or creation of new
habitats, such as eelgrass, tidal marsh, mudflat, sandy gravel beaches, and subtidal
rock reefs. Offsetting measures will be developed in consultation with relevant
regulatory bodies and stakeholders (see Section 17.3 Offsetting Potential Effects).
Direct Mortality
Barn owl mortality from vehicle collisions: PMV will work collaboratively with
appropriate transportation authorities and CWS to develop and implement measures to
mitigate effects to barn owl from vehicle collisions; hence no residual effect to barn
owls is anticipated.
Other bird mortality from vehicle collisions: Due to the very low number of estimated
mortalities in the context of the high population numbers of birds using the LAA, this
potential effect is not expected to result in a detectable or measureable residual effect.

Detectable/
Measurable
Residual Effect

No

No

Yes, only for
diving birds

No
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With implementation of the mitigation measures describe above, residual effects to coastal
bird productivity resulting from noise and other disturbance, water quality, artificial lighting,
biotic and abiotic effects, vehicle-bird collisions, and changes to habitat quantity (for all
coastal birds except diving birds) are predicted to be negligible, or so small as not to be
measureable. These effects are therefore not carried forward or discussed further in this
assessment.
15.9

CHARACTERISATION OF RESIDUAL EFFECTS AND CONTEXT

This section provides a characterisation of the residual effect carried forward in the coastal
birds assessment – productivity loss for diving birds due to permanent subtidal soft-bottom
habitat losses to the Project terminal footprint. Definitions for ratings applied to
residual effects criteria, developed with specific reference to coastal birds, are presented
in Table 15-13.
Table 15-13
Criteria

Criteria Used to Characterise Residual Effects on Coastal Birds
Description

Definition of Rating
Low – A measurable change but within the natural variability
of the population. Will not affect population viability.

Magnitude

Extent

Duration

Reversibility

Frequency

Expected size or
severity of the
residual effect

Moderate – A measurable change outside the range of
natural variability but not posing a risk to population viability.

Spatial scale over
which the residual
effect is expected
to occur

Project Footprint – Limited to the immediate Project
footprint.

Length of time
over which the
residual effect is
expected to persist
Whether or not the
residual effect can
be reversed once
the physical work
or activity causing
the effect ceases
How often the
residual effect is
expected to occur

High – A measurable change that exceeds the limits of
natural variability and may affect long-term population
viability.

Site-Specific – Within 1 km of the Project footprint.
Local – Effects occurs throughout the LAA.
Short-term – Effect limited to specific construction activities /
entire construction phase or only present on a seasonal basis.
Long-term – Effect begins during the construction phase and
persists into Project operation or present on an annual basis.
Permanent – Effect present indefinitely.
Fully reversible – Indicator(s) will return to existing
conditions after Project-related effects cease.
Partially reversible – Indicator(s) will trend toward but not
return to existing conditions.
Irreversible – Indicator(s) will not return to existing
conditions.
Infrequent – Effect(s) occur once.
Frequent – Effect(s) occur repeatedly during Project phases.
Continuous –Effect(s) occur continuously throughout the
Project phases.
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For the coastal bird VC, the residual effect is considered in the context of the resilience of
diving birds and representative species. Resilience can be defined as the ability to adapt or
respond to adverse activities or circumstances to mitigate potential effects. For example,
species with diverse diets that are able to switch between prey are considered more resilient
to shifts in food availability compared to species with specialised diets.
15.9.1

Residual Effect - Characterisation of Loss of Productivity

The Roberts Bank ecosystem model predicts a 2.9% increase (+0.81 t) in coastal bird
biomass associated with changes due to the Project (Table 15-9). Overall, the Project is
anticipated to have minor effects to coastal bird productivity and the capacity of
the ecosystem to support coastal birds and its sub-components. Productivity changes of
sub-components were estimated to range from approximately –6% to +12%. These
changes are considered to be minor. Given the complexity of the ecosystem model, changes
within 5% of the existing conditions are considered within the margin of error of the model
and should be viewed as no change. Decreases in productive potential greater than 5%
were predicted for three representative species: bald eagle (–7%), American wigeon (–8%),
and invertebrate-consuming diving birds (e.g., surf scoters, –8%). Using empirical evidence
concerning predicted changes to habitats and prey species, and professional judgement,
effects to bald eagle and American wigeon and the productive potential of the LAA to
support those species were considered negligible.
Ratings for the productivity loss for diving birds residual effect were based on professional
judgement, drawing on a combination of ecosystem model outputs, literature, and results
from RBT2-specific empirical studies and statistical modelling.
Table 15-14 summarises criteria ratings for the predicted Project-related losses in
productivity to diving birds due to changes in habitat quantity.
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Table 15-14

Criteria

Summary of Criteria Ratings for Residual Effects due to Changes in
Habitat Quantity
Criteria
Rating

Rationale for Criteria Rating
Large areas of similar alternate subtidal soft-bottom habitat remain
in the LAA. The affected area (133 ha) represents 7% of the
existing soft-bottom, shallow subtidal habitat within the LAA and
1% in the RAA; therefore, there is ample suitable habitat
remaining and this loss will not limit diving bird productivity.
The use of the affected subtidal area was small compared to
surrounding habitats. For example, annual surf scoter density in
the affected area averaged 6.3 birds/km2 with a maximum count of
39 birds on a single survey (Hemmera 2014b). Scoter densities
were approximately 3 to 6 times greater in adjacent areas to the
north (21.5 birds/km2) and southeast (18.3 birds/km2, directly in
front of Westshore Terminals; 42.0 birds/km2, off the southern
corner of Westshore Terminals) of the RBT2 footprint. Maximum
single survey counts in these areas were 80, 400, and 400 scoters,
respectively.

Magnitude

Low

Extent

Local

Effects occur throughout the LAA.

Duration

Permanent

The in-water placement of RBT2 and resulting removal of shallow
subtidal foraging habitat is permanent because the facilities are not
expected to be decommissioned.

Reversibility

Irreversible

The loss of subtidal foraging habitat to diving birds is permanent.

Frequency

Infrequent

Placement of terminal and associated loss of habitat is a one-time
event and thus considered infrequent.

15.9.2

Context of Residual Effects

Roberts Bank is a dynamic and diverse estuarine environment with seasonal events
(e.g., freshet), Fraser River inputs, wave action, and tidal cycles producing large fluxes in
water and sediment

movement.

This natural activity, coupled with anthropogenic

development (e.g., dykes, terminals, causeways), influences the morphology of the tidal
flats and has resulted in the formation of various habitat zones (i.e., intertidal marsh,
biomat; see Section 9.5.6 Coastal Geomorphology, Existing Conditions), which
support and are used by distinct biological communities, including coastal bird communities.
Coastal bird species that spend all or portions of their life history within estuaries (such as
Roberts Bank) are well adapted and resilient to a wide range of abiotic conditions
(e.g., salinity, sediment grain size, turbidity).
The constantly changing abiotic and biotic conditions at Roberts Bank and the wider Fraser
River estuary are driven by seasonal, annual, and decadal mechanisms that fluctuate
through time. These mechanisms both support and affect coastal birds through their
influence on foraging and roosting habitats and predator and prey populations. While the
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estuary supports high primary and secondary productivity, the abundance and availability of
coastal bird prey can fluctuate greatly (e.g., large Fraser River freshets reducing biofilm
productivity, or annual fluctuations in juvenile salmon or forage fish recruitment). Given the
dynamic nature of the Fraser River estuary ecosystem, it is likely that coastal bird subcomponents are resilient to the small changes predicted as a result of the Project.
While not considered directly in the assessment of Project-related effects, climate change
will play an increasingly large role in shaping the Roberts Bank tidal flats into the future.
Water depths are anticipated to increase with time, and the seaward edge of the tidal flats
is predicted to retreat due to a combination of predicted sea level rise, subsidence, and
exclusion of sand inputs by the two existing causeways (Section 9.5.7 Coastal
Geomorphology, Expected Conditions). Future responses of the Fraser River estuary to
climate change are complex, and are discussed in more detail in Appendix 9.5-A: Roberts
Bank Terminal 2 Technical Report, Coastal Geomorphology Study. Climate-induced
changes may have large effects to coastal birds that go beyond the presence or absence of
the Project within the LAA. For example, adverse changes to habitats supporting coastal
birds, such as biofilm, from sea level rise could be extensive and will occur irrespective of
the Project.
The residual effects are characterised in terms of their potential adverse effects on diving
birds; however, significance is characterised in terms of effects on the VC as a whole.
15.10

DETERMINATION OF SIGNIFICANCE OF RESIDUAL ADVERSE EFFECTS

This section provides a determination of significance for the coastal birds VC.
15.10.1

Significance Definition

The Fraser River estuary and the LAA are important to most coastal birds because of the
abundant food resources that support a bird’s ability to migrate, overwinter, and, or thrive.
A significant adverse residual effect to coastal birds is one that negatively affects food
resources or associated habitats to the extent that it compromises the long-term productive
potential of the LAA to support coastal bird productivity. Significant effects from negatively
affecting coastal bird food and habitat would be reflected in changes to species abundance
or density within the LAA. A significant adverse effect can also occur from direct mortality
that affects a species’ population viability in the LAA, and would be realised in changes to
species abundance or density. Effects are determined to be negligible if they are so small
they are not detectable or measureable, and are not anticipated to influence the short or
long-term viability of this VC or sub-components.
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15.10.2

Significance Determination

All habitats affected by the Project are anticipated to be mitigated except for subtidal softbottom habitat lost to the Project terminal footprint that is currently used for foraging
by diving birds. The determination of the significance of this residual effect is provided in
Table 15-15, along with the likelihood of the residual effect occurring, and the level of
confidence associated with the determinations of both significance and likelihood.
Likelihood characterisation was based on professional judgement, with unlikely effects
defined as those having a low probability of resulting in an adverse effect on coastal birds.
Conversely, likely effects are considered to have a higher probability of affecting coastal
birds. A low level of confidence is assigned to determinations with little or no empirical data
to support the effects prediction, whereas predictions made with moderate confidence are
based on sources of data such as predictive model outputs and published literature. A high
level of confidence is assigned to determinations that have direct, site-specific quantitative
data to support the prediction.
Table 15-15

Summary of Determination of Significance of Residual Effects for
Coastal Birds

Residual Effect

Significance
(significant /
not significant)

Likelihood of
Residual Effect
(likely/unlikely)

Level of Confidence
(low/moderate/high)

Productivity loss for
diving birds

Not significant

Likely

High

The permanent loss of subtidal soft-bottom habitat for foraging by diving birds equates to
the removal of approximately 7% of similar subtidal habitat within the LAA and 1% of
habitat within the RAA. Given the amount of alternate habitat within the RAA, and in close
proximity to the footprint, and the lack of evidence that diving birds are habitat limited
within the LAA, removal of this subtidal habitat is unlikely to negatively affect the long-term
productive potential of diving birds within the LAA. Effects to coastal bird productivity within
the LAA from the removal of subtidal habitat are therefore determined to be not significant.
Confidence was rated as high based on the following rationale:


Roberts Bank is a well-studied ecosystem. Site-specific data on coastal bird
abundance, density, distribution, and bird-vehicle related mortalities were available
for multiple years of field data collection, and from the literature and other
environmental assessments (i.e., DP3) in the area; and



Precedence exists for all mitigation measures.
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This assessment concludes there is no significant residual effect on coastal birds. The nonsignificant residual effect for subtidal habitat loss is carried forward in the cumulative effects
assessment below.
15.11

CUMULATIVE EFFECTS ASSESSMENT

This section describes the assessment of potential total cumulative effects on coastal birds.
The potential for Project-related effects to combine with the effect(s) of other projects
and activities that have been carried out (i.e., the existing conditions temporal case)
and will have been carried out prior to the Project (i.e., the expected conditions temporal
case, which is not anticipated to change from existing conditions) was considered
in Section 15.5 and has therefore been integrated into the Project’s residual effects
(i.e., see Section 15.9).
The assessment of future cumulative effects examines the potential for the residual effects
of the Project to combine with effects of other certain and reasonably foreseeable projects
and activities not already considered in the existing and expected conditions cases. These
other certain and reasonably foreseeable projects and activities that will be carried out are
identified in Table 8-8 Project and Activity Inclusion List.
This assessment focuses on the one non-significant residual effect – changes to diving bird
productivity resulting from loss of sand habitat quantity.
15.11.1

Spatial Boundary for Coastal Birds Cumulative Effects Assessment

As described in Section 15.3.1, the spatial boundary of the cumulative effects assessment
for coastal birds includes the RAA, plus Howe Sound, Burrard Inlet to Port Moody, Boundary
Bay, and U.S. waters to below Cherry Point.
15.11.2

Effects of Other Certain and Reasonably Foreseeable Projects and
Activities

Table 15-16 identifies the certain and reasonably foreseeable projects and activities that
could interact with a Project-related residual effect on diving bird productivity and result in a
cumulative effect.
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Table 15-16

Potential Incremental Effects of Other Projects and Activities on
Diving Bird Productivity

Other Project or
Activity

Description

Potential Incremental Effects
to Productivity

Projects

BURNCO Aggregate
Project

Sand and gravel mine near Gibsons.
Processing plant to be located on
northwest shore of Howe Sound.
Project also includes marine barge
loading facility, maintenance building,
small craft dock, and electrical
substation.

 Potential for permanent loss of
subtidal habitats used by diving
birds.

Fraser Surrey Docks
Direct Coal Transfer
Facility

Coal handling facility on existing
terminal site on South Arm of Fraser
River in Surrey. Project includes new
rail with the Port Authority Rail Yard,
transfer of coal from rail onto barges,
and barge transport of coal from the
terminal to Texada Island.

 Potential for increased
disturbance to diving birds from
underwater and above-ground
noise and visual disturbance.

Gateway Pacific
Terminal at Cherry
Point and associated
BNSF Railway
Company rail
facilities project

Deep-water marine terminal at Cherry
Point, south of Blaine, Washington with
the capacity to handle commodities,
but mostly coal for export.

Kinder Morgan
Pipeline Expansion
Project

For the marine component, expansion
of Westridge Marine Terminal (new
dock facility on Burrard Inlet with three
berths to accommodate mid-size
tankers).

Vancouver Airport
Fuel Delivery Project

Project includes upgrade of an existing
marine terminal located in Richmond,
B.C., 15 km upstream of the mouth of
the South Arm of the Fraser River,
other components and tanker and tank
barge traffic.

 Potential for permanent loss of
subtidal habitats used by diving
birds.
 Potential for increased
disturbance to diving birds from
underwater and above-ground
noise and visual disturbance.
 Potential for permanent loss of
subtidal habitats used by diving
birds.
 Potential for increased
disturbance to diving birds from
underwater and above-ground
noise and visual disturbance.
 Potential for permanent loss of
subtidal habitats used by diving
birds.
 Potential for increased
disturbance to diving birds from
underwater and above-ground
noise and visual disturbance.

Activities
Incremental Marine
Vessel Traffic
Associated with
RBT2

RBT2-related marine vessel traffic
travelling outside of PMV navigational
jurisdiction (east of the Project area) to
the spatial extent of IC and VC-specific
cumulative effects assessment
boundaries.

 Potential for increased
disturbance to diving birds from
underwater and visual
disturbance.
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Rationales for the exclusion of other certain and reasonably foreseeable projects and
activities from the assessment of cumulative effects for coastal birds are provided in
Appendix 15-F Rationale for Inclusion / Exclusion of Other Certain and Reasonably
Foreseeable Projects and Activities in the Cumulative Effects Assessment of
Coastal Birds.
15.11.3

Cumulative Interactions and Potential Cumulative Effects

This section summarises the potential interactions and cumulative effects from Projectrelated residual effects in combination with the effects of other certain and reasonably
foreseeable projects and activities, as outlined in Table 15-16.
15.11.3.1 Changes to Diving Bird Productivity
Construction of new marine terminals and docks will contribute to the regional loss of
subtidal sand habitat on which diving birds (e.g., surf scoters) depend.
The BURNCO Aggregate Project, Gateway Pacific Terminal at Cherry Point, Kinder Morgan
Pipeline Expansion, and the Vancouver Airport Fuel Delivery Project may directly affect a
small area of subtidal habitat. Due to the large areas of alternate subtidal soft-bottom
habitat remaining in the cumulative effects assessment area, the potential cumulative effect
of loss of subtidal habitat from RBT2 and other certain and reasonably foreseeable projects
and activities is considered negligible. The area affected by the Project (133 ha) represents
7% of the existing soft-bottom shallow subtidal habitat within the LAA and approximately
1% in the RAA, and a fraction of a percent in the cumulative effects assessment area. Loss
of subtidal sand habitat from other projects and activities is also estimated to be less than
1% of the cumulative effects assessment area, given their relatively small respective
footprints. The Project’s residual effect and potential for interaction with these other
projects is small, and any combined effect will be negligible and not be measurable.
An increase in ship traffic resulting from RBT2 and the projects listed in Table 15-16 will
result in an incremental increase in underwater and above-ground noise and visual
disturbance to diving birds in the cumulative effects assessment area. Behavioural studies
to assess the effects of underwater noise on diving birds have generally found few effects
(Stemp 1985, Turnpenny and Nedwell 1994, Lacroix et al. 2003, Leopold and Camphuysen
2009). Within the underwater noise regional study area, cumulative changes to the mean
sound pressure levels (SPL) are anticipated to be small, representing a < 0.1 dB re 1 µPa
increase

over

existing

conditions

under

modelled

scenarios

(see

Section

9.8.8
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Underwater Noise, Future Conditions with and without the Project and Other
Certain and Reasonably Foreseeable Projects and Activities). Potential cumulative
effects of underwater noise from these projects on diving birds would, however, likely be
unmeasurable. Additionally, future increases in commercial vessel traffic are expected to
make a relatively small contribution to overall underwater noise levels in the region, due to
the high density of existing commercial vessel traffic. Diving birds are adaptable and have
demonstrated an ability to habituate to visual disturbance and above-ground noise, as has
been demonstrated at the existing terminals and other facilities at Roberts Bank
(see Section 15.7.2.1). The primary mechanism that facilitates habituation is the regular
exposure to the stimuli, with continually changing or unpredictable events eliciting the
greatest response. Similar to the terminals at Roberts Bank, in all likelihood the projects
listed in Table 15-16 will establish routine operational procedures to which diving birds will
habituate. If birds are disturbed, disturbances will likely be temporary, or in worse-case
scenarios birds will move to the large amount of alternative habitat available regionally.
Regardless,

the

potential

cumulative

effect

from

these

projects

would

likely

be

unmeasurable.
For these reasons any affects to subtidal soft-bottom habitats available to foraging diving
birds or incremental increases in underwater and above-ground noise or visual disturbance
to diving birds are considered negligible.
15.11.4 Mitigation Measures for Cumulative Effects
As cumulative effects are considered negligible, no mitigation measures are proposed to
reduce cumulative effects of the Project on coastal birds.
15.11.5

Characterisation of Residual Cumulative Effects and Context

As outlined in Sections 15.11.3.1 and 15.11.4 above, identified cumulative effects are
considered negligible; therefore, this effect is not characterised further.
15.12
This

SUMMARY OF RESIDUAL EFFECTS AND RESIDUAL CUMULATIVE ENVIRONMENTAL EFFECTS

section

summarises

the

potential

residual

effects

of

the

Project

and

the

Project’s contribution to potential residual cumulative effects on coastal birds. The
summary of residual effects and residual cumulative effects for coastal birds is presented in
Table 15-17. Residual Project-related effects are anticipated to be limited to the
permanent loss of subtidal foraging habitat for diving birds. The Project is not anticipated to
result in a significant residual adverse effect to coastal bird productivity. This effect is not
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anticipated to significantly affect coastal bird or sub-component productivity or long-term
viability in the LAA with proper mitigation in place. Residual cumulative effects were
considered negligible.
Table 15-17

Summary of Residual Effects for Coastal Birds
Residual Effects

Residual Effect

Productivity loss
for diving birds

15.13

Magnitude,
Extent,
Duration,
Reversibility,
Frequency
Low, Local,
Permanent, Partially
Reversible, Frequent

Significance

Not Significant

Residual Cumulative Effects
Magnitude,
Extent,
Duration,
Reversibility,
Frequency

Significance

No anticipated residual cumulative
effects

MONITORING AND FOLLOW-UP PROGRAMS

Monitoring and follow-up programs will occur before (if warranted), during, and after the
construction of the Project, with details to be further determined collaboratively with
regulatory agencies including DFO and CWS. Section 33.3.1 Construction Compliance
Monitoring Plan and Section 33.4.1Operation Compliance Monitoring Plan outline
the compliance monitoring requirements for both phases. Section 33.5 Roberts Bank
Terminal 2 Follow-up Program outlines the purpose of the program and provides
additional specifics relevant to this VC.
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16.0 Ongoing Productivity of Commercial, Recreational, and Aboriginal
Fisheries Assessment Highlights:


All Project-related effects to the ongoing productivity of commercial, recreational
and Aboriginal fisheries are expected to be unmeasurable compared to natural
variability at the population level for species relevant to these fisheries.



The Project is not expected to result in any significant adverse residual effects to
the ongoing productivity of these fisheries.



The Project is not expected to contribute to cumulative effects on these fisheries.

16.0 ONGOING PRODUCTIVITY OF COMMERCIAL, RECREATIONAL,
AND ABORIGINAL FISHERIES EFFECTS ASSESSMENT
This section presents the results of the assessment of potential Project-related effects on
the ongoing productivity of commercial, recreational, and Aboriginal fisheries
(CRA fisheries). The rationale for the selection of CRA fisheries as a VC, assessment
boundaries, existing conditions, and assessment findings relevant to CRA fisheries
are provided.
As per information requirements outlined in the EIS Guidelines, part 2, sections 9.1.5,
9.1.7, and 9.1.8, this section describes the abundance and distribution of fish populations
that exist or migrate through the local and regional study areas that are relevant to the
CRA fisheries.
16.1

COMPONENT OVERVIEW AND REGULATORY SETTING

Commercial, recreational, and Aboriginal fisheries occur in and around Roberts Bank and
target a variety of species. Fisheries, and the fish and fish habitats that support them, have
considerable economic, environmental, and cultural value to Canadians (DFO 2013a).
Regulation and management of CRA fisheries occurs through the Fisheries Act, as referred
to earlier in Appendix 6-A Legislation Relevant to the Project. In particular, s. 35(1) of
the Fisheries Act provides the following:
No person shall carry on any work, undertaking or activity that results in serious
harm to fish that are part of a commercial, recreational or Aboriginal fishery, or to
fish that support such a fishery.
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Licensing and regulation of fisheries authorised under the Fisheries Act are regulated by the
following:


Fishery (General) Regulations;



Pacific Fishery Regulations, 1993;



Aboriginal Communal Fishing Licences Regulations;



British Columbia Sport Fishing Regulations, 1996;



Pacific Fishery Management Area Regulations, 2007; and



Applications for Authorization under Paragraph 35(2)(b) of the Fisheries Act and
regulations.

Fisheries and Oceans Canada (DFO) also manages fish and fish habitat through other policy
and guidance documents, as follows:


Sustainable Fisheries Framework (DFO 2009b);



Fisheries Protection Policy Statement (DFO 2013a);



The Fisheries Protection Program Operational Approach (DFO 2013b);



Fisheries Productivity Investment Policy (DFO 2013c);



Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013d);



Practitioners Guide to the Risk Management
Management Staff, Version 1 (DFO 2010a);



Canada’s Policy for Conservation of Wild Pacific Salmon, also referred to as the Wild
Salmon Policy (DFO 2005a); and



An Allocation Policy for Pacific Salmon (DFO 1999).

Framework

for

DFO

Habitat

Technical terms referred to in this assessment and defined in the Fisheries Act include the
following:


Aboriginal ‒ in relation to a fishery, means that fish are harvested by an Aboriginal
organisation or any of its members for the purpose of using the fish as food, for
social or ceremonial purposes, or for purposes set out in a land claims agreement
entered into with the Aboriginal organisation;



Commercial ‒ in relation to a fishery, means that fish is harvested under the
authority of a licence for the purpose of sale, trade, or barter;



Fish ‒ includes a) parts of fish, b) shellfish, crustaceans, marine animals, and any
parts of shellfish, crustaceans, or marine mammals, and c) the eggs, sperm, spawn,
larvae, spat, and juvenile stages of fish, shellfish, crustaceans, and marine animals;



Fish habitat ‒ means spawning grounds and any other areas, including nursery,
rearing, food supply, and migration areas, on which fish depend directly or indirectly
in order to carry out their life processes;
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Fishery ‒ includes the area, locality, place, or station in or on which a pound, seine,
net, weir, or other fishing appliance is used, set, placed, or located, and the area,
tract, or stretch of water in or from which fish may be taken by the said pound,
seine, net, weir, or other fishing appliance, and also the pound, seine, net, weir, or
other fishing appliance used in connection therewith;



Fishing ‒ means fishing for, catching, or attempting to catch fish by any method;



Recreational ‒ in relation to a fishery, means that a fish is harvested under the
authority of a licence for personal use of the fish or for sport; and



Serious harm to fish ‒ the death of fish or any permanent alteration to, or
destruction of fish habitat.

Other technical terms relating specifically to CRA fisheries referred to in this section, either
defined in the Fisheries Protection Policy Statement or other DFO publications, include the
following:


Contribution (of relevant fish) ‒ the role of the relevant fish or fish habitat in the
overall productivity of a commercial, recreational, or Aboriginal fishery that could be
affected by a given project;



Enhancement ‒ the release of fish to augment the public resource. This can be
accomplished through fish culture techniques or the introduction or transfer of wild
fish;



Escapement ‒ the number of fish arriving at a natal stream or river to spawn;



Fish that are part of ‒ fish that may be fished as part of a commercial,
recreational, or Aboriginal fishery;



Fish that support ‒ fish that contribute to the productivity of a commercial,
recreational, or Aboriginal fishery;



Fisheries productivity ‒ the sustained yield of all component fish populations and
species, and their habitats, which support and contribute to a fishery in a specified
fishing area;



Ongoing productivity ‒ the potential sustained yield of all fish populations and
their habitat that are part of or support commercial, recreational, and Aboriginal
fisheries;



Relevant fish ‒ all fish that are involved (either as part of the fishery or in a
supporting role) in a commercial, recreational, or Aboriginal fishery, and that could
be affected by a given project;



Standing stock ‒ the number or biomass of organisms present in an area at a
particular time; and



Stock ‒ a population of organisms which, sharing a common gene pool, is
sufficiently discrete to warrant considerations as a self-perpetuating system that can
be managed.
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16.2

SELECTION OF ONGOING PRODUCTIVITY
ABORIGINAL FISHERIES VALUED COMPONENT

OF

COMMERCIAL, RECREATIONAL,

AND

The selection of ongoing productivity of CRA fisheries as a VC followed a three-step
selection process as set out in Section 8.1.2 Selection of Valued Components. The
ongoing productivity of CRA fisheries is considered a VC because fisheries:


Occur in and near the Project area;



Have the potential to interact with Project activities;



May be vulnerable to cumulative disturbance from the Project in combination with
other projects and activities that have been or will be carried out;



Have economic, environmental, and cultural value to Canadians;



Are important food, spiritual, and cultural resources for many Aboriginal groups; and



Are specifically protected under the Fisheries Act.

Fisheries depend on species and habitats that are vulnerable to disturbance, and can either
be directly (i.e., via injury or mortality) or indirectly affected through changes to physical
processes

or

components

(e.g.,

coastal

geomorphology

(Section

9.5

Coastal

Geomorphology), sediment (Section 9.6 Surficial Geology and Marine Sediment), or
water quality (Section 9.7 Marine Water Quality)). Effects to the ongoing productivity of
CRA fisheries, in turn, have implications for marine commercial use (Section 21.0 Marine
Commercial Use), outdoor recreation (Section 24.0 Outdoor Recreation), consumers
(Section 27.0 Human Health), and the current use of lands and resources by Aboriginal
peoples for traditional purposes (Section 32.2 Current Use of Land and Resources for
Traditional Purposes Assessment), as well as the ability to exercise potential and
established Aboriginal and treaty rights that may or may not be associated with that use
(Section 32.0 Potential or Established Aboriginal and Treaty Rights and Related
Interests). Table 8-1 Intermediate Component and Valued Component Linkages
summarises the linkages between CRA fisheries and VCs and ICs.
The Project Interaction Matrix (see Appendix 8-B) was used to identify interactions
between Project components and activities and this VC. Key construction activities that may
interact

with

CRA

fisheries

include

use

of

the

intermediate

transfer

pit

(ITP)

(e.g., deposition, removal of sand), marine terminal land development, causeway widening,
and tug basin expansion. Activities potentially affecting CRA fisheries during Project
operation include vessel berthing and manoeuvring, and maintenance dredging (if required).
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The names and qualifications of the individuals contributing to this assessment are listed at
the beginning of Volume 3.
16.2.1

Sub-components

Four sub-components of CRA fisheries were used to structure and streamline the effects
assessment: Pacific salmon, groundfish (i.e., reef fish plus flatfish), forage fish, and crab.
These sub-components are fish that are a part of or fish that support CRA fisheries (or
are representative of such species) at Roberts Bank. Importance to Aboriginal groups,
regulatory bodies, stakeholders, and the public, as well as professional judgement were
factors in sub-component selection. Aboriginal traditional knowledge (ATK) pertaining to
fisheries, to which PMV had access or acquired through engagement activities, was utilised
in sub-component selection and was also taken into account in the assessment of potential
effects of the Project on CRA fisheries. Sub-components chosen for CRA fisheries and the
rationales for their selection are presented in Table 16-1.
Table 16-1

Sub-components
for
Ongoing
Productivity
Recreational, and Aboriginal Fisheries

Sub-component

Representative
Species:

of

Commercial,

Rationale for Selection
 Pacific salmon are culturally important to Aboriginal
peoples;
 Important to public, regulators, and Aboriginal groups
for socio-economic value;
 Management objectives have been defined for all
species;

Chinook salmon
Pacific Salmon

(Oncorhynchus
tshawytscha)
Chum salmon
(Oncorhynchus
keta)

 Chinook and chum were suggested by the Productive
Capacity Technical Advisory Group (TAG) as focal
species;
 Chinook and chum are considered representative of
other salmon species because –
▫ They are the most estuarine-dependent salmon
species, and
▫ They are the most abundant salmon species at
Roberts Bank during peak juvenile outmigration in
spring and summer;
 Populations of Fraser River Chinook are of conservation
concern, especially Fraser River stream-type Chinook,
returning in spring and summer; and
 Chinook are an important prey species for southern
resident killer whales.
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Sub-component

Representative
Species:
Lingcod

Groundfish1

(Ophiodon
elongatus)
Rockfish

 Lingcod are of high commercial and recreational value;
and
 Lingcod and rockfish populations in the Strait of
Georgia have been in decline for several decades.

Pacific herring

 Forage fish are a critical link between zooplankton and
top marine predators (e.g., piscivorous fish, including
species that support CRA fisheries);

Surf smelt
(Hypomesus
pretiosus)

Crab

 Lingcod were suggested by the Productive Capacity
TAG as focal species;

(Sebastes spp.)

(Clupea pallasii)
Forage Fish

Rationale for Selection

Dungeness crab
(Metacarcinus
magister)

 Herring are important to the commercial and Aboriginal
fisheries;
 There is uncertainty around the resident and migratory
nature of herring stocks in the Strait of Georgia; and
 Surf smelt are highly habitat-dependent during one or
more life stages.
 Dungeness crab are culturally important to Aboriginal
peoples;
 Important to public, regulators, and Aboriginal groups
for socio-economic value; and
 Fraser River estuary is recognised as supporting large
numbers of Dungeness crab.

1

It should be noted that while this sub-component is comprised of both reef fish and flatfish, flatfish
are not included as representative species because they are not currently targeted by CRA fisheries at
Roberts Bank, such that no fisheries data is available.

While the importance of the sockeye salmon fishery to Aboriginal groups is acknowledged,
sockeye salmon was not assessed directly as a representative species within the Pacific
salmon sub-component for reasons outlined in Section 13.2.1 Marine Fish, Subcomponents. Project-related effects are expected to be greater for Chinook and chum than
sockeye because they are more estuarine dependent and spend more time in the local
assessment area (LAA); therefore, results of the assessment on Chinook and chum fisheries
are not only considered relevant to sockeye, but represent a more conservative approach,
given the life histories and habitat use of these species. Temporary fisheries closures have
been implemented for sockeye in U.S waters adjacent to, and outside of, the LAA 1 .

1

The following rule was adopted (Sept 5th 2007) and repealed (Sept 8th 2007) by the Department of Fish and
Wildlife: Fishers in the Point Roberts Area shall observe a closed zone inside a line from 1/4 mile due west of
the Iwerson Dock Origin to 1/4 mile radius around the southwest corner of Point Roberts (the Spit) to the Can
Buoy at the reef southeast of the southeastern corner of Point Roberts. Waters north and west of the Area 7A
Iwerson Dock Line (a line projected from Iwerson Dock on Point Roberts to the Georgina Point light at the
entrance to Active Pass in the Province of British Columbia) will also be closed to commercial harvest of salmon
(Washington Department of Fish and Wildlife 2007).
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However, there is no scientific evidence that these waters, or waters at or near Roberts
Bank, represent holding areas for adult sockeye.
It is recognised that fisheries beyond those selected for assessment have historically
occurred or currently occur in the LAA or regional assessment area (RAA); however, this
section focuses on fisheries that are most likely to interact with the Project or for which
there is sufficient site-specific data of presence and habitat use at Roberts Bank to permit
assessment. For these reasons, fisheries such as those for eulachon, sturgeon, shrimp, and
octopus are not directly addressed in this section; historic and current traditional use for
several such species by Aboriginal groups is described in Section 32.2 Current Use of
Land and Resources for Traditional Purposes Assessment.
16.2.2

Indicators

Indicators are measurable parameters and provide a means of determining a Project-related
change to a VC. The indicators chosen for the ongoing productivity of CRA fisheries VC and
the rationale for their selection are presented in Table 16-2.
Table 16-2

Indicators for Ongoing Productivity of Commercial, Recreational, and
Aboriginal Fisheries

Indicator

Rationale for Selection
 Indicator for all sub-components;
 Ecosystem-level and area-wide approach to assessing Project-related effects
on relevant fish supporting CRA fisheries;

Productivity
(biomass)

 Integrates Project-related effects, and incorporates local, field-collected data
and literature-based knowledge;
 Indicates status of vital rates such as reproduction, growth, and survival;
 Indicates ecosystem health; and
 Practical, measurable, and predictable parameter to evaluate potential
Project-related effects.

Abundance
(stock
assessment
estimates,
historical catch,
and fishery
management
objectives)

 Stock assessments provide standardised estimates of current and historical
standing stock for fisheries and are used to establish threshold limits to
determine stock health;
 Historical catch data or yield can be used to show recent and long-term
trends in total fish production;
 Empirical abundance parameters are area-weighted and directly comparable
across time and space. Can be used as a quantitative proxy for habitat
quality;
 Existing data from CRA fisheries document recent and current rates of
harvest and status of fisheries at Roberts Bank; and
 Fishery management objectives provide socio-economic, biological, and
ecological goals for a fishery.
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16.3

ASSESSMENT BOUNDARIES

The following section describes the spatial and temporal boundaries of the assessment of
CRA fisheries, as well as the administrative or technical boundaries that apply. Localised
spatial and temporal movements of sub-components and representative species have been
considered based on information on general life history, current and past use from Roberts
Bank, and traditional use.
16.3.1

Spatial Boundaries

The LAA and RAA for CRA fisheries are defined in Table 16-3 and presented in Figure 16-1
and Figure 16-2, respectively.
Table 16-3 Spatial Boundary Definitions for Ongoing Productivity of Commercial,
Recreational, and Aboriginal Fisheries
Spatial Boundary

Description of Assessment Area
 Roberts Bank, from the north side of the B.C. Ferries Terminal
causeway to Canoe Passage, and from the high-water mark seaward
to ‒100 m depth CD;

Local assessment area

 Includes all areas where Project-related effects (direct or indirect) to
fish that support or are a part of CRA fisheries are expected to occur,
and is based on life history information and spatial extent of Projectrelated influences (e.g., zones of acoustic impact or disturbance,
total suspended solids (TSS) levels, sediment dispersion
predictions);
 Project-related effects on marine fish (and therefore CRA fisheries)
are not expected to extend into U.S. waters; as such, the LAA does
not extend across the U.S.A. border; and
 Informed by current and past data from Roberts Bank, and current
use for traditional purposes by Aboriginal groups.
 The Fraser River estuary from Boundary Bay to Sturgeon Bank and
from the high-water mark seaward to ‒100 m CD, plus the Fraser
River North and Main Arms and main stem to Hope;

Regional assessment
area

 DFO Pacific Fishery Management sub-areas included are 29-6 to 2917; waters of the Pitt River bounded by Sub-area 29-15 are also
included; and
 Informed by current and past data from Roberts Bank, and current
use for traditional purposes by Aboriginal groups.

The LAA encompasses an area of approximately 5,416 ha. In determining LAA boundaries,
consideration was given to the nature and characteristics of the ongoing productivity of CRA
fisheries, its potential exposure to various influences (e.g., coastal geomorphology),
historical and current traditional use activities, and the maximum extent of potential
adverse effects of the Project on CRA fisheries. Not only are CRA fisheries limited to
Canada’s national boundaries, the extent of Project-related effects is also not anticipated to
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extend beyond the international border (see Section 12.6 Marine Invertebrates, Future
Conditions with the Project and Section 13.6 Marine Fish, Future Conditions
with the Project), and hence DFO data were relied upon for characterisation of the
existing fisheries.
The RAA is approximately 52,456 ha and provides a regional context for the assessment of
Project-related effects. An assessment area for determining future cumulative effects is not
required since there are no measurable Project-related effects relative to natural variability
at the population level for species relevant to CRA fisheries (refer to Section 16.6.1 for
further information).
Roberts Bank is located within DFO Pacific Fishery Management Area (PFMA) 29,
which encompasses the Lower Strait of Georgia; Area 29 is further divided into
management sub-areas, of which Sub-areas 29-6 and 29-7 at least partially overlap with
the RBT2 footprint (Figure 16-3). Pacific Fishery Management Areas apply to both
recreational and commercial fishing activities. Management can occur at several spatial
scales, depending on the particular fishery. In addition to PFMA 29, relevant management
areas within the LAA or RAA include Groundfish Management Area 4B (Figure 16-4),
Salmon Management Areas E (gillnet), B (seine), and H (troll) (Figure 16-5, Figure 16-6,
and

Figure

16-7,

respectively),

and

Crab

Management

Areas

(CMAs)

I

and

J

(Figure 16-8).
16.3.2

Temporal Boundaries

Existing conditions for CRA fisheries are characterised for 2013, the most recent harvest
and stock assessment data available for the LAA and RAA. Temporal characteristics of the
Project’s construction and operation phases are defined in Section 4.3 Project Schedule.
The temporal boundaries established for the effects assessment on CRA fisheries encompass
these Project phases.
Temporal characteristics specific to CRA fisheries (e.g., harvest seasons) are described in
Section 16.5 and Section 16.6 for existing and future conditions, respectively. Temporal
characteristics specific to fish, including important life history stages, are outlined in the
existing conditions characterisations provided in Section 12.5 Marine Invertebrates,
Existing Conditions and Section 13.5 Marine Fish, Existing Conditions.
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16.3.3

Administrative Boundaries

Administrative boundaries relevant to this assessment are as follows:


Fisheries and Oceans Canada data are publicly reported for PFMA and sub-area
scales (Sub-area). Pacific Fishery Management Area 29, which overlaps the LAA,
includes areas of CRA harvesting activity other than the Roberts Bank area (the
LAA), so data reported at this level have limits for interpreting existing conditions in
the LAA; however, PFMA Sub-areas 29-6 and 29-7 are sufficiently small such that
LAA harvesting activity can be reasonably determined from reviewing data reported
at this level;



Pacific Fishery Management Areas for different fisheries sectors vary in size and do
not overlap, which makes comparisons of harvest and stock assessment numbers
challenging;



A navigational closure area exists in the inter-causeway area to ensure safe passage
for vessels transiting Roberts Bank and reduce entanglement risk between large
ships (in their maneuvering areas) and fishing gear or boats. This area is closed to
commercial and recreational fishing, but Aboriginal fisheries are permitted (without
floats); and



At present, there is no catch monitoring program for the recreational Dungeness crab
fishery; as a result, it is not currently possible to determine the total number of
recreational harvesters targeting Dungeness crab or the impact of recreational
fishing on crab stocks (DFO 2010b).

16.3.4

Technical Boundaries

Technical boundaries relevant to this assessment pertain to limitations of the availability of
data, and include the following:


Fisheries and Oceans Canada uses different methods to collect catch, value, and
effort data depending on fishery and data type. Catch data from logbooks are
generally recognised as the most accurate data source, are provided in kilograms,
and are available at the sub-area level, with the exception of salmon, which is
recorded in pieces and is only available at the PFMA level. It should be noted that
fish slips tend to routinely underestimate catch levels, but are the primary source of
information on catch value (DFO 2009a). Vessel activity data were drawn from
logbooks for crab harvesting, but fish slip data were used for salmon, as these data
are available by sub-area.



Certain limitations are inherent in mass balance models (i.e., Roberts Bank
ecosystem model) used to quantify changes in fish species productivity. The
ecosystem model requires input of many parameters and, where data were not
available, input values were adapted from ecosystem models for other sites, or were
based on available literature and professional judgement, which introduces some
uncertainty. In recognition of this uncertainty, a number of sensitivity analyses were
run. Refer to the Section 10.3.2 Ecosystem Model Overview for more
information pertaining to the ecosystem model.
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16.4

Through consultation, Aboriginal groups have indicated to PMV that an absence of
reported Current Use in the Roberts Bank area does not necessarily reflect the
absence of actual use by individual community members, which is often not known in
any detail by Aboriginal group representatives. Aboriginal groups have also indicated
that time and resource constraints, as well as a reluctance to share sensitive
community information, have limited their ability to provide the range or depth of
information that may be relevant to the assessment. For these reasons, the
description of Aboriginal Fisheries in Section 16.5.3 should not be construed as
exhaustive.
INFORMATION SOURCES

Numerous literature and data sources were consulted for information on CRA fisheries,
including the following:


Publicly available Aboriginal traditional marine use or harvest data reports (e.g., LGL
Limited and Tsawwassen Fisheries Department 2010, 2011, 2012, 2013), workshops
with Tsawwassen First Nation elders and fishers (2012, 2012) and Musqueam First
Nation (2013), and ATK from Project-specific studies is described in Section 32.2
Current Use of Lands and Resources for Traditional Purposes Assessment;



Books, academic journals, consultant technical reports, government technical
reports, and other scientific literature;



Databases (e.g., DFO WAVES Catalogue, National Oceanic and Atmospheric
Association, B.C. Conservation Data Centre, Committee on the Status of Endangered
Wildlife in Canada Wildlife Species Database, DFO Herring Geographical Bulletin);



Previous environmental assessments and monitoring reports (e.g., Deltaport Third
Berth Project Adaptive Management Strategy); and



Expert opinion.

16.4.1

Desktop and Field Studies

In 2012, PMV initiated field, desktop, and modelling studies on marine vegetation
(Section 11.0), marine invertebrates (Section 12.0), and marine fish (Section 13.0) to
support Project planning and environmental assessment. Building on available information
and drawing on local expertise, these studies were designed using the best available
scientific methods to address known data gaps and identify issues and interests of
Aboriginal groups, stakeholders, and the public. While no CRA-specific field studies were
conducted, data from the above disciplines were used to inform the CRA assessment.
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Additionally, DFO is the primary source of information for fisheries data and related
information, and data requests were made to DFO specific to PFMA 29, and relevant subareas where possible.
16.5

EXISTING CONDITIONS

This section describes the existing conditions of CRA fisheries within the LAA and RAA
boundaries as of 2013, and factors influencing fishery resources. Status of the stocks, as
defined by DFO, was used to provide a metric against which to measure how productivity
may change from Project construction and operation. The limit reference point2 (LRP) is
used (where possible) as the threshold below which productivity is considered severely
impaired.
Aboriginal traditional knowledge pertinent to CRA fisheries is summarised in Section 32.2
Current Use of Land and Resources for Traditional Purposes Assessment for each
Aboriginal group potentially affected by the Project. No inconsistencies between the ATK
(included within this section and in detail in Section 32.2 Current Use of Land and
Resources for Traditional Purposes Assessment) and the scientific and technical
knowledge presented herein were identified.
16.5.1

Commercial Fisheries

Commercial fisheries in the LAA and RAA are generally active year-round, though seasonal
openings are governed by species abundance and run timings (e.g., Pacific salmon). Refer
to Section 21.5.1 Marine Commercial Use, Existing Conditions, Commercial Fish
and Seafood Harvesting for more details on commercial fisheries operating within the LAA
and RAA.
Additionally, some Aboriginal groups have communal access to commercial opportunities, in
addition to but separate from domestic or food, social, and ceremonial (FSC) fisheries
(discussed in Section 16.5.3 and Section 21.5.2 Marine Commercial Use, Existing
Conditions, Aboriginal Commercial Fishing and Seafood Harvesting). Such licences
are intended to be held permanently for the benefit of recipient Aboriginal communities, and
allow them to designate vessels and individual fish harvesters (DFO 2014a).

2

A limit reference point may either correspond to some minimum condition (e.g., dangerously low spawning
numbers) or some maximum conditions (e.g., a high rate of decline in stock size, or a high mortality rate) at
which point a management response is automatically triggered (Caddy and Mahon 1995).
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16.5.1.1

Pacific Salmon

Pacific salmon species form an integral part of the social, economic, and cultural fabric of
B.C. Each year, salmon fisheries directly contribute millions of dollars to the economy (DFO
2005a). In B.C., the commercial salmon fishery is a limited-access, competitive fishery
targeting all five species of Pacific salmon (Chinook, chum, coho, pink, and sockeye). During
the last decade, salmon contributed an average of 12.7% of the landed value and 11.7% of
the volume of B.C. wild-caught seafood; in recent years, value has ranged from a high of
$73.6 million in 2010 to a low of approximately $22 million in 2008 (DFO 2014a). On
average, sockeye has been the most important species in terms of landed value, followed by
chum and then Chinook.
Commercial salmon licences are issued for three gear types: seine, gill net, and troll.
Licence conditions and commercial fishing plans outline allowable gear characteristics such
as hook styles, mesh size, net dimensions, and the methods by which gear may be used
(DFO 2014a). Salmon fisheries are managed with the objective of reaching escapement
targets or harvesting a certain proportion of the run (DFO 2014a). Table 16-4 presents the
total annual number of fish kept from commercial and test fisheries from 1996 to 2012, by
species (DFO 2013g).
Eight Aboriginal groups hold communal commercial licences within Salmon Gillnet
Management Area E; Tsawwassen First Nation has four of these licences (Tsawwassen First
Nation Representative 2014). In addition to its communal commercial salmon licences,
Tsawwassen First Nation is allocated an annual commercial salmon catch under the
Tsawwassen First Nation Harvest Agreement (TFNHA), which is equivalent to 0.78% of the
Canadian commercial total allowable catch (TAC) for Fraser River sockeye, 3.27% of
terminal commercial catch for Fraser River chum salmon, and 0.78% of the Canadian
commercial TAC for Fraser River pink salmon, each year. Table 16-5 presents recent (2010
to 2012) catch summaries for TFNHA commercial salmon fisheries.
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Table 16-4

Year

Annual Number of Fish Kept from Commercial and Test Fisheries in
Pacific Fishery Management Area 29 from 1996 to 2012
Pacific Salmon Species (number of fish caught)
Chinook

Chum

Coho

Pink

Sockeye

1996

8,778

7,314

637

29

724,185

1997

28,665

17,791

767

172,283

1,318,804

1998

8,039

19,802

129

612

315,398

1999

4,017

47,540

454

4,065

13,747

2000

7,865

12,886

78

561

429,478

2001

5,474

47,643

187

5,743

62,161

2002

8,972

66,814

324

40

957,257

2003

11,218

56,101

41

17,813

233,232

2004*

12,744

87,202

18

20

283,703

2005*

5,485

70,228

1

5,332

17,409

2006

6,279

181,453

1

251

793,521

2007*

2,729

37,573

0

1,474

2,542

2008*

4,036

48,497

2

1

4,933

2009*

3,310

51,475

10

93,428

4,463

2010

9,512

10,971

126

128

3,393,787

2011

9,401

39,609

295

805,564

171,528

2012

1,600

13,591

0

1

3,420

Total

138,124

816,490

3,070

1,107,354

8,729,568

Notes:

1996 to 2004 values were calculated using finalised post-season catch and effort estimates,
while 2005 to 2012 were calculated using in-season catch and effort estimates (post-season
not available). In some years (*), data did not meet the criteria for public release and were
therefore not rolled into these aggregate values.
Data source: DFO 2013g.

Table 16-5

Year

Catch Summary for Tsawwassen
Fisheries 2010 to 2012

Harvest

Agreement

Salmon

Pacific Salmon Species (number of fish caught)
Chinook

Chum

Coho

Pink

Sockeye

2010

174

9

8

0

98,315

2011

42

2,243

18

45,098

5,337

2012

1

1,720

17

0

0

Total
217
3,972
43
45,098
Data source: LGL Limited and Tsawwassen Fisheries Department 2011, 2012, 2013.

103,652
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Chinook Salmon
The Fraser River watershed supports the largest Canadian run of Chinook salmon. Fraser
River Chinook are composed of many populations, which for management purposes are
grouped according to their run timing (i.e., spring, summer, and fall) and life history
(i.e., ocean type versus stream type) into five aggregates or stocks, including: Spring-run
Age 42, Spring-run Age 52, Summer-run Age 52, Summer-run Age 41, and Fraser Late
Harrison River (DFO 2011a).
Much of the knowledge about the status of Chinook salmon is based on spawner
escapement data, which refers to the portion of the population that escapes fisheries and
reaches freshwater spawning grounds. The long-term (1975 to 2013) mean escapement for
Fraser Chinook is 231,716 fish (approximately 2,780 tonnes (t)) (Pacific Salmon
Commission 2014), with many Chinook populations in southern B.C. showing decreases in
spawning abundance, especially over the last 15 years (Riddell et al. 2013). The 2014 DFO
stock outlook flagged three out of the five Fraser River stocks as of conservation concern –
Spring-run Age 42, Spring-run Age 52, and Summer-run Age 52 – predicting continued low
escapements (i.e., below or equal to 30,000 fish) related to depressed parental abundance
and poor marine survival rates.
Fraser late – Harrison River stocks are the only ones for which escapement targets
(i.e., LRP) are set, with goals of 75,100 to 98,500 fish (approximately 901 t to 1,182 t);
while this stock’s long-term (1975 to 2013) mean escapement is above target, at
102,446 fish (approximately 1,229 t), 2013 escapements were below target, and estimated
at 42,953 fish (Pacific Salmon Commission 2014).
The commercial Chinook fishery in Area 29 is modest, as the recreational fishery is the main
harvester of this species. The commercial catch of Chinook from 1996 to 2012 in Area 29
are presented in Figure 16-9, and range from a low of 0.9 t in 2009 to a peak of 156 t in
1997 (DFO 2013g).
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Figure 16-9

Commercial Catch (tonnes) of Chinook Salmon in Area 29 from
1996 to 2012

Commercial Catch Chinook
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Data source: DFO 2013g.

Chum Salmon
As with Chinook, the Fraser River is home to the largest run of chum salmon in B.C. Fraser
River chum are fall-run stocks that migrate from September to December (Grant and Pestal
2009). Fraser River chum are managed under a single management unit, the Fraser River
aggregate.
The greatest percentage of Fraser chum is harvested in the Johnstone Strait mixed-stock
fisheries, which account for approximately 50% of the total Fraser River chum harvest,
followed by Fraser River fisheries, which account for approximately 26% of the total chum
harvest (Grant and Pestal 2009). Recent commercial catches of chum in Area 29 are
presented in Figure 16-10, and range from a low of 6 t in 1996 to a peak of 558 t in 2006
(DFO 2013g).
The escapement objective or LRP for Fraser River chum is 800,000 fish or 4,000 t (DFO
2014a); the fishery appears to be meeting this objective, with a long-term (1996 to 2012)
mean escapement of 1.6 million fish (7,829 t) and a peak escapement of 3.4 million fish in
1998 (Grant and Pestal 2009). Population enhancement efforts by DFO have helped reach
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management objectives to rebuild depressed chum populations, including Fraser River
stocks. In addition to small-scale community enhancement projects, there are four chum
enhancement facilities currently operating on the Fraser River; these have increased returns
from a pre-enhancement average of 0.6 million fish (1953 to 1980) to a post-enhancement
average return of approximately 1.7 million (1981 to 2005) (Grant and Pestal 2009).
Figure 16-10

Commercial Catch (tonnes) of Chum Salmon in Area 29 from 1996
to 2012
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Commercial Catch Chum
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Data source: DFO 2013g.

16.5.1.2

Groundfish

Groundfish is the broad term used to categorise demersal or benthic fish (i.e., fish that
dwell at or near the ocean bottom). Like salmon, groundfish serve as a source of food,
income, and enjoyment for individuals, businesses, and coastal communities alike (DFO
2014b). The B.C. coast is divided into eight Groundfish Management Areas, and the Strait of
Georgia, including the Fraser River estuary, is part of Groundfish Management Area 4B
(Figure 16-4).
The three major commercial fisheries in B.C.’s groundfish sector are the trawl, sablefish
trap, and halibut long-line fisheries; however, commercial sablefish fishing is not permitted
in Groundfish Management Area 4B, while commercial halibut fishing in this area is strictly
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regulated. Other groundfish fisheries in the area include hook and line for lingcod, dogfish,
and rockfish, though these have traditionally been smaller scale (Haggarty 2013). Only the
groundfish trawl, inshore rockfish, and dogfish sector groups are practised within the RAA.
Fishing activity in the LAA is limited: of the approximately 265 active commercial groundfish
vessels in B.C., between two and five trawling vessels, and a single trolling vessel, have
operated within the LAA in any given year since 2005, highlighting that commercial effort in
this area is minimal.
The management of commercial groundfish fisheries is integrated, and all participants are
subject to both 100% at-sea and dockside monitoring, individual vessel accountability for all
catch (both retained and released), individual transferable quotas, and reallocation of these
quotas between vessels and fisheries to cover catch of non-targeted species (DFO 2014b).
As noted in Section 21.5.1 Marine Commercial Use, Existing Conditions, Commercial
Fish and Seafood Harvesting, no commercial fishing for groundfish was identified in
the LAA.
Rockfish
The commercial fishery for rockfish targets yelloweye rockfish, as well as a species
aggregate comprised of quillback, copper, china, and tiger rockfish, collectively referred to
as inshore rockfish. Not only have these species long been the target of directed hook-andline fisheries, but they are also commonly caught incidentally in other fisheries as by-catch.
Decades of over-exploitation resulted in the depletion of numerous inshore rockfish
populations (Wallace and Ardron 2003). Logbook data from some areas suggest progressive
fleet movement further afield in response to localised depletions (DFO 2000).
In 2002, four objectives for the inshore Rockfish Conservation Strategy were designed to
reverse the declines in abundance and enable the rebuilding of stocks, including accounting
for all catch, decreasing fishing mortality, establishing areas closed to all fishing, and
improving stock assessment and monitoring (Yamanaka and Logan 2010). This strategy
brought about many changes to the fishery; for example, the TAC for inshore rockfish was
reduced by up to 75% between 2002 and 2005, and the creation of 164 rockfish
conservation areas coast-wide has forced changes to the spatial fishing effort of the
groundfish fleet (Haggarty 2013).
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Despite these strong management efforts, rockfish stocks in the Strait of Georgia are still
considered to be depressed, and catch limits remain low; for example, for the 2014 fishing
season, DFO has set a TAC of 7 t for yelloweye rockfish and 26 t for the inshore aggregate
in Groundfish Management Area 4B (DFO 2014b). All trawling activity is prohibited in PFMA
sub-areas 29-7 and 29-9. Within PFMA 29-6, mid-water trawling is permitted but bottom
trawling is restricted to areas offshore of the 100-m depth contour.
Quillback rockfish are the only locally occurring species in the LAA or RAA to have
undergone recent stock assessment. As of 2011, mean standing biomass for the inshore
population was estimated at 2,668 t; this is only slightly above the set LRP of 2,190 t.
Fisheries and Oceans Canada projects recovery requiring approximately 90 years, assuming
no fishing mortality over this time frame (DFO 2011b).
Lingcod
Lingcod are an important component of both the commercial and recreational groundfish
fisheries in B.C. They are harvested primarily by trawl, but also by hook and line (including
handline, longline, and troll) (King 2012). Currently, only offshore lingcod stocks are
commercially fished; inshore populations in the Strait of Georgia have been severely
depressed for several decades and the commercial fishery has been closed since 1990 (DFO
2005b). All portions of the Strait of Georgia are considered to be overfished (DFO 2005b),
and modelling has indicated that at its lowest, biomass had been reduced by over 95% from
historic levels (Martell and Wallace 1998); however, numbers are thought to be slowly
trending upwards; results from the most recent (2005) stock assessment suggested that
biomass had climbed to approximately 16% of historic levels (Logan et al. 2005). The
southeast quadrant of the Strait, which includes the Fraser River estuary, is an exception to
this positive trend and is still considered deeply depleted; as of 2005 it was estimated that
biomass remained at less than 1% of historic levels (Logan et al. 2005).
16.5.1.3

Forage Fish

Forage fish are not only the target of directed fisheries, but also support other CRA fisheries
as prey for other fish species, such as salmon. Some of the associations between predators
and forage species are so strong that when the availability of the forage species is low, the
individual

well-being

and

population

productivity

of

predators

may

decline

(DFO

2009b). These ecological relationships place constraints on how harvesting of forage fish
species is planned and managed.
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Pacific Herring
Strait of Georgia herring, a major stock in B.C., migrate into the Strait in late fall and leave
after spawning in March. Limited areas in the Strait, however, also contain what are thought
to be resident herring throughout the summer (DFO 2005c).
There is a long history of commercial herring fishing in B.C., and the fishery has undergone
previous collapse and subsequent rebound. Currently, commercial herring fisheries consist
of food and bait herring, spawn-on-kelp products, and roe (i.e., eggs) herring, and are
conducted using seine and gillnet (DFO 2014c). The fishery is managed by setting a fixed
quota based on a harvest rate of 20% of the forecast mature stock biomass; if the forecast
biomass falls below the fishing cut-off threshold (21,200 t) the commercial fishery is closed
to allow for stock recovery (DFO 2005c).
Catches in the Strait of Georgia over the last seven years have fluctuated, but generally
show an increasing trend (Figure 16-11). The 2013 catch in the winter seine fishery was
4,530 t, in the seine roe fishery was 6,099 t, and in the gillnet roe fishery was 5,937 t,
where the TAC allocated for the year was 22,470 t (DFO 2014c).
Median spawning stock biomass has increased since 2010, due in part to above-average
recruitment in 2010 and 2011, and apparent decreases in natural mortality (DFO 2014c). In
2012, median spawning biomass was estimated at 97,802 t while 2014 estimates projected
an increase to a median of 123,300 t (DFO 2014c).
Figure 16-11

Combined Commercial Removals (tonnes) from Roe, Food and Bait,
and Special Use Pacific Herring Fisheries in the Strait of Georgia
Management Area

Combined Commercial Removal
(tonnes)
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Data source: DFO 2014c.
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Surf Smelt
Surf smelt is a pelagic, schooling species that has been commercially fished for over a
century; harvesting peaked in the early 1900s (at approximately 230 t); however, since the
early 1960s, commercial landings in B.C. have not exceeded 10 t (DFO 2012a). The sizeable
reduction in commercial landings may reflect a lack of demand, low biomass, or a shift from
commercial to recreational harvest (DFO 2002).
Surf smelt fisheries are unlimited entry and unlimited catch, meaning anyone with a vesselbased commercial licence (i.e., for salmon, halibut, crab, etc.) may fish them commercially.
The fishery is managed through temporal closures, however, with openings between
8:00 a.m. Monday to 8:00 a.m. Thursday of each week from April 1 to June 14 and August
16 to December 31. A conservation closure is imposed from June 15 to August 15 to protect
individuals during peak spawning season. Harvest is typically performed using either gill or
seine nets and is largely shore-based. The fishery is centralised in the Lower Mainland
region, especially within and around Burrard Inlet, and is considered modest; however,
anecdotal evidence suggests that surf smelt populations in Burrard Inlet are declining
(DFO 2012a).
Although surf smelt fisheries are primarily centred in Burrard Inlet, some commercial and
recreational harvesting occurs in PFMA 29 (i.e., Fraser River estuary, including Roberts
Bank) where landings have declined steadily since the early 1980s (Therriault et al. 2002).
No surf smelt catch has been reported from the Fraser River estuary since 1998 (Therriault
et al. 2002). No formal stock assessments have been conducted and it is unclear how many
stocks actually exist in B.C. (DFO 2012a). Catch reporting is limited, which, when coupled
with the unlimited entry nature of the fishery, raises concerns about the potential for
overharvesting (DFO 2002).
16.5.1.4

Dungeness Crab

The B.C. commercial Dungeness crab fishery is divided into seven CMAs, which in turn
can encompass or overlap with PFMAs and sub-areas. The Fraser River estuary is located in
CMA I (Figure 16-8), which extends from the B.C. Ferries Terminal at Tsawwassen in the
south to the entrance of Vancouver Harbour in the north; the adjacent CMA J (Sub-area 298) encompasses Boundary Bay. The Project straddles the line between Sub-areas 29-6 and
29-7, partially overlapping with each.

Page | 16-21

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Fishing occurs through the use of baited traps, which are set on the ocean bottom for a
period of 0 to 18 days (DFO 2010b). Traps are then hauled to the surface and crabs are
held live in seawater holding tanks, then delivered to processors and buyers across the
coast (DFO 2010b, Chudnow 2013). In terms of fishing effort, there are currently
32 commercial licences for CMA I, and crew size ranges from 2 to 6 fishermen per vessel. It
should also be noted that of the Aboriginal groups identified in the EIS Guidelines,
Tsawwassen First Nation, Musqueam First Nation, and Tsleil-Waututh Nation participate in
commercial crab fishing within CMA I. Additionally, 6 (of the 32) commercial licences in this
area are communal commercial (F) licences held by First Nations: 2 communal commercial
crab licences are held by Tsawwassen First Nation, 1 by Salish Seas Limited Partnership
(Salish Seas LP; an equal partnership between the Tsleil-Waututh, Musqueam, and
Sliammon First Nations), 2 by Tsleil-Waututh First Nation, and 1 by Malahat First Nation
(DFO 2014d). Refer to Section 21.5.2 Marine Commercial Use, Existing Conditions,
Aboriginal Commercial Fishing and Seafood Harvesting for more information on
Aboriginal commercial crab fisheries.
Commercial Dungeness crab fisheries in B.C. do not rely on estimates of abundance for
management, but are instead managed using a 3-S strategy that restricts harvest by sex,
size, and season: only males larger than the minimum size limit (165 mm) are permitted
to be retained during the open season, which extends from late June to late November. The
3-S strategy aims to maintain the reproductive potential of crab stocks by prohibiting
harvest of females and allowing sexually mature males to mate at least once prior to
harvest (Harbo and Wylie 2006).
Within the LAA, a navigational closure area (see Figure 21-6 Commercial Crab
Harvesting Activity Areas and Navigational Closure Area) associated with seaward
approaches to the existing Roberts Bank terminal and B.C. Ferries Terminal applies to
commercial and recreational crabbing, while domestic or FSC crabbing by Aboriginal groups
is permitted in the closure area without floats. Refer to Section 21.7.1 Marine
Commercial Use, Future Conditions with the Project – Potential Project-related
Effects, Seafood Harvesting – Rationale for Negligible Effect– Changes in Access
and Resource Availability for more information on the implications of the proposed
expansion of the navigational closure on fisheries access and displacement effects.
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Typically, male crabs in the Fraser River estuary moult their shells in the spring and their
new shells have sufficiently hardened to allow commercial harvest to begin in mid to late
June. Legal-sized male crabs are rapidly fished down over a period of approximately
six weeks following the opening of the fishery; thereafter, catch remains low and relatively
stable until the close of the fishery in October (Zhang et al. 2002). The Area 29 fishery is
highly intensive, with exploitation rates well over 90%, meaning that nearly all legal-sized
males are removed during the fishing season (Zhang et al. 2002).
According to DFO fish slip data3, commercial crab landings from Area 29 have fluctuated
over time. Landings increased steadily from 1982 to 2006, gaining an average of 11.6 t per
year. In 2006, landings increased to 1,264 t (more than doubling the previous year’s catch),
remained elevated from 2006 to 2009, and then returned to levels similar to those
experienced prior to 2006 (Figure 16-12). The long-term (1990 to 2011) mean for
landings in Area 29 is 605 t (DFO 2013h).
Onboard logbook data show that crab harvesting in the LAA and RAA is concentrated in
Sub-area 29-6 (offshore Roberts Bank), which has accounted for approximately 37.0% of
the harvest within Area 29 between 2003 and 2013; Sub-area 29-3 (offshore Sturgeon
Bank to the entrance of Howe Sound) has also contributed a large proportion of the total
landings (Figure 16-13). Since 1990, however, the largest landings within Area 29 have
consistently come from Sub-area 29-8 (Boundary Bay) (Figure 16-13). Note that
Aboriginal commercial crab harvesting data that are specific to the communal commercial
licences are not publicly available, and therefore are not presented here.
The role of orange sea pens as a potential supporting species for Dungeness CRA fisheries
was considered, based on various surveys where crabs were observed within and around
sea pen beds (Archipelago 2009, Hemmera 2014a, Hemmera and Archipelago 2014). This
potential relationship was modelled, and results indicate that the likelihood of crab presence
in continuous to dense sea pen habitat is predicted to be statistically significantly higher
than in areas of either few to patchy or absent sea pen habitat (Hemmera and Archipelago
2014). High densities of fish or macroinvertebrate species in aggregations of sea pens do
not necessarily indicate that sea pens provide a unique functional role; rather, they may
simply have attributes similar to other important habitats, or may co-occur because of
similar habitat preferences but have no direct association, as demonstrated by Tissot et al.
(2006) with rockfishes.

3

As part of licensing conditions, DFO mandates that fishers submit fish slips outlining catch information required
to assess fish stocks and manage fisheries, such as areas of catch, type of gear used, list of species that were
caught, etc.)
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While the importance of orange sea pens in the demography of fish or invertebrate
populations and communities remains to be established, a lack of scientific literature
demonstrating functional linkages does not imply that they do not play a role in mediating
the distribution and abundance of associated species. However, CRA fisheries for Dungeness
crab operate in areas of the LAA and RAA, and indeed throughout B.C., where sea pens do
not occur; this suggests that while sea pens may enhance crab habitat in localised areas,
they are not essential in supporting the ongoing productivity of crab populations.
Figure 16-12

Annual Commercial Landings of Dungeness Crab
Management Areas 28 and 29, from Fish Slip Data

in

Fishery

1600

1400

Area 28
Area 29

Landings (tonnes)

1200
1000
800
600

400
200

Data source: DFO 2013h.

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

1988

1987

1986

1985

1984

1983

1982

0

Year

Page | 16-24

PORT METRO VANCOUVER | Roberts Bank Terminal 2
Figure 16-13

Percent Contribution of Management Sub-area Dungeness Crab
Landings to Area 29 Annual Landings from 1990 to 2011
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16.5.2

Recreational Fisheries

Recreational fishing is a form of outdoor recreation (see Section 24.0 Outdoor
Recreation), and most anglers fish not only to harvest fish, but also to enjoy the broader
recreational experience (GSGislason & Associates Ltd. 2004). Recreational fisheries in the
Strait of Georgia are highly active throughout the year, though greater than 85% of the
effort occurs between May and September (Zetterberg et al. 2012). On average, more than
300,000 B.C. Tidal Water Sport Fishing Licences are sold each year, with each licence
including access to numerous species (DFO 2010b, MacKenzie 2010).
Fisheries have been monitored since the 1960s, and since 1980 have been the subject of an
intensive creel survey. Data is not collected at the spatial scale of sub-area, so there is no
information pertaining specifically to the LAA and RAA. Instead, data collected for the entire
Strait of Georgia are the finest resolution available, and are presented below.
Recreational fishing effort in the Strait of Georgia, while fluctuating, is intensive. Anglers
made 87,443 boat trips during 2010 (May to September) – a 17.8% decrease in effort from
106,435 trips completed in 2009 and 6.4% below the five-year average (i.e., 2005 to 2009)
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of 93,450 trips (Zetterberg et al. 2012). Fishing effort typically follows a general seasonal
pattern, climbing steadily from April, peaking in August, and declining in September
and October.
Though recreational fishing continues to be important to the B.C. economy, the rate of
growth is slowing: total expenditures and investments grew by nearly 15% from 2000 to
2005, but by only 2% from 2005 to 2010. This slowdown is mainly due to a drop in visits
(and

therefore

expenditures)

to

B.C.

by

non-resident

anglers,

particularly

other

(i.e., international) non-resident anglers whose total expenditures in B.C. dropped by 47%
between 2005 and 2010 (DFO 2014a).
Chinook and coho salmon are traditionally the most sought-after species, likely because
under DFO’s Allocation Policy for Pacific Salmon, after FSC fisheries, the recreational sector
has priority to directed fisheries for Chinook and coho (DFO 2014a). In recent years,
however, increased fishing effort has been directed at pink and sockeye salmon, rockfish,
and halibut (Zetterberg et al. 2012).
16.5.2.1

Pacific Salmon

All five Pacific salmon species are targeted in recreational fisheries in the Strait of Georgia,
which is evidenced by the fact that in 2010 salmon comprised 74.6% of the overall
recreational catch (Zetterberg et al. 2012). In fact, the recreational fishery is the primary
harvester of Chinook and coho salmon in the Strait of Georgia, exceeding amounts
harvested by commercial operations. In the tidal portion of the Fraser River, the season is
year-round (i.e., April 1 to March 31) with the exception of wild and hatchery coho (June 1
to December 31), and gear is restricted to a single barbless hook. Table 16-6 presents a
25-year period (1986 to 2010) of fishing effort (number of boat trips) and number of
salmon caught in the Strait of Georgia recreational fishery.
Table 16-6

Total Effort, Kept, and Released Catch Estimates of all Salmon in
the Strait of Georgia Recreational Fishery, 1986 to 2010

Year

Effort (# of
boat trips)

Total Salmon
Kept

Total Salmon
Released

Total Kept and
Released

1986

502,334

681,743

-

681,743

1987

506,550

795,432

-

795,432

1988

561,495

1,058,271

-

1,058,271

1989

515,762

688,434

170,588

859,022

1990

477,995

710,726

181,348

892,074
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Notes:

Year

Effort (# of
boat trips)

Total Salmon
Kept

Total Salmon
Released

Total Kept and
Released

1991

394,285

495,662

150,429

646,091

1992

397,322

624,677

134,651

759,328

1993

459,112

1,084,211

167,960

1,252,171

1994

410,939

133,835

133,835

501,551

1995

294,339

321,065

107,784

428,849

1996

280,354

228,576

176,607

405,183

1997

249,439

280,573

60,794

341,367

1998

146,931

35,625

53,076

88,701

1999

150,847

69,549

19,064

88,613

2000

148,070

48,716

134,328

183,044

2001

179,654

180,211

254,234

434,445

2002

191,141

90,261

106,884

197,145

2003

156,670

159,115

103,273

262,388

2004

114,262

63,213

77,670

140,884

2005

92,117

112,030

69,080

181,110

2006

95,153

62,698

17,054

79,753

2007

96,515

110,450

88,168

198,618

2008

77,028

21,855

17,392

39,247

2009

106,435

126,233

146,928

273,161

2010

87,443

80,963

32,965

113,927

Data from Zetterberg et al. 2012; 2. Values are from May to September inclusively to allow
for comparisons; Estimation methods changed for years 2000 to 2010.

Chinook Salmon
As the largest Pacific salmon species, Chinook is a prized catch. The coast-wide recreational
fisheries daily limit for Chinook is two fish, while the total annual limit is 30 fish from tidal
waters, of which up to 10 may be caught in the tidal waters of the Fraser River and up to
15 may be caught in Area 29. In the Strait of Georgia recreational fishery, the five-year
average (2005 to 2009) of Chinook retention was estimated at 27,619 pieces, fluctuating
between a low of 17,936 pieces in 2008 to a high of 37,460 pieces in 2009 Figure 16-14
(Zetterberg et al. 2012).
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Figure 16-14

Catch of Chinook Salmon (Number of Fish) in the Strait of Georgia
Recreational Fishery 1986 to 2010
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Data source: Zetterberg et al. 2012

Chum Salmon
Chum, while relatively abundant, are not intensively targeted by recreational anglers in the
Strait of Georgia. Recreational fishing opportunities depend on the estimated Fraser River
chum run size, and daily limits are set at four fish. In the Strait of Georgia recreational
fishery, the five-year average (2005 to 2009) of chum retention was estimated at
1,642 pieces; retention in 2010 was well below this average, at 145 pieces (Figure 16-15)
(Zetterberg et al. 2012).
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Figure 16-15

Catch of Chum Salmon (Number of Fish) in the Strait of Georgia
Recreational Fishery 1986 to 2010
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Data source: Zetterberg et al. 2012

16.5.2.2

Groundfish

Lingcod
Since the closure of the commercial lingcod fishery in Area 4B, the only source for lingcod
abundance indicators is the recreational fishery. The Strait of Georgia recreational lingcod
fishery was closed in 2002 (DFO 2013e), due to decades of severely depressed lingcod
populations (DFO 2005b). Certain stocks within the Strait are showing some signs of
recovery, and DFO has recently re-opened controlled fisheries with daily limits (1), size
limits (65 cm), and gear restrictions (hook and line, and spear fishing when diving). Pacific
Fishery Management Areas 28 and 29 (which encompass the LAA and RAA) remain closed
for lingcod fishing, including catch and release.
Rockfish
Similar to lingcod, PFMAs 28 and 29 are closed to recreational fishing for rockfish, including
catch-and-release fishing (DFO 2013e).
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16.5.2.3

Forage Fish

Pacific Herring
Recreational harvest of herring is permitted year-round and may occur coast-wide. The daily
maximum sport limit for herring is 20 kg, with a two-day possession limit of 40 kg
(DFO 2014c). There are no DFO records of herring being fished recreationally within the LAA
or RAA.
Surf Smelt
The recreational fishery for surf smelt has increased over the last several decades, and is
centered in the Lower Mainland region, notably Burrard Inlet (Therriault et al. 2002, DFO
2012a). Permitted gear are dipnets and gillnets, with no maximum on the numbers of nets
fishing at a time (Therriault et al. 2002).
Seasonal closures exist in Area 29 from June 15 to August 15 during peak spawning.
Recreational fishing is further restricted by temporal closures (four days per week from 8:00
a.m. Monday to 8:00 a.m. Thursday), as well as catch limits (daily catch limit is 20 kg and
the possession limit is 40 kg) (DFO 2012a).
The recreational fishery does not require reporting of catch (i.e., there is no harvest log
system or creel survey in place), so there is considerable uncertainty regarding the
magnitude and sustainability of harvest. In the absence of reliable catch estimates,
Therriault et al. (2002) offered a working estimate of 13.2 t as the recreational harvest in
Burrard Inlet (though this figure is subject to numerous assumptions and limitations).
16.5.2.4

Dungeness Crab

The B.C. recreational Dungeness crab fishery occurs year-round, coast-wide (DFO 2010b).
Key harvest restrictions include daily catch limits (four per day in Area 29), mandatory
release of female crabs, and a minimum legal size (165 mm carapace width) (Dunham et al.
2011, DFO 2013f, Zhang and Dunham 2013). Fishing occurs from shore or boat through the
use of traps, ring nets, dip nets, and self-contained underwater breathing apparatus
(SCUBA) (DFO 2010b, Chudnow 2013).
At present, there is no catch monitoring program for the recreational Dungeness crab
fishery; as a result, it is not currently possible to determine the total number of recreational
harvesters targeting Dungeness crab or the impact of recreational fishing on crab stocks
(DFO 2010b).
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16.5.3

Aboriginal Fisheries

Where Aboriginal groups have a right to fish for domestic or FSC purposes, it is prioritised
over all other fisheries (DFO 2014a). Fisheries and Oceans Canada provides fishery access
to aggregate groups or individual Aboriginal groups through the Aboriginal Fisheries
Strategy (AFS) Program via fisheries agreements and communal licences (DFO 2012b).
Marine resources are, or have been, traditionally harvested by numerous Aboriginal groups
within the CRA fisheries LAA and RAA, though the majority of fishing in the LAA is conducted
by Tsawwassen First Nation and Musqueam First Nation. Therefore this assessment is
focussed towards these two Aboriginal groups.
Areas northeast of the LAA, specifically Canoe Passage and other areas within the South
Arm of the Fraser River, have been identified as specifically important for harvesting
salmon, groundfish, and forage fish. Please refer to Section 32.2.4 Current Use of Land
and Resources for Traditional Purposes Assessment, Existing Conditions for more
details regarding historic and current Aboriginal fisheries within the Project area and its
vicinity.
16.5.3.1

Pacific Salmon

Salmon are woven into the culture and identity of coastal Aboriginal groups and are
considered a critical species for FSC purposes, in addition to being used for trade (Woolman
2014). Pre-season, DFO engages in a variety of consultation and collaborative harvest
planning with Aboriginal groups, and ensures licences describe the details of authorised
fisheries, including dates, times, methods, and locations of fishing (DFO 2012b). Fishing
techniques used in salmon FSC fisheries range from traditional methods such as dip nets to
modern commercial methods such as seine nets, fished from specialised vessels (DFO
2014a).
Under the Allocation Policy for Pacific Salmon, the first priority in salmon allocation is to FSC
harvest opportunities to Aboriginal groups (DFO 2014a). Food, social, or ceremonial
allocations are based on pre-season, in-season, and final in-season estimates; as such,
data collected throughout the fishing season may necessitate modification of the allocation.
Table 16-7 summarises domestic (non-commercial) salmon catches for Tsawwassen First
Nation from 2009 to 2012 while Table 16-8 summarises retained FSC catch by Musqueam
First Nation from 2009 to 2013, which includes both limited participation (i.e., ceremonial)
and economic opportunity fisheries (i.e., where limited sale of catch is permitted).
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Table 16-7

Year

Summary of Tsawwassen First Nation Domestic Catches (tonnes)
of Salmon, 2009 to 2012
Salmon Species
Chinook

Chum

Coho

Pink

Sockeye

2009

995

1,320

57

72

1,132

2010

338

2,019

3

2

15,226

2011

583

2,414

43

84

9,995

2012

440

2,577

22

2

6,649

Total

2,356

8,330

125

160

33,002

Data source: LGL Limited and Tsawwassen Fisheries Department 2010, 2011, 2012, 2013.

Table 16-8

Year

Summary of Musqueam First Nation Retained Catches of Salmon
(tonnes), 2009 to 2013
Salmon Species
Chinook

Chum

Coho

Pink

Sockeye

2009

5,889

13,082

198

39,102

3,673

2010

2,988

8,158

87

0

231,847

2011

3,643

15,315

690

105,012

84,097

2012

2,546

14,849

261

0

41,403

2013

1,500

24,145

713

65,278

20,528

Total

16,566

75,549

1,949

209,392

381,548

Chinook Salmon
As discussed in Section 16.5.1 above, three out of five Fraser River Chinook stocks are
considered to be of conservation concern, and indication of poor returns causes DFO to limit
Chinook-directed fishing opportunities (DFO 2014a). Tsawwassen First Nation FSC allocation
of Chinook has been modest over the past several years, hovering at 625 fish (except in
2009 when it was increased to 900 fish), and catch has ranged between 338 and 995 fish
(see Table 16-7 above). The 2012 salmon allocation for the FSC fishery for the Musqueam
First Nation was 1,200 Chinook (DFO and Musqueam First Nation 2013); catch data is
presented in Table 16-8 above, and reflects both limited participation and economic
opportunity fisheries data.
Chum Salmon
From early October, Aboriginal groups are provided FSC Fraser River chum fishing
opportunities. Allocations for chum are based on annual abundance and vary depending on
the size, in any given year, of the commercial TAC. The FSC allocation for Fraser River chum
is set at 72,500 fish, and fishing generally occurs from early to mid-October (DFO 2014a).
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In any year, the Tsawwassen First Nation FSC allocation for chum is a maximum of
2,576 fish. Food, social, or ceremonial catches have steadily increased from 1,320 fish in
2009 to 2,577 fish in 2012 (see Table 16-7 above). The 2012 Musqueam First Nation FSC
allocation for Fraser chum was 16,500 fish; catch data is presented in Table 16-8 and
reflects both limited participation and economic opportunity fisheries data.
16.5.3.2

Groundfish

Rockfish, lingcod, halibut, dogfish, and sole may be harvested for domestic purposes and, in
addition to food, these species are used as crab bait. While Tsawwassen First Nation has
historically harvested groundfish species within the LAA, between 2009 and 2012 no
licences were requested by Tsawwassen First Nation and no FSC harvest of these species
occurred (LGL Limited and Tsawwassen Fisheries Department 2010, 2011, 2012, 2013).
Musqueam currently target rockfish in the RAA, but report that there are DFO restrictions in
place, while halibut can no longer be found easily (Musqueam First Nation 2013). Musqueam
have expressed a desire to resume the harvest of dogfish in the offshore portion of the
Musqueam Study Area (i.e., to the west of the Marine Fish LAA) (Woolman 2014). Other
Aboriginal groups do not report the harvest of groundfish from the LAA or RAA.
Rockfish
Aboriginal harvest of rockfish is permitted under FSC and communal licences. At
Tsawwassen First Nation, no harvest document licences were requested for rockfish, and no
FSC harvest of these species occurred between 2009 and 2012 (LGL Limited and
Tsawwassen Fisheries Department 2010, 2011, 2012, 2013). No other rockfish FSC catch
data could be sourced. In the Strait of Georgia (including the Fraser River estuary and
Roberts Bank) rockfish abundance has declined since the mid-1980s, which is primarily
attributed to overfishing (Yamanaka and Lacko 2001, Yamanaka et al. 2012).
Lingcod
While Aboriginal harvest of lingcod is permitted under FSC and communal licences, no
harvesting occurred between 2009 and 2012 at Tsawwassen First Nation (LGL Limited and
Tsawwassen Fisheries Department 2010, 2011, 2012, 2013), which is similar to the rockfish
harvest. No other lingcod FSC catch data could be sourced.
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16.5.3.3

Forage Fish

Pacific Herring
Strait of Georgia herring have a long history of use by Aboriginal groups, and are utilised for
flesh and roe (Wallace and Glavin 2003, Tsawwassen First Nation Elders 2012, Musqueam
First Nation 2013). Today, Aboriginal harvest of herring for FSC purposes may occur coastwide where authorised by a communal licence, and allocations for each major stock
assessment area are determined through bilateral discussions (DFO 2012c).
Herring is not currently harvested in the LAA or RAA by Tsawwassen First Nation; however,
herring spawn has been observed locally on crab traps (Tsawwassen First Nation Fishers
2013). Within the RAA, Members of Musqueam First Nation currently harvest herring in the
Canoe Passage area and on the north side of the South Arm of the Fraser River (Woolman
2014); however, no FSC catch data were available to support this assessment.
Surf Smelt
Aboriginal groups have historically fished surf smelt throughout the Pacific Coast. Aboriginal
harvest for FSC purposes is authorised by a communal licence and may occur coast-wide in
sheltered waters. The number of Aboriginal harvesters for surf smelt in the Pacific Region is
not known; however, fishing effort is thought to be minimal. As of 2011, DFO was not aware
of any Aboriginal group surf smelt fishing activity in the Lower Mainland region or the coastwide fishing area (DFO 2012a).
16.5.3.4

Dungeness Crab

Dungeness crab is an important FSC resource to local Aboriginal groups, and is considered
integral to the socio-cultural fabric of these communities (Musqueam First Nation 2013,
Bouchard and Kennedy Research Consultants 2014, Candler et al. 2014, Tsawwassen First
Nation Elders 2014, Tsleil-Waututh Nation 2014, Woolman 2014). Food, social, and
ceremonial harvest for Dungeness crab occurs year-round and, as with the commercial and
recreational fisheries, a minimum size limit of 165-mm carapace length applies to Aboriginal
group harvest (DFO 2010b, 2013f). Until recently, Aboriginal harvesters were able to retain
female crabs over the 165-mm size limit (DFO 2010b); however, in support of sustainable
fishing, DFO has requested Aboriginal groups to release all female crabs in a manner that
causes the least possible harm (DFO 2013f). There are currently no limits on Aboriginal
harvest (DFO 2014e).
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Roberts Bank, including the LAA, was a major crabbing area for Tsawwassen First Nation
and a number of other Aboriginal groups prior to the construction of the B.C. Ferries
Terminal, Roberts Bank causeway and terminals, and Highway 17. In the 50 to 60 years
since the construction and operation of that infrastructure, Tsawwassen Elders report that
the composition of the tidal flats has shifted from sandy to muddy, and that the area can no
longer be walked over without sinking, making access from land difficult (Tsawwassen First
Nation Elders 2014). Despite this, the area is still heavily used today, though fishers have
been forced into deeper waters off the shelf (Tsawwassen First Nation Fishers 2012).
Several Aboriginal groups, including Tsawwassen First Nation, Musqueam First Nation, and
Hwlitsum First Nation, have reported black under crab shells harvested at Roberts Bank,
which they believe is coal (see Section 32.2.4 Current Use of Land and Resources for
Traditional Purposes Assessment, Existing Conditions for more detail on these
concerns). They have also noticed other quality issues emerge over the last five years,
including an increase in sea lice and diseased shells, particularly at Boundary Bay. As
addressed

in

Section 27.5.4

Section
Human

12.5

Marine

Health,

Invertebrates,

Existing

Conditions,

Existing

Conditions

Exposure

to

and

Shellfish

Contamination, no evidence of coal contamination was found in Dungeness crab leg
muscle tissue, and the potential for direct human health effects associated with
consumption was considered negligible.
Tsawwassen First Nation domestic catches for Dungeness crab have remained stable over
the period of 2009 to 2012, averaging 22,760 individuals per year. Peak harvesting occurs
in summer months from June through September. Catches are summarised in Table 16-9
below.
Table 16-9

Tsawwassen First Nation
(number) 2009 to 2012

Domestic

Dungeness

Crab

Year

Number Kept

Number Released

2009

24,712

13,760

2010

21,558

11,775

2011

20,327

12,170

2012

24,441

14,350

Total

91,038

52,055

Catch

Data source: LGL Limited and Tsawwassen Fisheries Department 2010, 2011, 2012, 2013.
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Musqueam First Nation also harvests Dungeness crab by trap in Boundary Bay and from the
U.S.A. border up through Steveston, including the area between the B.C. Ferries and
Roberts Bank terminals (Woolman 2014); no catch data could be sourced to further support
this assessment. Refer to Section 32.2.4 Current Use of Land and Resources for
Traditional Purposes Assessment, Existing Conditions for more details regarding the
harvest of Dungeness crab by Aboriginal groups.
16.5.4

Expected Conditions

Projects and activities underway during EIS preparation and expected to be completed by
Project commencement are described in Section 3.4.3 Projects Contributing to
Expected Conditions. Fishing activity is not expected to change from existing conditions
(as noted in Section 3.4.3), and the only marine-based project identified at or near
Roberts Bank is the Terminal Infrastructure Reinvestment Project initiated by Westshore
Terminals Ltd. All proposed works, however, will be undertaken within the terminal’s
existing footprint and will not involve in-water work (SNC-Lavalin 2013). Expected
conditions therefore will be predominantly influenced by natural environmental conditions
and physical processes at Roberts Bank, rather than other projects and activities. As such,
Project-related changes are compared to existing conditions.
While coastal geomorphology is anticipated to change in the future in response to ongoing
processes, as well as climate change, factors that influence Roberts Bank (i.e., depth,
salinity, bottom current velocities, wave height) are expected to remain essentially
unchanged prior to Project construction (see Section 9.5.7 Coastal Geomorphology,
Expected Conditions). Short-term changes in environmental conditions and physical
processes are likely to be minor, and within the tolerance limits of marine invertebrates.
Long-term effects of climate change are discussed in Section 9.5.7, though implications for
the ecosystem in general and marine fisheries resources in particular, is yet unknown.
16.6

FUTURE CONDITIONS WITH THE PROJECT

This section considers the interactions and potential Project-related effects on CRA fisheries
in relation to the indicators listed in Table 16-2. Potential effects associated with identified
interactions between the Project and ongoing productivity of CRA fisheries for the
construction and operation phases were identified through discussions with regulators,
Aboriginal groups, and stakeholders, review of the EIS Guidelines, and professional
judgement, and are presented in Table 16-10 and Table 16-11, respectively.
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A preliminary evaluation of potential effects associated with these interactions on CRA
fisheries is also provided to focus the assessment on those interactions of greatest
importance. Ongoing fisheries productivity is achieved when individual fish complete their
life cycle, and have vital rates of reproduction, growth, survival, and migration, sufficient to
generate a sustainable yield at the population level (Bradford et al. 2014, DFO 2014f).
Because population dynamics vary considerably at annual and longer time scales, this
assessment considers the scale of change relative to natural variability; therefore,
evaluation of effects is necessarily made at the population, not at the individual level.
Interactions resulting in no effect (those not listed in the table, but contained within
Appendix 8-B Project Interaction Matrix and considered in this assessment) or a
negligible potential effect are not carried forward for assessment. Negligible potential effects
are those effects that are so small that they are not detectable or measureable, and are not
anticipated to have an influence at the population level for species relevant to CRA fisheries.
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Table 16-10

Project
Component

Identification of Potential Project Interactions with Ongoing
Recreational, and Aboriginal Fisheries for the Construction Phase
Project Works and
Activities

Potential
Effect
Rating

Productivity

of

Commercial,

Nature of Interaction and Effect, and Rationale for Effects Rating
Land Development

Marine
Terminal

Vibro-densify native soil at
terminal building foundation
areas

Small potential to decrease productivity of CRA species (e.g., acoustic
impact to Pacific herring) or species that support them, but activity will be
temporary and localised, and effects are not expected to be measurable at
the population level.

Transport Fraser River sand
(and quarry sand if
required) to ITP and store

Placement of sand has the potential to cause a minor and temporary
decrease in the productivity of species that support CRA fisheries (i.e.,
infaunal and epifaunal invertebrates, bivalves; Section 12.6 Marine
Invertebrates, Future Conditions with the Project), but no populationlevel effects to CRA species (Section 12.6 and Section 13.6 Marine Fish,
Future Conditions with the Project). Limited interaction with fisheries
because activity will be localised, and ITP will be located within a
navigational closure area.

Install temporary pipeline
between ITP and Project fill
sites

Small potential to decrease productivity of species that support CRA
fisheries, but no population-level effects to CRA species. The activity will be
temporary and localised, and effects not expected to be measurable at the
population level.

Negligible

Install piles and barge
ramps

Small potential to decrease productivity of CRA species (e.g., acoustic
impact to Pacific herring) or species that support them, but activities will be
temporary and localised, and effects not expected to be measurable at the
population level.

Construct permanent
containment dykes around
terminal east and west
terminal basins

Productivity of species that support CRA fisheries will decrease, but changes
to CRA species are not expected to be measurable at the population level.

Dredge the dredge basin,
and pump material to east
and west terminal basins

Productivity of species that support CRA fisheries will decrease and
entrainment of larval phases of certain CRA species is anticipated (i.e.,
Dungeness crab, lingcod), but changes are not expected to be measurable
at the population level.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating

Pump excess water in
terminal basins to DAS site

Productivity of species that support CRA fisheries will decrease and potential
for small decrease in productivity of some CRA species, but not expected to
be measurable at the population level because modelled TSS plume
concentrations (Section 9.7.8 Marine Water Quality, Future Conditions
with the Project) and sediment depositional thicknesses (Section 9.6.8
Surficial Geology and Marine Sediment, Future Conditions with the
Project) are predicted to be within range of ambient conditions currently
experienced by CRA species.

Vibro-densify native soil in
dredged area

The area will already have been dredged and disturbed, so there is only a
slight potential to further decrease productivity. Limited interaction with VC
because activity will be temporary and localised, and effects not expected to
be measurable at the population level.
Wharf Construction

Place sacrificial rock, slope
buttress rock, then mattress
rock in dredge basin
Vibro-densify mattress rock
in dredge basin, then pump
silty material to terminal
basins
Install marine fenders,
wharf hardware, mooring
dolphin, and access bridge

Negligible

The area will already have been dredged and disturbed, so there is only a
slight potential to further decrease productivity. Limited interaction with the
VC because activities will be temporary and localised, and effects are not
expected to be measurable at the population level.

Small potential to decrease productivity of CRA species (e.g., acoustic
impact to Pacific herring) or species that support them, but activities will be
temporary and localised, and effects are not expected to be measurable at
the population level.
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Project
Component

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating
West Widening

Construct containment dyke
along west portion of
causeway
Remove rip-rap/shore
protection from north side of
existing causeway and use
for containment dyke or
place in aggregate storage
site at S-bend
Widened
Causeway

Negligible

Productivity of species that support CRA fisheries may slightly decrease, but
changes to CRA species not expected to be measurable at the population
level.

Fill and preload contained
area with sand from ITP
East Widening
Construct containment dyke
along east portion of
causeway
Remove rip-rap/shore
protection from north side of
existing causeway and use
for containment dyke or
place in aggregate storage
site at S-bend

Negligible

Productivity of species that support CRA fisheries may be slightly lowered,
but changes to CRA species not expected to be measurable at the
population level.
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Project
Component

Expanded
Tug Basin

Project Works and
Activities

Potential
Effect
Rating

Nature of Interaction and Effect, and Rationale for Effects Rating

Dredge entire tug basin area

Productivity of species that support CRA fisheries will be lowered and
entrainment of larval phases of certain CRA species anticipated (i.e.,
Dungeness crab, lingcod), but changes not expected to be measurable at
the population level.

Dispose of dredge material
to DAS site, or re-use as
general fill

Potential for small decrease in productivity of some CRA species, but not
expected to be measurable at the population level because modelled TSS
plume concentrations and sedimentation thicknesses are predicted to be
within range of conditions currently experienced by CRA species.

Negligible

Install piles, mooring floats,
gangways, navigation piles,
and construct crest
protection dyke

The area will already have been dredged and disturbed, so there is only a
slight potential to further decrease productivity. Limited interaction with VC
because activity will be temporary and localised, and effects are not
expected to be measurable at the population level.

Decommissioning of Temporary Construction Infrastructure
Remove ITP pipelines
Remove discharge
pipe/pump infrastructure
Remove temporary piles at
barge ramps, ramps, pivot
ramp abutments, and
navigation markers

Table 16-11

Project
Component

Negligible

Limited interaction with VC because activity will be temporary and localised,
and effects are not expected to be measurable at the population level.

Identification of Potential Project Interactions with Ongoing
Recreational, and Aboriginal Fisheries for the Operation Phase
Project Works and
Activities

Potential
Effect
Rating

Productivity

of

Commercial,

Nature of Interaction and Effect, and Rationale for Effects Rating
OPERATION PHASE

Marine
Terminal

Terminal Berths
Maintenance dredging (if
required)

Negligible

Limited interaction with VC because activity will be temporary and localised,
and effects are not expected to be measurable at the population level.
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16.6.1

Negligible Effects

Further discussion is provided below for the negligible ratings related to changes in ongoing
productivity indicated in the tables above. Changes in ecosystem productivity, including
functional groups of marine invertebrates and fish that comprise or support CRA fisheries,
were predicted using an ecosystem model (see Section 10.3.2 Ecosystem Model
Overview). As stated previously, this assessment considers the scale of change relative to
natural variability at the population level for species relevant to CRA fisheries.
As shown in Table 16-12, an overall net loss in productive potential (‒41 t) of relevant CRA
sub-components is predicted by the Roberts Bank ecosystem model for the future with the
Project. With the exception of rockfish (‒9%), all decreases are within the 5% error
bounds of the model and are therefore considered to reflect no change in productivity
(Section 10.3.3 Ecosystem Model Process).
Table 16-12 Change in Productive Potential of Commercial, Recreational, and
Aboriginal Fisheries Sub-components and Representative Species
within the Local Assessment Area
Sub-component

Change in Productive
Potential (Biomass, %)

Change in Productive Potential
(Biomass, t)1

‒5

‒10

+16

+0.1

‒5

‒5

+14

+0.07

Pacific Salmon
Chinook (adult)
Chinook (juvenile)
Chum (adult)
Chum (juvenile)
Combined Pacific Salmon

‒15

Groundfish
Lingcod

‒3

‒1

Rockfish

‒9

‒2

Combined Groundfish

‒3

Forage Fish
Other (includes surf smelt)

‒1

‒8

Pacific herring

‒2

‒6

Combined Forage Fish

‒14

Crab
Dungeness crabs
Note:

‒3

‒9

Biomass estimates predicted by the Roberts Bank ecosystem model (see Section 10.3.2
Ecosystem Model Overview); biomass values do not include productivity gains from
proposed offsetting mitigation.
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While changes in productive potential are anticipated for some CRA species, the
assessments
Significance

of

marine

invertebrates

Determination)

and

(Section

marine

fish

12.9.2
(Section

Marine
13.9.2

Invertebrates,
Marine

Fish,

Significance Determination) concluded that residual adverse effects on productivity of
those VCs are not significant. Project-related losses in productive potential will be reduced
by

implementing

mitigation

measures,

which

includes

onsite

offsetting

measures

(see Sections 12.7 Marine Invertebrates, Mitigation Measures and 13.7 Marine Fish,
Mitigation Measures).
16.6.1.1

Pacific Salmon

The Roberts Bank ecosystem model predicts a net decrease in productive potential (‒15 t)
for the Pacific salmon functional group as a result of the Project. As outlined in
Section 13.6.3 Marine Fish, Potential Effect - Changes in Productivity, other lines of
evidence suggest this estimate is overly conservative.
Losses in adult Chinook productive potential are estimated to be 10 t, which translates to
approximately 833 fish. As outlined in Section 10.3.3 Ecosystem Model Process, this
does not necessarily equate to a realised 10 t loss in biomass, but rather suggests the LAA
can support 10 t fewer Chinook with the development of RBT2. Fraser River Chinook salmon
stocks have a combined average escapement of 231,716 fish, where 833 fish represents
less than 0.4% of this total. The summer-run age 41 stock is the smallest among the five
Fraser Chinook stocks; even assuming a potential worst-case scenario where all adult
Chinook affected by the Project are from this particular stock, 833 fish represents just 1.7%
of long-term average escapements (49,719 fish). Further, commercial catches of Chinook
have varied by as much as 20,000 fish between years (i.e., between 1997 and 1998; see
Table 16-4), so 833 is considered well within the range of natural variability.
Adult Fraser River chum are predicted to experience a net decrease of 5 t in productive
potential, roughly the equivalent of 1,000 fish. The average return rate for Fraser river
chum salmon is 1,565,963 fish (approximately 7,830 t) per year with a LRP of 800,000 fish
(4,000 t). The decreases in chum salmon represent 0.06% of average returns and are
considered to be unmeasurable relative to natural variation; therefore, the Project is not
anticipated to affect the ongoing productivity of chum fisheries.
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The decreases in productive potential predicted for adult Chinook and chum salmon are
unlikely to be realised because they are mainly based on Project footprint area loss, and
there is no scientific evidence to suggest adult salmon are habitat limited within the LAA or
heavily use the proposed footprint; migrating salmon transit through Roberts Bank during a
relatively short window of time, during which they are feeding only minimally and are
capable of navigating around localised areas of activity. Further, productivity of juvenile
Chinook and chum is expected to slightly increase with the Project, by 0.1 t (approximately
47,619 fish) and 0.07 t (approximately 63,636 fish), respectively. These increases may
counterbalance losses to adults: assuming a 5% return rate, juvenile increases may
potentially increase adult returns by 28.5 t and 15.9 t for Chinook and chum, respectively.
As outlined in Section 13.6.3 Marine Fish, Potential Effect - Changes in Productivity,
the estimated decreases in productive potential for adult salmon in the Roberts Bank area
are minor and well within the range of natural variability; with mitigation, Project-related
effects are considered to be negligible. From a fisheries perspective, predicted losses are so
slight that they are not expected to be measurable outside natural variation, nor are they
expected to compromise potential sustained yields of CRA fisheries. Project-related changes
to the ongoing productivity of Pacific salmon fisheries are therefore considered negligible.
16.6.1.2

Groundfish

The ecosystem model predicts a decrease in productive potential (‒3 t) for groundfish with
development of the Project. As outlined in Section 16.5.2.2 above, commercial and
recreational fisheries for lingcod in Areas 28 and 29 are closed due to conservation
concerns, with population biomass estimated to be extremely low (i.e., in the hundreds of
tonnes) (King 2012). The ecosystem model predicts a slight decrease of ‒1 t in productive
potential, which, at most, represents approximately 1% of estimated regional biomass. A
loss at this scale is unlikely to compromise population integrity. Further, as outlined in
17.3.2 Offsetting Framework, subtidal rock reefs are planned as part of the offsetting
strategy, which have been proven to enhance lingcod productivity through provision of
additional habitat (Archipelago 2014).
Similar to lingcod fisheries, commercial and recreational fisheries for rockfish in Areas 28
and 29 are closed. The ecosystem model predicts a small decrease of ‒2 t in productive
potential, which is driven in part by loss of accessible habitat and increased predation
(see Section 13.6.3 Marine Fish, Potential Effect - Changes in Productivity). Because
Roberts Bank does not naturally sustain extensive or high-quality rockfish habitat, the
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populations that exist experience large percentage shifts relative to small losses of fish
biomass. Stock assessments of quillback rockfish in the Strait of Georgia report a standing
stock biomass of 2,668 t, suggesting that at most, the Project may affect 0.07% of the
population; copper and tiger rockfish are not included in these estimates, but would
increase total stock estimates considerably, making detection or measurement of Projectrelated effects even less likely. Further, the proposed subtidal rock reefs are anticipated to
improve rockfish productivity through creation of habitat (Archipelago 2014).
16.6.1.3

Forage Fish

The ecosystem model predicts a decrease in forage fish productive potential (‒14 t) in the
future with the Project, with Pacific herring comprising 6 t of that loss. As mentioned in
Section 16.5.1.3 above, the Strait of Georgia herring stock is thought to be in relatively
stable condition, and has shown an increasing trend in recent years. The predicted loss
represents 0.004% of the predicted Pacific herring spawning stock biomass for 2014
(123,300 t), which would not be measurable against natural variation.
For surf smelt, there is no LRP or stock assessment, and data gaps exist regarding surf
smelt fishing mortality, spawning biomass, and population size (Therriault and Hay 2003).
Due to a lack of data for the LAA and RAA, it is difficult to provide relevant context for the
predicted 6 t biomass decrease; for data that do exist in the area, the 6 t decrease
represents less than half of the estimated annual recreational harvest in Burrard Inlet
(13.2 t; Section 16.5.2.3). This biomass decrease is not anticipated to compromise the
ongoing productivity of surf smelt.
16.6.1.4

Dungeness Crab

The ecosystem model predicts a slight decrease in Dungeness crab productive potential
(-3%; ‒9 t) for Dungeness crab in the future with the Project. Since this estimate includes
both male and female crabs, and CRA fisheries comprise only male crabs, for the purposes
of this discussion the value was adjusted to reflect the loss of harvestable male crabs in the
LAA, which was estimated at 4.3 t4.

4

Calculation assumes a 50% (female) to 50% (male) sex ratio and that 5% of harvestable male biomass will
remain unfished.
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As discussed in Section 12.5 Marine Invertebrates, Existing Conditions, the major
source of adult Dungeness crab mortality in the Strait of Georgia is CRA fisheries, with
harvesting rates of legal-sized males often exceeding 90% in the Fraser River estuary
(Zhang et al. 2002, Zhang and Dunham 2013). As outlined in Section 16.5.1 above, crab
harvesting in the LAA (and within CMA I) is concentrated in Sub-area 29-6. Commercial
landings in Sub-area 29-6 averaged 157 t from 1990 to 2011 (Hemmera 2014b), so the
predicted reduction in male productive potential (‒4.3 t) accounts for a very small portion
(i.e., approximately 2.7%) of the overall average harvest in this sub-area.
Further, Dungeness crab population dynamics are naturally fluctuating and erratic,
dramatically increasing or decreasing from one year to the next and at different geographic
scales (McConnaughey et al. 1994, Higgins et al. 1997, Armstrong et al. 2003). This is
reflected in Area 29 commercial landings data where, between 1990 and 2011, average
annual harvest ranged from a low of 160 t to a high of 1,261 t and was associated with
high variability (plus or minus 353 t); a 4.3 t loss will therefore not be measurable in light of
this spread.
Another reason why the Project is unlikely to have measurable effects on the ongoing
productivity of Dungeness crabs is that they comprise a metapopulation, whereby local
populations are interconnected by larvae originating and dispersing over a large
geographical area; for example, larvae dispersing from Boundary Bay or the Sunshine
Coast may end up settling at Roberts Bank, which may help to replenish localised
productivity losses.
The estimated decrease in productive potential for Dungeness crab is minor (see
Section 12.6.2 Marine Invertebrates, Potential Effect – Changes in Productivity) and deemed
to be not significant (see Section 12.9.2 Marine Invertebrates, Significance Determination).
From a fisheries perspective, given predicted losses are so small compared to the large
degree of variability inherent in crab populations, and the dependence of standing stock
biomass on external recruitment (a broad-scale phenomenon governed by climatic
processes) (Hemmera 2014b), the Project is unlikely to compromise potential sustained
yields of CRA fisheries. Project-related changes to the ongoing productivity of Dungeness
crab fisheries are therefore considered negligible.
16.6.2

Summary of Effects Assessment

Overall, since Project-related effects to the ongoing productivity of CRA fisheries are
anticipated to be negligible (see Table 16-10 and Table 16-11), additional assessment is
not warranted.
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17.0 MITIGATION FOR MARINE BIOPHYSICAL VALUED COMPONENTS
Effective mitigation measures are a key component in the development of projects, as they
create an opportunity to address potential environmental effects that result from a project.
With the goal of preventing and reducing loss of and damage to environmental resources,
the mitigation applied to a project must be well planned and based on a thorough
understanding of the ecological function of the affected environment. This section describes
the proposed approach for mitigation to address Project-related effects to marine
biophysical VCs, including marine vegetation, invertebrates, fish, mammals, and coastal
birds, described in Sections 11.0 to 15.0, respectively. Potential adverse effects to the
ongoing productivity of commercial, recreational and Aboriginal fisheries (Section 16.0) are
not anticipated for species relevant to these fisheries and therefore, no mitigation is
proposed.
The Canadian Environmental Assessment Act, 2012 (CEAA 2012) defines mitigation
measures as follows:
Measures for the elimination, reduction or control of the adverse environmental
effects of a designated project, and includes restitution for any damage to the
environment

caused

by

those

effects

through

replacement,

restoration,

compensation or any other means.
For this assessment, PMV has adopted the use of the following mitigation hierarchy to
address Project-related effects:
1. Avoid potential adverse effects;
2. Reduce potential adverse effects that cannot be avoided; and
3. Offset potential adverse effects that cannot be avoided or reduced.
This mitigation hierarchy was endorsed by members of the Productive Capacity Technical
Advisory Group (see Section 7.4 Technical Advisory Group Process (2012 to 2013))
and is recognised as environmental best practice in federal policy and other guiding
documents1. The Project’s approach to mitigation follows this hierarchy and describes
measures

for

how

potential

effects

to

marine

biophysical

VCs

will

be

avoided

(Section 17.1), reduced (Section 17.2), or offset (Section 17.3), if required.
1

For example, Fisheries Productivity Investment Policy: A Proponent’s Guide to Offsetting (DFO 2013), Science
Advice on Offsetting Techniques for Managing the Productivity of Freshwater Fisheries (DFO 2014), and
Operational Framework for Use of Conservation Allowances (Environment Canada 2012).
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17.1

AVOIDING POTENTIAL EFFECTS

To avoid Project-related effects to marine biophysical VCs, design considerations have been
incorporated into the Project, as described in Section 4.0 Project Description and
Section 5.0 Alternative Means of Carrying out the Project. These have included
positioning the marine terminal the furthest practical distance offshore to minimise effects
to intertidal habitat, optimising the width of the east end of the widened causeway to
minimise effects to known biofilm intertidal habitat, rounding the northwest corner of the
new terminal to minimise scour, and constructing with a rocky shoreline rather than a
vertical wall in portions of the causeway and the terminal perimeters.
Project

construction

phase

avoidance

measures

include

fisheries-sensitive

windows

established by Fisheries and Oceans Canada (DFO), which have been incorporated into the
preliminary construction schedule, as described in Section 4.3.1 Project Schedule,
Construction Phase. For example, activities such as dredging in the terminal dredge basin
and tug basin at depths below −5 m CD are scheduled to occur from April 1 to October 14 in
consideration of the least-risk crab closure window from October 15 to March 30. This
avoidance measure is also expected to indirectly benefit higher trophic levels such as diving
and fish-eating birds.
Table 17-1 summarises the avoidance measures incorporated into the preliminary
Project design (Section 4.2 Project Component Details) and construction schedule
(Appendix 4-E Preliminary Construction Schedule and Basis of Schedule Report)
that will contribute to mitigating direct and indirect effects to the marine biophysical VCs.
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Marine
Mammals

Coastal Birds

Optimised Project design including terminal placement in subtidal
waters, reduced footprint for causeway widening, terminal rounded
corner, and incorporation of rocky shoreline in portions of the
terminal and causeway perimeters.

Marine Fish

Avoidance Measure

Marine
Invertebrates

Measures to Avoid Potential Project-related Productivity Losses

Marine
Vegetation

Table 17-1

●

●

●

●1

●

Alignment of construction activities to avoid fisheries-sensitive
windows for Dungeness crabs from October 15 to March 30 below
−5.0 m CD; therefore dredging is scheduled to occur from April 1 to
October 14 at depths below −5.0 m CD.

●

●1

●2

Alignment of construction activities to avoid fisheries-sensitive
windows for juvenile Pacific salmon from March 1 to August 15,
above −5.0 m CD.

●

●1

Incorporation of fish refuge habitat within caisson face.

●

●1

Notes:

17.2

1. Marine mammals will indirectly benefit from measures that mitigate productivity losses to marine
invertebrates and marine fish, as these measures reduce potential effects on prey species.
2. Crab fisheries-sensitive window also reduces potential effects to diving birds, as the window aligns
with the period when diving birds are abundant in the area.

REDUCING POTENTIAL EFFECTS

For effects that cannot be addressed through avoidance, measures have been incorporated
in the marine biophysical VC effect assessments to reduce Project-related effects, where
possible. Measures to reduce potential effects during Project construction and operation
include environmental management plans. Section 33.0 Environmental Management
Program describes how mitigation measures are to be implemented, monitored, and
reported on, and provides content outlines for specific sub-plans of the construction and
operation environmental managements plans (Sections 33.3 and 33.4, respectively). An
example of a measure to reduce effects to productivity is the implementation of salvages for
species directly affected by construction (e.g., crabs, fish), as described in Section 33.3.12
Marine Species Salvage Plan.
Table 17-2 summarises the sub-plans relevant to each marine biophysical VC for the
construction and operation phases, as well as other Project-related commitments relevant
to these VCs (additional details pertaining to these mitigation measures are provided in
Table 35-2 Proposed Mitigation Measures and Commitments).
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Productivity

Construction Compliance Monitoring Plan

●

●

●

●

●

Environmental Training Plan

●

●

●

●

●

Mitigation Measure to Reduce Potential Effects1

Marine
Vegetation

Coastal Birds

during

Marine
Mammals

Loss

Marine Fish

Measures
to
Reduce
Potential
Construction and Operation Phases

Marine
Invertebrates

Table 17-2

Construction Environmental Management Plan

Light Management Plan

●

●

Noise Management Plan

●

Underwater Noise Management Plan

●

Marine Mammal Observation Plan

●

●

●

Land and Marine Traffic Management Plan

●

Dredging and Sediment Discharge Plan

●

●

●

●

Sediment and Erosion Control Plan

●

●

●

●

●

●

Marine Species Salvage Plan
Hazardous Materials and Waste Management Plan

●

●

●

●

Spill Preparedness and Response Plan

●

●

●

●

Operation Environmental Management Plan
Operation Compliance Monitoring Plan

●

●

●

●

●

Environmental Training Plan

●

●

●

●

●

Hazardous Materials and Waste Management Plan

●

●

●

●

●

●

Light Management Plan
Noise Management Plan

●

Spill Preparedness and Response Plan

●

●

●

●

Other Commitments
Work collaboratively with appropriate transportation authorities
and Canadian Wildlife Service to develop and implement
measures to mitigate effects to barn owls from vehicle
collisions.
Ensure potential adverse effects of temporary channel formation
related to tidal waters drainage during causeway dyke
construction are reduced through detail design.
Distribute a marine mammal awareness pamphlet, "Marine
Mammals of the Roberts Bank Area" to marine pilots working
within PMV jurisdiction. This pamphlet includes information
regarding marine mammal species present in the Roberts Bank
area and guidance on navigating safely when marine mammals
are encountered.
Note:

1.

●

●

●

●

●

●

Marine mammals, coastal birds, and ongoing productivity of CRA fisheries will indirectly benefit from
measures that mitigate productivity losses to marine invertebrates and marine fish.
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17.3

OFFSETTING POTENTIAL EFFECTS

In accordance with the mitigation hierarchy, after all technically and economically feasible
measures to avoid or reduce effects have been implemented, Project-related effects to
marine biophysical VCs will be further mitigated through offsetting, where required. Port
Metro Vancouver has developed an offsetting framework that describes the approach and
measures to offset potential decreases in productivity for marine biophysical VCs.
Offsetting proposed for this Project is focused on the creation and enhancement
of biophysical habitats that currently support species of the Roberts Bank ecosystem.
The concepts proposed are consistent with current legislation and policy and are based on
well-established techniques that have been successfully implemented at Roberts Bank,
elsewhere in B.C., and in the Pacific Northwest.
This

section

describes

measures

to

offset

potential

Project-related

effects.

The

subsections below provide background information on the approach to determining
offsetting requirements and a description of the offsetting framework including a summary
of Project-related effects on marine biophysical VCs and a description of proposed onsite
habitat concepts.
17.3.1

Background Information

Recognising the complexity of the Roberts Bank environment, PMV has incorporated an
ecosystem-based approach in the effects assessments undertaken for each VC by
developing an ecosystem model to evaluate both direct and indirect effects resulting from
development of the Project. This approach included the evaluation of existing and future
ecosystem productivity, as described in Section 10.3 Overview of Assessing Ecosystem
Productivity.
Multiple lines of evidence, including empirical data, an ecosystem model and other relevant
tools (e.g., habitat suitability modelling, shorebird foraging opportunity model) were
considered in the assessment of potential productivity changes for each VC. The outputs of
the ecosystem model were also used to guide the types and approximate amounts of
offsetting required by the Project.
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The

approach

to

determining

offsetting

requirements

was

consistent

with

the

recommendations from the Productive Capacity Technical Advisory Group (Section 7.4
Technical Advisory Group Process (2012 to 2013)) and included consideration of the
following:


Spatial trade-offs;



Species trade-offs to address effects on life history stages and trophic levels;



Temporal losses; and



Other available
allowances).

offsetting

alternatives

(e.g.,

habitat

banking,

conservation

This approach is consistent with current science advice and policy (DFO 2014, Environment
Canada 2012).
17.3.2

Offsetting Framework

The offsetting framework provides an outline to facilitate the development of a detailed
Offsetting Plan that will be required for the Project’s Fisheries Act Authorisation and, if
required, a Wetland Compensation Plan. Once finalised, the Offsetting Plan will include
Project-specific provisions for addressing serious harm to a commercial, recreational, or
Aboriginal fishery. It will be developed in accordance with the Fisheries Productivity
Investment Policy: A Proponent’s Guide to Offsetting (DFO 2013), and will incorporate
proven measures to minimise Project-related effects to productivity.
Information pertaining to the offsetting framework is described in the subsections below,
and includes:
1. A summary of Project-related adverse environmental effects and associated changes
in productivity based on the quantitative and qualitative assessments described in
Sections 11.0, 12.0, 13.0, and 15.0 for marine vegetation, marine invertebrates,
marine fish, and coastal birds, respectively. With the proposed avoidance and
reduction measures, offsetting is not anticipated to be required to address Projectrelated adverse effects to marine mammals (Section 14.0); and
2. A description of onsite habitat concepts to offset potential decreases in productivity,
including the identification of beneficial habitat types for each of the VC subcomponents, and representative species and groups where applicable.
The focus of the offsetting framework is to further reduce potential longer-term effects to
productivity that remain after implementation of mitigation measures.
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17.3.2.1

Summary of Project-related Effects on Marine Biophysical Valued
Components

Conclusions of productivity changes for VC sub-components and representative species or
groups are summarised in Table 17-3. These conclusions, which assume avoidance
measures outlined in Table 17-1 are implemented, were based on effects assessments
described

in

Sections 11.0,

12.0,

13.0, and

15.0.

As

stated

previously,

these

assessments considered and incorporated multiple lines of evidence in the evaluation of
productivity changes, including the following information:


Predictions from the ecosystem model;



Predictions from other models (e.g., shorebird foraging opportunity model);



Analyses based on field data and monitoring conducted specifically for this EIS;



Analyses based on other field data and monitoring programs conducted at Roberts
Bank;



Literature reviews; and



Professional judgement.

Conclusions considered physical and biological aspects of natural ecosystem variability.
Since not all lines of evidence were quantitative, the conclusion was based on professional
opinion that accounted for both qualitative and quantitative results. A conclusion considered
to be negligible is one in which the effect to productivity, before mitigation, is considered to
be unmeasurable or undetectable. A conclusion considered to be minor is one in which
productivity changes are generally deemed to be within the natural range of variability, and
a moderate conclusion is a productivity change considered outside this range.
In addition to summarising conclusions on expected changes in productivity, Table 17-3
identifies whether or not offsetting measures were considered. Where the conclusion of
productivity change was negligible or positive (prior to the implementation of reduction
mitigation outlined in Table 17-2), no offsetting measures were considered. Similarly,
where reduction measures were anticipated to effectively mitigate a potential productivity
loss, no offsetting measures were considered.
Results of the marine biophysical VC assessments indicate that there will be both gains and
losses in productive potential, at least in part due to increases in new substrates for
colonising species (e.g., rocky substrate for macroalgae) and direct losses of habitat within
the footprint of the Project, respectively. Overall, the ecosystem model predicts a negligible
change (approximate increase of 200 t or less than 1% increase compared to existing
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conditions) in productive potential for all marine biophysical VCs combined prior to
implementation of offsetting measures. For more information see Appendix 17-C Onsite
Offsetting Concepts – Productivity Assessment: Table 17-C2 Change in Biomass for
Functional Groups with the Project and with Proposed Onsite Offsetting.
Table 17-3

Marine Biophysical Valued Components – Summary of Potential
Project-related Changes in Productivity
Conclusion of Productivity
Changes Based on Weight
of Evidence1,2

Offsetting
Considered?

Negligible

No

Negligible

No

Minor increase

No

Negligible

No

Minor decrease

Yes

Kelp

Negligible

No

Biomat

Negligible

No

Biofilm

Negligible

No

Infaunal and Epifaunal Invertebrates

Minor increase

No

Bivalve Shellfish

Minor decrease

Yes

Dungeness Crabs

Minor decrease

Yes

Orange Sea Pens

Moderate decrease

Yes

Negligible

No

Minor decrease

Yes

Negligible

No

Minor decrease

Yes

Negligible

No

Minor decrease

Yes

Minor decrease

Yes

Other Forage Fish (including surf smelt)

Minor decrease

Yes

Pacific Herring

Minor decrease

Yes

Shiner Perch

Minor increase

No

VC Sub-component and Representative
Species/Group
Marine Vegetation
Eelgrass
Native Eelgrass
Non-native Eelgrass
Intertidal Marsh
Macroalgae
Ulva
Rockweed

Marine Invertebrates

Marine Fish
Pacific Salmon
Chinook (adult)
Chinook (juvenile)
Chum (adult)
Chum (juvenile)
Reef Fish
Lingcod
Rockfish (including copper and quillback
rockfish)
Forage Fish
Pacific Sand Lance
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Conclusion of Productivity
Changes Based on Weight
of Evidence1,2

Offsetting
Considered?

Starry Flounder

Minor decrease

Yes

Other Flatfish (including English sole)

Minor decrease

Yes

Minor decrease

Yes

Western Sandpiper

Negligible

No

Pacific Dunlin

Negligible

No

Other Shorebirds

Negligible

No

American Wigeon

Minor decrease

Yes

Other Waterfowl

Minor decrease

Yes

Brant

Minor decrease

Yes

Negligible

No

Western Grebe

Minor decrease

Yes

Surf Scoter

Minor decrease

Yes

Negligible

No

Minor decrease

No3

Negligible

No

Negligible

No

Negligible

No

VC Sub-component and Representative
Species/Group
Flatfish

Demersal Fish
Small Demersal Fish (including threespine
stickleback and Pacific staghorn sculpin)
Coastal Birds
Shorebirds

Waterfowl

Herons
Great Blue Heron
Diving Birds

Raptors
Bald Eagle
Barn Owl
Peregrine Falcon (other raptors)
Gulls and Terns
Caspian Tern and Glaucous-winged Gull
Passerines
Barn Swallow
Notes: 1.

2.
3.

Conclusions are defined as (for both decreases and increases in productivity): A negligible conclusion
indicates an unmeasurable or undetectable productivity change, a minor conclusion indicates a
productivity change generally within the natural range of variability, and a moderate conclusion
indicates a productivity change outside this variability range.
Conclusions consider both construction- and operation-related effects prior to the implementation of
reduction measures, taking into account consequences to the viability of the VC sub-component, or if
applicable, the representative species or group.
Reduction measures are expected to fully address potential productivity loss and therefore, no
offsetting measures were considered.
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17.3.2.2

Onsite Habitat Concepts

This section provides the objectives and considerations for offsetting with onsite habitat
concepts, an overview of proposed onsite habitat concepts, and a summary of the expected
net benefits of onsite offsetting to the productivity of the VC sub-components and
representative species or groups for each VC.
Timing for construction of most onsite offsetting concepts is dependent upon completion of
Project construction. For example, onsite offsetting measures are proposed over top of, and
extending seaward from, the rocky shoreline protection along the perimeter of the widened
causeway. Due to this construction-staging constraint, temporal losses have been
considered in this offsetting framework and will be addressed as follows:


Create onsite offsetting, where feasible, prior to, or as soon as possible after, Project
construction; and



Utilise productivity gains from those VC sub-components that benefit from the
Project to offset other productivity losses.

It is anticipated that temporal losses of productivity due to the Project will be minimised.
Objectives and Considerations
The objectives and considerations for the proposed onsite offsetting concepts within the
54.7 km2 Roberts Bank study area were to:


Soften the proposed hard substrate perimeter of the Project’s shoreline to substrates
and productivity more ecologically representative of the estuary;



Maximise opportunities to offset with similar habitat and productivity that will be
affected by the Project;



Maximise opportunities to offset with higher
ecologically representative of the estuary; and



Consider the effectiveness of previous habitat creation at Roberts Bank and predicted
Project-related changes in coastal geomorphology in identifying the most suitable
habitat for long-term productivity benefits.

productivity

habitats

that

are

The Project shoreline can be softened by placing finer substrates such as gravel, sand, silt,
and clay on top of the engineered rip-rap slope. Steep shorelines, consisting of large
angular rip-rap, while productive to some species, are not natural representative features of
the Roberts Bank ecosystem. Chum and Chinook salmon juveniles, for instance, typically
occupy tidal channels, mud and sand flats, tidal marshes, or beaches in shallow water areas
(see Section 13.5.1 Marine Fish, Existing Conditions, Pacific Salmon for additional
information on environmental preferences).
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From previous habitat creation programs such as the Deltaport Third Berth Project (DP3),
the review of effectiveness monitoring reports increased the understanding of the
successes and challenges associated with previous habitat projects. The onsite habitat
concepts discussed below have been presented to Aboriginal groups, stakeholders, and the
public in open houses and small group meetings that took place starting in fall 2014
(see Section 7.2 Aboriginal Groups Engagement and Consultation and Section 7.3
Local

Government

and overall

and

offsetting

Public

approach

Engagement
were

also

and

presented

Consultation).
to

DFO

and

The

concepts

Environment

Canada (Canadian Wildlife Service) in fall 2014 (Section 7.1 Regulatory Engagement
and Consultation).
Overview of Onsite Habitat Concepts
The five habitat types proposed for onsite habitat offsetting include:


Intertidal marsh;



Sandy gravel beach;



Mudflat;



Subtidal rock reef; and



Eelgrass.

These habitats are beneficial to a wide array of species within the Roberts Bank ecosystem
and, therefore, are considered effective offsetting measures to further mitigate Projectrelated decreases in productivity for the representative species and groups identified in
Table 17-3 as requiring offsetting.
As summarised in Table 17-3, changes in productivity for eelgrass and intertidal marsh
were predicted to be negligible and positive, respectively; therefore, offsetting was not
considered for these VC sub-components. However, because both eelgrass and intertidal
marsh provide habitat for other estuarine or marine species, onsite offsetting that enhances
these habitat types was considered for VC sub-components, species, or groups that were
predicted to experience a decrease in productivity.
Intertidal sand flats were not selected as a potential habitat type used for offsetting,
because the productivity of sand flats is lower than other habitat types and sand flat habitat
is not limited at Roberts Bank. Existing sand flats, therefore, were selected as habitat types
over which more productive offsetting habitats could be located. The biomass of the existing
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sand flats was subtracted from that of the proposed onsite offsetting habitat to determine
the anticipated net biomass of the offset (Appendix 17-C: Table 17-C2).
Similarly, creation of subtidal sand habitat was not proposed as creation of this type of
habitat was deemed to be not economically and technically feasible. Also, following Project
completion, subtidal sand habitat will continue to be widespread in the local and regional
areas and therefore, is not expected to be a limiting habitat for subcomponents that depend
on it. As such, no offsetting measures were proposed for those representative species that
would benefit from subtidal sand habitat (e.g., orange sea pens, starry flounder, surf
scoter).
Figure 17-1 shows the proposed locations for each habitat concept. The locations of these
habitat concepts in relation to the proposed terminal and existing infrastructure is based on
predicted conditions from the coastal geomorphology assessment and locations of existing
habitats onsite. A brief description of each habitat concept is provided below and
summarised in Table 17-4. Detailed habitat concepts provided in Appendix 17-A
Proposed Onsite Habitat Concepts contain the following information:


Characterisation of existing habitat within the Roberts Bank ecosystem;



The food web associated with the habitat type and linkages with functional groups;



Results of effectiveness monitoring for similar habitats constructed for DP3; and



Spatial extent associated productivity changes resulting from the implementation of
the proposed habitat concept.

Intertidal Marsh

Intertidal marsh is a habitat-forming VC sub-component that is expected to increase in
productivity following construction of the Project. Salt, brackish, and freshwater marshes
are subsets of intertidal marsh. Review of existing and future physical and biological
environments at Roberts Bank indicates that it is feasible to create approximately 15 ha of
intertidal (salt) marsh in quiescent areas along the widened causeway, such as within the
bend of the northwest section of the existing terminal, and in an elbow of the proposed
terminal (Figure 17-1). This concept is shown in Appendix 17-B Habitat Concept
Drawings, and Sections A-A’, C-C’, and D-D’ on Drawing 17-B1. Sections A-A’ and D-D’
display areas where intertidal marsh can be created, along the existing mudflat on raised
areas adjacent to the causeway and terminals. These pioneering marsh areas are intended
to provide a quiescent environment inshore for the adjacent mudflat. This drawing also
shows the salt marsh’s base elevation of +3.0 m CD rising to +5.0 m CD and typical native
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plantings. The backshore, above +5 m CD, will include wind- and salt-resistant shrub
species. Species that directly benefit from intertidal marsh include American wigeon and
juvenile salmon (Table 17-4).
Sandy Gravel Beaches

In coastal B.C., sandy gravel beaches are an important spawning area for forage fish,
such as surf smelt, and provide feeding areas for coastal birds such as American Wigeon
(Table 17-4). Review of existing and future physical and biological environments at Roberts
Bank indicates that it is feasible to create approximately 4.5 ha of sandy gravel beach in
areas of higher wave energy along the widened causeway. Two sandy gravel spawning
beaches consisting of sand, gravel, and cobble are proposed for the Project (Figure 17-1).
This concept is shown in Appendix 17-B, and Sections B-B’ and E-E’ on Drawing 17-B2.
Mudflats

Mudflats play an important role in dissipating wave energy and supporting biofilm growth,
which is an important component of the benthic food web in estuarine and coastal
ecosystems; as such, mudflats are important foraging areas for shorebirds such as western
sandpiper and dunlin. At Roberts Bank, gently sloping tidal mudflats extend seaward from
shore for a distance of up to 6 km. As shown in Figure 17-1, mudflat intended to be
suitable for biofilm establishment is proposed for the zone seaward of the intertidal marsh
and in the lee of the pioneering intertidal (salt) marsh. This is shown in Appendix 17-B,
Sections A-A’ and D-D’ on Drawing 17-B1. Review of existing and future physical and
biological environments at Roberts Bank indicates that it is feasible to create approximately
4.5 ha of mudflats in quiescent areas along the widened causeway, such as within the bend
of the northwest section of the existing terminal, and in an elbow of the proposed terminal.
Although offsetting is not required for biofilm, the addition of mudflat habitat should benefit
this VC sub-component in the LAA.
Subtidal Rock Reef

The proposed design for the subtidal rock reef involves the creation of one new reef and the
enhancement of four existing reefs with small perpendicular arms, for up to 2 ha of new
subtidal rock reef habitat (Appendix 17-B and Drawing 17-B3). The new and enhanced
reefs are proposed adjacent to the existing artificial reefs inshore of the Westshore berth.
To optimise productivity, conceptual design of rock reef habitat considers the following:


Waves, currents, and potential for scour and subsidence;
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Net productivity (relative value of reef productivity versus that of habitat being
displaced); and



Proximity to shorelines and passage for other species.

Eelgrass

While eelgrass is not anticipated to be adversely affected by the Project, eelgrass beds are
highly productive habitats in the Roberts Bank ecosystem and were therefore considered for
onsite habitat offsetting. Eelgrass beds serve numerous critical functions typical of estuarine
communities such as providing spatially complex food, shelter, and rearing habitat for
numerous species, and influencing sediment, water quality, and water flow regimes. Many
VC sub-components will benefit from increases in eelgrass beds at Roberts Bank. Following
terminal construction, there is an opportunity to transplant approximately 3 ha of native
eelgrass within the Roberts Bank study area. Potential donor areas are located north of the
existing terminal and in the inter-causeway area. Figure 17-1 shows the proposed onsite
eelgrass transplant location.
Productivity Values of Onsite Offsetting
The productivity of existing habitats at Roberts Bank was used to inform calculations of the
net relative productivity of the onsite offsetting concepts. Productivity (measured as
biomass) was predicted using the ecosystem model for existing habitats, including intertidal
marsh (both salt marsh and brackish marsh), sandy gravel beach, mudflats (with and
without the presence of biofilm), subtidal rock reef, eelgrass beds, and sand flats
(see Section 10.3 Overview of Assessing Ecosystem Productivity and Appendix 10D Roberts Bank Spatial Ecosystem Model Sensitivity Analysis: Appendix D - Habitat
Productivity Memo).
Table 17-4 summarises the estimated biomass increases gained by onsite offsetting
habitat type for the area of habitat proposed, and indicates which VC sub-components are
likely to benefit from each type created. These biomass estimates are provided as a range,
which were developed by determining:
1) A lower estimate based on species or groups that directly benefit from that habitat
type and
2) A higher estimate based on all species or groups associated with that habitat type.
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Figure 17-1

Overview of Proposed Onsite Habitat Concept Locations
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Table 17-4

Predicted Productivity of Proposed Onsite Habitat Concepts and
Benefitting VC Sub-components and Species
VC Sub-components and
representative species that directly
benefit1

Onsite Offsetting Concepts

Habitat
Type

Intertidal
(Salt)
Marsh

Area of
Potential
Habitat
Constructed
Onsite (ha)

15.0

Biomass
(t/ha)1

38.5 - 50.0

Range of
Total
Biomass
(t)

578 - 750

VC Subcomponent

Representative
Species/Group

Waterfowl

American wigeon, brant
goose

Shorebirds

Dunlin

Herons

Great blue heron

Pacific salmon

Chinook salmon (juv.),
Chum salmon (juv.)

Demersal fish

Threespine stickleback

Dungeness crab
Infaunal and epifaunal invertebrates
Intertidal marsh

Sandy
Gravel
Beach

4.5

13.4 - 15.6

60 - 70

Waterfowl

American wigeon, other
waterfowl

Herons

Great blue heron

Flatfish

Starry flounder

Forage fish

Pacific sand lance,
Pacific herring,
surf smelt

Bivalve shellfish
Infaunal and epifaunal invertebrates

Mudflat

4.5

42.4 - 60.7

191 - 273

Macroalgae

Rockweed

Waterfowl

American wigeon

Shorebirds

Western sandpiper,
dunlin

Herons

Great blue heron

Gulls and terns
Flatfish

Starry Flounder, Other
Flatfish

Infaunal and epifaunal invertebrates
Bivalve Shellfish
Biofilm

Subtidal
rock reef

2.0

21.7 - 25.0

43 - 50

Macroalgae

Rockweed, kelp

Reef fish

Rockfish sp., lingcod

Dungeness crab
Diving Birds

Western grebe, surf
scoter
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VC Sub-components and
representative species that directly
benefit1

Onsite Offsetting Concepts
Area of
Potential
Habitat
Constructed
Onsite (ha)

Habitat
Type

Eelgrass
transplant

3.0

Biomass
(t/ha)1

4.8 - 8.0

Range of
Total
Biomass
(t)

14 - 24

VC Subcomponent

Representative
Species/Group

Waterfowl

Brant goose, American
wigeon

Herons

Great blue heron

Pacific salmon

Chinook salmon juv.,
Chum salmon juv.

Forage fish

Pacific herring

Flatfish

Starry Flounder, Other
Flatfish

Demersal fish

Threespine stickleback

Dungeness crab
Infaunal and epifaunal invertebrates
Bivalve Shellfish
Eelgrass
Note:

1.

Native eelgrass

See Appendix 10-D: Appendix D Habitat Productivity Memo and Appendix 17-A for more details.

Table 17-3 identifies VC sub-components and representative species or groups where
further offsetting has been considered based on potential losses to productivity. Table 17-5
identifies the onsite habitat types proposed for offsetting effects to these representative
species or groups, summarises whether residual effects are anticipated after the
implementation of reduction measures and onsite offsetting, and whether further offsetting
measures are proposed. The expected effectiveness of mitigation is based on the
assessments provided in the VC sections, including professional judgement and ecosystem
model results presented in Appendix 17-C.
For species associated with soft substrates, onsite offsetting generally results in gains to
productivity; however, the “soft” approach to onsite offsetting – where soft substrates
replace hard rip-rap shoreline – will affect species such as rockfish and lingcod, which are
typically associated with hard or rock substrate. Therefore, subtidal rock reef habitat is
proposed as onsite offsetting for rockfish but no additional mitigation requirements were
considered.
While not all species require offsetting, most species and groups are expected to either
benefit with increases to their productive potential or experience negligible change with the
proposed onsite offsetting (Appendix 17-C: Table 17-C2).
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Table 17-5

Proposed Onsite Offsetting
Productivity Decreases

VC Sub-component Representative
Species/Groups

and

Proposed Habitat Type for Onsite
Offsetting

Effectiveness

in

Mitigating

Detectable /
Measurable
Residual
Effect after
Mitigation

Additional
Offsetting
Proposed?

No

No

Marine Vegetation
Macroalgae
Kelp

Subtidal rock reef
Marine Invertebrates

Bivalve Shellfish

Eelgrass, sandy gravel beach,
intertidal marsh, mudflat

Yes1

No

Dungeness Crabs

Eelgrass

Yes1

No

Orange Sea Pens

Assume no offset feasible

Yes1

No

Eelgrass, sandy gravel beach,
intertidal marsh, mudflat

No

No

Eelgrass, sandy gravel beach,
intertidal marsh, mudflat

No

No

Subtidal rock reef

No

No

Sandy gravel beach

Yes1

No

Sandy gravel beach

1

Yes

No

Eelgrass

No

No

Assume no offset feasible

Yes1

No

Assume no offset feasible

1

Yes

No

Eelgrass, intertidal marsh

No

No

Marine Fish
Pacific Salmon
Chinook (juvenile)
Chum (juvenile)
Rockfish
Forage Fish
Pacific Sand Lance
Other Forage Fish
Pacific Herring
Flatfish
Starry Flounder
Other Flatfish
Demersal Fish

Coastal Birds
Waterfowl
American Wigeon

Eelgrass, intertidal marsh, mudflat

No

No

Other Waterfowl

Eelgrass, intertidal marsh, mudflat

No

No

Eelgrass

No

No

Eelgrass, subtidal rock reef

Yes1

No

Eelgrass, subtidal rock reef

1

No

Brant
Diving Birds
Western Grebe
Surf scoter
Note: 1.

Yes

Residual effect is not anticipated to be significant; refer to Sections 12.9, 13.9, and
15.10 for additional information.
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17.4

WETLAND ASSESSMENT

Based on the proposed offsetting of wetland habitat types (e.g., intertidal marsh, sandy
gravel beach, eelgrass, mudflat), PMV believes that the measures outlined in this offsetting
framework adequately mitigate Project-related effects to productivity and that wetland
functions at Roberts Bank will not be compromised. As such, a Wetland Compensation Plan
has not been developed at this time.
As part of the development of the Offsetting Plan, PMV will complete a wetland ecological
functions (WEF) assessment to confirm that the requirements for wetland compensation
have been met, based on the habitat assessments completed as part of the EIS. Port Metro
Vancouver will work with Canadian Wildlife Service to clarify scope of the WEF, based on the
agency’s evaluation of the EIS content. At a minimum, the WEF will describe the following:


Locations and extent of wetlands likely to be affected by Project activities according
to their location, size, type (wetland class and form), species composition, and
ecological function (Canadian Wetland Classification System, National Wetlands
Working Group, 1997);



Abundance and distribution of key plant, bird, and wildlife communities that rely on
wetlands;



Abundance and distribution of submerged floating and emergent aquatic vegetation
including biofilm and eelgrass; and



Predator-prey interactions for migratory birds and federally and provincially listed
bird and wildlife species.

Using the conclusions of the WEF and the other ecological assessment tools used in the EIS,
PMV will assess whether the measures proposed in this offsetting framework adequately
address Project-related effects, and, if not, what additional measures may be proposed to
address any additional effects identified by the WEF. The WEF will draw upon the data and
findings of the EIS, and the conclusions identified in the WEF will be used to confirm the
need to develop a Wetland Compensation Plan.
17.5

MITIGATION SUMMARY
PRODUCTIVITY LOSSES

FOR

POTENTIAL MARINE BIOPHYSICAL VALUED COMPONENT

Ecosystem modelling predicts an overall negligible change in Roberts Bank ecosystem
productivity with development of the Project; however, minor productivity decreases to
some marine vegetation, invertebrate, fish, and bird VC sub-components are predicted. The
productivity of intertidal marsh, infaunal and epifaunal invertebrate communities, and the
forage fish species shiner perch are predicted to increase in the future with the Project.
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In summary, the majority of predicted productivity changes (positive and adverse) to
marine VC sub-components from development of RBT2, prior to the implementation of
reduction or offsetting mitigation measures, were characterised as negligible or minor. With
mitigation, it is concluded that the Project is not likely to cause significant adverse changes
in productivity to marine vegetation, invertebrates, and fish, and coastal birds. Marine VC
sub-components or representative species that undergo decreases in productivity will be
offset to the extent feasible using onsite offsetting.
The

offsetting

framework

has

identified

effective

measures

to

mitigate

adverse

environmental effects required under CEAA 2012. In addition, the offsetting framework
demonstrates that serious harm can be offset as per requirements for a Fisheries Act
Authorisation. A detailed offsetting plan will be developed in consultation with regulatory
agencies as part of the permitting process.
17.6

MONITORING AND REPORTING

Input from scientific experts, the adoption of a multiple lines of evidence approach, and an
enhanced ecosystem approach (i.e., development of an ecosystem model) has reduced
uncertainty in the marine biophysical VC effects assessment conclusions and the predicted
benefits of offsetting. PMV has a proven track record in enhancing habitat both at Roberts
Bank and offsite through the Habitat Enhancement Program.
Monitoring to assess environmental compliance with environmental approval requirements
will be in accordance with the approach outlined in Section 33.0 Environmental
Management Program, which includes outlines of the Project’s construction and operation
environmental monitoring plans. To confirm that all mitigation measures meet intended
objectives, PMV will implement a program, as described in Section 33.5 Roberts Bank
Terminal 2 Follow-up Program.
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