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EXECUTIVE SUMMARY 

Pacific NorthWest LNG Limited Partnership (PNW LNG) is proposing to construct and operate a 
liquefied natural gas (LNG) facility on Lelu Island, British Columbia (BC). The Pacific NorthWest LNG 
Project (the Project would convert approximately 3.2 billion standard cubic feet per day (Bcfd) of 
pipeline-grade natural gas from northeast BC into LNG for export to Pacific Rim markets in Asia. The 
objective of this technical data report (TDR) is to provide information on the marine species and 
habitats present within the vicinity of the Project, which could be effected either by the proposed 
facility itself, or via its construction. Information was obtained through a review of existing research 
and data, and field studies. The desktop review provided information on marine species and habitats 
in the immediate vicinity of the Project and the surrounding area, thereby providing a broad-scale 
context. Three field programs were completed in May, 2013: intertidal surveys; subtidal surveys; and 
a remote-sensing assessment of eelgrass on Flora Bank. Collectively, the desktop review and field 
data provided a complete characterization of the local marine species and habitats. 

The marine environments within the region of the project are typical of BC’s North Coast while also 
falling within the indelible influence of the Skeena River. While the seafloor topography and substrata 
are typical of the fjordic North Coast, the Skeena River estuary affects the currents, salinity, and 
turbidity around the Project. In turn, this influence is reflected by some of the species and habitats 
seen around the local assessment area (LAA).  

Many different marine habitats are found around the site of the proposed Project, most of which are 
common throughout the North Coast region. Rocky foreshores dominate the intertidal areas. These 
feature a diverse assemblage of algae and invertebrates. Soft sediments accumulate in sheltered 
pockets along the coast and support a community of invertebrates that live within the substrate (such 
as polychaetes, clams and shrimp) and eelgrass. Subtidal habitats in the area are also typical of the 
region. Offshore areas constitute a mix of mud, sand, and gravel, rocky outcrops, and boulders; 
shallower substrata, and those within channels feature are more diverse, including extensive areas 
of hard bottom.  

A particularly notable ecological feature of the region is the extensive eelgrass bed on Flora Bank 
and the soft-sediment areas on the adjacent Agnew Banks. The importance of this area has long 
been recognized. This area plays an important rearing role for ocean-bound juvenile salmon and 
crustaceans such as Dungeness crab and Pandalus shrimp. Flora Bank eelgrass is largely restricted 
to the intertidal areas owing to thick suspended sediments that limit subtidal growth. This observation 
was supported by field studies and remote-sensing-based mapping.  

The diversity of marine habitats is echoed in the species that inhabit them. Rocky areas support 
diverse seaweeds communities, including kelps, which contribute food and shelter to invertebrates 
and fish. Though largely devoid of seaweeds, soft sediments provide suitable substrate for burrowing 
invertebrates, crabs, shrimp and flatfish. 

A huge diversity of invertebrates is found throughout the study area. These taxa range from the 
sediment-dwelling clams and shrimp, to rocky-shore species such as barnacles, limpets and 
periwinkles. Commercially important Dungeness crab and Pandalus shrimp are abundant around 
Agnew Bank and the adjacent waters. Although the assessment areas fall within the range of 
northern abalone, none were observed during field surveys.  
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The North Coast of BC is occupied by a great diversity of fish species, though only a small proportion 
of these were observed during field studies. Ronquils and pricklebacks were the most commonly 
observed fish families. Commercially valuable flatfish were also abundant on Agnew Bank. Although 
no juvenile salmon were observed during surveys, the area is of great importance to ocean-bound 
juvenile salmon, primarily migrating from the Skeena River (Department of Fisheries and Oceans 
Canada [DFO] 1985; Higgins and Schouwenburg 1973; North Coast Environmental Analysis Team 
1975). The area is also important for rockfish, cod, eulachon and Pacific herring, which were rare or 
absent in field surveys. 

The area is visited by several marine mammal species, of which several are either at historic-low 
population sizes or recovering from recent exploitation. Humpback whales, killer whales and harbour 
porpoise have been flagged by the Province of BC, Committee on the Status of Endangered Wildlife 
in Canada (COSEWIC), and Species at Risk Act (SARA) as species of conservation concern. Dall’s 
porpoise, Pacific white-sided dolphin and harbor seal are also common in the area.  

Results of baseline studies and modelling indicate that the marine environment in the assessment 
areas is typical of those found on north coast of BC. The LAA features habitats common to the 
region. Key features include extensive eelgrass beds and soft-sediment areas. Species of notable 
conservation, commercial, recreational or cultural value present in the assessment areas include: 
salmon, Pacific herring, eulachon, Dungeness crab, shrimp and several marine mammals. 
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1 INTRODUCTION 
Pacific NorthWest LNG Limited (PNW LNG) is proposing to construct and operate a liquefied natural 
gas (LNG) facility within the District of Port Edward, British Columbia (BC). The Pacific NorthWest 
LNG Project (the Project) would be located on Lelu Island within the lands and waters under the 
jurisdiction of the Prince Rupert Port Authority (PRPA). The Project would convert natural gas from 
northeast BC into LNG for export to Pacific Rim markets in Asia. 

At full build-out the facility would receive approximately 3.2 billion standard cubic feet per day (Bcfd), 
or 9.1 x 107 cubic metres (m3) per day, of pipeline-grade natural gas, and produce up to 19.2 million 
tonnes per annum (MTPA) of LNG. The gas would be transported to the Project via a new pipeline 
from northeast BC. From here, the gas will be shipped to Asia using LNG carriers. The largest ship 
the marine terminal would be designed to accommodate is the Q-flex LNG carrier. These carriers are 
315 m long and can transport up to 217,000 m3 of cargo (~50% more than conventional vessels). 

Components of the Project include: a natural gas reception system, gas pretreatment, three 
6.4 MTPA liquefaction trains, three full-containment 180,000 m3 LNG storage tanks, a marine 
terminal with a jetty-trestle, jetty-trestle control room, two LNG carrier berths, an off-load berth for 
propane and other materials, a bunkering facility, a materials off-loading facility (MOF), an access 
road and bridge, and pipeline and utility connections (e.g., water and sewer). 

This report presents background information, methods, and results for the marine baseline studies 
conducted to support the environmental assessment (EA) for the Project. Baseline data were 
collected to facilitate the assessment of potential effects of the Project on marine resources. 
Many marine species and habitats are of considerable commercial, recreational and cultural 
value to Aboriginal and various other user groups. For example, several areas around the 
proposed Project, are important habitats for species such as salmon (Oncorhynchus spp.), 
rockfish (Sebastes spp.), and Dungeness crab (Metacarcinus [formerly Cancer] magister). 

A desktop literature review and field-based studies were combined to provide a comprehensive 
characterization of the local marine resources. For the desktop study, existing biophysical 
information pertaining to the local assessment area (LAA) was reviewed. The field studies were 
conducted within 500 m surrounding the project development area (PDA) (see Section 2.2), which 
includes the foreshore areas of Lelu Island, Stapledon Island and the neighboring mainland, 
Porpoise Channel, and the area surrounding the proposed jetty-trestle. The LAA encompasses a 
total area of 1,116 km2 which is described based on literature. In addition, incidental observations of 
marine wildlife supplemented information obtained from the desktop review and the focused field 
surveys. Wherever possible, field teams were accompanied by First Nations assistants. 

Field studies and a literature review on sediment and water quality are presented in the Marine 
Sediment and Water Quality Technical Data Report (Stantec Consulting Ltd. [Stantec] 2014). 
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2 STUDY AREAS 

 Regional Setting 2.1
The marine environment surrounding the proposed Project typifies the nutrient-rich waters of the 
north coast of BC while also being heavily influenced by freshwater outflow from the Skeena River. 
The dominant marine habitat types on and around Lelu Island are rocky shorelines, soft sediment in 
protected bays and channels, and the expansive mudflats of Flora and Agnew Banks. Collectively, 
these varied environments support a diverse assemblage of fish and their habitats, and marine 
mammals, which constitute the two key components of local marine resources considered in the EA.  

The physical conditions of the North Coast of BC typify fjord coastlines. The geological structure 
comprises rocky shores indented by straits and narrows. Several large rivers empty into these 
waters (Pickard and Giovando 1960). The Project would be within the outflow from the Skeena River 
- the second largest in BC. Runoff from the Skeena River is largest in spring (snowmelt) and late fall 
(peak rainfall) and lowest in the summer months (Akenhead 1992). High sediment transport within 
Skeena outflows have resulted in the second largest delta in BC.  

The temperature and salinity of coastal waters of BC depend on the season and volume of 
freshwater input (Thomson 1981). Generally, the mainland side of Hecate Strait is less saline than 
the western side due to this freshwater drainage. Over most of the BC coast, salinity of surface water 
ranges from about 28 to 32 parts per thousand (Jamieson and Davies 2004; Thomson 1981). The 
water in Hecate Strait and Queen Charlotte Sound remains consistently warmer than that of Dixon 
Entrance, though wind-driven currents can disrupt this trend (Thomson 1981). 

Tides on the coast of BC are semidiurnal (two low and two high tides per day, each of different 
heights). Large ranges in tidal fluctuations in the region can drive strong currents (Akenhead 1992). 
Tidal ranges expand to approximately 5 m as tides move up deep, narrow fjords (Thomson 1981). In 
addition, wind and river outflows produce non-tidal currents that can completely mask tidal currents. 
The Project site is exposed to waves generated by winds across Chatham Sound, which can, in 
extreme cases, produce high waves and harsh conditions. Collectively these physical conditions 
create an ecological canvas for the marine species and habitats in the region. 

Three complementary approaches were used to characterize marine resources: a review of existing 
information pertaining to the marine environment, field-based studies, and to a lesser extent, 
incidental observations.  

The goal of this technical data report (TDR) is to describe the marine habitats and species occurring 
within the vicinity of the proposed Project. 

The rocky shorelines of Lelu Island and nearby areas, which comprise a mix of bedrock, large 
boulders, rocks and gravel areas, support a rich subtidal and intertidal seaweed community. In turn, 
seaweed communities provide attachment sites, food and shelter for numerous invertebrates and 
fish. Exposed rocky shorelines, such as those on the west side of Lelu Island, tend to have greater 
species richness than protected shores, like those within Porpoise Channel.  
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Soft mud and sand occur within protected areas around Lelu Island. These areas provide suitable 
habitat for sediment-dwelling (‘infaunal’) invertebrates, crab and benthic (i.e., living on the seafloor) 
fish. Eelgrass (primarily Zostera marina) also thrives in shallow subtidal and low intertidal soft 
sediment, where the combination of abundant sunlight and suitable substrate create ideal conditions 
for vegetative, root and rhizomatic growth. In turn, the eelgrass beds around Lelu Island, most 
notably on Flora Bank, support a rich invertebrate community and play an important rearing role for 
seaward migrating Skeena River salmon. 

The seafloor west of Lelu Island is predominantly mud, silt, and sand, with occasional rocky 
outcroppings, while that of Porpoise Channel comprises bedrock and boulders. The soft substrate 
below Agnew Bank is relatively species poor, with the main fauna being sparsely distributed 
invertebrates. Photic (sunlit) waters over the hard substrate of Porpoise Channel support kelp 
stands, in which thrive numerous species of crab, echinoderms, and fishes. 

Fishing is an important cultural, commercial and recreational activity to the people of the Prince 
Rupert area. Pacific salmon (sockeye [O. nerka], chinook [O. tshawytscha], coho [O. kisutch], pink 
[O. gorbuscha], chum [O. keta]) and steelhead trout (O mykiss), have long been the most important 
contributor to local fisheries (Gottesfeld et al. 2008; Higgins and Schouwenburg 1973). Other target 
species include Pacific halibut (Hippoglossus stenolepsis), Pacific herring (Clupea pallasii), rockfish 
(Sebastes spp.), lingcod (Ophiodon elongates), Pacific cod (Gadus macrocephalus), eulachon 
(Thaleichthys pacificus), Dungeness crab and Pandalus shrimps. Lelu Island, including Flora Bank, 
is a particularly important area for salmon (Department of Fisheries and Oceans Canada [DFO] 
1985; Higgins and Schouwenburg 1973), Dungeness crab, and shrimp (North Coast Environmental 
Analysis Team 1975). 

Several species of marine mammals occur in the waters around the Prince Rupert area. These 
species include humpback whale (Megaptera novaeangliae), northern resident killer whale (Orcinus 
orca), harbour porpoise (Phocoena phocoena), Dall’s porpoise (Phocoenoides dalli), Pacific white-
sided dolphin (Lagenorhynchus obliquidens), Steller sea lion (Eumetopias jubatus) and harbour seal 
(Phoca vitulina richardsi). The northern resident killer whale is listed as threatened under Canada’s 
Species at Risk Act (SARA) and the harbour porpoise is listed as special concern. Marine mammals 
in the Prince Rupert area increase in numbers during summer months, coinciding with seasonally 
migrating fish (e.g., salmon, Pacific herring). 

 Boundaries 2.2
Baseline data were collected within the LAA to support the assessment of effects to marine 
resources. The LAA represents the maximum possible area over which effects to marine resources 
are expected to occur. The regional assessment area (RAA) will provide the biogeographic context 
for assessing the effects on populations of fish and marine mammals. The LAA and RAA share the 
same boundary (see Figure 4) and therefore only the LAA is referred to in this report. The LAA 
includes the marine environment (below higher-high water [HHW]) around Lelu Island and the 
primary and alternate shipping routes (between the proposed terminal berth and the  Triple Island 
pilotage station), plus at least a 10 km buffer on either side of the shipping routes, covering a total 
area of 1,116 km2. Field surveys to support the assessment of effects on fish were conducted within 
500 m of options considered for the jetty-trestle, bridge, MOF, berths, and turning basin, and Flora 
Bank (see Figure 4) with additional areas to encompass a range of alignments considered for the 
terminal.  
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A literature review was conducted to characterize the rest of the LAA. Geographic areas beyond the 
LAA were considered where necessary to develop a full description of key life-history stages for 
marine mammals and, to a lesser degree, fish stocks.  

3 REVIEW OF EXISTING DATA SOURCES AND 
DESKTOP STUDIES 

Existing information on marine species and ecosystems was collated to provide a broad context for 
field surveys. This review included traditional ecological knowledge, relevant literature, and historical 
data. 

Three complementary sources of information were used to summarize existing information: 
published literature (primary research, and grey literature including technical reports), publically 
available databases on species distributions (e.g., BC Cetacean Sightings Network 2013; BC Marine 
Conservation Analysis [BCMCA] and BC Conservation Foundation 2013; DFO 2013d;Government of 
BC 2013; GeoBC 2010), and local, traditional and expert knowledge. Relevant literature was 
identified using ISI Web of Knowledge and Google Scholar, and through cited references. Particular 
attention was paid to important fish habitat (e.g., eelgrass and kelp beds), and commercially, 
recreationally and culturally important species.  

 Results 3.1

3.1.1 General Biophysical Characterization of Study Area 

3.1.1.1 Oceanography 
The north coast of BC is typical of a fjord coast; dominated by rock and indented with numerous 
inlets, straits, passes, sounds and narrows. Many large rivers empty into these coastal waters via 
glacier-formed valleys (Pickard and Giovando 1960) including the area around the Project site, which 
sits within the estuarine outflow of the Skeena River. This river is the second largest in BC and 
shapes the structure and circulation of coastal waters in the area, particularly in Chatham Sound 
(Akenhead 1992). Runoff from the Skeena is largest in spring (snowmelt) and late fall (peak rainfall) 
and lowest in the summer months (Akenhead 1992). Freshwater flowing from the Skeena River 
mixes with salt water in Chatham Sound, and flows out as a layer of brackish water. The Skeena 
also releases a large amount of sediment into the marine environment resulting in the formation of 
the second largest delta in BC, which extends 30 km west from the mouth of the Skeena River into 
Chatham Sound. See Figure 5 for an overview of the north coast and the location of the Project. 

The temperature and salinity of coastal waters of BC vary over time and space. Seasonal differences 
are driven by changes in the amount of sun and precipitation (Thomson 1981). Generally, the 
mainland side of Hecate Strait tends to be less saline than the western side due to freshwater 
drainage. This is especially true in Chatham Sound and northern Dixon Entrance, which receive a 
relatively large volume of freshwater from the Nass and Skeena Rivers. Over most of the BC coast, 
salinity of surface water ranges from 28 to 32 parts per thousand (ppt); however, salinity is generally 
higher during winter than summer (Jamieson and Davies 2004; Thomson 1981) due to decreased 
freshwater input. Historic records of surface water temperatures along the north coast (1942-1995) 
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show an average range from 12.8°C during summer months to 7.2°C in the winter (Jamieson and 
Davies 2004). The water in Hecate Strait and Queen Charlotte Sound remains consistently warmer 
than waters of Dixon Entrance. However, due to the influence of wind-driven currents throughout the 
year, sea surface temperatures can be quite unpredictable (Thomson 1981). 

Tides on the coast of BC are largely semidiurnal (two low and two high tides per day, each of 
different heights). The north coast experiences a large range in tidal fluctuations that can result in 
strong currents known as tidal streams (Akenhead 1992). Tidal ranges increase from ~2.4 m, around 
Queen Charlotte Sound, to ~3.5 m at the entrance to Dixon Strait. Ranges expand further to ~4.9 m 
within deep, narrow inlets of the mainland (Thomson 1981). Prince Rupert harbor has up to 7.7 m 
tidal heights and a mean range of 4.9 m (Akenhead 1992). Tidal streams are affected by wind and 
freshwater runoff. These two factors are capable of producing non-tidal currents that can completely 
overwhelm tidal currents.  

Non-tidal currents are subject to rapid fluctuations in time and space due to the unpredictable nature 
of wind and runoff, (Thomson 1981). Summer conditions generally correspond to northwest winds 
and large river runoff. Consequently, summers often have weak upwelling at the southern end of the 
region and neutral conditions to the north (Cummins and Haigh 2010). Winter currents are driven by 
southeast winds and low runoff, which form strong downwellings.  

The Project site is exposed to waves generated by winds blowing across Chatham Sound. These 
can, in extreme cases, produce high waves, dense blowing sea foam, heavy tumbling of the sea and 
poor visibility. High winds and heavy seas at low temperatures can cause freezing snow and spray 
conditions. 

Kitson Island is 2.8 km southwest of Lelu Island. Sea lions and seals rest on this island while 
following salmon destined for the Skeena River (Province of BC 2013). It is also used for recreation.  

3.1.1.2 Marine Habitat 
Marine habitats within and around the proposed Project site are typical of the highly diverse and 
productive coasts of Chatham Sound (Clark and Jamieson 2006a and 2006b). The ecosystems 
within this region are shaped by its characteristic topography and oceanography, in particular the 
influx of sediment and nutrients from the Skeena River. Shallow-water and intertidal areas comprise 
a mix of rocky substrates with a diverse ensemble of seaweeds and invertebrates, sand and gravel 
bays that support a rich community of sediment-dwelling invertebrates, and tidal mudflats with 
eelgrass and saltmarshes (BCMCA and BC Conservation Foundation 2013; GeoBC 2010). Subtidal, 
un-vegetated areas of fine sediment are interspersed by cobble and rocky reefs which support fish, 
crabs and other mobile fauna. In waters less than approximately 30 m, these reefs provide secure 
attachment sites for kelp forests (primarily bull kelp).  

Intertidal Habitats 
Intertidal habitats within the LAA are highly varied reflecting differences in the type of substrate, the 
level of exposure to prevailing tides and waves, and the amount of freshwater input. Particularly 
common habitats include rocky shores, sandy coves, and tidal/estuarine mudflats. Shore types are 
shown in Figure 6. 
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Rocky shorelines around the proposed Project support a spectrum of seaweeds and invertebrates 
(Forsyth et al. 1998), which typify hard intertidal substrates (Nybakken 1997). Red seaweeds 
dominate shallow subtidal and low-intertidal areas (e.g., Mazzaella splendens, Porphyra spp., 
Chondracanthus exasperatus, Microcladia coulteri, Mastocarpus spp., Prionitis lanceolata, and 
coralline encrusting algae [Bates 2004]); brown seaweeds prevail in mid-intertidal zones 
(predominantly kelps [Order Laminariales] and rockweeds [Order Fucales] [Bates 2004]); which are 
replaced by green seaweeds (e.g., Ulva fenestra, Ulva/Enteromorpha intestinalis, and Acrosiphonia 
spp.) at higher elevations. Kelp beds were recorded during previous studies within the LAA and are 
shown in Figure 7. This zonation pattern is echoed in the invertebrate communities that thrive on or 
around seaweed beds. Low intertidal invertebrates typically include sponges (Phylum Porifera), 
echinoderms (predominantly sea urchins, and sea stars), molluscs (predominantly gastropods and 
bivalves) and crustaceans (predominantly crabs). Chitons (Class Polyplacophora), mussels (Mytilus 
spp) and crabs (e.g., Petriolisthes spp., Hemigrapsus nudus) dominate the mid-intertidal reaches, 
but give way to barnacles (Balanus glandula and Semibalanus cariosus), limpets (Lottia spp., and 
Tectura spp.) and snails (mainly Littorina spp) in the upper intertidal areas.  

Small sand and gravel beaches break up the rocky intertidal reaches across the LAA. Although 
compared to rocky shorelines these areas are relatively species poor, they do provide important 
habitat for many burrowing invertebrates. Of these, several are important for their food and 
commercial value (e.g., razor clam [Siliqua patula], butter clam, [Saxidomus gigantean], and Nuttall’s 
cockle [Clinocardium nuttallii]). 

Fine, muddy sediments accumulate in many sheltered shorelines of the LAA, to which heavy 
sediment outflows from the Skeena River contribute greatly. These areas are particularly prevalent in 
the protected, brackish reaches of the Skeena estuary between the mainland and both Lelu and 
Smith Islands (BCMCA and BC Conservation Foundation 2013). Saltmarsh communities thrive in 
areas where fine sediments span the intertidal zones and are patchily distributed throughout the LAA 
(BCMCA and BC Conservation Foundation 2013). Species composition across these marshes 
morphs with tidal height, reflecting species’ adaptation to different tidal regimes (MacKenzie and 
Moran 2004). Saltmarshes serve as important feeding, roosting and nesting grounds for birds (e.g., 
Hughes 2004), and feeding and nursery grounds for juvenile fish and mobile invertebrates, and 
suitable substrate for a diverse mix of burrowing invertebrates (e.g., Beck et al. 2001).  

Eelgrass beds commonly occur in sheltered areas of fine sediment that are only exposed at low tide 
(MacKenzie and Moran 2004). The Prince Rupert region is an important area within Chatham Sound 
for eelgrass beds (Faggetter 2013), which occur discontinuously around the LAA (GeoBC 2010). 
Eelgrass communities play numerous ecological roles and, hence, are of considerable value 
(Simenstad 1994; Phillips 1984). Eelgrass rhizomes and leaves stabilize loose sediment and add 
complexity to an otherwise barren substrate. As a result, eelgrass beds provide a nursery and refuge 
for fish and invertebrates that live on, in and around the leaves or substrate (Nelson and Waaland 
1997). In particular, they provide essential habitat for economically, culturally and ecologically 
important species such as juvenile salmon and rockfish, Pacific herring, and Dungeness crab 
(Johnson et al. 2010; Dean et al. 2000; Nelson and Waaland 1997). In turn, these species are 
important prey for adult salmon, seabirds, and marine mammals.  
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Eelgrass meadows are highly productive (McRoy 1970). This productivity represents a major 
contribution to carbon sequestration (Duarte et al. 2004) and forms the ecological foundation 
beneath a rich food web (Valentine et al. 2002; Valentine and Heck Jr. 1999). Further, when leaves 
detach during storms and annual die-off, nutrients and energy are transported to neighboring 
habitats and accumulate as detritus (Ochieng and Erftemeijer 1999; Young et al. 1993; Hemminga 
and Nieuwenhuize 1990). These accumulations are important fodder for detritivores and provide 
macro invertebrates with a refuge from predation (Lenanton et al. 1982).  

The most important eelgrass bed within the LAA is that on Flora Bank - an expansive mudflat to the 
southeast of Lelu Island (Higgins and Schouwenburg 1973). The PRPA (and subsequently DFO, 
Canada, and the World Wildlife Fund) classified the environmental value of this area as ‘high’ (PRPA 
and AECOM 2011; Archipelago Marine Research Ltd. 1999). Approximately 0.8 km2 of eelgrass 
persists on Flora Bank, which reaches full growth during late summer (Faggetter 2013; Forsyth et al. 
1998). Surveys of Flora Bank eelgrass were done in 1997 (Forsyth et al. 1998), 2009 (Faggetter 
2009) and 2012 (Faggetter 2013). Results indicate that eelgrass is largely limited to intertidal areas, 
likely owing to the high sediment loads from the Skeena River, which prevent light penetration, 
thereby inhibiting eelgrass growth (Faggetter 2009). Likely as a consequence of this limitation, bed 
width remained fairly constant across years (Faggetter 2013). Collectively, these observations 
indicate that summer peaks in eelgrass biomass on Flora Bank arise via increases in density not 
spatial extent.  

Subtidal Habitats 
The most biologically diverse subtidal habitat within the LAA is kelp, which thrive on the rocky reefs 
and bedrock protrusions that disrupt the otherwise continuous expanse of sand, gravel and mud 
(Stantec 2011a, 2011b; Thomson 1981). Owing to its cold, clear waters, the North Coast of BC, 
including the LAA, is particularly high in richness of kelp species. At least 21 of the eastern Pacific’s 
32 kelp species occur along wave exposed shorelines in northern BC (Druehl 2000). Of these, N. 
luetkeana, is the most important canopy-forming species in the LAA (BCMCA and BC Conservation 
Foundation 2013; GeoBC 2010; Forsyth et al. 1998). In shallow subtidal zones, lower-story kelp 
communities grow in the shade and protection of the bull-kelp canopies; these species include tangle 
kelp (Laminaria spp), sea cabbage (Hedophyllum sessile), winged kelp (Alaria spp.), walking kelp 
(Pterygophora californica), and ribbed kelps (Pleurophycus gardenaria, Cymathere triplicata, among 
others) (Druehl 2000).  

Collectively, upper and lower-story kelps play a wealth of ecological roles, including the provision of 
food and refuge, wave attenuation, and carbon sequestration. Kelp fronds add three-dimensional 
structure to the water column, dampen water flow and trap plankton. Consequently, they attract a 
diverse assemblage of fishes and invertebrates, including many of commercial, recreational and 
cultural significance (e.g., salmon, rockfish, lingcod, and numerous crabs and molluscs). In turn, 
mammals (notably pinnipeds and mustelids) and birds (Watson and Estes 2011; Vadas Sr. et al. 
2004; Berry et al. 2001; DeWreede 1992) prey upon the animals sheltering among the fronds.  



Pacific NorthWest LNG 
Technical Data Report – Marine Resources 
Review of Existing Data Sources and Desktop Studies 

 

 
 

  
February 17, 2014 

Project No. 1231-10537 

 

8  

 

3.1.1.3 Marine Invertebrates 
Invertebrates occupy the full gamut of marine habitats within the LAA. Hence, highly diverse 
assemblages are found within the region, including many species of fisheries and cultural value. 
Generally, these species fall into three groups: crustaceans, molluscs, and echinoderms.  

Crustaceans 
Marine crustaceans have the defining feature of all arthropods - a chitinous exoskeleton - and 
include shrimps, prawns and crabs. The LAA falls within one of three important areas for prawn and 
shrimp (Family Pandalidae) fisheries in BC (DFO 2013d) reflecting the fact that the Chatham Sound 
area contains BC’s highest diversity of shrimp species (Clarke and Jamieson 2006a). Of these 
fisheries, the most important around the inland coasts of North BC are those targeting spot prawns 
(Pandalus platyceros), and pink (Pandalus jordani, Pandalus borealis eous) and sidestripe 
(Pandalopsis dispar) shrimp (Cummins and Haigh 2010), which are concentrated in water depths 
exceeding 50 m (see Figure 7 for shrimp ‘Important Area’ identified by DFO). In addition, humpback 
shrimp (Pandalus hysinotus), which is highly abundant in the region, is a common by catch species 
(Clarke and Jamieson 2006a). The populations of shrimp within the LAA are likely connected with 
those of the broader Hecate Strait region via migration of pelagic larvae (Lucas et al. 2007, and 
references therein).  

Three species of crab are fished in various locations within the vicinity of the Project: Dungeness 
crab (DFO 2013d; Lucas et al. 2007), and two Tanner crabs, Chionoecetes tanneri and C. bairdi 
(DFO 2013d). The LAA falls within a DFO ‘Important Area’ for both types of crab (DFO 2013d; 
GeoBC 2010), which are classified of ‘moderate’ value (Clarke and Jamieson 2006a). In particular, a 
large aggregation of Dungeness crab exists near Prince Rupert Harbour, which supports a trap 
fishery (GeoBC 2010; Clarke and Jamieson 2006b).  

Molluscs 
Molluscs constitute one of the largest and morphologically diverse invertebrate groups (Pechenik 
1996) and include marine bivalves, snails and octopuses. The combination of rocky reefs, rocky 
foreshores and soft sediment within the LAA provide a diverse mix of habitats that support a wide 
range of molluscs. Although specific information on the commercial importance of populations within 
the LAA is lacking, the broader Hecate Strait area is important for several bivalves and gastropods.  

The predominant group of commercially important bivalves is clams, which burrow into soft sediment 
and filter suspended particles from the water through a protruding siphon. These species include 
geoduck (Panopea abrupta), razor clam and numerous intertidal species, such as butter (Saxidomus 
gigantean) and horse (Tresus capax) clams and Nuttall’s cockle (Clinocardium nuttallii) (Cummins 
and Haigh 2010; Lucas et al. 2007).  

Of the many hundreds of gastropods (snails and nudibranchs) that occur within the Hecate Strait, by 
far the most notable is the northern abalone (Haliotis kamtschatkana). Northern abalone occupy 
kelp-dominated rocky reefs from low intertidal to shallow subtidal zones where they graze upon 
algae attached to the substrate and in the water column (Sloan 2004). While populations are largest 
in exposed sites, individuals tend to be bigger in sheltered areas (Lessard and Campbell 2007). 
Populations of this large snail have dramatically declined over the last three decades (Lessard and 
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Campbell 2007). Reflecting this decline, the species is currently listed by both the International Union 
for Conservation of Nature (IUCN) and the Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC) as Endangered (IUCN 2012b; COSEWIC 2009). Consequently, the species is 
listed as endangered under Schedule 1 of the SARA. Population declines were largely caused by 
over-exploitation, and recoveries have been hampered by small spawning stocks, low recruitment 
rates, and illegal poaching (Lenanton et al. 1982).  

Echinoderms 
The echinoderms of BC are abundant and diverse, and are dominated by sea cucumbers, sea stars, 
sea urchins and feather stars (Lambert 2013). Sea cucumbers and sea urchins include several 
species of value to fisheries and Aboriginal communities. In particular, there are fisheries in BC for 
the California sea cucumber (AKA giant or red sea cucumber; Parastichpous californicus), green sea 
urchin (Strongylocentrotus droebachiensis), and red sea urchin, (S. franciscanus) (Cummins and 
Haigh 2010). California sea cucumber is found over a wide range of habitats (Zhou and Shirley 
1996), where it feeds on surface detritus and deposits (Harbo 2011). They are harvested for their five 
long muscles, which are typically dried; however, the Project LAA is not considered an important 
area for this fishery (GeoBC 2010).  

Red and, especially, green sea urchins are the most commercially important echinoderm within the 
Project LAA (GeoBC 2010; Clarke and Jamieson 2006a, 2006b). They occur on rocky shores and 
kelp forests across a wide range of depths (Harbo 2011) where they graze on surface-bound 
seaweeds (Lambert 2013). Fisheries target these species for their roe, which is highly prized 
especially in Asian markets. The Project LAA is located within one of DFO’s Important Areas for the 
green sea urchin fishery (Clarke and Jamieson 2006b). 

Others 
Sparsely distributed invertebrate communities inhabit the soft sediment that dominates the marine 
seafloor around the LAA. In addition to the mobile species, described above, numerous sessile 
species inhabit these environments. Although these species are of little commercial value, some play 
important ecological roles. In particular, scleractinian (i.e., rock-forming) corals and seafans (Order 
Gorgonacea), which are reported within the LAA (DFO 2013d), provide physical habitat for small 
‘epifauna’ (animals living on or in the coral structures). In turn, these animals are preyed upon by 
fish, such as lingcod and rockfish. The stony skeletons of some cold-water scleractinian corals, such 
as Lophelia spp., can accumulate over time and generate ecologically valuable reef structures, 
called coral mounds; however, while scleractinian corals have been observed within the LAA, 
mounds have not been reported and the area is not considered to be an important area for corals 
and sponge in the Pacific North Coast Integrated Management Area (Clarke and Jamieson 2006b).  

3.1.1.4 Marine Fish 
Over 300 species of marine fish inhabit the productive waters of the northeast Pacific Ocean (Hart 
1988). Key species harvested in the north coast for commercial, recreational and/or aboriginal 
fisheries include: Pacific salmon, halibut, Pacific herring, rockfish, lingcod, Pacific cod, sole, and 
eulachon. All of these species occur within the Prince Rupert area for at least some portion of their 
life histories (Hart 1988).  
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The wide diversity of fishes found in the Project generally fall into three broad categories: 
anadromous; benthic/demersal; and pelagic. Representative species from each of the three 
categories are reviewed below to highlight key characteristics. Collectively, the life cycles and habitat 
requirements of these species encompass most of the relevant spatial and temporal considerations 
for marine fish. Salmon and eulachon represent anadromous species that may migrate through but 
do not breed in the Project area; English sole (Parophyrs vetulus) serve as a model for 
benthic/demersal species found in the Project area; Pacific herring represent a pelagic, wide-ranging 
species that briefly passes through the Project area.  

Marine fish and invertebrate species of conservation concern that may be present within the LAA are 
listed in Table 1 along with their provincial and federal conservation statuses. Of the 12 species 
identified, seven are listed as special concern by COSEWIC, three are listed as threatened by 
COSEWIC, two are listed as endangered by COSEWIC, four are listed as special concern under 
Schedule 1 of SARA and one is listed as endangered under Schedule 1 of SARA.  

Table 1: Marine Fish and Invertebrates of Conservation Concern Potentially Occurring 
within the LAA 

Common Name Scientific Name Provincial 
Status1 SARA Status2 COSEWIC3 

Bluntnose sixgill shark Hexanchus griseus no status Schedule 1, 
special concern 

special 
concern 

Bocaccio Sebastes paucispinis no status no status endangered 

Canary rockfish Sebastes pinniger no status no status threatened 

Darkblotched rockfish Sebastes crameri no status no status special 
concern 

Eulachon 
(Nass/Skeena Rivers 
population) 

Thaleichthys pacificus Blue no status special 
concern 

Green sturgeon Acipenser medirostris Red Schedule 1, special 
concern 

special 
concern 

North Pacific spiny dogfish Squalus suckleyi no status no status special 
concern 

Quillback rockfish Sebastes maliger no status no status threatened 

Northern abalone Haliotis kamtschatkana Red Schedule 1, 
endangered 

endangered 

Rougheye rockfish Sebastes aleutianus no status Schedule 1, 
special concern 

special 
concern 

Yelloweye rockfish 
(Pacific Ocean outside 
waters population) 

Sebastes ruberrimus no status Schedule 1, 
special concern 

special 
concern 

Yellowmouth rockfish Sebastes reedi no status no status threatened 

NOTES:   
1 Information obtained from the BC Ministry of Environment (BC Ministry of Environment 2013)   
2 Information obtained from the Species at Risk Public Registry (Government of Canada 2012) 
3 Information obtained from the Committee on the Status of Endangered Widlife in Canada  Wildlife (COSEWIC 2013)  



 Pacific NorthWest LNG 
Technical Data Report – Marine Resources 

Review of Existing Data Sources and Desktop Studies 
 
 

 

February 17, 2014 
Project No. 1231-10537 

  

 
 11 

 

Anadromous Fish 
Anadromous fish live primarily in salt water but migrate to freshwater to spawn. Eulachon, steelhead, 
cutthroat trout, Dolly Varden, and five species of Pacific salmon are common in the Prince Rupert 
area: sockeye, chum, coho, chinook, and pink. Once in the sea, anadromous fish often roam widely 
from their natal streams, covering thousands of kilometres during their adult life (Cummins and Haigh 
2010). Pacific salmon return to their natal streams to spawn at 2-4 years of age. Eggs are deposited 
into redds, where they incubate for several months before hatching into alevin. These juveniles feed 
and grow in streams or lakes until they mature into fry. Fry eventually migrate downstream and enter 
the ocean and undergo smoltification as they adapt to the marine environment. Juvenile salmon 
migrate large distances for 1-4 years throughout the northeastern Pacific in search of food. Upon 
maturation, adults return to the coastline searching for their natal stream to complete their life cycle.  

Although Lelu Island is not used for spawning by anadromous species, the shallow marine 
environment surrounding it plays an important role for seaward and landward migrating salmon. The 
most notable local salmon spawning river is the Skeena and its tributaries to the south of Kaien 
Island. These rivers hold the largest number of chinook stocks on the North Coast (DFO 2001). A 
study in the 1970s indicated that juvenile pink and sockeye were the most abundant salmon species 
captured in the Flora Bank region (Gottesfeld et al. 2008; Higgens and Schouwenburg 1973). The 
high productivity and structural characteristics of areas such as Flora Bank provide both food 
resources and protective cover for vulnerable early life stages of salmonids. As a result, these zones 
also provide a rich feeding area for older, larger adult fish. Further, kelp stands and other local 
eelgrass beds are used for rearing. Consequently, Flora Bank, and the surrounding waters, have 
long been deemed important rearing area for salmon and critical estuary habitat (e.g., DFO 1985; 
Department of the Environment 1973). 

Juvenile salmon are the most common salmon life stage present within the LAA. Each spring, 
juvenile salmon migrate from the Skeena River and other smaller rivers seeking food, refuge and 
shelter along coastal shorelines en route to the open ocean. Hecate Strait is also an important 
rearing area for southern stocks (e.g., Fraser River and Barkley Sound sockeye salmon). The use of 
coastal habitats by salmon varies according to their species, age and size. For example, small 
juveniles tend to use shallow, near-shore environments while large juveniles are more often found in 
deep waters (Gottesfeld et al. 2008). Juvenile sockeye, coho and chinook spend the most time in the 
nursery environment. As a result of this extended growth period, these species are, on average, 
larger than chum and pink salmon and, therefore, migrate greater distances offshore to preferred 
deeper waters. Juvenile salmon undertake a rapid northwestward migration along the continental 
shelf until they reach the Aleutian Islands (Groot and Margolis 1991; Hartt and Dell 1986). As a 
result, Hecate Strait is an important rearing area for both local stocks, from central and north coast 
BC, and southern stocks (Fraser River, Barkley Sound sockeye salmon [Oncorhynchus nerka]), 
which transit through the area. Juvenile salmon migration occurs in the LAA from March to June and 
spawning adults return to the Skeena River between May and November (Naughton et al. 2008; 
Hyatt et al. 2007; DFO 2005; DFO 1999a). Specific timing of these important life history periods 
varies between species and is provided in Table 2, along with important periods for eulachon and 
herring described below.  
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Steelhead may also be present in the LAA from June to October and October to mid-May 
(Beachman et al. 2012). After a 1 to 6 year period of smoltification,  steelhead spend 1 to 4 years at 
sea (Beachman et al. 2012), potentially within the LAA. 

Several migratory fish species occur in the LAA, each of which exhibits a unique migratory schedule 
(see Table 2). Salmon (Chinook, chum, pink, sockeye, coho, and steelhead) hatch in freshwater 
streams and migrate to the sea where they spend most of their lives before returning to freshwater to 
spawn. Juveniles initially migrate to estuarine waters where they take refuge before migrating to 
offshore environments. During this period of outmigration (indicated by the lines with dots in Table 2) 
juvenile salmon occupy complex habitats like eelgrass beds (e.g., Flora Bank) and other nearshore 
habitats where they feed and shelter from predators.  

Total returns of all species of Pacific salmon on the north coast have declined to below the long-term 
average during the 10 year period, 1997 to 2006 (Hyatt et al. 2007). Skeena River sockeye and 
steelhead, and North Coast chum remain stocks of concern for 2013/2014 (DFO 2013g).  

Eulachon are another important anadromous species on the BC coast. They are a lipid-rich member 
of the smelt family (Osmeridae) that historically spawned in many river systems along the Pacific 
coast of North America, favoring locations with strong spring freshets snow melts; (Cummins and 
Haigh 2010). Eulachon spend most of their life (~2 years) in the ocean off the coast of BC. Upon 
reaching maturity they ascend the Skeena River in mid to late February (Moody and Pitcher 2010) or 
in March (McCarter and Hay 1999). Timing of migration coincides with minimum flood discharge from 
rivers and maximum flood tides, see Table 2 (Langer et al. 1977). Adults lay their eggs in coarse 
sand or gravel, where the eggs hatch after two to three weeks (Stoffels 2001). Larvae are carried 
downstream to estuaries where they may rear for several months, using increasingly deeper and 
offshore waters as they grow. In BC, eulachon’s offshore distribution includes Dixon Entrance, 
Hecate Strait, Queen Charlotte Sound and West Coast Vancouver Island, often at depths of 80 – 
200 m (Eulachon Research Council 2000). McCarter and Hay (1999) maps of eulachon density 
indicated eulachon larvae were present in three areas within the northern portion of the LAA between 
the Lucy Islands and Melville Island. More recent field studies by Kelson (2011) and Rolston (2010) 
indicate that eulachon larvae are found within lower Skeena estuary or further offshore, with specific 
areas of high density identified by Rolston (2010) outside the LAA, south of Smith Island. The LAA 
falls within a DFO “Important Area” for eulachon (DFO 2013a, see Figure 7). 

Both the Skeena and Nass Rivers support eulachon runs (Stoffels 2001). During their landward 
migrations up these rivers, eulachon provide an important food source to gulls, eagles, seals, 
porpoises, sea lions and even killer whales (Cummins and Haigh 2010; Sigler et al. 2004; Lewis 
2001). Eulachon typically die after spawning and their carcasses decay, enriching the stream and 
estuary.  

Declines in eulachon spawner abundance have been observed from California to southeast Alaska 
over the past 20 years (Schweigert et al. 2007). Commercial fisheries for the Fraser, Nass, Skeena, 
Klinaklini, and Kingcome Rivers are currently closed (DFO 2013b). Eulachon are provincially blue-
listed (see Table 1) and in 2013 the Skeena River population underwent a complete reassessment in 
light of new information which was not available during the last assessment. This resulted in the risk 
category being lowered to special concern from a 2011 designation of threatened (COSEWIC 2013). 
Large-scale climate change and habitat degradation are thought to be the main contributors to the 
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decline of eulachon stocks in BC (COSEWIC 2011b; McCarter and Hay 1999). Freshet events have 
seen a gradual shift in timing due to climate change (COSEWIC 2011b; McCarter and Hay 1999), 
which in turn has altered estuarine circulation in eulachon spawning and rearing habitat (McCarter 
and Hay 1999). Groundfish and shrimp trawling may also have contributed to population declines as 
eulachon are often caught as bycatch in these fisheries (DFO 2013b). 

Benthic and Demersal Fish 
Benthic and demersal species reside on or near the ocean floor and often rely on specific bottom 
habitat, such as rocky reefs or silty substrate, for feeding and protection. This group of fish includes, 
rockfish, flatfish (halibut, sole, and sanddabs), and skates. Many such species prefer a specific depth 
range; for example, Pacific tomcod (Microgadus proximus) and the big skate (Raja binolculata) 
select shallow waters whereas rex sole (Glyptocephalus zachirus), flathead sole (Hippoglossoides 
elassodon), and arrowtooth flounder (Atheresthes stomias) prefer deeper water (Sinclair et al. 2007). 
There are also a number of more generalist species including Pacific halibut, Pacific cod, and 
English sole, which are found along the ocean floor across various depths and have similar habitat 
preferences (Sinclair et al. 2007). Sand lance (Ammodytes hexapterus) is an important forage 
species that may be found in the LAA and has historically been caught around Flora Bank (Higgins 
and Schouwenburg 1973).  

English sole occur from Baja, California, to Unimak Island, Alaska, to depths of 550 m. In BC, they 
are common in shallow (<100 m) waters, in sand and silt. Adults migrate from deep to shallow 
waters in spring and return in winter (Hart 1988). English sole can tolerate low salinities and are 
often found around large estuaries. Juveniles occur year-round in estuaries and in the lower reaches 
of rivers, where they occupy sandy areas, gently sloping tidal flats, and eelgrass beds (Lassuy and 
Moran 1989). Sole feed opportunistically on bottom-dwelling organisms such as polychaetes, 
juvenile bivalves, clam siphons, and crustaceans (Levings and Ong 2003; Stickney et al. 1995). 
Adult sole in Hecate Strait reach up to ~50 cm (Choromanski et al. 2004).  

In BC, English sole spawn predominantly in shallow (<50 m) water between January and March. 
Eggs are pelagic and hatch in about 100 hours. Hatched juveniles are also pelagic and settle to the 
ocean floor after 6-10 weeks.  

The dominant fisheries for English sole in BC are in Hecate Strait, Queen Charlotte Sound and the 
west coast of Vancouver Island (DFO 1999b). Mean annual catch in the Pacific Northwest between 
1944 and 1997 was approximately 800 metric tonnes. English sole abundances decline with 
increasing latitude and Hecate Strait populations are the most northerly of significant commercial 
value (DFO 1999b). 

The Pacific halibut stock is considered healthy and DFO states there are indications that the biomass 
will remain stable or increase over the next several years (DFO 2013f). 

Inshore rockfish stocks have been identified as stocks of concern for 2013/2014 (DFO 2013b), 
primarily as a result of overfishing. 
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Pelagic Fish 
Pelagic fish dwell permanently in the water column and often travel vast distances to feed and 
reproduce. Many such species occur in the Prince Rupert area, including Pacific herring, smelts, and 
mackerel (Family Scombridae).  

Pacific herring range from California to the Beaufort Sea (DFO 2012). Their life cycle entails annual 
migrations between summer feeding grounds, winter holding areas and spring spawning areas. The 
two dominant winter holding areas in Hecate Strait are Browning Entrance, used by the Prince 
Rupert herring stock that spawns near Chatham Sound and Porcher Island, and Juan Perez Sound, 
used by the Queen Charlotte Islands stock, which spawns around the southern part of Queen 
Charlotte Island (Jamieson and Davies 2004; Hay et al. 1989). In BC, herring mature and recruit to 
spawning stocks around 3 years old but age-at-recruitment increases with latitude (DFO 2012).  

The BC coast is the centre of abundance of Pacific herring for North America. The Prince Rupert 
stock is one of five major herring stocks in BC (DFO 2001). Most spawning activity in the Prince 
Rupert area occurs in Chatham Sound along Tsimshian Peninsula, and around Digby Island from 
early March to late June with peak spawning between mid-March and mid-April (DFO 2013d). 
Spawning was recorded around Barrett Rocks, on the southern tip of Kaien Island, in 1955; no 
spawning has been recorded around Ridley Island (DFO 2013c).  

Small pelagic species such as herring, anchovy, sardines, and smelt provide an important food for 
larger species (Jamieson and Davies 2004). Migratory stocks of Pacific herring from the Queen 
Charlotte Islands, Prince Rupert and the Central Coast of BC contribute to the overall biomass of 
herring in Hecate Strait (Crawford and Irvine 2009). In 2012, the total roe herring seine fishery 
validated catch for the Prince Rupert District was 466 tonnes and the total roe herring gillnet fishery 
validated catch was 917 tonnes (DFO 2012). The 2012/2013 recruitment forecast rates the Prince 
Rupert District Pacific herring stocks as “average” (DFO 2013a).  

Pacific herring are entirely marine and spend most of their time in offshore feeding grounds; however, 
they migrate (see Table 2) landwards to spawn, typically in bays or inlets, where spawning is triggered 
by a complex suite of factors including depth, temperature, and substrate type (Hay 1985). 

Table 2: Sensitive Life History Periods of Marine Fish Species 
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Chinook1 
Oncorhynchus tshawytscha 
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Chum2 
Oncorhynchus keta 

            

Pink2 
Oncorhynchus gorbuscha 
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Sockeye3   
Oncorhynchus nerka 
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Coho4 
Oncorhynchus kisutch 

          P  

Steelhead5 (summer run) 
Oncorhynchus mykiss 

            

Steelhead5 (winter run) 
Oncorhynchus mykiss 

            

Eulachon6,7 
Thaleichthys pacificus 

  P          

Pacific herring8 
Clupea pallasii 

  P P         

NOTE:  
Grey boxes = return spawning migration (salmonids)  
P = Peak spawning period (for salmon, steelhead, and eulachon this occurs outside the LAA, upriver within the Skeena River) 
Cross hatch = general spawning period (for salmon, steelhead, and eulachon this occurs outside the LAA, upriver within the 
Skeena River) 
Lines with dots = Outbound juvenile migration (salmon and eulachon) / offshore juvenile migration (herring).  
SOURCES: 
1 (Naughton et al. 2008), 2 (Hyatt et al. 2007), 3 (DFO 2005), 4 (DFO 1999a), 5 (Beacham et al. 2012), 6 (McCarter and Hay 
1999), 7 (Moody and Pitcher 2010), 8.(DFO 2013e)  

3.1.1.5 Marine Mammals 
Several marine mammal species occur within the LAA including representatives of baleen (suborder 
Mysticeti) and toothed whales (suborder Odontoceti), pinipeds and mustelids. Some are seasonal 
visitors to the area, while others are permanent residents. Baleen whales likely occurring in the LAA 
include humpback, minke (Balaenoptera acutorostrata scammonii), gray (Eschrichtius robustus) and 
fin whales (Balaenoptera physalus). Toothed whales likely include: harbor porpoise, Dall’s porpoise, 
Pacific white-sided dolphin and transient and resident killer whales. Harbour seals are abundant 
throughout the Prince Rupert area and Loughlin’s northern sea lions (Eumetopius jubatus 
monteriensis; the eastern subspecies of Steller sea lions) also occur within the LAA. The expansion 
of sea otters’ (Enhydra lutris) northern extents coupled with the presence of suitable sea-otter habitat 
within and around the LAA suggests that this species could occur within the region. 

Out of the species possibly found within the LAA, fin whales and killer whales are listed as 
threatened under COSEWIC and the SARA. Humpback whales, harbor porpoises, sea otters and 
Steller sea lions (including Loughlin’s northern sea lion) are listed as special concern by COSEWIC. 
The only marine mammal officially listed under the BC Wildlife Act is the sea otter. The first 
confirmed sighting in BC waters, in 62 years, of a North Pacific right whale (Eubalaena japonica) was 
made off Haida Gwaii in June of 2013; however, this species is not included in this baseline report 
due to its rarity in the area1. Table 3 lists the marine mammal species that could occur within the LAA 
and their provincial, federal and international conservation statuses. 

                                                      
1
 CBC News. Rare right whale spotted off Haida Gwaii. June 20, 2013 
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Table 3: Provincial, Federal, or International Listings of Marine Mammal Species found 
within the LAA 

Common Name Scientific Name Provincial 
Status1 

SARA 
Status2 

IUCN 
Category3 

Fin whale Balaentoptera physlaus Red threatened endangered 

Humpback whale Megaptera novaeangliae Blue threatened least concern 

Minke whale Balaenoptera acutorostrata 
scammonii 

Yellow not listed least concern 

Gray whale Eschrichtius robustus Blue special 
concern least concern 

Northern resident killer whale Orcinus orca Red threatened data deficient 

Bigg’s killer whale Orcinus orca Red threatened data deficient 

Dall’s porpoise Phocoenoides dalli Yellow not listed least concern 

Harbour porpoise Phcoena phocoena Blue special 
concern least concern 

Pacific white-sided dolphin Lagenorhynchus 
obliquidens 

Yellow not listed least concern 

Sea otter Enhydra lutris Blue special 
concern endangered 

Harbour seal Phoca vitulina richardsi Yellow not listed least concern 

Loughlin’s northern sea lion Eumetopias jubatus 
monteriensis 

Blue special 
concern least concern 

NOTES:   
1 Information obtained from the BC Ministry of Environment (BC Ministry of Environment 2013).  
2 Information obtained from the Species at Risk Public Registry (Government of Canada 2012) 
3 Information obtained from the IUCN Red List of Threatened Species (IUCN 2012a).  

Humpback Whale 
Humpback whales, which are globally distributed, are increasing in number. Consequently, they are 
listed by the IUCN as a species of least concern (IUCN 2012a). Similarly, COSEWIC downgraded its 
listing of North Pacific humpback whales in 2011, from threatened to special concern (COSEWIC 
2011a). Nevertheless, their status under Schedule 1 of the SARA is threatened (designated in 2005) 
and they are blue-listed by the Province of BC, indicating previous vulnerability (BC Conservation 
Data Centre [BC CDC] 2013a).  

In the North Pacific, humpback whales breed in the warmer low latitude waters (primarily in Hawaii 
and Mexico) and feed in higher latitudes from the spring through to the fall (Calambokidis et al. 
2001). However, they are sighted year round in BC waters, in a variety of habitats, including fjords 
and offshore areas (Ford et al. 2010; Williams and Thomas 2007). Sightings within the LAA between 
2001-2013 and 2001-2011, respectively, are shown on Figure 8 (BC Cetacean Sightings Network 
2013); however, higher concentrations occur to the west in Dixon Entrance and Hecate Strait (Best 
and Halpin 2011; Ford et al. 2010). Predictions of important areas for humpback whales along the 
BC coast, suggest that the LAA and environs likely support higher whale densities in spring than in 
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summer; however, the most important areas for humpbacks are southern Dixon Entrance, 
northwestern Queen Charlotte Islands, middle and southwestern Hecate Strait, and off the entrance 
of Juan de Fuca Strait (Dalla Rosa et al. 2012).  

The LAA falls into one of the ‘Important Areas’ for humpbacks identified by DFO (Clarke and 
Jamieson 2006a) based on expert opinion, historic whaling data and sightings data (see Figure 8). 
The area was ranked as having ‘high’ importance based on ‘Uniqueness’, ‘Aggregation’ and ‘Fitness 
Consequences’. Of particular note, local ecological knowledge (DFO and BC Ministry of Sustainable 
Resource Management 2007) indicates that Work Channel and west of Porcher Island are also 
areas frequently used by humpbacks. Four critical habitat areas have been identified in BC, none of 
which overlap with the LAA (Nichol et al. 2010).  

Several studies have modelled humpback whale abundance in the North Pacific and the North 
Coast of BC. Approximately 18,000 – 21,000 humpback whales are believed to occur in the North 
Pacific (Barlow et al. 2011; Ford et al. 2009; Calambokidis et al. 2008). In BC, estimates range 
from 1,541 (Best and Halpin 2011) to over 3,500 whales (Rambeau 2008), while those for the 
Queen Charlotte Basin (which includes the LAA), average approximately 995 to 1,431 individuals 
(Best and Halpin 2011).  

Humpback whales were observed during a water monitoring program in support of geotechnical 
surveys on January 3, 2013, approximately 5 km west-southwest of Lelu Island in Chatham Sound. 
A large group of adults and juveniles was observed; the sighting could be from a resident group that 
may be in the area year round. 

Minke Whale 
Minke whales are ubiquitous across the North Pacific in the summer and the population is 
considered healthy. They are deemed of least concern by the IUCN (IUCN 2012a), considered not at 
risk by COSEWIC, have a Conservation Status Rank in BC of yellow (i.e., ‘secure’), and are not 
listed on the SARA (BC CDC 2013g). Migration patterns of minke whales are poorly understood, but 
movement to feeding grounds in high latitudes is hypothesised (Zerbini et al. 2006) as are wintering 
grounds in low latitudes (Rankin and Barlow 2005).  

Minke whales in BC are particularly poorly studied. They are most frequently associated with 
shallow, coastal waters and occur in BC waters year round (Ford et al. 2010), albeit at low densities. 
Approximately 400-500 minke whales are thought to occur in nearshore BC waters and similar 
numbers have been estimated in the Queen Charlotte Basin (Best and Halpin 2011). Sightings 
usually occur in Hecate Strait (Best and Halpin 2011; Ford et al. 2010) including north Hecate Strait, 
just west of the LAA (Best and Halpin 2011; Williams and Thomas 2007). Two sightings were 
reported within the LAA (see Figure 8) (BC Cetacean Sightings Network 2013).  

Gray Whale 
Gray whales are only found in the North Pacific, where their populations are growing following heavy 
whaling mortality. This recovery is reflected in their IUCN listing as least concern (IUCN 2012a), 
Populations within Canadian waters are considered of special concern by COSEWIC and the SARA 
(COSEWIC 2004), and the species has a BC Conservation Rank of ‘blue’ (i.e., formerly vulnerable) 
(BC CDC 2013j).  
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Most of the eastern subpopulation migrates from winter breeding grounds in Mexico and southern 
California to northern feeding grounds in the Bering, Chuckchi and Beaufort Seas. They migrate 
through BC waters from approximately mid-March to mid-April, with most individuals passing through 
Hecate Strait (Ford et al. 2012). Here, they are primarily sighted in the deep eastern waters, but 
some individuals have been recorded along the western side of the Strait (Ford et al. 2012). Very few 
gray whales have been recorded within the LAA (see Figure 8). With the exception of one to the west 
of Prince Rupert, all records come from north of Triple Island (BC Cetacean Sightings Network 
2013).  

Fin Whale  
Fin whales occur worldwide though populations have severely declined due to extensive whaling. In 
BC specifically, approximately 250-750 fin whales are thought to occur, with the majority (averages 
of 314 to 446, over five survey years) in the Queen Charlotte Basin (Best and Halpin 2011). In 
contrast, over 40,000 fin whales were thought to occur in BC waters prior to historic whaling; and this 
species was among the most abundant baleen whale on the BC coast (COSEWIC 2005). As a result 
of this population decline, fin whales are of particular conservation concern: they are listed as 
endangered by the IUCN (IUCN 2012a), red-listed by the Province of BC, and designated as 
threatened under COSEWIC and the SARA (BC CDC 2013i; COSEWIC 2005).  

Fin whales primarily occur along the shelf edge off the BC coast. Whaling data recorded the majority 
of fin whale kills along the southern edge of the Queen Charlotte shelf and the Vancouver Island 
shelf, with additional records in Dixon Entrance and Hecate Strait (Gregr and Trites 2001). These 
areas continue to be frequented by fin whales (Williams and Thomas 2007; Gregr et al. 2006; 
COSEWIC 2005). More recent sighting have also been recorded near the LAA in northern Hecate 
Strait, west of Dundas and Melville Islands; however, their inshore distribution in and around the LAA 
remains limited (Williams and Thomas 2007; COSEWIC 2005). 

Although fin whales occur in BC waters year round (Heise et al. 2007), the LAA is not considered an 
important area for any aspect of their life history. Fin whales are thought to move towards coastal 
areas of BC in the summer to capitalise on the consistent, dense aggregations of euphausiids 
(Mizroch et al. 2009; Flinn et al. 2002). These areas include the northern portion of Hecate Strait; 
however, fin whales are not expected in the LAA, and this zone is not predicted to include critical 
habitat for this species (Gregr and Trites 2001).  

In support of these predictions, no known fin-whale sightings have occurred within the LAA. Ship 
based surveys were conducted by DFO’s Cetacean Research Program, from 2002-2008 along the 
BC coast, including the area within the LAA. Fin whales were most common along the west coast of 
Haida Gwaii and between Cape St. James and Cape Scott; no observations occurred within the LAA 
(Ford et al. 2010).  

Northern Resident Killer Whale 
The northern resident killer whale population is small, but increasing, with 244 individuals counted in 
2006 (COSEWIC 2008). As a result they are listed as threatened by both COSEWIC (COSEWIC 
2008) and the SARA, and are red-listed in BC (BC CDC 2013d). The IUCN lists killer whales as data 
deficient due to uncertainty in taxonomy at their last review.  
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The distribution of northern resident killer whales is highly seasonal in BC waters. Their abundance 
in BC is largely related to prey availability, primarily salmon returning to natal streams to spawn. 
From June to October they are primarily located from Dixon Entrance to central Vancouver Island, 
while their winter and spring distribution in BC waters is poorly understood (DFO 2011b). Chatham 
Sound and adjoining waters are important areas for this species. The whales frequent this area from 
May to mid-July to feed on chinook salmon migrating to the Skeena and Nass river systems (Ford 
2006; Ford and Ellis 2006). They then move farther down the coast, with the arrival of migrating 
salmon to these areas (Ford and Ellis 2006). 

“Important areas”, defined by DFO, for this species include the LAA (see Figure 9) (Clarke and 
Jamieson 2006a). This area is ‘moderate’ in importance and selected based on use for socialization 
and migration aggregations. Northern resident killer whales have been observed in the inland waters 
surrounding the LAA and in Hecate Strait by Ford et al. (2010). The BC Cetacean Sightings Network 
(2013) report multiple sighting of killer whales (not distinguished by ecotype) within the LAA (see 
Figure 7).  

Population census of the species show an 11% increase between 1997 and 2006 (COSEWIC 2008). 
Population estimates for the Queen Charlotte Sound suggest there are 128 whales in the region, 
based on data collected in 2004 and 2005 (Williams and Thomas 2007).  

Bigg’s Killer Whale 
There are three populations of Bigg’s killer whales, with the West Coast population estimated to be 
243 individuals in 2006 (Ford et al. 2007). Due to small population size and their potential exposure 
to anthropogenic effects they are listed as red by the provincial government and as threatened by 
COSEWIC and under Schedule 1 of the SARA (BC CDC 2013d).  

These whales are difficult to detect visually and acoustically; subsequently, less is known about them 
than resident killer whales (DFO 2007a). The west coast population ranges from Washington to 
southeast Alaska and frequents BC waters year round (COSEWIC 2008) with their distribution highly 
related to prey distributions. They tend to move through areas quickly but may have preferential areas 
or ‘home ranges’ where they prefer to hunt due to previous knowledge that may give them an 
advantage (Ford and Ellis 1999).  

They have been sighted in waters around the LAA on recent DFO surveys (Ford et al. 2010). Killer 
whale sightings have been reported in the LAA by BC Cetacean Sightings Network (2013), but not 
separated by ecotype (see Figure 9). 

Dall’s Porpoise 
Dall’s porpoise are abundant throughout the North Pacific and BC. Abundance estimates suggest there 
could be as many as 7,000 individuals in the nearshore waters of BC, with an average estimate of 
4,232 to 4,540 over five survey years in the Queen Charlotte Basin (Best and Halpin 2011). 
Subsequently they are not listed by the SARA, have been assessed as not at risk by COSEWIC, and 
are yellow-listed by the Province of BC (BC CDC 2013h).  

They are only found in the North Pacific Ocean and are widely distributed in BC waters. They are often 
associated with deeper waters but are seen in inshore as well as offshore waters (Ford et al. 2010). 
Dall’s porpoise have been sighted within the LAA throughout the year (see Figure 9; BC Cetacean 
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Sightings Network 2013; Best and Halpin 2011; Ford et al. 2010). However, predicted distributions 
suggest that the areas within the LAA may not have as many individuals as other areas east of the 
Queen Charlotte Islands and in central Hecate Strait (Best and Halpin 2011).  

Harbour Porpoise 
Harbour porpoise are not as prolific on the north coast as Dall’s porpoise, with estimates of 2,806-
3,647 estimated to be in the Queen Charlotte Basin over five survey years (Best and Halpin 2011). 
There is limited information available on population trends for this species and are susceptible to 
disturbance from human activity. Therefore, they are listed as special concern under both COSEWIC 
(2003b) and the SARA (BC CDC 2013f) and are blue-listed by the Province of BC.  

They are found in the Northern Hemisphere in cold temperate and sub-polar waters and are seen year 
round in BC waters. This species does not appear to migrate, but they are not very well studied along 
the northern coast (COSEWIC 2003b). Harbour porpoise are often found in shallow waters (< 200 m 
deep) and within 20 km of shore, although sightings have been recorded in deeper, offshore waters 
(Ford et al. 2010; Heise et al. 2007). Seasonal changes in abundance have been noted with possible 
movement to deeper offshore waters in winter, but this is poorly understood (Carretta et al. 2009). They 
have been frequently sighted within the LAA with numerous sightings in the waters east and south east 
of Digby Island (see Figure 9;  BC Cetacean Sightings Network 2013; Best and Halpin 2011; Ford et 
al. 2010). 

Harbour porpoise were observed, throughout Porpoise Channel and Porpoise Harbour, during all field 
surveys (described in Section 4). They were typically alone or in groups of 2 to 3. Harbour porpoise 
were also observed during sediment sampling programs that occurred in July and October as required 
for the Marine Sediment and Water Quality Technical Data Report (Stantec  2014). 

Pacific White-sided Dolphin  
Pacific white-sided dolphins are abundant in the temperate North Pacific and in BC waters and are 
therefore considered not at risk by COSEWIC and not listed under the SARA. They are yellow-listed 
by the province (BC CDC 2013e). There are over 22,000 individuals estimated to be in BC’s 
nearshore waters and averages of 19,715 to almost 29,000 have been estimated in Queen Charlotte 
Basin based on five years of surveys (Best and Halpin 2011). Modeled distributions suggest that 
most of the individuals located within the Queen Charlotte Basin would be in Hecate Strait, near the 
southern portion of Haida Gwaii and in Queen Charlotte Sound (Best and Halpin 2011). 

This species is commonly observed in northern BC coastal waters year round. They are often 
observed in groups which can exceed 1,000 animals offshore and in smaller groups in nearshore 
waters (Ford et al. 2010; Heise et al. 2007). There is some evidence that they exhibit seasonal 
movement, occupying offshore waters in the spring and summer and inshore waters from fall to 
spring (Stacey and Baird 1991). Best and Halpin (2011) and the BC Cetacean Sightings Network 
(2013) (see Figure 9) report sightings within the LAA and surrounding waters.  

Harbour Seal 
Harbour seals are one of the most widespread pinnipeds in coastal waters throughout the Northern 
Hemisphere and BC. They are listed as yellow in the Province of BC, considered not at risk by 
COSEWIC, and are not listed under SARA (BC CDC 2013c).  
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Harbour seals have many haul out sites along the coast of BC, which are used year round including 
for pupping (Heise et al. 2007), and exhibit considerable site fidelity (Baird 2001). They were the 
most commonly sighted marine mammal by Best and Halpin (2011) and most frequently seen in 
nearshore waters. This species is frequently observed within the LAA, in the water and at numerous 
haul outs (Best and Halpin 2011; DFO 2010a).  

In BC waters there are an estimated 17,400 to almost 25,000 harbor seals with an estimated 
average of 2,562-4,181 in the Queen Charlotte Basin based on five survey years (Best and Halpin 
2011). The population appears to have stabilized after exponential increases between the 1970s and 
1980s, and moderate growth in the 1990s (DFO 2010a). 

Harbour seals were observed incidentally during field studies described in Section 4, mainly 
nearshore along the northwest coast of Lelu Island. Sightings were usually of one individual, with a 
maximum of three sighted at one time.  

Loughlin’s Northern Sea Lion 
The eastern subspecies of Steller sea lions, Loughlin’s northern sea lion are listed as least concern 
by IUCN, special concern under SARA and by COSEWIC, and blue by the provincial government 
(BC CDC 2013b; COSEWIC 2003a). The BC population currently exceeds peak historic levels (DFO 
2010b) with abundance estimates between 2,692 – 4,817 individuals in the Queen Charlotte Basin 
based on five survey years (Best and Halpin 2011). 

This species of sea lion is distributed from southeast Alaska to Oregon and occupy the coastal 
waters of BC year round. They have four breeding sites (rookeries) along the BC coast and several 
haul outs that are occupied in winter or year round (DFO 2010b). There are no rookeries or haul outs 
in the LAA, but a winter haul out exists just north of the LAA boundary and a year round haul out 
exists at Warrior Rocks south of the LAA (DFO 2010b). The majority of sightings reported were 
within Queen Charlotte Basin (Best and Halpin 2011), with only one located in the LAA (BC 
Cetacean Sightings Network 2013). 

Sea Otter 
Sea otters are listed as endangered by the IUCN because they are vulnerable to large scale 
population declines and declined by 50% in the past 30 years (IUCN 2012a). They are listed as a 
species of Special Concern under the SARA and by COSEWIC, and are listed as blue by the 
provincial government (BC CDC 2013j).  

Current sea otter distribution has changed dramatically compared to historic distributions. Historically 
they were found from Japan to California. They faced extinction by the mid-1800s due to the fur 
trade but were successfully reintroduced and re-established along the north coast of Vancouver 
Island in the 70s (Bigg and MacAskie 1978). The BC population of sea otters exceeded 4,700 
individuals in 2008, with approximately 600 located on the central coast where numbers increased by 
11.4% from 1990-2008 (Nichol et al. 2009). Sea otters’ range has expanded to the northern tip of 
Aristazabal Island (Nichol et al. 2009). Suitable sea otter habitat likely occurs within the LAA (Gregr 
et al. 2008); however, this area is currently beyond their northern range.  
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Table 4 summarizes the peak months that marine mammals are found in BC water and their 
likelihood of occurrence within the LAA. 

Table 4: Timing and Distribution of Marine Mammals in BC Waters 

Common Name Peak months present 
in BC waters Biological Importance Likelihood of 

Sightings Within LAA 

Fin whale July-August Feeding Unlikely 

Humpback whale May-October Feeding Likely 

Minke whale Year round  Unlikely 

Gray whale March-April Migration Unlikely 

Northern resident killer whale May-July 
(north coast) Feeding Likely 

Bigg’s killer whale Year round  Likely 

Dall’s porpoise Year round  Likely 

Harbour porpoise Year round  Likely 

Pacific white-sided dolphin Year round  Likely 

Sea otter Year round  Unlikely 

Harbour seal Year round  Likely 

Loughlin’s Northern sea lion Year round  Possible 

NOTES:   
All data are referenced in the body of the report 

 Summary 3.2
The review of existing information on the LAA yielded several key insights into the local 
oceanography, ecology, and species, providing a broad environmental context for the proposed 
Project activities and the more site-focused field surveys. The physical oceanography of the region 
typifies the fjordic North Coast, while also being widely shaped by the freshwater outflows from major 
rivers, especially the Skeena. This river has wide-reaching impacts on the oceanographic system, 
affecting everything from the currents, salinity, and turbidity through to the dominant species and 
habitats. The effects of the Skeena fall onto a backdrop of wide, seasonal fluctuations in temperature 
and sea state, and large tidal fluctuations that drive large currents. 

The LAA features numerous habitat types that provide a wide variety of ecological functions. 
Shorelines are dominated by rocky habitat, which supports a rich assemblage of seaweeds and 
invertebrates, while also providing fish with feeding sites and refuge from predators. In sheltered 
areas, soft-substrate habitat prevails, which is important for burrowing bivalves, such as clams, and 
eelgrass. The most environmentally significant habitat within the LAA is the extensive eelgrass bed 
over Flora Bank, which plays numerous ecological roles, including serving as important rearing 
habitat for Skeena-river salmon. Deep water areas are dominated by unconsolidated mud, sand and 
gravel, except around Porpoise Channel, which primarily comprises rocks and bedrock. 
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Collectively these habitats support a diverse assemblage of marine fish, invertebrates and marine 
mammals, many of which are of importance to local fisheries, have cultural significance, or are of 
conservation concern. The LAA spans DFO important areas for several commercially important shrimp 
and crab. The region has also long been recognized as a critical area for seaward-migrating salmon, 
primarily from the Skeena River. Other notable food-fish in the area include eulachon and herring. 

Finally, several species of marine mammals are likely to occur in the LAA, many of which are of 
conservation concern owing to current or historic low population numbers. The most common marine 
mammals in the area are humpback whale, killer whale (both resident and transitory ecotypes), 
Dall’s porpoise, harbor porpoise, Pacific white-sided dolphin and harbor seal. Of these, humpbacks, 
killer whales and harbor porpoise are of conservation significance in BC waters. All three species are 
flagged in BC, COSEWIC, and SARA ranking and listing systems.  

4 FIELD STUDIES 
Field studies were conducted to supplement the information obtained through the desktop literature 
review and from local ecological knowledge. It is acknowledged that species distribution is highly 
variable, seasonally and annually; the combination of desktop literature review, local ecological 
knowledge and field studies provides a broader understanding of the community types that occur in 
the study area.  

A reconnaissance survey was completed on October 18 and 19, 2012 to obtain high-level 
biophysical information on the subtidal, intertidal, and foreshore areas of Lelu Island and Stapledon 
Island. The data was used to guide study design for the subsequent detailed marine field studies. 
Key habitats, communities, and dominant species were identified including the presence of eelgrass 
(Zostera marina) and bull kelp (Nereocystis luetkeana) beds. Information collected during field 
surveys provides more detail on these habitat types. 

 Intertidal Habitat Characterization 4.1

4.1.1 Methods 
To describe the physical characteristics and biological assemblages of intertidal areas that may be 
affected by the proposed development and/or construction of terminal infrastructure, surveys were 
undertaken at four sampling locations in areas surrounding Lelu and Stapledon islands. The 
locations included: northwest Lelu Island, around the junction of the proposed jetty-trestle with the 
island; north Lelu Island, in the area of the proposed MOF; northeast Lelu Island at the site of a 
proposed pioneer dock; and east Lelu Island, Stapledon Island and the Mainland, around the PDA of 
the proposed bridge between Lelu Island and the mainland (see Figure 10). The intertidal surveys 
were designed based on the marine habitat information requirements and recommended survey 
procedures established by DFO (DFO 2011a, 2007b, 2004; Williams 1993). 

Field surveys coincided with the low tides in May (23-28) and in September (17-22), 2013. Table 5 
details the predicted time and heights of low tide applicable to the four sampling locations, and the 
time of sunrise over the survey periods. 
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Table 5: Predicted Low-Tide Heights and Times and Time of Sunrise during Field 
Surveys on May 23-28 and September 17-22, 2013. 

Date Predicted low-tide height 
(m above 0 chart datum) Predicted time of low-tide Time of sunrise 

23-May 0.6 07:05 05:25 

24-May 0.4 07:50 05:23 

25-May 0.2 08:34 05:22 

26-May 0.2 09:18 05:21 

27-May 0.3 10:03 05:20 

28-May 0.4 10:49 05:18 

17-September 1.0 06:39 07:19 

18-September 0.8 07:24 07:20 

19-September 0.8 08:04 07:22 

20-September 0.9 08:42 07:24 

21-September 1.1 09:19 07:26 

22-September 1.3 09:55 07:28 

4.1.1.1 Physical Characterization 
The physical characteristics of the sampling locations were surveyed by combining broad-scale 
qualitative assessments with more detailed transect-based methods. The areas considered included 
the entire intertidal reach between the highest high-water mark and the lowest tidal line exposed 
during sampling periods.  

Initially, a general description of intertidal areas was developed by collecting data on substrate, 
exposure, relief and aspect. Site features were photographed to facilitate subsequent data 
interpretation. The site around each transect was described based on the following variables and 
methods:  

 Substrate type: bedrock, boulder, cobble, pebble, sand, mud; visually assessed. See Table 6 
for substrate classifications based on (DFO 2011a, 2007b, 2004; Williams 1993) 

 Sediment types (overlying substrate): silt, sand, gravel; visually assessed  

 Slope (percentage); obtained using a clinometer 

 Aspect (directions from a 16-point compass rose); obtained using global positioning system 
(GPS) waypoints 

 Exposure: low, medium, high exposure to wave energy; visually assessed 

 Dominant alga, plant, and faunal assemblages; visually assessed. 

The resulting descriptions guided subsequent sampling techniques (based on the substrate present), 
and provide context for the quantitative intertidal surveys. 
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More detailed information on the physical characteristics of intertidal areas was obtained by 
surveying transects, which were laid perpendicular to the shoreline, across the full intertidal reach. 
The same transects were also used to characterize intertidal habitat (see Section 4.1.1.3). At each 
sampling location, between 8 and 13 transects were surveyed (see Figure 11, Figure 12 and Figure 
13). The locations of transects were selected to obtain enough data to effectively describe the range 
of intertidal biophysical habitats and profiles present at each site. For each transect, start and end 
locations were obtained using a hand-held GPS device (Getac Technology Corporation), transect 
orientation (aspect) was recorded, and the transect line was photographed from both seaward and 
landward directions. A topographic profile of each transect was described by measuring slope (%), 
using a clinometer, and distance (m) between distinct changes in relief along the transect line.  

Table 6: Classification of Substrate Types 

Substrate Type Definition 

Bedrock Solid, continuous rock; often exposed by the scouring forces of water. 

Boulder Rocks greater than 256 mm in diameter. 

Cobble Moderate to small-sized rocks, 64 – 256 mm in diameter. 

Gravel Small stones between, 2 – 64 mm in diameter. 

Sand Fine deposits, frequently found on margins of streams or between rocks and 
stones, ranging from 0.06 – 2 mm in diameter. 

Mud/Clay A material of organic origin, with a greasy feel between the fingers and no 
apparent structure, less than 0.06 mm in diameter. 

Organics/Detritus A soft material composed of silt and clay and containing 85% or more organic 
materials such as sticks, leaves, and remnants of decayed aquatic plants. 

Shell Debris Calcareous remains or fragments of shellfish or invertebrates containing shells. 

NOTE: 
Sources: DFO 2004, 2007b; Williams 1993 

4.1.1.2 Backshore Characterization 
At each of the four sampling locations, a qualitative description of the dominant backshore vegetation 
(presence and relative abundance or density), and substrate was recorded. The backshore, as 
defined by Williams (1993), is the zone that extends landward beyond the higher high water line for 
large (spring) tides, to the top of a coastal cliff or to the limit of marine processes. 

4.1.1.3 Intertidal Habitat Transect and Quadrats Surveys 
Rocky and soft-sediment intertidal habitats, present at each of the sampling locations, were surveyed 
by visually estimating abundance or cover of all benthic organisms within quadrats distributed using 
a stratified random design. The same transects were surveyed for both the biological and physical 
characterizations. Quadrats measuring 0.5 m x 0.5 m were placed uniformly along each transect line, 
which were marked by a tape measure extended from the backshore to the lowest water mark 
present at the time of the survey. The number of quadrats along each transect varied to ensure each 
intertidal biophysical component was adequately represented. Fifteen to 18 quadrats were used per 
transect except for the paired transects around Stapledon Island, where seven to 11 quadrats were 
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surveyed either side of the channels. The distance between each quadrat depended on transect 
length, and ranged from 1 m (Transect D-3) to 6.5 m (Transect B-5).  

All plants and animals within each quadrat were recorded. The percent cover of all algae, vascular 
plants and communal animals (e.g., barnacles, sponges, bryozoans) was estimated visually, and the 
number of non-communal animals (e.g., crabs, snails) was recorded within each quadrat. All 
individuals were identified to the lowest possible taxonomic level, usually species, and abundance 
estimates were converted to density per m2. 

Comparisons of the mean species richness per transect were made between each of the four 
sampling areas for each of the following taxonomic groupings:  

 The algal phyla Rhodophyta (red algae), Chlorophyta (green algae), and Phaeophyta (brown 
algae) 

 Vascular plants (e.g., species of sedge [family Cyperaceae] and eelgrass) 

 Sessile invertebrates (e.g., mussels, barnacles and bryzoans) and biofilms 

 Motile invertebrates (e.g., crabs and marine gastropods) 

 Fish. 

Mean percentage coverage or density was calculated for each variable at each sampling locations 
except for fish, which were rarely seen and, hence, are reported simply as number of species seen. 

4.1.1.4 Soft Sediment Surveys 

Eelgrass Density Sampling and Bed Delineation 
Additional surveys were done to describe intertidal beds of eelgrass (Zostera marina). Eelgrass beds 
were mapped by circumnavigating the perimeter of each with a tracking hand-held GPS device. The 
percentage cover of clear eelgrass beds was visually estimated, and number of shoots recorded, 
within 0.25 m x 0.25 m quadrats placed randomly across each bed. The number of quadrats used 
per bed ranged from 1 to 7 depending on the size of the bed or patch. 

Infaunal Sampling 
An additional survey was conducted in soft sediment (i.e., mud, silt or sand) to quantify sediment-
dwelling (‘infaunal’) invertebrate communities. Invertebrate communities were quantified by 
excavating sediment to 30 cm within 0.25 m x 0.25 m quadrats and identifying all unearthed macro-
invertebrates. Nine quadrats were sampled along the shoreline at North Lelu Island (Area 2). All 
individuals were identified to the lowest possible taxonomic level (usually species) and abundance 
estimates were converted to density per m2. Infaunal samples in Area 4 were taken from within 0.5 m 
x 0.5 m quadrats, except when time was a constraint due to rising tide. In such cases, a 0.25 m x 
0.25 m area was excavated and the number of unearthed macro-invertebrates was multiplied by four 
for consistency. 
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4.1.2 Results 

4.1.2.1 Biophysical Characteristics of Backshore Areas 

Area 1: East Lelu Island, Stapledon Island and Mainland (surrounding the proposed bridge) 
Dominant vegetation present along the backshore of east Lelu Island, both opposite the mainland 
and opposite Stapledon Island, included banks of sedge (Carex spp.), Pacific silverweed (Argentina 
pacifica), tufted hairgrass (Deschampsia caespitosa), and common red paintbrush (Castilleja 
miniata), which were often separated by channels with pebbles and attached rockweed. These 
marine riparian species were backed by a forest of western red cedar (Thuja plicata), red alder 
(Alnus rubra), western hemlock (Tsuga heterophylla), Douglas fir (Pseudotsuga menziesii), and salal 
(Gaultheria shallon). See Photo 1 for examples of the backshore vegetation along east Lelu Island. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 1: Characteristic backshore vegetation along the east shore of Lelu Island a) 
Sedge banks with channels of F. gardneri on pebbles, backed by tufted 
hairgrass and forest (opposite Stapledon Island) at the head of A-6a; b) Sedge 
and common red paintbrush at the same site 

  

a) b) 
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Photo 2: Backshores along the west shore of Stapledon Island a) forest with red alder 
and western red cedar on low rock cliffs, overhanging boulders along the upper 
shore; b) Low rock cliffs with salal and huckleberry present  

 

 

 

 

 

 

 

 

 

 

 

 

Photo 3: Backshores along the mainland and east shore of Stapledon Island a) View 
southeast along the channel between the mainland (left) and Stapledon Island 
(right) with a forest with western red cedar, western hemlock, Douglas fir and 
red alder backing banks of sedge; b) Tufted hairgrass, Pacific silverweed and 
common red paintbrush backed by western red cedar along the mainland shore 
opposite Stapledon Island 

 

a) b) 

a) b) 
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Area 2: North Lelu Island 

A dense cover of forest vegetation formed the backshore at the north Lelu Island site with species 
including western red cedar, red alder, western hemlock, Douglas fir and salal. The medium to gently 
sloping backshores at the centre and southwest end of the bay typically had banks of sedge and 
grasses in front of the forest vegetation; this intermediate assemblage was largely absent from the 
steeper boulder and bedrock backshores at the northeast end of the bay. See Photos 4 and 5 for 
examples of the backshore at either end of the bay and the centre of the bay, respectively. Used 
crab traps were present along the backshore close to Transect B-1. 

 

 

 

 

 

 

 

 

 

 

 

Photo 4: Backshores at either end of the bay at north Lelu Island a) View west at the 
southwest end of the bay (by Transect B-2) with a medium sloping boulder and 
bedrock bank covered by sedge, cobbles and pebble and backed by dense 
forest vegetation; b) View north at the northeast end of the bay (by Transect B-
7) with a steeper bedrock and bounder bank backed immediately by dense 
forest vegetation.  

  

a) b) 
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Photo 5: Backshores at the centre of the bay at north Lelu Island a) View toward the 
backshore at the center of the bay (by Transect B-3) with areas of medium 
sloping boulder and bedrock bank and gentler banks covered by sedge and 
backed by dense forest vegetation; b) Banks of grasses, sedge and skunk 
cabbage, separated by pebble channels (by Transect B-6) and backed by dense 
forest vegetation.  

Area 3: North-West Lelu Island (surrounding the proposed jetty-trestle connection to Lelu 
Island) 

The backshore of the northwest Lelu Island sampling location had a similar cover of forest species to 
that of Area 2, including western red cedar, red alder, western hemlock, Douglas fir and salal. The 
backshore surrounding the site of the proposed jetty-trestle construction (by Transect C-6) was 
generally comprised of moderate to steeply sloping boulders and bedrock directly below the forest 
vegetation, with few areas of intermediate bank of grasses and/or sedge present (see Photo 6). In 
the area of Transects C-2 and C-3, in front of the forest vegetation, there was a gently sloping gravel, 
pebble and boulder backshore with sedge, grasses and freshwater pools (see Photo 7). 

  

a) b) 
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Photo 6: Backshores along the southwest facing shore at northwest Lelu Island a) Forest 
vegetation behind a medium to steep sloping bedrock and boulder backshore 
(by Transect C-6); b) View to the northeast along the shoreline at the same 
location (by Transect C-6), showing a steep bedrock backshore immediately 
below dense forest vegetation. 

 
 

 

 

 

 

 

 

 

 

 

 

Photo 7: Backshores at the northwest facing shore at northwest Lelu Island a) Forest 
vegetation behind a gently sloping gravel, pebble and boulder bank with 
patches of sedge (by Transect C-2); b) Bedrock with freshwater rock pools and 
a patchy covering of grasses and mosses, in front of forest vegetation (by 
Transect C-3).  

  

a) b) 

a) b) 
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Area 4: Northeast Lelu Island (area surrounding the proposed temporary pioneer dock) 
Dominant backshore vegetation in Area 4 comprised banks of sedge backed by a forest of western 
red cedar, red alder, pine, western hemlock, and salal. Backshore substrate ranged from steep to 
gently sloped bedrock (See Photo 8).Other vegetation included false lily of the valley (Maianthemum 
dilatatum), several Vaccinium species (blueberry and red huckleberry), grasses, lichen, and moss. 
The backshores at D-3 and D-8 (Figure 14) also had coarse woody debris. Several items of 
discarded artificial debris were washed up along the eastern bank of the large bay, and a dilapidated 
boat, engine and fishing gear were found near transects D-9 and D-10 (Figure 14). 
 

Photo 8: Backshores at the northwest facing shore at northeast Lelu Island  

4.1.2.2 Physical Characteristics of Intertidal Areas 

Area 1: East Lelu Island, Stapledon Island and Mainland (surrounding the proposed bridge) 
Area 1 (see Figure 11) covers the sheltered foreshores either side of the main channel between Lelu 
Island and the mainland, and those either side of the channels that fork to the southeast, around 
Stapledon Island. The channel between Stapledon Island and the mainland is of a shallower depth 
than the channel between Stapledon Island and Lelu Island. Where the two channels merge at the 
northwest tip of Stapledon Island, a deeper hollow is present. Old mooring posts and metal cables 
were present along the mainland-facing shores of east Lelu Island. 

Table 7 provides the aspect (directions from a 16 point compass rose), exposure, and percentage 
cover of substrate types for transects in Area 1. Mud represented 60-99% (x̅ = 84.9%, n = 12) of the 
substrate recorded along all transects except for Transect A-8a. A higher percentage of gravel (60%) 
was recorded along transect A-8a. Bedrock was recorded along the upper shore at Transect A-7b, 
on the west shore of Stapledon Island. Little to no substrate larger than gravel was recorded along 
the mainland shore opposite Lelu Island (Transects A-4 and A-5).  

a) a) b) 
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Table 7: Aspect, Exposure, and Percentage Cover of Substrate Types for Transects in 
Area 1 

Transect 
Number Aspect Exposure Bedrock 

(%) 
Boulder 
(%) 

Cobble 
(%) 

Gravel 
(%) 

Sand 
(%) 

Mud 
(%) 

A-1 NE Sheltered 0 0 2 2 0 95 

A-2 NE Sheltered 0 5 1 1 0 94 

A-3 NE Sheltered 0 0 20 0 0 80 

A-4 SW Sheltered 0 0 0 0 0 99 

A-5 WSW Sheltered 0 0 0 5 0 95 

A-6a NE Sheltered 0 15 5 0 0 80 

A-6b SW Sheltered 0 10 10 0 0 80 

A-7a NE Sheltered 0 2 2 2 0 94 

A-7b SW Sheltered 5 5 3 0 0 87 

A-8a NNE Sheltered 0 0 0 60 0 40 

A-8b SSW Sheltered 0 4 0 35 0 60 

A-9a NNE Sheltered 0 0 5 20 0 75 

A-9b SSW Sheltered 0 15 5 0 0 80 

 

Table 8 details the changes in percentage slope (S1, S2, S3, and S4) along each transect in Area 1, 
starting from the backshore over respective lengths (L1, L2, L3, and L4) towards the nearshore. The 
profile of foreshores throughout the sampling location was typically gently sloping down to the central 
channels between Lelu Island and the mainland, Stapledon Island and the mainland, and Lelu Island 
and Stapledon Island (see Photo 9). The upper intertidal was generally the steepest section, 
particularly along the east shores of Lelu Island (up to a 35% slope over a 8.2 m distance of the 
sedge banks and boulders present at Transect A-6a) and along west Stapledon Island (up to a 38% 
slope over 8.2 m below the rock cliffs at Transect A-7b). After a gently sloping mid-section, the lower 
stretches of the transects increased in steepness towards the centre of the channel. This change in 
profile was particularly evident along the Transects A-1, A-4 and A-5 between east Lelu Island and 
the mainland. 
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Table 8: Lengths and Slopes of Transects within Area 1 

Transect 
Number 

Total 
length (m) 

Length (m) Total 
Slope 

(%) 

Slope (%) 

L1 L2 L3 L4 S1 S2 S3 S4 

A-1 85.9 10 77 85.9 - 6 18 3 14 - 

A-2 80 11 28 68.5 80 5 5 1 4 6 

A-3 88 8 37 88 - 2 3 2 1 - 

A-4 100 9 84.5 100 - 4 12 3 12 - 

A-5 123 5.3 110.5 123 - 1 24 1 15 - 

A-6a 45.5 8.2 36.9 45.5 - 9 35 2 3 - 

A-6b 58 12.6 28.6 58 - 3 18 2 0 - 

A-7a 80.3 8.6 60.2 80.3 - 5 20 3 5 - 

A-7b 45.3 8.2 29.7 45.3 - 9 38 2 2 - 

A-8a 34.6 16 34.6 - - 8 12 3 - - 

A-8b 34.8 16 34.8 - - 6 14 3 - - 

A-9a 30 9.5 30 - - 11 27 3 - - 

A-9b 29 7.5 29 - - 9 20 5 - - 

NOTE:   
Lengths provided (L1, L2, L3, L4) are cumulative measurements taken along the transect line, starting from the backshore, at 
points where the slope notably changes. The percentage slopes (S1, S2, S3, S4) are respective to the numbered length 
measurements, e.g., S1 is the slope between the backshore and length L1; S2 is the slope between L1 and L2. 

 
Photo 9: View north of characteristic shoreline profiles between east Lelu Island  

and the mainland  
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Area 2: North Lelu Island  

In Area 2, rocky intertidal habitat dominates the northeast end (Transects B-1 and B-2) and the 
southwest end (Transects B-7 and B-6) of the bay. The central portion of the bay was dominated by 
soft sediment (Transects B-3, B-4 and B-5; see Figure 12).  

A rocky outcrop, southeast of the centre of the bay, at the nearshore end of Transect B-5, separates 
two soft-sediment basins. Both basins are characterized by muds at the nearshore end, graduating 
through sands, gravels and cobbles towards the bedrock and boulders that formed the backshore. 
The soft-sediment basin towards the northeast of the site is approximately 125 m wide, whereas the 
basin towards the southwest of the site is approximately 70 m wide. Small freshwater streams run 
toward the sea over the muds in both basins. The shores at either end of the bay are moderately 
exposed to waves while those within the central bay are more sheltered. Table 9 provides aspect, 
exposure, and substrate information for each transect in Area 2. 

Table 9: Aspect, Exposure, and Percentage Cover of Substrate Types for Transects in 
Area 2 

Transect Number Aspect Exposure Bedrock 
(%) 

Boulder 
(%) 

Cobble 
(%) 

Gravel 
(%) 

Sand 
(%) 

Mud 
(%) 

B-1 NW Moderate 30 60 10 0 0 0 

B-2 W Sheltered 50 80 20 0 0 0 

B-3 W Sheltered 0 20 25 25 5 25 

B-4 NW Sheltered 0 20 20 10 0 50 

B-5 NW Sheltered 20 0 5 0 0 75 

B-6 NNW Sheltered 5 5 60 30 0 0 

B-7 NW Moderate 8 25 37 30 0 0 

 

For each transect in Area 2, Table 10 details the changes in percentage slope over respective 
lengths in a nearshore direction. The steepest foreshores were predominantly rocky shores, at 
Transects B-1 and B-6, located at the northeast and southwest ends of the bay, respectively. The 
lower exposed 5 m of Transect B-1, was steeper than the upper 15 m of the foreshore (36-43% and 
33%, respectively). The gentlest foreshore profiles were recorded at the centre of the bay, in the 
predominantly soft-sediment habitats crossed by Transects B-3, B-4, and B-5 (see Photo 10 and see 
Figure 12).  
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Table 10: Lengths and Slopes of Transects within Area 2 

Transect Number Total length (m) 
Length (m) 

Total Slope (%) 
Slope (%) 

L1 L2 L3 S1 S2 S3 

B-1 20 15 18 20 35 33 36 43 

B-2 30 16 30 - 23 12 35 - 

B-3 103 36 44 103 5 11 4 1 

B-4 105 27 37 105 4 11 11 0.5 

B-5 163.5 12.2 73.4 163.5 5 26 2 3.5 

B-6 42.5 13.5 28 42.5 15 13.5 17 15 

B-7 38.5 10 26 38.5 9 8 8 10 

NOTE:  
Lengths provided (L1, L2, L3 […]) are cumulative measurements taken along the transect line, starting from the backshore, at 
points where the slope notably changes. The percentage slopes (S1, S2, S3 […]) are respective to the numbered length 
measurements, e.g., S1 is the slope between the backshore and length L1; S2 is the slope between L1 and L2. 

 
Photo 10: View northeast across the bay near the end of Transect B-5 at north Lelu Island 
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Area 3: North-West Lelu Island (surrounding the proposed jetty-trestle connection to Lelu 
Island) 

Foreshore substrate along all transects surveyed in Area 3 comprised mainly of bedrock, boulders, 
and cobble except for Transect C-7, which included similar representation of soft sediment (5% sand 
and 45% mud) (see Figure 13). Table 11 provides the percentage cover of substrate types for each 
transect. Steep bedrock outcrops were separated by sections of soft sediment from the upper shore 
towards the nearshore ends of Transects C-5 to C-8. An outcrop to the northwest of Transect C-5 
was vegetated with a stand of trees on its crest. The outcrops moderated wave exposure for 
Transects C-5 to C-8. 

Table 11: Aspect, Exposure, and Percentage Cover of Substrate Types for Transects in 
Area 3 

Transect 
Number Aspect Exposure Bedrock 

(%) 
Boulder 

(%) 
Cobble 

(%) 
Gravel 

(%) 
Sand 
(%) 

Mud 
(%) 

C-1 NW Exposed 25 10 50 15 0 0 

C-2 NW Exposed 65 0 10 15 5 5 

C-3 NNW Exposed 50 0 0 10 40 0 

C-4 NNW Exposed 60 10 20 9 1 0 

C-5 SSW Moderate 50 20 5 10 0 15 

C-6 WSW Moderate 40 20 10 0 0 30 

C-7 SW Moderate 5 10 35 0 5 45 

C-8 WSW Moderate 20 50 10 10 5 5 

C-9 SW Exposed 75 10 10 5 0 0 

C-10 WSW Exposed 10 85 0 0 0 5 
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Table 12 details the changes in slope in a nearshore direction for each transect in Area 3. Along the 
northwest facing shoreline (Transects C1 to C-4), the moderate slopes typically increased following a 
plateau moving from the backshore to the nearshore. For Transect C-3, however, the slope instead 
decreased at the lowest exposed section. 

The southwest facing shoreline profiles (Transects C-5 to C-8), near the location of the proposed 
jetty-trestle connection, were highly complex (see Photo 11). The profiles sloped moderately from the 
backshore, through a gentler soft sediment section, followed by a steeper mid-section of bedrock 
and boulders, a further gentle section of soft-sediment before rising steeply, once more, to the crests 
of bedrock outcrops. Transect C-8 had just one rise to a mid-profile boulder outcrop.  

Quadrats were sampled along Transect C-6 to the start of an eelgrass bed present in a soft sediment 
section immediately upshore of a bedrock outcrop. The eelgrass bed was delineated and sampled 
for density (see Section 4.1.2.4). Transect C-7 was surveyed to the foot of the steep bedrock 
outcrop, which was considered prohibitory for safe data collection. 
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Table 12: Lengths and Slopes of Transects within Area 3 

Transect Number Total length (m) 
Length (m) 

Total Slope (%) 
Slope (%) 

L1 L2 L3 L4 S1 S2 S3 S4 

C-1 34.7 15 26 34.7 - 18 14 23 18 - 

C-2 70.6 35.3 62.5 70.6 - 9 11 4 29 - 

C-3 58 36 47 58 - 12 15 20 12 - 

C-4 40 23 33 40 - 14 15 15 22 - 

C-5 55.5 9 22 52.5 55.5 - 41 3 -3 25 

C-6 46 21.5 36.5 46* - 9 16 3 1 - 

C-7 39.6 18 39.6* - - 5 14 1 - - 

C-8 94.4 17.5 25 53.5 94.4 N/A 20 10 0 -3 

C-9 45.2 30.5 43 N/A  9 11 10 - - 

C-10 18.3 3.0 10.4 18.3  22 28 18 15  

NOTE:   
Lengths provided (L1, L2, L3, and L4) are cumulative measurements taken along the transect line, starting from the backshore, at 
points where the slope notably changes. The percentage slopes (S1, S2, S3, and S4) are respective to the numbered length 
measurements, e.g., S1 is the slope between the backshore and length L1; S2 is the slope between L1 and L2. 
* Length is to the eelgrass bed, not to the full extent of foreshore. A steep bedrock outcrop was present beyond the eelgrass bed 
along Transects C-6 and C-7. 
 

 

Photo 11: View east to Transect C-5 showing characteristic complex shoreline profiles of 
northwest Lelu Island 
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Area 4: Northeast Lelu Island (area surrounding the proposed temporary Pioneer Dock) 
Dominant habitat types in Area 4 comprise a mix of rocky shore and mudflats within protected bays 
and channels. Table 13 provides the aspect, exposure, and percentage cover of substrate types for 
transects in Area 4. The main bay (transects D-5, D-6, D-7 and D-11) is exposed at low tide and is 
predominantly muddy with gravel-based substrate at the head (close to D-6). A small stream runs 
through the middle of the bay, near which sediment contains woody debris (transects D-5 and D-7). 
Eelgrass (Zostera japonica) was noted to the northeast of this bay (transects D-1 and D-2). To the 
west of the main bay is another smaller cove that contains a large eelgrass bed (Zostera japonica) 
(transects D-9 and D-10) and artificial debris (rusted metal, aluminum, fishing net and plastic) buried 
within the sediment. The areas between these bays primarily comprise hard substrate (cobble, 
gravel, bedrock), with soft sediments occurring towards low water. The topography of the area 
consisted of steep rocky substrate and bedrock towards the upper intertidal reaches, declining to 
mudflats at lower elevations (see Table 14). The mouth of the main bay (transects D-3, D-4, and 
D-9) comprised particularly steep banks of bedrock.  

Table 13: Aspect, Exposure, and Percentage Cover of Substrate Types in Area 4 

Transect Number Aspect Exposure Bedrock 
(%) 

Boulder 
(%) 

Cobble 
(%) 

Gravel 
(%) 

Sand 
(%) 

Mud 
(%) 

D-1 NW Sheltered 0 2 0 40 8 50 

D-2 NW Sheltered 80 0 15 0 0 5 

D-3 NNE Sheltered 80 0 15 0 0 5 

D-4 NNE Sheltered 80 5 5 5 0 5 

D-5 NE Sheltered 5 10 20 0 0 65 

D-6 NNW Sheltered 0 1 25 20 4 50 

D-7 NNE Sheltered 20 2 3 15 0 60 

D-8 NW Sheltered 60 5 20 10 5 0 

D-9 WSW Sheltered 80 10 0 0 5 5 

D-10 NW Sheltered 35 5 25 0 0 35 

D-11 NE Sheltered 5 2 20 3 10 60 
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Table 14: Lengths and Slopes of Transects within the Survey Area 

Transect Number Total length (m) 
Length (m) 

Total Slope (%) 
Slope (%) 

L1 L2 L3 L4 S1 S2 S3 S4 

D-1 42.5 6 42.5 72 95 5 11 5 -8 4 

D-2 30.5 7.2 25.3 30.5 - 6 5 7 2 - 

D-3 16.5 4.2 15 16.5 - 21 14 20 90 - 

D-4 26.8 11.6 22.7 26.8 - 17 8 12  29 - 

D-5 42.5 4.5 12.7 42.5 - 12 25 10 1 - 

D-6 60.5 11.2 48.1 65 - 4  8 4 3 - 

D-7 40 2.5 6.5 11 40 6 27 9 7 3 

D-8 33 6.2 20.8 33 - 8 9 10 7 - 

D-9 17.1 4 11 16.5 - 19 19 15 2 - 

D-10 34 5.8 24.8 34 - 10 9 11 5 - 

D-11 52 2.5 12.3 52 - 12 38 11 -2 - 

NOTE:   
Lengths provided (L1, L2, L3, and L4) are cumulative measurements taken along the transect line, starting from the backshore, at 
points where the slope notably changes. The percentage slopes (S1, S2, S3, and S4) are respective to the numbered length 
measurements, e.g., S1 is the slope between the backshore and length L1; S2 is the slope between L1 and L2. 

4.1.2.3 Quadrat Surveys along Intertidal Transects 

General 
Comparing data for species richness across all transects and sampling locations enables 
comparisons on salient species assemblages to be made. For the mean species richness (mean 
number of species identified) per transect for the three areas, see Figure 1. Species richness is 
provided for the three algal phyla Rhodophyta (red algae), Chlorophyta (green algae), and 
Phaeophyta (brown algae), vascular plants, sessile invertebrates and biofilms, motile invertebrates 
and fish. 
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Figure 1: Mean (+/- 1 S.E.) Species Richness per Transect in the Four Survey Areas 

Intertidal species richness was greatest in Area 3, at the northwest Lelu Island site and in Area 4, on 
northeast Lelu (see Figure 1). The highest richness per transect for red (9.1) and brown algae (4.3), 
and sessile invertebrates (2.8) were encountered within the rocky, more exposed, intertidal habitats 
sampled in Area 3. The highest richness of motile invertebrates (13.6) was found in Area 4. Notably, 
mean richness of red algae in Area 3 was nearly double that of Area 2. Values for mean species 
richness were slightly lower for the variably exposed, rocky and soft-sediment habitats within Area 2, 
at the bay on north Lelu Island. Area 4 had the highest species richness of green algae (3.6) while 
there was little between the other three sites (see Figure 1). The sheltered, predominantly soft-
sediment habitats within Area 1, between east Lelu, Stapledon Island and the mainland, had the 
lowest mean species richness for all groups except vascular plants (1.6; see Figure 1) and brown 
algae. Few fish were encountered; only gunnels (family Pholidae) pricklebacks (family Stichaeidae: 
subfamily Xiphisterinae), and tidepool sculpins (Oligocottus maculosus) were found within Areas 2, 3 
and 4. 
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Figure 2: Mean (+/- 1 S.E.) Percentage Cover of Species Groups per Quadrat in the Four 
Survey Areas 

Mean percentage cover or abundance provides insight into the evenness of taxonomic groups within 
and among the four areas. Figure 2 shows the mean percentage cover of all red, green and brown 
algal species, vascular plants, and sessile invertebrates per quadrat for each of the four areas. Fish 
species were recorded in the same way but were too rare to illustrate meaningfully as a mean per 
quadrat. 

Area 1 had the greatest mean coverage per quadrat of green algal species (35.2%) and vascular 
plants (7.3%). The observation is associated with a mid-shore band of gutweed (Ulva intestinalis) 
and other Ulva spp. Area 1 and 3 had similarly high cover of vascular plants (7.3% and 7.5%, 
respectively), attributed to an abundance of sedges and grasses, which form banks on the upper 
shore. Red algae were twice as extensive in Area 3 as in Area 2 and thirteen times more so than 
Area 1 (31.2%, 14.8% and 2.3%, respectively). Mean cover of brown algae in Areas 1 and 2 was just 
under two thirds that encountered within Area 3 (at 23.3%, 23.4% and 39.0%, respectively) with Area 
4 having the lowest cover (15.3%). Cover of sessile invertebrates/biofilms in Area 3 was over three 
times that recorded in Area 1 (at 4.0% and 1.2%, respectively). 

Figure 3 illustrates the mean (± 1 standard error) numbers of motile invertebrates at each site. The 
mean abundances of motile invertebrates were greatest in the exposed, mostly rocky habitats in 
Area 3 and the mixed rocky and soft-sediment habitats of Area 4. Motile invertebrates were more 
than twice as abundant at these sites than at the sheltered, predominantly soft-sediment habitats in 
Area 1 (Figure 3) (at 33.5 and 12.7 individuals per quadrat or 50.8 and 133.9 individuals per m2, 
respectively). 
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Figure 3: Mean (+/- 1 S.E.) Abundance of Individuals per Quadrat (all sampling areas) 

Area 1: East Lelu Island, Stapledon Island and Mainland (surrounding the proposed bridge) 
Figure 11 shows the location of transects surveyed within Area 1 and the species richness for major 
groups in Area 1 transects. Mean species cover or density per m2 for all foreshore species in each 
transect of Area 1 is provided in Appendix 1 (see Table 1-1).  

Salient species assemblages recorded on upper shore bedrock and boulders along the foreshores of 
the channels between east Lelu Island, Stapledon Island and the mainland included acorn barnacles 
(Balanus glandula), limpets (Lotia spp.), periwinkles (Littorina sitkana and L. scutulata), purple shore 
crab (Hemigrapsus nudus) and rockweed. Banks of sedge, found particularly along the upper shore 
of east Lelu Island, were often separated by channels with rockweed (Fucus gardneri) attached to 
cobbles and pebbles. The presence of red algal species was largely restricted to typically low 
coverage of Turkish washcloth blades and crusts on uppers shore bedrock and boulders on 
foreshores between east Lelu and Stapledon islands and between Stapledon Island and the 
mainland.  

A mid-shore band of gutweed and other Ulva spp. formed a characteristic assemblage that was 
common to the soft-sediments at each transect in Area 1. This assemblage was densest in coverage 
between east Lelu Island and the mainland (Transects A1 to A-5) and on east Lelu Island (opposite 
Stapledon Island; Transects A-6a and A-7a). The few additional species recorded within the bands of 
Ulva spp., included amphipods, an unidentified brown filamentous alga (possibly Pylaiella sp.), and 
small macoma clams (Macoma sp.). Where scattered cobbles and pebble were present in upper to 
mid-shore areas of mostly mud substrate, small clumps of F. gardneri were often attached and 
Littorina spp. were present. Low density patches of the unidentified brown filamentous alga 
(suspected Pylaiella sp.) were recorded in soft sediment areas to a variable extent in all transects 
except A-9a. This species was found at all tidal heights. 
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Areas of mud with siphon holes present were typically encountered below the main band of Ulva 
spp., near the channels, except between east Stapledon Island and the mainland. Analysis of shell 
debris, a single infaunal dig, and visual observations at the surface revealed the presence of the 
Pacific gaper (Tresus nuttallii), Nuttall’s cockle, clam worm (Nereis vexillosa) and crangon shrimp 
(Crangon spp.). A patchy band of brown biofilm occurred along the lower reach of Transect A-3, 
below the band of Ulva spp., on the east shore of Lelu Island (see Photo 12). Small, low density 
patches of eelgrass were found on the lower shores except on east Lelu Island opposite Stapledon 
Island (Transects A-6a and A-7a), and on the mainland shore opposite Lelu Island (Transects A-4 
and A-5). 

 

 

 

 

 

 

 

 

 

 

 

Photo 12: Visible brown biofilm present along the lower shore of Transect A-3 a) Showing 
the view southwest along the shoreline; b) showing the view up towards the 
backshore. The dense band of green above is formed by Ulva spp. along the 
mid to upper shore. 

Hermit crabs (Pagurus spp.) and Dungeness crab were also observed (outside transects) in the 
shallow waters of the channels between Lelu Island, Stapledon Island, and the mainland. 

Area 2: North Lelu Island 
Figure 12 shows the location of transects surveyed within Area 2 and the species richness of dominant 
groups within them. Mean cover or density per m2 is provided for all foreshore species recorded, by 
transect, in Appendix 1 (see Table 1-2). Notable assemblages on the bedrock and boulder upper 
shores of the transects in Area 2, typically comprised F. gardneri, Turkish washcloth (Mastocarpus 
papillatus), B. glandula, mussels, Littorina spp., whelks (Nucella spp.), shore crabs (Hemigrapsus spp.) 
and Lotia spp.  

Dense, species rich communities of red algae were found towards the midshore, along the 
predominantly rocky and more exposed shorelines at the northeast and southwest ends of the bay 
(at Transects B-1, B-2, B-6, and B-7). In such areas, species such as sea sac, Odonthalia spp., 
black pine (Neorhodomela spp.), winged rib (Delessaria decipiens), Hildenbrandia spp., iridescent 
weed (Mazzaella sp.) and sea moss (Endocladia spp.) were observed along with M. papillatus and 

a) b) 
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the green alga, sea lettuce (see Photos 13 and 14). The brown algae, southern stiff-stiped kelp 
(Laminaria setchellii), and sugar kelp (Saccharina latissima formerly Laminaria saccharina) were 
recorded along the lowest exposed bedrock and boulder surfaces of the same transects.  

Bivalve siphon holes were observed along the lower shore of the predominantly sheltered mud 
toward the center of the bay (Transects B-3, B-4, B-5 and B-6; see Section 4.1.2.4 for further details 
on infaunal communities). Eelgrass beds occurred along the lower shore near the centre of the bay 
(Transect B-5; see Figure 12).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 13: A typical assemblage of F. gardneri, Ulva sp., M. papillatus, and other red algae 
species along the rocky, upper mid shore of Area 2  
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Photo 14: Dense coverage of red algae along the mid to lower shore in Area 2 

Area 3: North-West Lelu Island (surrounding the proposed jetty-trestle  
connection to Lelu Island) 
Figure 13 shows the location of transects surveyed within Area 3, and species richness therein for 
the major species groups. Dominant assemblages on the bedrock, boulder and cobble upper shores 
of Area 3 are similar to those in Area 2: predominantly F. gardneri, M. papillatus, B. glandula, Litorina 
spp., Nucella spp., Hemigrapsus spp. and Lotia spp. See Appendix 1 (Table 1-3) for the mean 
species cover or density per m2 for all foreshore species in each transect of Area 3. 

A diverse mix of red algae dominated the mid-low intertidal areas exposed to moderately exposed. 
More species of red algae were observed in Area 3 than at either Area 1 or 2 (Figure 13). As a 
testament to the diversity of red algae in Area 3, several species were only recorded in that location. 
These included Turkish towel (Chondracanthus sp.), cup and saucer (Constantinea sp.), false dulse 
(Dilsea carnosa), red spaghetti (Gracilaria sp.), narrow Turkish washcloth (Mastocarpus jardinii), 
feather-veined red seaweed (Membranoptera spinulosa), Membranoptera sp., sea fern (Neoptilota 
asplenioides), common sea oak (Phycodrus sp.), northern sea fern (Ptilota serrata), red eyelet silk 
(Sparlingia pertusa), northern sea oak (Tokidadendron bullatum), and five unidentified species. Other 
species encountered among the red algae were hermit crabs, whelks, and green algae Ulva spp. The 
greatest richness of motile invertebrates occurred along Transects C-1, C-2 and C-3 (see Figure 13).  

In several locations, brown algae intermingled with the red algae community. These species included 
Alaria spp., sea potato (Leathesia spp.), and witch’s hair (Desmarestia aculeata). This assemblage 
was generally replaced by the large kelp species L. setchellii, S. latissima, and split kelp (Saccharina 
groenlandica) near the lowest water line.  
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The profiles of the majority of the shorelines within Area 3 were complex, with areas of softer 
sediment separating protruding areas of bedrock and boulders. The profiles were particularly 
complex for Transects C-5 to C-7 where lower shore rock outcrops were present. Beds of eelgrass 
were present in lower soft sediment areas; the largest of which was in the area of Transects C-5 and 
C-6 (see Figure 13; see Section 4.1.2.4 for further details on eelgrass sampling). 

Although Transect C-6 was not continued beyond the start of the eelgrass bed, species 
assemblages along the lower bedrock outcrops were described based on photographs and informal 
observations (see Photo 15). The assemblages largely matched those observed along Transect C-6, 
with a bedrock crest dominated by F. gardneri, B. glandula, thatched barnacle (Semibalanus 
cariosus), and M. papillatus followed by a lower band dominated by red algal species (particularly 
Odonthalia spp.), Ulva spp., coralline crustose algae and Alaria sp. A number of chitons (Tonicella 
spp.) and whelks were also observed. Along the foot of the bedrock outcrops, beside the bed of 
eelgrass, was a band of kelp, mostly S. groenlandica, among which were seen 14 kelp crabs 
(Pugetia spp., see Photo 16), and a painted anemone (Urticina crassicornis).  

 
Photo 15: Algal assemblages on bedrock outcrops and an eelgrass bed, seaward of 

Transect C-6 
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Photo 16: Kelp crab found below the bedrock outcrops, seaward of Transect C-6 

Area 4: North Lelu Island (area surrounding the proposed temporary Pioneer Dock) 
Figure 14 shows the location of transects surveyed within Area 4 and the species richness for major 
species groups. Mean species cover or density per m2 for all species in each transect in the area can 
be found in Table 1-4 (Appendix 1).  

Dominant invertebrate species recorded on upper shore bedrock and boulders along the foreshore 
included barnacles (Balanus spp.), limpets (Lottia spp.), periwinkles (Littorina sitkana and L. 
scutulata), purple shore crab (Hemigrapsus nudus), hairy shore crab (Hemigrapsus oregonesis), and 
amphipods. In addition, F. gardneri was common on cobbles and pebbles in the mid and upper 
reaches of the intertidal zone. 

Red algae were found predominantly on upper-shore bedrock, boulders and cobbles and included 
Mastocarpus spp. (blade and crust), Hildenbrandia crust, small patches of dead-man’s fingers 
(Halosaccion glandiforme), and red filamentous algae. Ulva was the most common genus of green 
algae, including U. lactuca and U. intestinalis in the mid and lower shore sections. Kelps such as 
Alaria spp. and N. luetkeana were seen on the lower shoreline at Transects D-3 and D-10, and 
subtidally near Transects D-1, D-2. 

Many quadrats in Area 4 were located on soft sediments that required excavation (Figure 14). The 
composition of this infaunal community and information about eelgrass encountered in Area 4 are 
detailed in Section 4.1.2.4. 
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The lower section of Transect D-3 was surveyed from a boat because it was too steep to access 
safely. One quadrat was estimated visually to characterise this section of the transect. Invertebrates 
and algae were not quantified in that quadrat and, hence, were excluded from percent cover and 
species abundance calculations. Nevertheless, species observed in this quadrat were included in 
species richness estimates for Area 4. These observations included red algae (coralline crust, 
Mastocarpus spp., Halosaccion glandiforme, Odonthallia spp., Hildenbrandia spp., Ptilotta serrata, 
Pterosyphonia spp.), green algae (Ulva lactuca, Resenvigiella polyrhiza), brown algae (Alaria spp., 
Saccharina latisima, Leathisia spp., Laminaria spp.), sessile invertebrates (Chatalamus dalli, Corella 
inflate, Membranipora spp.) and motile invertebrates (Tonicella lineata, Nucella spp., Serpula spp.).  

4.1.2.4 Eelgrass Surveys and Infauna Sampling 

Area 1: East Lelu Island, Stapledon Island and Mainland (surrounding proposed bridge) 
Very sparse, low density eelgrass (Zostera marina) occurred in the channels surrounding Stapledon 
Island; however no clear beds were encountered. 

Given the limitation of tides, infauna sampling was restricted to the identification of species within 
quadrats just outside transects. Small macoma clams were common on the lower shores throughout 
Area 1. Cockles (Clinocardium spp.) were identified along the shorelines by Transects A-1 to A-5. A 
Pacific gaper was unearthed on the lower shore along the southwest facing foreshore of Stapledon 
Island (see Photo 17).  

 
Photo 17: Pacific gaper found on Stapledon Island 
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Area 2: North Lelu Island (surrounding proposed Materials Off-loading Facility) 

Ten patches of eelgrass occur on the soft sediment within Area 2 (see Figure 12), six of which are 
Zostera japonica. On average, eelgrass patches (Zostera marina and Zostera japonica) contained 
331 shoots per m-2, and had a percent cover of 54% (see Table 15). Percentage cover decreases 
away from the centre of the patches delineated, as is evident in Photo 18. 

Table 15: Coverage, Shoot Density and Shoot Length of Eelgrass Sampled in Area 2 

Eelgrass 
Quadrat Sample Percentage cover Shoot Count per quadrat (and m2) Approximate shoot 

length (cm) 

1 85 15 (240) 45 

2 75 12 (192) 35 

3 75 16 (256) 30 

4 80 10 (160) 40 

24* 35 8 (128) 30 

25 20 11 (176) 15 

26 40 9 (144) 10 

27 35 26 (416 ) 8 

28 40 26 (416) 8 

29 20 12 (192) 8 

30 70 10 (160) 15 

31 75 30 (480) 15 

32 30 32 (512) 10 

33 40 22 (352) 15 

34 90 42 (672) 8 

35 75 39 (624) 10 

36 50 28 (448) 8 

37 30 24 (384) 15 

Mean 53.61 20.67 (330.67) 18.06 

St. Dev. 23.93 10.72 (171.45) 12.19 
NOTE:   
*Quadrat samples 24-37 were quantified during the September fore shore survey, resulting in out-of-sequence sample numbers. 
These fourteen quadrats all contained Zostera japonica, whereas the earlier samples were all Zostera marina.  
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Photo 18: Patchy eelgrass (Zostera marina) along the foreshore in Area 2 

Infaunal samples were taken in the soft-sediments at Area 2 near the water’s edge, at low tide (see 
Figure 12). The sediment comprised sandy silts and a small proportion of clay in the top 4 cm. Below the 
top 4 cm the proportion of sand gradually increased and the greyish-brown surface layer became a dark 
grey to black colour (see Photo 19). No odour or sheen was apparent. Infaunal digs revealed a high 
density of nemerteans, polychaetes, and macoma clams, and occasional bay ghost shrimp (Neotrypaea 
californiensis; see Photo 20) and yellow shore crab (Hemigrapsus oregonensis) (see Table 16). 

Table 16: Abundance per Quadrat and Density of Invertebrates Identified in Intertidal Soft-
Sediment of Area 2 

Infaunal 
Sample 

Macoma spp. 
Number  
(per m2) 

Class 
Polychaete 

Number 
(per m2) 

Phylum 
Nemertea 
Number 
(per m2) 

Neotrypaea 
californiensis 

Number 
(per m2) 

Hemigrapsus 
oregonensis 

Number 
(per m2) 

1 2 (32) 4 (64) 2 (32) 2 (32) - 

2 3 (48) 5 (80) 5 (80) - - 

3 2 (32) 3 (48) 20 (320) - 1 (16) 

4 3 (48) 12 (192) 20 (320) 2 (32) - 

5 1 (16) 22 (352) 30 (480) 1 (16) - 

6 3 (48) 7 (112) 20 (320) 2 (32) - 

7 - 7 (112) 35 (560) 1 (16) - 

8 1 (16) 10 (160) - - - 

9 2 (32) 8 (128) - - 2 (32) 

Mean 1.89 (30.22) 8.67 (138.67) 14.67 (234.67) 0.89 (14.22) 0.33 (5.33) 

St. Dev. 1.05 (16.87) 5.74 (91.91) 13.31 (213.02) 0.93 (14.85) 0.71 (11.31) 
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Photo 19: Sediment colouration at infaunal sample site 2, in Area 2;  

also note abundance of siphon holes 
 

 
Photo 20: A bay ghost shrimp unearthed in Area 2 
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Area 3: North-West Lelu Island (surrounding proposed jetty-trestle connection to Lelu Island) 
Three small and one large eelgrass beds (Zostera marina) were found in Area 3 (see Figure 13). 
Shoot density per m2 in these beds averaged 496 (more than double that in Area 2), and percent 
cover averaged 63.57% (see Table 17). 

Table 17: Coverage, Shoot Density and Shoot Length of Eelgrass (Zostera marina) 
Sampled in Area 3 

Eelgrass Quadrat 
Sample Percentage cover Shoot Count per quadrat 

(and m2) 

 
Approximate shoot length 

(cm) 

5 80 31 (496) 70 

6 80 29 (464) 40 

7 70 45 (720) 55 

8 70 18 (228) 75 

9 35 19 (304) 50 

10 70 46 (736) 30 

11 40 29 (464) 10 

Mean 63.57 31 (496) 47.14 

St. Dev. 18.42 11.12 (117.92) 22.70 

Area 4: North Lelu Island (area surrounding the proposed temporary Pioneer Dock) 
 

Eelgrass (Zostera japonica) was observed in Transects D-1, D-10, and D-1, and near D-09 (see 
Figure 14). The largest of these patches ran along the shore at D-10 and extended subtidally. On 
average, patches contained 839 shoots per m2 and had a percent cover of 85% (see Table 18). 

Table 18: Coverage, Shoot Density and Shoot Length of Eelgrass (Zostera japonica) 
Sampled in Area 4 

Eelgrass Quadrat 
Sample Percentage cover Shoot Count per quadrat 

(and m2) 
Approximate shoot length 

(cm) 

12 80 65 (1,040) 30 

13 45 40 (640 per m2) 20 

14 85 80 (1,280) 20 

15 85 65 (1,040) - 

16 90 50 (800) 38 

17 90 60 (960) 40 

18 45 40 (640) 30 

19 95 65 (1,040) 35 

20 15 9 (144) 30 

21 75 50 (800) 30 
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Eelgrass Quadrat 
Sample Percentage cover Shoot Count per quadrat 

(and m2) 
Approximate shoot length 

(cm) 

22 80 40 (640) 30 

23 65 65 (1,040) 15 

Mean 85 52 (839) 28.91 

St. Dev. 37.6 18.6 (297.8) 7.8 

 

Infaunal samples were taken where soft sediments were present at Area 4 (see Figure 14). A brown 
biofilm was present over most of the lower shore soft-sediment area. Muddy areas were often 
covered in siphon holes, and contained predominantly worms (Nereis spp, polychaetes, nemertans 
and nematodes), and small Macoma clams. Rarer species included shore crabs (Hemigrapsus 
nudus) and bivalves, such as Japanese littleneck clams (Protothaca staminea), Nuttal’s cockle (C. 
nuttali), soft shelled clams (Mya arenaria), and butter clams (Saxidomus spp.) (see Table 19). The 
mud smelled anoxic and was littered with small cobbles and woody debris. 

Table 19: Abundance per Quadrat and Density of Invertebrates Identified in Intertidal Soft-
Sediment of Area 4 

Infaunal 
Sample 

Macoma spp. 
Number  
(per m2) 

Other Class 
Bivalvia 
Number 
(per m2) 

Class 
Polychaete 

Number 
(per m2) 

Phylum 
Nemertea 
Number 
(per m2) 

Other Worm 
spp. 

Number 
(per m2) 

Hemigrapsus 
nudus 

Number 
(per m2) 

10 8 (32) - 28 (112) - - 4 (16) 

11 - - 20 (80) - - - 

12 - - 8 (32) - - - 

13 - - 4 (16) - - - 

14 1 (4) - 7 (28) - 1 (4) - 

15 2 (8) - 14 (56) - 2 (8) - 

16 3 (12) - 13 (52) - 1 (4) - 

17 4 (16) - 13 (52) - 1 (4) 1 (4) 

18 11 (44) - - 22 (88) - 1 (4) 

19 6 (24) - 14 (56) 1 (4) 1 (4) - 

20 11 (44) - 24 (96) 1 (4) 4 (16) - 

21 7 (28) - 14 (56) - - - 

22 - - 4 (16) - - - 

23 6 (24) - 19 (76) - - 12 (48) 

24 3 (12) - - 16 (64) - - 

25 2 (8) - 22 (88) - - - 

26 4 (16) - 19 (76) - - - 

27 3 (12) - 18 (72) - - - 
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Infaunal 
Sample 

Macoma spp. 
Number  
(per m2) 

Other Class 
Bivalvia 
Number 
(per m2) 

Class 
Polychaete 

Number 
(per m2) 

Phylum 
Nemertea 
Number 
(per m2) 

Other Worm 
spp. 

Number 
(per m2) 

Hemigrapsus 
nudus 

Number 
(per m2) 

28 16 (64) - 32 (128) - - - 

29 12 (48) - 12 (48) - - - 

30 12 (48) - 20 (80) - - - 

31 8 (32) - 20 (80) - - - 

32 4 (16) - 12 (48) - - - 

33 4 (16) - 12 (48) - - - 

34 - - 12 (48) - - - 

35 10 (40) - 20 (80) - - - 

36 - - 8 (32) - - - 

37 4 (16) - 16 (64) - - - 

38 1 (4) - - - - - 

39 4 (16) - 16 (64) - - - 

40 4 (16) - 12 (48) - - - 

41 8 (32) - 8 (32) - - - 

42 4 (16) - 20 (80) - - - 

43 10 (40) - 4 (16) - - - 

44 - - 20 (80) - - - 

45 - - 12 (48) - - - 

46 - - 20 (80) - - - 

47 - - 12 (48) - - - 

48 - - 12 (48) - - - 

49 - - 24 (96) - - - 

50 - 4 (16) - - 9 (36) - 

51 2 (8) 10 (40) - - 4 (16) 1 (4) 

52 - 16 (64) - - 6 (24) - 

53 1 (4) - - - 28 (112) - 

Mean 5.65 (22.58) 0.68 (2.73) 12.84 (51.36) 5.00 (20.00) 11.77 (47.09) 1.90 (7.60) 

St. Dev. 4.00 (16.20) 2.86 (11.44) 8.23 (32.93) 8.80 (35.20) 8.83 (35.33) 3.75 (15.02) 
NOTE:   
Some categories are combinations of less common taxa: “Other Class Bivalvia” contains Clinocardium nuttali, Mya arenaria, 
Saxidomus spp.and Protothaca spp. “Class Polychaete” includes animals identified as Nereis spp. and Polychaete spp. “Other 
Worm spp.” includes nematodes and unidentified worms. See Table 1-5 in Appendix 1 for full data. 
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4.1.3 Discussion 
The objective of the intertidal surveys, at four sampling locations surrounding Lelu and Stapledon 
Islands, was to describe the biophysical character of foreshores present in areas that may be 
affected by the Project’s proposed development and/or construction of terminal infrastructure. The 
baseline data will be used to support the Project’s EA and a section 35 (2) Fisheries Act 
Authorization. Methods used to describe the substrate, profile and habitats and species 
assemblages present along the backshore and foreshore follow those specified by DFO for 
assessing marine fish and fish habitat (DFO 2007b, 2004; Williams 1993). 

Species assemblages and habitats recorded in backshore and intertidal areas at the four sampling 
locations were typical of those commonly found in sheltered to exposed rocky and soft sediment 
shorelines along the west coast of northern BC (Lindeberg and Lindstrom 2013; Harbo 2011; Lucas 
et al. 2007; Lamb and Hanby 2005; Pojar and MacKinnon 2004). The greatest species richness 
among the four sites was recorded within the exposed rocky shores of northwest Lelu Island, at Area 
3 and in Area 4, on northeast Lelu. Red algae were particularly diverse in Area 3 and the largest 
intertidal eelgrass bed was delineated at this location. The site also featured the most complex 
profiles of the four locations, with areas of soft sediment and eelgrass separating upper and lower 
bedrock outcrops. In contrast, the sheltered soft-sediment channels between east Lelu Island, 
Stapledon Island and the mainland at Area 1 had lower species richness for all groups except brown 
algae. However, this area had the greatest cover of green algae and a similarly high cover of 
vascular plants as Area 4. The moderately exposed rocky and soft sediment shorelines at the bay at 
north Lelu Island, in Area 2, were of similar but lower species richness to Area 3.  

Eelgrass was the only species of conservation note to federal or provincial regulators. The Province of 
BC lists eelgrass as yellow, and describes it as “demonstrably widespread, abundant, and secure” (BC 
CDC 2013k).  

Eelgrass formed distinct beds in Areas 2, 3 and 4, the majority of which was Zostera marina, although 
six patches in Area 2 and all of those found in Area 4 were comprised of Z. japonica. Zostera japonica 
is an introduced species that is not known to have been recorded in the Prince Rupert area prior to this 
survey. It was not observed during May surveys and was either not present or in a juvenile stage of 
growth that was too small to detect near the transects that were surveyed. 

Anthropogenic disturbance was most evident along the shoreline of east Lelu Island, opposite the 
mainland in Area 1, where old moorings and chains were present along the upper foreshore. Along 
the mainland shore, opposite Stapledon in Area 1, a building was present at the backshore. Little 
evidence of anthropogenic disturbance was observed in Areas 2 and 3, with the exception of 
abandoned crab traps encountered along the backshore of Area 2. Anthropogenic disturbance in 
Area 4 was evident along the shoreline of transects D-9 and D-10, where fishing and boat debris. 
Rusted chain links were also present along the upper foreshore and there were three abandoned 
boats and a cabin along the backshore. 
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 Subtidal Habitat Characterization  4.2

4.2.1 Survey Objectives 
Subtidal surveys were carried out to describe the pre-construction subtidal environment, including 
habitat characteristics and dominant biota around the proposed marine export terminal on Lelu 
Island. This survey identified and mapped substrate types along the seafloor (such as soft bottom, 
rocky areas, and bedrock), and identified potentially sensitive subtidal features (eelgrass and kelp 
beds). A remotely operated vehicle (ROV) was used to collect video footage for analysis. 

4.2.2 Methods 
The subtidal survey was carried out by Ocean Dynamics Inc. and Stantec on May 30 – June 5, 2013 
using a Seaeye Falcon ROV. The study consisted of 28 ROV transects, spaced ~150 m apart, 
spread roughly uniformly from 0 m (chart datum) to a maximum depth of 60 m or to the limits of safe 
navigation. These transects covered areas potentially affected by Project construction, including the 
jetty-trestle and vessel berthing area, and the MOF. Most transects were flown perpendicular to the 
shore to facilitate filming. The only exception was Transect 27 which was flown parallel to the rocky 
shoreline of Lelu Island in order to ensure adequate representation of this habitat type (see Figure 
15). A complete list of transects start and end points as well as their total lengths is provided in 
Appendix 2.  

The ROV and its handling were customized to obtain the most informative footage possible. Typical 
flight speed was 0.3 m/s and the ROV was generally less than 1 m above the seabed due to poor 
visibility throughout the area. Each video frame was stamped with a GPS position 
(latitude/longitude), date and time. Five high intensity and three variable intensity white light-emitting 
diode (LED) lights were mounted on the ROV frame to provide illumination. Two cameras, one a 
fixed wide angle and one close-up zoom, were used to film the seafloor and organisms encountered. 
The ROV was fitted with parallel scaling lasers mounted 20 cm apart to allow for accurate size 
estimation of organisms and objects when reviewing video footage.  

Video footage from each transect was reviewed following the completion of surveys and a data were 
extracted by trained biologists. Specifically, they recorded substrate type, algae, and organisms 
observed in every second of the video. Substrate classes were divided into soft bottom, soft bottom 
with cobble, soft bottom with boulders, cobble, boulders, bedrock, and bedrock with boulders 
following standard methods (DFO 2007b; Williams 1993). All data collected from footage was 
mapped using geographic information system (GIS) software. Due to the proximity to the Skeena 
River and the nature of the soft bottom substrate on Flora and Agnew Banks, water turbidity was 
high and visibility was generally poor throughout the survey in depths shallower than 2 m. 

4.2.3 Results 
The purpose of ROV surveys was to characterize fish habitat in areas potentially affected by the 
Project. Although visibility was poor, the biophysical properties of the subtidal habitat were 
successfully characterized. Species observed during the surveys were recorded as ‘incidental 
observations’ since the objective of the study design was not to survey for fish. 
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The subtidal video revealed a relatively low diversity of vegetation and fauna throughout the soft 
bottom habitat of Flora and Agnew bank. Higher diversities of vegetation and fauna were observed 
on the boulder and bedrock areas in Porpoise Channel along the northwest side of Lelu Island. 
Summaries of substrate type, flora, fish, and invertebrates are provided below. For details on the 
locations of flora, fauna or substrate types observed within the LAA see Figure 16 to Figure 20. A 
summary of each individual transect is also provided in the transect datasheets in Appendix 3  

For a complete list of all species identified during the survey refer to Appendix 4. The absence of a 
particular species does not necessarily mean that it does not occur within the survey area. 

4.2.3.1 Substrate 
Video of the subtidal transects revealed a variety of substrate types across the assessment area 
(see Figure 16). Soft sediment dominated Flora and Agnew Bank to the southwest of Lelu Island. 
The substrate in the area is likely due to its proximity to the Skeena River and the large amount of 
sediment transported during snow melt and heavy rain. Porpoise Channel is more complex than 
Flora and Agnew Banks with a mixture of soft sediment and cobble in the channel center, and 
boulders/cobble and bedrock along the channel margins. Occasional shells and wood debris were 
observed throughout the LAA as well as several abandoned crab traps and other anthropogenic 
debris. 

4.2.3.2 Algae and Eelgrass 
The presence and diversity of algae varied greatly throughout the survey area with Flora and Agnew 
Bank having relatively low species diversity (10) with sparse to no algae present across most of the 
area. By contrast Porpoise Channel had relatively high species diversity (28) and algae covered 
much of the shallow subtidal zone. Porpoise Channel supported higher algal diversity due to the 
increased abundance of hard substrates (boulder, cobble, bedrock) to support growth.  

Algae species on Flora and Agnew Banks grew in very low densities and were limited to small 
isolated areas of rocks. Several species of kelp and Ulva, and one species of Mazzaella, were 
observed. In Porpoise Channel algae occurred in much higher densities and diversities. Brown 
bladed algae (Laminaria and Alaria) were dominant and small kelp beds occurred along the subtidal 
shoreline of Lelu Island in Porpoise Channel. Other brown (Agarum and Fucus), green (Ulva spp.), 
and red algae (Mazzaella and Odenthalia) were common on hard substrate throughout Porpoise 
Channel. Several other species of brown (Costaria, Desmarestia, and Nereocystis) and red algae 
(Halosaccion and Palmaria) were sparsely distributed along the shallow rocky areas of Porpoise 
Channel. Generally, algal abundance declined away from the shores of Lelu Island due to the 
decrease in available rocky substrate and light penetration. 

Several small eelgrass beds were observed during this survey. Eelgrass was observed in shallow 
soft bottom bays along the northwest side of Lelu Island in Porpoise Channel. Although eelgrass 
presence is well documented and known to exist in a large bed on Flora Bank, no growing eelgrass 
was observed during this subtidal survey (only uprooted drift material). This is likely due to the fact 
that the ROV survey was predominantly below the growing depths for eelgrass.  
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This survey was conducted in late May/early June in the middle of the growing season and is 
believed to have captured an accurate measure of marine vegetation throughout the survey area. 
For a summary of algal types (by phylum) and eelgrass and the locations where they were observed 
within the assessment area, see Figure 17. 

4.2.3.3 Invertebrates 
Invertebrates were observed throughout the surveyed area. Invertebrate species richness was 
highest along the Porpoise Channel transects (see Figure 18 and Figure 19). This higher species 
diversity is likely correlated to the presence of hard substrate which was limited in the regions 
southwest of Lelu Island along Flora Bank. The rocky habitat was also found in relatively shallow, 
well-lit regions that support good algal growth and attachment opportunity for organisms as well as 
abundant interstitial spaces for shelter. For a summary of crab and shrimp distributions and other 
invertebrate distributions see Figure 18 and Figure 19, respectively. 

Phylum Arthropoda 
Several species of crustaceans were observed throughout the surveyed area. The most numerous of 
these were crabs and shrimp (see Figure 18). There were a number of commercially important 
arthropod species observed within the surveyed area. Dungeness crab and, to a lesser extent, Tanner 
crabs (Chionoecetes spp.) were abundant across Flora and Agnew Bank. Most crabs were primarily 
observed on soft bottom habitats, though red rock crab was most abundant on rocky substrates. 
Pandalus shrimp were also abundant across Flora and Agnew Banks, and in Porpoise Channel. 
Finally, barnacles were abundant on the rocky substrate in Porpoise Channel (see Figure 19). 

Phylum Chordata 
Orange social tunicates (Metandrocarpa taylori) were observed in moderate abundance on hard 
substrates in Porpoise Channel. Low abundances of the pacific sea peach (Halocynthia aurantium), 
the bristly tunicate (Halocynthia igaboja), the broadbase tunicate (Cnemidocarpa finmarkiensis) and 
the sea vase (Ciona savignyi) were observed on hard substrates in Porpoise Channel. 

Phylum Cnidaria 
Six species of anemones were observed throughout the surveyed area including the giant plumose 
anemone (Metridium farcimen), short plumose anemone (Metridium senile), spotted swimming 
anemone (Stomphia coccinea), white-spotted rose anemone (Utricina lofotensis), and the crimson 
anemone (Cribrinopsis fernaldi). Orange sea pens (Ptilosarcus gurneyi) were abundant and 
ubiquitous across soft substrate. Several jellies were observed throughout the survey area, 
predominantly (Mitrocoma cellularia). One small patch of orange cup corals (Balanophyllia elegans) 
and several areas of hydroids were observed in Porpoise Channel. 

Phylum Echinodermata 
Several species of Echinoderms were observed on all substrate types throughout the assessment 
area (see Figure 19). Of these, sunflower stars (Pycnopodia helianthoides) were the most abundant. 
Other species included ochre stars (Pisaster ochraceus) mottled stars (Evasterias troschelii), leather 
stars (Dermasterias imbricata), blood stars (Henricia leviuscula leviuscula), sand stars (Luidia 
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foliolata), vermillion stars (Mediaster aequalis), rainbow stars (Orthasterias koehleri) and velcro stars 
(Stylasterias forreri). California sea cucumber and the long-spined cucumber (Synallectes 
challangeri) occurred in low numbers in Porpoise Channel. Purple urchin (Strongylocentrotus 
purpuratus) and green urchin (S. droebachiensis) were observed in low abundance. 

Phylum Mollusca 
Mollusks were found predominantly on Agnew Bank, with smaller numbers in Porpoise Channel (see 
Figure 19). The only cephalopod seen was the stubby squid (Rossia pacifica), which occurred on 
soft bottom habitat. Nudibranchs were observed throughout the assessment area. Of the four 
nudibranch species observed, the striped nudibranch (Armina californica) was the most abundant. 
Topsnails (Calliostoma sp.), limpets (Tectura sp.), and chitons were observed in low abundance in 
Porpoise Channel. Several species of bivalves were observed in low abundance including spiny pink 
scallops (Chlamys hastata), giant rock scallops (Crassadoma gigantea), and one species of clam 
(Macoma sp.). No abalone were observed.  

Other Phyla: Annelida and Porifera 
Polychaetes and sponges were observed predominantly on hard substrates in Porpoise Channel. 
The only sponge species recorded was the stalked trumpet sponge (Stylissa stipitata). 

4.2.3.4 Fish 
Numerous species of demersal and benthic fish were observed across the survey (see Figure 20). 
All fish were identified to the lowest possible taxonomic level however poor visibility and fleeting 
glimpses of several fish prevented their accurate identification and these fish were recorded as 
unidentified. In total 49 taxa (predominately recorded to the species level with some recorded at the 
family level) were observed throughout the survey area. 

Fish species diversity was almost equal between the soft bottom habitat of Flora and Agnew Banks 
(35 spp.) and the rocky habitat found in Porpoise Channel (34 spp.); however, more fish were seen 
on soft bottom habitats. This finding may be a product of the lack of hiding places and greater 
visibility along soft bottom habitats (compared to complex, algae-covered hard substrates).  

Eelpouts (Zoarcidae) dominated fish communities on drop-offs around Agnew Bank while 
pricklebacks were the most common family on the soft sediment flats of Flora and Agnew Banks 
(see Figure 20). Various species of flatfish, which were the most abundant commercially/ 
recreationally important species observed, were also common in these areas. Other fish observed in 
lower numbers include gobies and ronquils (Bathymasteridae), sculpins, ratfish (Hydrolagus colliei), 
greenlings (Hexagrammidae), poachers (Agonidae), rockfish, cod (Gadidae), longnose skate (Raja 
rhina) and one spiny dogfish (Squalus acanthias).  

Two species of rockfish were observed during the subtidal ROV survey: copper rockfish (Sebastes 
caurinus) and yellowtail rockfish (Sebastes flavidus).None of the seven rockfish species of 
conservation concern listed in Table 1 were observed during the survey; however, some or all of 
these species are likely to occur in deeper water habitats within the LAA. Given that most demersal 
rockfish species inhabit rocky substrates of high structural complexity, it is presumed that rockfish 
abundance within the PDA is relatively low, as this area is dominated by soft substrates. 
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The ROV survey was designed to classify habitat and not to identify or enumerate salmon 
specifically. Information on seasonal trends in salmon, and their use of different areas is captured in 
the literature review. Pacific salmon are known to occur around the proposed Project site. Many 
juveniles and adults pass the Project site during migrations from March through to July and from 
June through to November, respectively. The lack of salmon observed during the ROV survey is 
likely due to the large proportion of juveniles in the area  who would likely instinctively swim away 
from the ROV. Field surveys occur at a specific time and place while fish distribution is highly 
variable seasonally and annually. The results of the literature review on salmon (and other species 
that were not fully captured in the ROV work, such as eulachon, Pacific herring, and Pacific halibut) 
will be fully considered in the EA. 

4.2.4 Additional Information 
Additional subtidal data was acquired through a data sharing agreement with Prince Rupert Gas 
Transmission Ltd. The data was collected as part of subtidal surveys conducted from September 20-
24, 2013. ROV transects were surveyed approximately 250 m north of the proposed marine berth 
dredging area (see Figure 5-1, Appendix 5). Data collected during the ROV survey was similar to the 
subtidal data discussed in Section 4.2.3 above. 

The dominant substrate types in the survey area were soft bottom and soft bottom with shell, with the 
occasional occurrence of boulders. 

Algae were present throughout the survey area, with the highest diversity found on shallow soft 
bottom substrates. Brown algae such as Fucus and Agarum spp. were among the most abundant 
species, occurring primarily on soft-bottom substrates with boulders shallower than 15 m and soft 
bottom substrates deeper than 40 m.  

Crabs and shrimp were observed at low relative abundance on soft substrates at all depths. Among 
the species and families observed in the area were Dungeness crab (Metacarcinus magister); 
shrimps, including Pandalus spp.; Tanner crabs (Oregoniidae); and squat lobsters (Galatheidea). 
Other arthropods, represented solely by Balanus spp., were common in soft bottom areas with shell 
substrate.  

The orange sea pen (Ptilosarcus gurneyi) was the most abundant cnidarian with a mean of 7.85 
individuals/100 m across the site. Other notable species observed were the giant and short plumose 
anemones (Metridium farcimen and M. senile, respectively). 

Echinoderms were observed in relatively high abundance on boulder substrate but were scarce 
elsewhere within the site. Sea stars were the most abundant echinoderms observed with the 
sunflower star (Pycnopodia helianthoides) the most common of sea stars recorded. Other 
echinoderms observed included the giant sea cucumber (Parastichopus californicus). 

Rough piddock (Zirfaea pilsbryi), unidentified bivalves and the striped nudibranch (Armina 
californica) were the three most commonly observed molluscs during the survey. Ascidians, 
bryozoans, and sponges (Porifera) were seen at medium to low relative abundance throughout the 
site.  
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Nine species (six families) of fish were identified during the survey. There was a relatively high 
abundance of fish in shallow waters that could not be identified due to poor visibility, with a medium 
to low abundance of these unidentified fish in waters deeper than 15 m. All other fish taxa were 
observed at relatively low abundance. 

The most commonly observed fish were pricklebacks (Stichaeidae) with the only species identified 
being the snake prickleback (Lumpenus sagittal), which was observed at a mean frequency of 4.67 
individuals/100 m. Four different species of righteye flounders (Pleuronectidae) were observed 
across all depths, with rock sole (Lepidopsetta bilineata) being the most commonly identified 
species. Ronquils (Bathymasteridae), eelpouts (Zoarcidae), gobies (Gobiidae) and sculpins 
(Cottidae) were also seen at this site in very low numbers.  

The findings from the Prince Rupert Gas Transmission project ROV survey are consistent with the 
ROV survey findings of the PNW LNG Project.  

4.2.5 Summary 
The surveyed area consisted of two major habitat types: Soft sediment areas of Flora and Agnew 
Banks, and more complex and hard substrate in Porpoise Channel. Soft bottom habitat had low 
algae diversity and communities were dominated by flatfish, pricklebacks, Dungeness crabs, 
Pandalus shrimp, sea pens, and various nudibranchs. Rocky habitats had much higher algal 
diversity and rich communities of invertebrates and fish. Several species (e.g., giant plumose 
anemones, hermit crabs and sunflower stars) were ubiquitous across the survey area. In general, 
Porpoise Channel and its rocky habitat supported a greater diversity of flora and fauna compared to 
the soft bottom habitat found on Flora and Agnew Banks. 

The area supports numerous species of commercial/recreational value. In particular, Flora and 
Agnew Banks support an abundance of Pandalus shrimp, Dungeness crab and Tanner crabs. The 
assessment area also supports urchins, sea cucumbers and several species of fish that are locally 
exploited, most notably flatfish.  

 Flora Bank Eelgrass Assessment  4.3

4.3.1 Survey Objectives 
The PDA of the proposed jetty-trestle traverses Flora Bank, a large tidal flat lying to the southwest of 
Lelu Island that supports an extensive eelgrass bed and is of considerable ecological and cultural 
value (PRPA and AECOM 2011; Faggetter 2009). Multiple, separate surveys of Flora Bank eelgrass 
were conducted to:  

 Delineate its subtidal extent 

 Delineate its intertidal extent 

 Determine its spatial heterogeneity while coarsely estimating relative density  

 Quantify canopy structure (percent cover and canopy height).  

The objective of this survey was to build on previous studies to characterize the extent and quality of 
eelgrass across Flora Bank using a variety of field methods.  
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4.3.2 Methods 
Surveys were designed based on protocols developed by Environment Canada (2002) and 
SeagrassNet (Moore and Short 2006) and modified in the field. Remote-sensing combined with boat-
based submersible video survey and surveys by foot were used to estimate the extent and density of 
eelgrass across Flora Bank. Importantly, this approach was effective even in turbid waters, because 
photographs were taken close enough to the substrate to capture variability in eelgrass cover. In 
case of adverse weather conditions (i.e., overcast skies, rain, wind) and because of high water 
column turbidity expected during this time of year, this robust sampling approach was developed to 
ensure the Flora Bank eelgrass bed could be effectively delineated and the quality could be 
assessed, given these potential limitations. In addition, previous studies concluded that extensively 
surveying Flora Bank when it is submerged is dangerous owing to the rapid tidal flows, high 
sediment loads and large woody flotsam from the Skeena River (Faggetter 2009).  

Specific descriptions of survey methods are detailed below, grouped under larger categories of field 
methods and remote sensing. 

4.3.2.1 Field Methods 

Subtidal Delineation 
Between May 29 and 31, 2013 a towed video survey was conducted from a small aluminum skiff 
(6.67 m in length) with a shallow draft (see Photo 21).  

 
Photo 21: Small aluminum skiff research vessel used during Flora Bank eelgrass surveys. 
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Twenty underwater video transects haphazardly spaced along the circumference of Flora Bank were 
surveyed using an underwater camera (Deep Blue Pro Splash Cam, Ocean Systems Inc., Everett, 
WA, USA) mounted on a polyvinyl chloride (PVC) frame attached to a 0.5 m x 0.5 m quadrat (see 
Photo 22).  

 
Photo 22: Camera on polyvinyl chloride (PVC) quadrat frame being prepared for 

deployment from the research vessel during Flora Bank eelgrass surveys. 
To visualize eelgrass in the highly turbid water, the camera frame was tipped onto its side and towed 
rear-facing to ensure imagery would be collected from within the eelgrass canopy. Transects began 
in subtidal depths adjacent to Flora Bank in water depths assumed to be beyond eelgrass depth 
distribution limits. Attempts were made to collect transect data every 250 m along the circumference 
of Flora Bank; however, this was not possible due to the water current velocity laterally displacing the 
research vessel and poor underwater visibility due to high water column turbidity. The camera was 
towed towards Flora Bank (perpendicular to the hypothesized eelgrass bed edge) at a constant 
speed (not exceeding 4.5 km/h, speed over ground). Transects were halted and a GPS waypoint 
recorded upon visual confirmation of suspected eelgrass shoots on the video monitor. All video 
imagery collected during the survey was reviewed by a Stantec marine scientist with extensive 
eelgrass experience to verify field determinations of eelgrass presence/absence. Depth data were 
not recorded during the survey due to a chart plotter malfunction. All references to depth in this 
report are taken from Canadian Hydrographic Service (CHS) chart soundings. 

Intertidal Delineation 
On May 30, 2013 the intertidal extent of Flora Bank was surveyed during low tide. Two field 
biologists equipped with dry suits disembarked the research vessel on the eastern edge of Flora 
Bank approximately 30 minutes before low tide. With GPS units on tracking, each biologist walked in 
separate directions along the perimeter of Flora Bank. Efforts were made to walk along the seaward 
edge of the deepest visible eelgrass shoots encountered.  
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Spatial Heterogeneity  
Spatial heterogeneity (patchiness) was determined using video transects on May 30, 2013. As 
satellite imagery classification was ultimately successful, these survey methods are further described 
in Appendix 6.  

Canopy Structure 
On May 30 and May 31, 2013 the canopy structure of Flora Bank intertidal eelgrass was surveyed 
during low tide. These data were collected to describe the canopy structure of Flora Bank intertidal 
eelgrass while also providing data for ground-truth classifications of remote sensing imagery. This 
enables different spectral signatures to be cross-referenced with in-field observations of eelgrass 
and sediment to facilitate habitat classification. Individual digital photographs of the substrate were 
collected at haphazard selected locations (n = 77) during the intertidal delineation along the southern 
aspect of Flora Bank (see Figure 21). After the survey, these raw images were processed for scale 
using digital imaging software (ImageJ version 1.47, National Institutes of Health, USA, 
http://rsbweb.nih.gov/ij/). After processing, percent coverage of eelgrass was estimated from 0.5 m x 
0.5 m subsection of each image. On May 31, percent cover and canopy height data were collected 
from a combination of randomly pre-selected and opportunistic sites (n = 19) on Flora Bank during 
low tide (see Figure 21). At each site, four sub-sample quadrats were haphazardly placed with 
percent cover estimates, canopy height measurements, and a digital photographic record collected 
from each quadrat. Percent cover and canopy height measures were averaged from the quadrat 
subsamples at each site. Estimates of sediment composition and incidental observations of flora and 
fauna were also recorded for each sampling event. 

4.3.2.2 Remote Sensing 

Satellite Imagery Acquisition  
To obtain satellite imagery of Flora Bank, multiple options were explored to provide the best data 
interpretation possible given the dynamic environment of Chatham Sound. Prior to commencing field 
surveys, a WorldView-2 satellite test image (collected on June 7, 2011) was acquired through the 
DigitalGlobe image archive to assess whether satellite imagery would be useful for eelgrass 
classification in this region. Although the image coverage did not extend south beyond the Kitson 
Islet just north of Kitson Island, the image coincided with a low tide and all of Flora Bank was 
exposed (see Figure 22). 

Coinciding with the 2013 field surveys, both the WorldView-2 and Pléiades satellites were 
commissioned through BlackBridge Geomatics to increase the probability of obtaining useful satellite 
imagery of Flora Bank. Please refer to Table 20 for specifications of each satellite. During the study 
period, two WorldView-2 satellite passes were possible on May 24 and 26, 2013 at low tides of 0.4 m 
and 0.2 m, respectively. Three Pléiades satellite passes were made at low tides on the May 24, 26 

and 28 of, 2013, at predicted tidal heights of 0.4, 0.2 and 0.4 m respectively. Due to adverse weather 
conditions on these days (i.e., the cloud cover was greater than 70%) and no usable satellite 
imagery from either satellite was acquired. However, BlackBridge Geomatics continued to collect 
Pléiades imagery for the Project after these dates. Although the low tide was higher than preferred 
(1.5 m), a cloud free image was acquired on June 1, 2013, and one day after the field surveys were 
completed (see Figure 23).  
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Table 20: Satellite Image Specifications: WorldView-2 and Pléiades 

Satellite Specifications WorldView-2 Pléiades 

Band designations – wavelength (nm) 

Coastal 400 - 450 N/A 

Blue 450 - 510 430 - 550 

Green 510 - 580 500 - 620 

Yellow 585 - 625 N/A 

Red Edge 705 - 745 N/A 

Red 630 -690 590 - 710 

Near Infrared 1 770 - 895 740 - 940 

Near Infrared 2 860 - 1040 N/A 

Spatial Resolution (metres) 1.8, resampled to 0.5 2.0, resampled to 0.5 

Temporal Resolution (days) 1.1 1 

 

Habitat Classification and Satellite Imagery Validation 
Habitats were classified by applying a combination of supervised and manual methods to the satellite 
imagery. Training points were used to identify groups of similar pixels to complete classification of 
the satellite imagery. Presence/absence of eelgrass was determined by applying a supervised 
maximum likelihood classification. The maximum likelihood classification assigned pixels to a class 
on a comparison of the posterior probability that it belonged to each of the signatures being 
considered. In this case, signature files were created for four classes of eelgrass density:  Low (1-
30% cover), Medium (31-70% cover), High (71-100% cover), and no eelgrass (0% cover). Areas of 
eelgrass density were determined using the in-situ field-collected quadrat database (n = 55). An area 
containing 20 or more pixels was created at each of the sites in order to capture the signature 
information for input into the maximum likelihood.  

4.3.3 Results 
Weather conditions during the May 29 to 31 survey dates were favourable for field work with 
seasonal air temperatures and relatively calm wind and sea states ranging between 0.5 and 2 on the 
Beaufort scale. Atmospheric conditions ranged among extended periods of moderate rain, overcast 
skies, and partly cloudy conditions (see Photo 23). 
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Photo 23: Southerly view of exposed eelgrass on Flora Bank during low tide with Kitson 
Island visible in background (image taken May 30, 2013) 

Initial observations of eelgrass on Flora Bank indicated it was distributed in patches of various sizes 
and densities and interspersed by extensive areas with no vegetation. No evidence was found of 
other vascular marine species (e.g., Z. japonica, Phyllospadix scouleri) in the assessment area. The 
substrate was dominated by fine deposits of mostly consolidated sand with areas of both 
consolidated and unconsolidated silt/clay. Aside from eelgrass, Flora Bank was almost completely 
devoid of structuring habitat except for small pockets of green (Ulva sp.) red, and brown algae (Alaria 
sp., Laminaria sp.) found in sub-tidal areas surrounding the Bank. During low tide sampling events, 
very low water clarity attributable to the influence of sediment loads from the nearby Skeena River 
resulted in a complete loss of visibility after just a few centimetres of water depth (see Photo 24). 
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Photo 24: Submerged eelgrass on Flora Bank in turbid water during low tide (N54 10.722 
W130 18.285; image taken May 30, 2013) 

While reductions in water clarity were anticipated, it was not expected that the turbidity levels would 
preclude the ability to visualize the quadrat frame on the drop camera (see Photo 25). Multiple 
unsuccessful attempts were made to collect downward-viewing images of the substrate at varying 
locations during all tidal stages throughout the survey. As a result, the sampling method was 
amended as described (see Section 4.3). 
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Photo 25: Image capture from underwater camera video footage of quadrat frame resting 

on bottom in highly turbid water (taken May 31, 2013) 

4.3.3.1 Delineations 
In total, 29 attempts were made to collect video data along 21 transects. The final transect (T21) was 
unsuccessful and multiple (2-3) attempts were made to successfully collect data from T10-12, 14, 
17-18, and 20 (see Table 21; see Figure 24). Transect lengths ranged between 34 m and 1,600 m 
with an average transect length of 396 m. Transects along the north and northeastern aspects were 
noticeably shorter due to the presence of Lelu Island (see Figure 24). Eelgrass in this area was 
observed to extend from Flora Bank into the deeper waters of the narrow channel running between 
the survey area and the southwest of Lelu Island. In the areas surveyed, eelgrass was absent from 
these channel areas but was observed in shallow regions along the southwest shore of Lelu Island.  

The remaining transects were started in deeper water farther from Flora Bank, permitting surveying 
of a broader area presumed to be outside the depth distribution of eelgrass in the survey area; 
however, eelgrass was present (see Photo 26).  
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Table 21: Characteristics of Subtidal Delineation Transects 

Transect 
Name Start Point End Point 

Transect 
Length 

(m) 

Average 
Speed 
(km/h) 

Water 
Depth of 
Eelgrass 
(m; chart 
datum)* 

T01c N54 11.890 W130 17.959 N54 11.905 W130 17.944 77 2.3 1.5 

T02c N54 11.803 W130 17.799 N54 11.806 W130 17.837 41 2.2 1.2 

T03c N54 11.687 W130 17.802 N54 11.682 W130 17.839 45 2.4 1.5 

T04c N54 11.572 W130 17.682 N54 11.569 W130 17.712 36 2.3 -0.9 

T05c N54 11.480 W130 17.517 N54 11.424 W130 17.696 232 2.0 -0.9 

T06c N54 11.315 W130 17.332 N54 11.215 W130 17.726 479 2.8 -1.5 

T07c N54 11.565 W130 19.309 N54 11.442 W130 18.866 605 1.7 -1.5 

T08c N54 11.629 W130 19.025 N54 11.559 W130 18.668 457 1.8 -2.1 

T09a N54 11.100 W130 17.166 N54 11.325 W130 17.761 1600 2.3 -1.5 

T10b N54 10.434 W130 19.004 N54 10.443 W130 18.974 43 1.5 4.0 

T11a N54 10.067 W130 18.940 N54 10.696 W130 18.596 1300 3.0 -0.3 

T12b N54 10.736 W130 19.414 N54 10.780 W130 19.370 104 2.0 3.0 

T13b N54 10.903 W130 19.566 N54 10.916 W130 19.542 34 2.3 2.4 

T14a N54 11.913 W130 18.301 N54 11.883 W130 18.296 152 1.8 -0.3 

T15a N54 11.878 W130 18.440 N54 11.849 W130 18.420 65 2.0 -0.9 

T16a N54 11.803 W130 18.632 N54 11.764 W130 18.602 90 2.4 -0.9 

T17b N54 11.727 W130 18.871 N54 11.675 W130 18.756 169 2.4 -0.6 

T18b N54 10.558 W130 18.150 N54 10.825 W130 18.283 530 2.4 -0.9 

T19a N54 10.714 W130 17.887 N54 10.993 W130 18.287 763 2.6 -1.2 

T20a N54 11.426 W130 19.550 N54 11.388 W130 18.837 1100 1.1 -1.5 

NOTES: 
* negative values indicate location is found above chart datum; a eelgrass presence confirmed during video review; b eelgrass 
presence not confirmed during video review (false field positive); c hardware failure, video not recorded 
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Photo 26: Image capture from underwater camera video footage of first eelgrass sighting 

on subtidal delineation T09 (taken May 30, 2013) 
 

When transects containing false positive results were omitted, all but three transects where eelgrass 
was found (T01 - 03) occurred in water depths above chart datum and ranged between 1.5 
and -1.5 m. These depth data should be viewed with a degree of caution as water depths and the 
position of the margins of Flora Bank observed during the field surveys disagree with the CHS chart 
data. This discrepancy was particularly evident during the intertidal delineation survey. The eelgrass 
extent along the northwest aspect of Flora Bank (refer to area around subtidal transects, T01 - 03) 
appears to have expanded into areas formerly classified as channel (see Figure 24). 

Comparisons of both the intertidal and subtidal delineations show a high level of agreement in the 
position of eelgrass. On average, the locations of eelgrass based on subtidal transects were found 
within 99.7 m of the intertidal delineation track (see Figure 24) with values ranging from -196 m to 
433 m (see Table 22). Coarse estimates of the eelgrass areal extent using both methods were 
comparable as well with values of 1.74 km2 and 2.00 km2 for intertidal and subtidal surveys, 
respectively. 
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Table 22: Comparison of Subtidal and Intertidal Delineation Methods 

Transect Name Distance From Intertidal (m) Heading (North = 0°) 

T01 16.8 213 

T02 13.5 278 

T03 37.2 260 

T04 76.3 262 

T05 -9.83 243 

T06 433 248 

T07 214 116 

T09 -18.9 311 

T11 75.8 18.9 

T14 14.6 175 

T15 58.5 159 

T19 -196 321 

T20 131 96.3 

NOTES: 
* negative values indicate subtidal transect extended beyond intertidal delineation 
 

4.3.3.2 Canopy Structure 
Quadrat sampling of Flora Bank demonstrated a range of eelgrass percent coverage across the 
assessment area (see Figure 27). Percent cover values ranged from 0 to 100% with a mean percent 
coverage of 32.3%. Canopy height varied between 18 cm and 70 cm with an average value of 
36.4 cm observed. The composition of surface sediments varied across the study site (see 
Appendix 7); however, the assessment area was dominated by consolidated and unconsolidated 
sand and sand/silt mixes. During canopy structure surveys, eelgrass shoots in reproductive condition 
were observed (see Photo 27).  
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Photo 27: Eelgrass reproductive shoots among vegetative shoots (taken May 28, 
2013)(Left). Flowering eelgrass reproductive shoot with bifid stigmas protruding 
along inflorescence (taken May 30, 2013 at GT 31) (Right). 

4.3.3.3 Spatial Heterogeneity  
Towed video surveys across Flora Bank while tidally inundated demonstrated that the distribution of 
eelgrass across the survey area was very patchy. This was consistent with the satellite image 
classification. Appendix 6 provides additional information on the results of spatial heterogeneity 
survey.  

4.3.3.4 Remote Sensing and Habitat Classification 
A suitable Pléiades satellite image with the survey area in view was acquired on June 1, 2013. While 
eelgrass information was present; the water column exhibited high turbidity (see Appendix 8). An 
unsupervised classification was applied due to high turbidity. This method of classification involves, 
image-processing software categorizing pixels into habitat classes based on groupings of their 
spectral properties; the user adds no further information to the classification, including that based on 
field data. This approach was appropriate in the present situation owing to the apparent mismatch 
between field observations in areas that were covered with turbid water. While this approach clearly 
identified areas with eelgrass, there were also large areas for which there was little information due 
to the suspended sediment (see Figure 25). The areal extent of Flora Bank eelgrass as estimated 
from the Pléiades imagery (see Figure 25) was 0.33 km2.  

Based on the results of the 2013 field surveys (see Figure 21 and Figure 24)) and the preliminary 
2011 WorldView-2 satellite image (see Figure 20), it was assumed that 2013 Pléiades imagery (see 
Figure 25) underestimated the amount and areal extent of Flora Bank eelgrass. This was especially 
evident for the southern portions of Flora Bank. Direct comparison of both satellite images 
demonstrated a 64.7% overlap of areas (core eelgrass, see Figure 26) with eelgrass present on 
Flora Bank between the 2013 Pléiades imagery (see Figure 25) and 2011 WorldView-2 satellite 
image (see Figure 22). In particular, both images delineated large eelgrass patches in the northern 
and eastern regions of Flora Bank (see Figure 26). Based on this level of agreement between 
images, it was assumed the 2013 field data would provide a reasonable approximation of the extent 
and structure of Flora Bank eelgrass described by the 2011 WorldView-2 imagery (see Figure 25 for 
a comparison of the satellite image results and the intertidal delineation). As no other seagrass 
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species were encountered during 2013 field surveys and no previous studies of the region presented 
contradictory evidence (Fagetter 2009; Forsyth et al. 1998), it was assumed the sole photosynthetic 
signature in the 2011 WorldView-2 image was attributable to eelgrass. 

The resulting supervised classification of the 2011 WorldView-2 image confirmed the results of the 
2013 field surveys which indicated eelgrass had a patchy distribution over the majority of Flora Bank 
with varied densities (see Figure 27). Further, large regions of high eelgrass density were localized 
to the northeastern portion of the assessment area while the southern portion was characterized by 
smaller patches of low-medium density eelgrass (see Figure 27). WorldView-2 reflectance data also 
detected areas of medium to high density eelgrass along the southern shore of Lelu Island (see 
Figure 27). Interestingly, a small patch of high-density eelgrass was also detected north of the 
proposed jetty-trestle. This was an unexpected result as water depths in that area are greater than 
7.9 m above chart datum with the eastern edge of this patch being in a navigation channel with 
depths of approximately 18.7 m above chart datum. These facts, combined with results of the 2013 
Pléiades imagery showing no photosynthetic signal from that region, suggest this small 
photosynthetic signal is an image artifact. 

In total, the estimated areal extent of eelgrass coverage on Flora Bank based on satellite imagery 
was 0.64 km2 (see Table 23). 

Table 23: Flora Bank Eelgrass Percent Coverage by Class Estimated from WorldView-2 
Satellite Imagery 

Eelgrass Density Estimated Area (km²) Proportion of Flora Bank (%) 

Low (1-30%) 0.08 12.5 

Medium (31-70%) 0.27 42.2 

High (71-100%) 0.25 39.1 

Submerged Eelgrass 0.04 6.2 

Total Coverage 0.64 100 

 

Medium and high density eelgrass classes dominated Flora Bank, comprising 81.3% of the area of 
all Flora Bank eelgrass. Submerged and low density eelgrass contributed the remaining 18.7% of 
areal eelgrass coverage. 

The overall accuracy of the supervised classification is 72.2% (see Table 24 below). The error of 
commission (cases where a feature is incorrectly identified) was lowest for low density eelgrass 
estimates and highest for areas lacking eelgrass (none). The error of omission (cases where a 
feature is missed) gave exactly the opposite trend with the lowest values found for areas lacking 
eelgrass and the greatest error rates for low density eelgrass. The large commission error for the 
areas lacking eelgrass was attributed to locations identified by the in-situ points as having a percent 
cover of less than 20% being classified on the satellite image as having no eelgrass present. The 
known time difference between the image capture date and the field data collection could also be a 
contributing factor, as there may simply not be eelgrass at that exact location in 2011. 
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Table 24: Accuracy Assessment of WorldView-2 Satellite Imagery Classifications 

 
Satellite Classified Producer 

Accuracy 
Omission 

Error Low Medium High None Total 

Fi
el

d 
Sa

m
pl

es
 Low 13 3 0 6 22 59.1 40.9 

Medium 0 8 4 0 12 66.7 33.3 

High 1 0 8 1 10 80 20 

None 0 1 0 10 11 90.9 9.1 

Total 14 12 12 17 39 

  Correct classification 39 

User's Accuracy 92.9 66.7 66.7 58.8 Total samples 55 

Commission Error 7.1 33.3 33.3 41.2 Overall accuracy 70.9 

 

4.3.4 Discussion 
Multiple survey methodologies were successfully employed to quantify the spatial extent, density, 
spatial heterogeneity, and quality of Flora Bank eelgrass. Our results are in agreement with previous 
studies that described a large, and temporally persistent eelgrass bed in the assessment area 
(Faggetter 2013, 2009; Forsyth et al. 1998). In contrast to these previous studies, the current study is 
the first known attempt to simultaneously coordinate multiple traditional quadrat and transect survey 
techniques with satellite remote sensing methods to assess eelgrass habitat resources. Additionally, 
our study is the first to use remote sensing data to describe the spatial distribution of varying 
eelgrass density classes on Flora Bank.  

Borstad Associates Ltd. (Forsyth et al. 1998) completed a compact airborne spectrographic imager 
(CASI) survey of the greater Prince Rupert Harbour, including Flora Bank. Their August 1997 survey 
estimated the areal coverage of Flora Bank eelgrass to be 0.8 km2. This value is comparable to our 
0.64 km2 estimate based on June 2011 imagery. While both values are very similar in magnitude, 
this 21% difference in areal estimates may be the result of multiple factors including: comparison of 
differing methodologies (airborne CASI vs. WorldView-2 satellite); intra-annual variation; and/or inter-
annual variation. 

The heightened resolution of the WorldView-2 satellite imagery may have provided a more accurate 
estimate of eelgrass areal coverage than the Borstad Associates Ltd. CASI survey (Forsyth et al. 
1998). The pixel resolution of the CASI hyperspectral reflectance data was 4 m while the WorldView-
2 satellite imagery was 2.2 times greater at 1.85 m for multispectral bands. In general terms, 
airborne hyperspectral imaging sensors are considered superior to satellite multispectral sensors 
because of their ability to extract full spectrum data for each pixel which permits the discrimination of 
individual species in multispecies vegetation assemblages (Silva et al. 2008). However; that 
discriminatory advantage is lost when surveying areas with monospecific vegetation such as Flora 
Bank. Therefore, the increased spectral resolution of satellite imagery can be more suitable in such 
instances, providing greater accuracy. 
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Eelgrass above-ground biomass and spatial distribution follows a strong seasonal pattern with 
minimal growth rates found during periods of low light and temperature in fall and winter with 
subsequently increasing growth rates during spring progressing to maximum distributional extent and 
above-ground biomass levels in early to mid-summer periods (Moore and Short 2006; Gaeckle and 
Short 2002; Olesen and Sand-Jensen 1993). As the Borstad Associates Ltd. CASI survey (Forsyth et 
al. 1998) was collected during August, as opposed to our WorldView-2 survey in early June, it is 
possible our data do not accurately reflect the maximum intra-annual spatial distribution of Flora 
Bank eelgrass. 

Substantial inter-annual variation in eelgrass bed coverage has been observed in multiple studies at 
various locations throughout North America. Hanson (2004) sampled above-ground eelgrass 
biomass in 13 eastern Canadian estuaries in 2001 and 2002. The mean reduction between years 
was approximately 40% with the most dramatic reduction was in Rustico, Prince Edward Island 
(-88%) while Hillsborough Bay, Prince Edward Island conversely showed a 64.7% increase. Annual 
aerial photography surveys of six natural eelgrass beds in Newman Sound, Bonavista Bay, 
Newfoundland and Labrador between 1995 and 2006 demonstrated percent cover of eelgrass 
remained stable throughout the study period with a standard deviation of ~5% (Warren et al. 2010). 
Annual remote sensing at Bahıa San Quintın, Baja California, Mexico over a 13-year period 
observed a 34% loss of subtidal eelgrass and a 13% gain in intertidal eelgrass (Ward et al. 2003).  

Given the magnitude of inter-annual variation recorded from eelgrass, our observed 21% difference 
from the results of Borstad Associates Ltd. (Forsyth et al. 1998) is not likely to be of biological 
relevance. Further, the agreement of total areal extent values combined with the observed similarity 
in the distributional pattern of eelgrass between our survey and the Borstad Associates Ltd. survey 
14 years prior suggests that the distribution of Flora Bank eelgrass has been relatively stable over 
this time period. In terms of the specific distributional pattern, two contrasting areas were apparent 
upon visual comparison of both surveys. First, a large patch of eelgrass present to the northeast of 
Kitson Island in 1997 no longer exists. Alternatively, the 2011 satellite imagery showed a bed of 
eelgrass along the southwestern aspect of Lelu Island near Leer Point which was not detected in the 
Borstad Associates Ltd. survey. These distributional shifts highlight the dynamic nature of 
submerged aquatic vegetation distributions in coastal environments. 

The depth distribution of Flora Bank eelgrass observed (between -1.5 m and 1.5 m chart datum) 
were similar to the -0.82 m to 1.75 m chart datum depth range of Faggetter (2009) and the 1.84 m 
depth of Faggetter (2013). The Borstad Associates Ltd. CASI survey (Forsyth et al. 1998) was 
almost exclusively restricted to intertidal eelgrass. Subtidal eelgrass in BC extends from -0.9 m 
to -5.5 m mean sea level (Baldwin and Lovvorn 1994a, 1994b). In general, light limitation due to 
sedimentation or depth is considered to be the largest influence on eelgrass survival (Skinner et al. 
2013; Zimmerman et al. 1995; Dennison and Alberte 1985; Backman and Barilotti 1976). Depth 
influences on eelgrass may also be related to sediment nitrogen content variation with depth 
(Dennison et al. 1987). Current velocity has also been shown to be negatively correlated with 
above-ground:below-ground biomass allocation (Fonseca and Bell 1998) and may increase the loss 
of sediment pore water nutrients via diffusion into the water column (Koch 2001). Given the high 
sediment loading and water currents observed during our surveys, either or both of these factors 
may be responsible for the limited depth distribution of eelgrass in the assessment area. 

Despite strong water currents and low water clarity, successful underwater video transects were 
possible during spring tide inundation of Flora Bank using a research vessel with a shallow draft and 
an experienced captain/field crew.  
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5 SUMMARY 
The primary objective of this TDR was to characterize the marine habitats and species present in 
and around the proposed Project and to document the baseline conditions that may be affected by 
the Project. A literature review of existing information provided a broad-level biophysical context for 
the Project; field surveys provided more focused information on areas particularly likely to be 
affected during Project construction, operations and decommissioning. Collectively, the information 
presented in this report will form the scientific foundation for the marine component of the Project EA. 

The marine environments within the LAA are typical of those found in the north coast of BC but with 
the additional, indelible influence of the Skeena River. The physical oceanography of the region – 
including the seafloor topography and substrata, water conditions and currents – are generally 
similar to those found throughout the fjordic North Coast. However, the Project site sits within the 
influence of the Skeena River estuary, which influences currents, salinity, and turbidity around the 
Project and, hence, the dominant species and habitats in some areas of the LAA.  

The LAA features a wide range of marine habitats, most of which are common throughout the North 
Coast region. Dominant intertidal habitats include rocky foreshores, which are dominated by a 
diverse assemblage of algae and invertebrates, and soft-sediments, which accumulate in sheltered 
areas of coast and support a distinctive community of invertebrates (such as polychaetes, clams and 
shrimp) and eelgrass. Subtidal habitats in the survey area also reflect those found throughout the 
broader LAA. Specifically, offshore areas typically constitute a mix of sandy gravel with occasional 
outcrops of bedrock or boulders, while shallower coastal areas, and those within channels, are 
characterized by a wider diversity of substrata, including extensive areas of rocks and boulders.  

The most notable ecological feature of the LAA is the extensive eelgrass bed on the crest of Flora 
Bank and adjacent soft-sediment areas on Agnew Banks. The high ecological value of this area 
(including the eelgrass that thrives on the crest of Flora Bank) has long been recognized 
(Department of the Environment 1973). Flora Bank eelgrass beds and the adjacent soft-sediment on 
Agnew Bank play an important rearing role for ocean-bound juvenile salmon migrating predominantly 
from the Skeena River and support healthy populations of (inter alia) Dungeness crab and Pandalus 
shrimp (DFO 1985; North Coast Environmental Analysis Team 1975). Past studies of Flora Bank 
indicate that eelgrass is largely restricted to the intertidal areas of Flora Bank owing to thick 
suspended sediments that limit sun penetration and, hence, prevent eelgrass subtidal growth (e.g., 
Faggetter 2009, 2013). This observation was supported by the field studies and remote-sensing-
based mapping: Eelgrass was absent, or sparsely distributed and patchy around the low 
intertidal/subtidal fringes of Flora Bank but common and relatively dense on the higher, central 
areas.  

The distinctiveness and diversity of these habitats is echoed in the species that thrive within them. 
Rocky subtidal areas support a rich community of seaweeds, including numerous kelps, which 
contribute to availability of food and shelter for many mobile and sessile invertebrates and fish. Soft 
sediments provide suitable substrate for burrowing invertebrates, crabs, shrimp and flatfish; 
however, the unconsolidated nature of this substrate means that they are largely barren of 
seaweeds.  
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Invertebrates are found throughout the assessment area, but their communities are distinctive and 
specific to habitat type. Given the wide variety of habitats within the LAA, a huge diversity of marine 
invertebrates is found around the proposed project site. These range from the sediment-dwelling 
clams and shrimp, through to rocky-shore communities that include barnacles, limpets and 
periwinkles. While some species have highly specific habitat preferences, such as kelp crabs 
observed during foreshore surveys, others roam more widely across the area, such as sea stars and 
Dungeness crab. The most commercially important invertebrates observed within the area are 
Dungeness crab and Pandalus shrimp, which are abundant around Agnew Bank and the adjacent 
deep-water areas. Although the LAA falls within the known range of northern abalone, none were 
observed during field surveys. 

Common fish observed in the assessment area represent a small fraction of the diversity known to 
exist within the LAA. Few fish were observed during subtidal surveys; of these, ronquils and 
pricklebacks were the most common. In addition, commercially valuable flatfish were abundant on 
the soft sediment of Agnew Bank. Although no juvenile salmon were observed during surveys, the 
area is known to be of great importance to ocean-bound juvenile salmon, primarily migrating from the 
Skeena River (DFO 1985; North Coast Environmental Analysis Team 1975; Higgins and 
Schouwenburg 1973). Similarly, the area is known to be important for rockfish, cod, eulachon and 
Pacific herring, which were rare or absent in field surveys. 

Although few incidental sightings of marine mammals were made during field surveys, the area is 
visited (if not frequented) by several marine mammals. Of these species, several are either at 
historic-low population sizes or recovering from recent exploitation. Of particular note, humpback 
whales, killer whales and harbour porpoise have been flagged by the Province of BC, COSEWIC, 
and SARA as species of conservation concern. Other common marine mammals known to frequent 
the area include Dall’s porpoise, Pacific white-sided dolphin and harbor seal. 

Results of baseline studies and modelling indicate that the marine environment in the assessment 
areas is typical of those found on north coast of BC. The LAA features habitats common to the 
region. Key features include extensive eelgrass beds and soft-sediment areas. Species of notable 
conservation, commercial, recreational or cultural value present in the assessment areas include: 
salmon, Pacific herring, eulachon, Dungeness crab, shrimp and several marine mammals. 
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6 CLOSURE 
This TDR for Marine Resources has been prepared for Pacific NorthWest LNG Limited Partnership 
to describe baseline conditions of marine resources within the proposed Project assessment areas. 
This report is based on field studies and review of existing data completed between October 2012 
and September 2013. If there are any questions regarding the content of the report, please contact 
Andrea Pomeroy by e-mail at andrea.pomeroy@stantec.com. 

 

Respectfully submitted, 

Stantec Consulting Ltd. 
  

Original signed by: Original signed by: 

Phil Molloy, Ph.D.  Aimee Gromack, M.Sc. M.M.M. 
Marine Ecologist Marine Ecologist 
 
Reviewed by: 

 

Original signed by: Original signed by: 

Janine Beckett, M.Sc., R.P.Bio. Andrea Pomeroy, Ph.D., R.P.Bio. 
Senior Marine Scientist Project Manager  
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