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Key considerations in assessment
• High conservation value of the site for birds 
• Not all intertidal biofilm has equal value to shorebirds
• Experimental evidence behind the value of 

Polyunsaturated Fatty Acids (PUFAs) for bird migration 
and for trigger mechanism for fatty acid production in 
microalgae 

• Repeated findings in the Proponent’s studies that 
freshwater is negatively correlated with measures of 
biofilm biomass and fatty acid content 

• Lack of mitigation options. Alternate sites within the 
Fraser River estuary (Sturgeon Banks and Boundary Bay) 
have sandier substrates or different hydrological regimes, 
and would not be suitable replacements for the loss or 
degradation of Roberts Bank



The Flight of the Western Sandpiper
• Distance from overwintering area to 

breeding grounds – Peru to Alaska 
(10,000 km)

• Chain of stop-overs on breeding 
migration along the Pacific 
Migratory Flyway

• After the Fraser River, the next 
major stopover (the Stikine River 
Estuary) is more than 850 km away

• The Fraser River estuary provides a 
critical link in the chain of stopover 
sites during shorebird migration

Yukon Delta –
Breeding 
Grounds



Fraser River Estuary



Roberts Bank shorebirds
• Roberts Bank is internationally recognized as a migratory stopover area for 

shorebirds and as an overwintering site for hundreds of thousands of 
waterfowl and shorebirds

• The entire species population of Western Sandpipers, approximately 3.5 
million birds, migrates northward along the Pacific Flyway to their Arctic 
breeding grounds

• An estimated 42%–64% of Western Sandpipers rely on Roberts Bank to 
refuel



Biofilm and shorebirds
• Biofilm comprises a thin layer (~0.01–2 mm) of 

microbes, organic detritus, benthic invertebrates, and 
sediment bound together by extracellular polymeric 
substances secreted by diatoms and bacteria 

• Western Sandpipers may consume 190g of biofilm per 
day (7 times its body weight).  This consumption 
accounts for 45-59% of the total diet or 50% of daily 
energy budget



Fatty acids for migration
• Lipids (fats) provide a high-energy low-weight fuel for migration (best of 

the three types: carbohydrates, lipids, and protein) 
• Fatty acids (a type of lipid), especially Polyunsaturated Fatty Acids 

(PUFA), produced by diatoms in biofilm appear critical to migrating 
shorebirds. Shorebirds uptake fatty acids by grazing biofilm directly, or 
through consumption of invertebrates that have grazed diatoms

• Elevated levels of all fatty acids, including PUFA (Eicosapentaenoic acid 
(EPA) and Docosahexaenoic acid (DHA)), in biofilm on Roberts Bank in 
spring coincide with the arrival of Western Sandpipers on northward 
migration
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Schnurr et al. 2019. Estuarine, Coastal and Shelf Science.



Microalgae accumulate fats 
during ‘stationary’ growth phase 

• Microalgae (including diatoms) 
have two growth phases: 
‘exponential’ and ‘stationary’

• Switch to stationary happens 
under stress or rapid changes 
to conditions (light, nutrients, 
and salinity)

Exponential            Stationary
Growth Phase

Schwenk et al. 2013. Aquatic Ecology 47: 415–424.



Proponent’s Predicted Changes

1. Direct loss of biofilm 
habitat from causeway 
construction (2.5 ha, 
representing 0.08% of 
total biofilm area)

2. Changing salinity regime 
due to increased 
freshwater influence 
from Fraser River, 
reducing salinity on 
Roberts Bank 

EIS Chapter 11, Fig. 11



Predicted effects: disruption of 
trigger for fatty acid production

• Production of fatty acids is stimulated by fluctuations in salinity. 
Loss of this trigger would result in diatoms remaining in their 
exponential growth phase and lower fatty acid production

EIS Chapter 11 Table 11-19



Predicted effects: change in 
community composition
• Salinity influences biofilm community composition
• Freshwater-influenced diatoms tend to have lower 

abundances of critical fatty acids, and may lack the 
trigger for fatty acid production

Biofilm Dynamics during 2018 Northward Migration Report Figs. 3-22 and 3-6 



• Spatial shift in optimal biofilm salinity towards 
lower elevation areas with sandier substrate

• This change would render biofilm inaccessible for 
foraging Western Sandpipers due to tongue 
morphology

Predicted effects: spatial shift
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Fig 36; EIS Appendix 15-B
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Photo 2 is detail of tongue tip.



• Decreased biomass of 
marine-influenced 
biofilm accompanied by 
declines in medium and 
large invertebrates

Predicted effects: reduced biomass 
of prey for shorebirds
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Fig 8; EIS Appendix 15-B

Predicted changes in biomass of all three main 
prey types during both northern and southern 
migration, as predicted from Shorebird Foraging 
Opportunity Model  (EIS Appendix 15-B)
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Proposed Mitigation Measures 
are not likely to be effective
• In addition to the direct loss of 2.5 ha of intertidal 

mudflats from widening of the causeway, indirect 
effects would affect up to 558 ha of intertidal flats

• ECCC View: Large-scale re-creation of biofilm that 
supports shorebirds has no precedent, and 
currently no way exists to create high quality 
biofilm habitat (fatty acid rich)

• Proposed location of mudflat offset is not an area 
with high numbers of shorebirds, and proximity of 
location to causeway may result in low use due to 
predator avoidance



Follow-up Programs

• The Proponent’s proposed Follow-up monitoring 
program is not a sufficient way to address the risk 
to shorebird populations

• While the follow-up program would provide 
monitoring data, the predicted Project effects on 
biofilm would be immediate, irreversible and are 
not mitigable



Proponent’s Key Conclusions
Proponent Conclusion ECCC View

Biofilm at Roberts Bank is not 
limiting for Western Sandpipers

Biofilm may be limiting for sandpipers. 
Calculations used to infer capacity were 
made with untried methodology, arbitrary 
scaling factors, and untested assumptions. 
These calculations are not reliable. 

The Project would not adversely 
affect the quantity and quality of 
food available to Western 
Sandpipers and other shorebirds

Conclusion made without reference to 
underlying mechanism to fatty acid 
production by biofilm. Changes in salinity 
regime would disrupt or remove salinity 
trigger for fatty acid production in 
microalgae, presenting high risk of reducing 
the quality and quantity of marine-type 
biofilm with high fatty acid content.



ECCC’s Conclusions

• Disruption or removal of salinity trigger for fatty 
acid production by microalgae on Roberts Bank are 
predicted to have species-level consequences for 
Western Sandpipers

• Best available scientific evidence does not support 
Proponent’s statement that biofilm at Roberts Bank 
would continue to be capable of supporting 
migrating Western Sandpipers with the Project in 
place



ECCC Recommendations

• ECCC maintains that predicted Project-induced 
changes to Roberts Bank constitute an unmitigable 
species-level risk to Western Sandpipers, and 
shorebirds more generally, due to the predicted 
disruption to the salinity regime that supports fatty 
acid production from biofilm

• ECCC advises that only a Project redesign would 
avoid geomorphological processes on Roberts Bank 
impacting biofilm and shorebirds



Apollo 8, 24 December 1968

“The metaphor of marathon running is inadequate to fully capture 
the magnitude of long-distance migratory flight of birds. In some 
respects a journey to the moon seems more appropriate. Birds 
have no access to supplementary water or nutrition during a multi-
day flight, and they must carefully budget their body fat and protein 
stores to provide both fuel and life support. Fatty acid transport is 
crucial to successful non-stop migratory flight in birds.”  
C. Guglielmo. 2010. 



Annex



Extent Local/National Local for biofilm: Effects are predicted to occur throughout the LAA.
National for shorebirds: Given the LAA is the most important
stopover site for Western Sandpipers and other shorebirds in Pacific
Canada, a reduction in the food supply can be expected to affect a
large proportion of the species (up to 64%) that occurs within
Canada and globally.

Duration Permanent Changes to the hydrological regime would become fixed once
construction is complete.

Reversibility Irreversible Changes to the hydrological regime would become fixed once
construction is complete. The absence of options to create high
quality biofilm habitat means habitat loss will be permanent.

Frequency Continuous Changes to the hydrological regime would become fixed and year-
round once construction is complete.

Confidence Moderate This view is supported by ECCC field studies, a review of studies
conducted by the Proponent, and experimental evidence contained
in the scientific literature on the production of fatty acids by
microalgae, and on the value of fatty acids for shorebird migration.
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Criteria ECCC Criteria Ranking Rationale for Criteria Ranking
Magnitude High Changes to the ecological processes that result in the production of

fatty acids within biofilm would result in a reduction of quality and
quantity of fatty acids during a critical period in the life cycle of
Western Sandpipers.

Assessment Criteria and Ranking



Project location
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