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Title: Closing Remarks for the presentation “Biofilm, Diatoms, Fatty Acids, & Shorebirds as related to the 

RBT2 proposal -the essential effects ignored.“ CEAR #1776 

By: Patricia Baird, Ph.D. 

Dear CEAA 

I testified at the Biofilm Special Session held 27 May 2019 0900-1200 at the Coast Tsawwassen Inn, 1665 
56 Street, Delta, BC. The power point I presented was CEAR #1776 “Biofilm, Diatoms, Fatty Acids, & 
Shorebirds as related to the RBT2 proposal -the essential effects ignored.“ 
 
SUMMARY OF WRITTEN (CEAR #1604) AND ORAL (CEAR #1776) TESTIMONY 
I focused on the important diatoms that are in the biofilm on which many forms of life feed, from 
western sandpipers, salmon and other fish, to invertebrates and zooplankton. I summarized that 
diatoms are the main life form that is able to produce de novo the essential polyunsaturated and highly 
unsaturated fatty acids, alpha linolenic, linoleic, arachidonic, eicosapentaenoic (EPA), and 
docosahexaenoic (DHA) fatty acids. I summarized a myriad of studies which showed that EPA and DHA 
are extremely important not only to sandpipers for both migration and reproduction, but also for 
growth and reproduction of all heterotrophs in the marine food web, from zooplankton to apex 
predators. I summarized research showing how the lack of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) in prey adversely affected all trophic levels above that prey, also 
contributing to their poor or nonexistent reproductive success, or negative physiological changes. In 
short, marine diatoms are essential for maintaining a functioning food web. 
 
I explained why shorebirds stop in greater numbers at Roberts Bank than in other areas because of the 
rich biofilm filled with diatoms containing EPA and DHA, versus other areas with less abundance of 
diatoms or with more freshwater diatoms that contain fewer of these essential molecules. I showed that 
storage fatty acids were for fuel (mainly saturated and monosaturated fatty acids) and that the long 
chain polyunsaturated fatty acids were bioactive and needed for a myriad of functions that would aid 
migration. I explained how these marine diatoms were not present or in abundance in other areas, and 
so the shorebirds were obligated to stop at Roberts Bank to gain the EPA and DHA necessary for the 
nonstop flight to Alaska. I finished by saying that construction of RBT2 would alter the nearshore 
ecosystem negatively and irreversibly and how that alteration would destroy the marine biofilm and 
impact the entire species of Western Sandpipers (Calidris mauri).  
 
I proposed that instead of adding a new container terminal at Roberts Bank where there are a myriad of 
issues surrounding ecosystem alteration and impact to the marine food web, a new terminal should be 
constructed at Prince Rupert. Prince Rupert has upgraded its marine shipping terminal and the linking 
rail lines from the port to accommodate larger and more container ships. At the port of Prince Rupert 
there are no serious environmental issues regarding ecosystems like mudflats or river estuaries that 
would be blocked. Furthermore, on the Great Circle Route, Prince Rupert is two days closer to ports in 
Asia. This port is still in British Columbia, so revenue would still be coming into the province.  
 
I mentioned that there are many species of diatoms, and each is adapted to specific abiotic factors – 
light, turbidity, salinity, temperature, nutrients, etc.  and if the conditions were not right, the marine 
species of diatom that sandpipers and the rest of the marine food web need would not be available, nor 
would they have the correct amount of or types of the essential polyunsaturated fatty acids.  
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I summarized why marine/estuary diatoms were important at Roberts Bank, and not just for western 

sandpipers, but for the entire food web. I stated that: diatoms are the main life form that can 
produce de novo long chain polyunsaturated fatty acids  (PUFA), and that most animals. e.g. 
shorebirds, lack the enzymes to make PUFA, i.e. animals cannot synthesize any PUFAs, and that 
is why we call them long chain ESSENTIAL Fatty Acids, LCEFA. Therefore, these are critical and 
essential nutrients all animals in this food web at Roberts Bank, e.g. zooplankton such as 
copepods (which are salmon prey), and prey like amphipods, as well as important fish like sand 
lance and Fraser River salmon, shorebirds, seabirds, and marine mammals. They cannot 
synthesize them. 
 
Specific details from CEAR #1776 
 
EPA and DHA are the most important of these LCEFAs. They are bioactive lipids, not fuel lipids, and 

are incorporated into cell membranes where they are precursors of important signaling 

molecules which activate receptors throughout the body. They are precursors to signaling 

molecules which then set off physiological cascades. They Inhibit inflammatory pathways, 

protect against insulin resistance, (failure of insulin to transport fuel to cells), and can signal 

DNA to switch a gene on or off. They boost immunity and affect burning of fuel by insulin 

regulation & assisting uptake of glucose  into cells. Importantly, in a nonstop flight when stored 

fuels get low, with EPA and DHA, cells become more sensitive to low levels of glucose and fuel 

is moved more easily into cells to burn for nonstop flight. 

 

EPA & DHA as ligands bind to flight muscle membrane proteins which are theorized to  turn on 

a gene that changes muscles from fast twitch to endurance muscles. In muscle cells they also 

increase mitochondrial respiratory chain efficiency, burning as much fuel as possible, and they 

iincrease basal and maximal oxygen consumption, creating more energy in the form of ATP.  

 

For shorebirds and for the entire marine ecosystem, from zooplankton to apex predators, EPA 

and DHA also are important for egg & sperm development. They activate DNA synthesis and 

cell replication and membrane synthesis. Since EPA and DHA are biomagnified up the trophic 

web (they are not burned but rather are sequestered and passed on), they are important on 

the breeding grounds in Alaska for sandpipers. They increase chick growth in general, and are 

most important for neural and eye development of chicks.  
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For the rest of the marine food web at Roberts Bank, the EPA and DHA from marine/estuary 

diatoms would play the same role- in: gene regulation and signaling, in homeostasis, for energy 

use & transport, for reproduction and growth, for immunity, and for their anti-inflammatory 

properties. I gave numerous examples of what happens to these other species in the marine 

food web if they do not get enough EPA and DHA : poor reproduction, poor growth, disease or 

physiological abnormalities, and even death. Please refer to my written testimony for more 

detail (CEAR #1604). 

My Closing Remarks 

I closed my testimony (CEAR #1776) with the fact that repercussions on the marine food web at 

Roberts Bank will be irreversible if RBT2 is built. The damage cannot be undone. Roberts Bank 

would not be able to return to native functional state. Possibilities I mentioned are: 1) a severe 

decrease or elimination of the marine & estuary diatoms with high EPA & DHA that support the 

entire marine  food web, 2) a decrease in zooplankton like copepods that support other 

invertebrates and fish like the endangered Fraser River salmon or sand lance, a decrease in 

numbers of shorebirds, and an irreversible species level impact to shorebirds on Pacific Flyway. 

 
 
 
MY COMMENTS ADDRESSING THE 27 May 2019 CLOSING REMARKS by the PROPONENT and by MR. 
STEWART, representing the Proponent, during the “Biofilm and Coastal Birds” Session at the Coast 
Tsawwassen Inn in Delta BC. These are in CEAR #1818, 27 May 2019. 

 

The Proponent’s contention that diatoms are highly flexible and adaptable could not be further from the 

truth. There are many diatom species, each with its own special adaptations, but not all of these 

diatoms are able to produce EPA and DHA in the spring at the time that shorebirds migrate through, and 

when the nearshore marine life is growing and reproducing. Because the EPA and DHA from the 

marine/estuarine diatoms is critical for the entire food web in the nearshore environment and in the 

Strait of Georgia, if the biofilm there is destroyed or altered because of construction of RBT2, there will 

be an adverse snowballing impact to all marine life in the area. Please refer to both my written (CEAR 

#1604) and oral (CEAR #1776) testimony for  further detail, and also please refer to my statements 

below. 
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RBT2 Will Not Minimize Impacts on Biofilm 

In the closing remarks by the Proponent at the Biofilm Session 27 May 2019, CEAR #1818, pages 2883 ff, 

Mr. Stewart from the Proponent said a number of things that are not valid. On p. 2883 Lines 20-22 he 

said that “The Roberts Bank Terminal 2 project has been located and designed to avoid and minimize 

direct impacts on biofilm.” As I and ECCC stated in our testimonies, the building of RBT2 would not avoid 

direct impacts on biofilm, and these effects would certainly not be minimal.  

 
Each Species of Diatoms Is Adapted to Different Abiotic Parameters and Cannot Thrive Outside These 

On page 2884, lines 9-10, Mr. Stewart states:  “We continue to network with leading international 

experts on biofilm ecology.” I am curious who these sources are, because all of the literature that I have 

reviewed (hundreds) remark how specialized diatoms are, how each species is adapted to specific 

abiotic factors, and how each species produces different kinds and different amounts of fatty acids. The 

following paragraph is from a report I wrote for BC Naturalists (CEAR 609), critiquing the VFPA’s EIS, that 

was submitted to the VFPA for written testimony for the Panel by BC Naturalists 25 October 2016 

(Paragraph A.3, Baird 2016). Please refer to that document for all references. 

 
The exact taxonomic groupings of marine phytoplankton present in any ecosystem at a community level 

depend on environmental factors like temperature, oxygen, amount of sediments, current, etc.  

(Galloway et al. 2012). Likewise, abiotic forces are thought in turn to influence the composition of 

particular fatty acids at the community–level for aquatic primary producers (Galloway et al. 2012, 

Galloway and Winder 2015), and Petkov and Garcia (2007), concur that there are “strong phylogenetic 

patterns” in fatty acid composition of different taxa of primary producers like diatoms. (The community 

or phylogenetic composition of these primary producers are the best determinant of what kinds of fatty 

acids they produce (Underwood and Kromkamp 1999, Dalsgaard et al. 2003, Guschina and Harwood 

2006, Petkov and Garcia 2007 Galloway and Winder 2015). Thus tidal flats with different abiotic 

conditions will have different assemblages of species of phytoplankton and thus different kinds and 

amounts of PUFA and HUFA.  

 

Mr. Stewart states, page 2884 lines 14-16: “Biofilm is resilient and naturally adapted to dynamic 

environments. It has been shown to thrive in estuaries in high and low salinity environments.” 

He continues, page 2884, lines 22-24 and page 2885, line 1 : “Our 3 years of additional studies 

undertaken … demonstrated this high quality biofilm, including polyunsaturated fatty acids, occurs 

across the salinity gradient…” However, the VFPA was not able to determine species of diatom nor the 
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exact types of polyunsaturated fatty acids, nor in what proportions those fatty acids occurred in the 

diatoms. VFPA did not demonstrate that there is high quality biofilm across the salinity gradient. 

 
As discussed both in my written (CEAR #1604) and oral (#1776) testimony, biofilm is not just one 

“thing.” It is a combination of organic substances, bacteria, diatoms, among others, in a secreted 

mucilaginous matrix. If Mr. Stewart meant that “diatoms are resilient and naturally adapted to dynamic 

environments” he is mistaken. Many papers on diatoms, the nearshore environment, adaptation to 

abiotic factors, etc., all state that different species of diatoms are individually suited for only a unique 

range of abiotic parameters. Some fare better in muddy, some in sandy substrates. Some fare well in 

fresh water, some in salt or estuarine water. They are not resilient at all.  

Therefore, it is important to know which species are being sampled. The Proponent only keyed out 

diatoms to genus (p. 3/5 Question 3, p. v Question 3, p. 67 3.3.1, p. 69-70 & 73  3.3.2, p. 81-82,  4.2.1,  p. 

84 Point 10, plus various tables and figures, CEAR #1385), and there are both freshwater and marine 

diatoms in various genera. Furthermore, studies have shown that fatty acids produced by marine 

diatoms are in greater abundance and are different from that produced by freshwater diatoms. If an 

area changes in salinity, another species better adapted to the new salinity will move in and the former 

species will no longer be able to live there. Thus, even if one substitutes “diatom” for “biofilm” in Mr. 

Stewart’s statement above, it is still erroneous . 

I reported on this in the testimony submitted to the Panel by BC Naturalists (CEAR #609, Baird 2016).  I 

stated in  A.3.1  p. 51 that “Galloway and Winder (2015) conclude that changes to environmental 

conditions in aquatic ecosystems are reflected in food quality at the base of the food web, because 

changes in environmental conditions can alter the composition of assemblages of phytoplankton taxa. 

Previous studies have shown that temperature, light, nutrients, and growth phase all affect total algal 

lipids and fatty acid profiles ( Renaud et al. 1991,Thompson et al. 1992,  Reitan et al. 1994, Leu et al. 

2006, Piepho et al. 2012, Rossoll et al. 2012,Cashman et al. 2013, Schwenk et al. 2013,, Bi et al. 2014, Hu 

et al. 2008).” Furthermore I stated (op. cit.) “Thus, although much is known in vitro or in limited field 

studies how changes in abiotic conditions alter species assemblages of phytoplankton at the community 

level, there are no long-term studies of a tidal flats system like Roberts Bank and no long-term studies 

over an annual cycle of a tidal flats community. Therefore, for the EIS to state that there will be no effect 

on the biofilm or on the marine community that relies on them is not only inaccurate, but also 

misleading.” Please refer to this document for all references. 

Mr. Stewart, page  2885, lines 3-4, said “Studies also show that western sandpiper use areas that are 

dominated by fresh water.” He is correct in this statement – western sandpipers eat invertebrates in 

these freshwater areas, which they turn into fuel for the nonstop flight. However, these invertebrates 

do not give them the polyunsaturated fatty acids they need for that flight. 
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It appears that Mr. Stewart is  unfamiliar with the diatom literature, suggesting (page 2885 lines 16-20) 

that “… potential changes to biophysical conditions from the project…” would be within the current 

“…natural variability for which biofilm, invertebrates and western sandpipers are highly adapted to be 

and thrive in.” His further unfamiliarity with the literature and with biology in general is obvious in his 

comment (p. 2886 lines 1-3) “We understand the underlying ecological characteristics and needs of 

biofilm.” Furthermore, Mr. Stewart’s remarks (page 2886 lines 12-15) “…there are locations throughout 

the region where biofilm is found. These would provide opportunities for offsetting at locations such as 

Boundary Bay, Sturgeon Bank and Westham Island…” reveals that he does not understand the ecological 

characteristics and needs of biofilm.  Biofilm has many components, and the most important component 

for the marine ecosystem at Roberts Bank is the marine/estuarine diatom. Different species of diatom 

are adapted to specific abiotic conditions, and the fact that there “are locations throughout the region 

where biofilm is found” does not indicate which species is found where. The Proponent only keyed out 

diatoms to genus, and one genus can have species of diatoms adapted to a wide variety of factors. 

 

COMMENT SPECIFIC TO MY TESTIMONY 27 MAY 2019. 

At the end of my presentation, the Proponent was asked if they had any questions. They stated they did 

not. At the end of the Biofilm Session’s presentations, the Proponent was allowed Closing Remarks. They 

addressed two remarks to me, and I am responding specifically to these remarks. 

If the Proponent had asked me these questions after my presentation, so that I could have responded to 

them, their confusion would have been cleared up. Instead, they chose to wait till the end of the session 

when no one was able to dispute their remarks, and thus these statements went into the legal record of 

the hearings.  I will rebut each of their remarks separately. 

No Correlations between the Components of Biofilm and Chlorophyll α 

From the Proponent (page 2887 lines 18-25): “I would like to thank Dr. Baird for her presentation earlier. 

However, I would like to respond to one point that she made. There are, in fact, good correlations 

between the components of biofilm and chlorophyll A as shown in table 3-7 on page 38 of the 2018 

biofilm dynamics report. Chlorophyll A measurements can be used to estimate fatty acids found in 

registry document 1385.” 

  



7 
 

 Here is the table below. Peter Beninger's testimony to the Panel (CEAR #1740) commented on this very 

table. 

 

 

1. The Proponent’s first statement to me is about correlation between chlorophyll α (they use 

“Chlorophyll A”) and fatty acid components of biofilm. They stated that their method of using 

chlorophyll α signatures showed presence of fatty acids and diatoms. They continued, stating that they 

could use chlorophyll α to map the diatoms that are important for migrating sandpipers. These 

statements are erroneous on two points: a) chlorophyll α is not a proxy for quantity of fatty acids or 

quality of fatty acids, and b) a signature of chlorophyll α or detection of fatty acids present in a sample 

states nothing about the proportions of the kinds of fatty acids in that sample or the individual types of 

fatty acids, nor of the species of diatom present. Nor does detection of chlorophyll α reveal whether the 

diatom is freshwater or marine. Western sandpipers mainly feed on marine diatoms which only occur in 

muddy substrates.  

It is difficult to start to address the Proponent’s remarks using Table 3.7 because this table has so many 

errors. My colleague Professor Peter Beninger commented in detail on the Proponent’s data in their 

“Biofilm Dynamics during 2018 Northward Migration” during his testimony (CEAR #1740), explaining 

that the data were meaningless with respect to: 1) sampling performed with no knowledge of 

underlying spatial distributions of taxa, 2) samples were not taken under the same sampling conditions, 

and 3) the sample N’s were spatially and temporally different (spatially separated by up to 50 m, 

temporally separated by up to 4 weeks for fatty acids). Likewise Dr. Beninger (CEAR #1740) commented 

on the way that the Proponent continuously stated statistical tests as proof that their data were correct, 

although since they essentially had a sample size of one, they could not perform statistics. Thus, their 
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statements of the significance of their data are meaningless. Furthermore, Dr. Beninger showed how the 

Proponent had only descriptive data and not experimental data, so that null hypothesis statistical 

testing (NHST) could not be performed. However, the Proponent ran this NHST.  He mentioned that 

even if the sampling had been better, a statistical significance is not a biological significance. Table 3.7 is 

a perfect example of the issues that Dr. Beninger found in the Proponent’s report on Biofilm. He stated 

that the Proponent  severely lacks context regarding mudflats and biofilm and that without biological 

context, statistics are meaningless. 

Following are my more detailed remarks about the Proponent’s Table 3.7, p. 38, CEAR #1385.  

There are No Correlations among Fatty Acids 

All fatty acids have different functions based on their chemical structure, and should not be combined in 

presentation of data, as the Proponent did. Looking at just the fats in Table 3.7, Column 1, the 

Proponent is correlating fat groups with total fats. The fat groups make up the total fats, so of course 

they would be correlated, and thus stating that this relationship has significance is in error. In column 

two, the Proponent correlates saturated and polyunsaturated fatty acids with monounsaturated acids. 

In column three, they correlate polyunsaturated fatty acids with saturated fatty acids.  These columns 

are inappropriate for a myriad of reasons, which I discuss below. 

Diatoms usually contain various fatty acids, mainly saturated palmitic or stearic, or the monosaturated 

oleic in their growing stage before the spring freshet. They also can contain polyunsaturated fatty acids, 

but these, as the Panel has heard, have a wide range of numbers of carbons and numbers of double 

bonds. Polyunsaturated fatty acids with fewer carbons and only 2 or 3 double bonds have completely 

different functions from fatty acids with higher numbers of carbons and double bonds, like EPA and 

DHA. Thus, the fact that the Proponent combined all of these as polyunsaturated fatty acids, “PUFA”, 

shows a serious misinterpretation of how the chemical structure of individual fatty acids determines 

their function.   

For example, Schnurr et al. (2019) reported the following fatty acids in diatoms at Roberts Bank: the 

saturated fatty acids (SAT) palmitic and stearic acid (16:0 & 18:0), monounsaturated fatty acids (MUFA) 

palmitoleic acid (16:1 ω-7), and oleic acid (18:1 ω-9), and the long chain essential highly polyunsaturated 

fatty acids EPA and DHA (20:5 ω-3 & 22:6 ω-3). These all have different functions.  

As stated in both my written (CEAR #1604) and oral (CEAR #1776) testimonies, sandpipers and the entire 

nearshore food web need EPA and DHA in order to grow and reproduce. The SAT and MUFA are mainly 
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used for energy, as revealed in their storage in adipose tissue of shorebirds (please refer to reports by 

Proponent contractors and my literature cited). Low carbon PUFA can also be used for energy. The fact 

that the Proponent does not distinguish among the individual fatty acids, and the fact that they believe 

they are proving that fatty acids are all similar via analysis by correlation of fatty acids, demonstrates a 

fundamental lack of understanding of how the nearshore ecosystem works, because they do not 

distinguish between the various saturated, monounsaturated, and low carbon low double bond 

polyunsaturated fatty acids. As I stated in both my written and oral testimony, the long chain highly 

unsaturated fatty acids like EPA and DHA are bioactive, initiating a series of physiological cascades that 

aid in migration for western sandpipers and are essential for growth and reproduction of heterotrophs 

in the entire marine food web .  

As the Panel can ascertain, Table 3.7 does not list the individual fatty acids, nor does it state quantities 

of each. Additionally, there is no time or space stamp on this table. In Table 3.7, recordings of 

chlorophyll a and fatty acids are not linked with where and when samples where taken. I will discuss this 

inappropriate analysis further on. 

Chlorophyll α is Not a Proxy for Fatty Acids 

As I stated in my oral testimony, chlorophyll α is not a proxy of presence of fatty acids. I gave an example 

of eating a leaf of a tree. It would show an abundance of chlorophyll α but there would not be many 

fatty acids in the leaf. 

Chlorophyll α resides in chloroplasts within leaf cells in higher plants. They are also in the cytoplasm of 

diatoms, along with other intracellular organelles like the nucleus, endoplasmic reticulum, mitochondria,  

and Golgi apparatus. Diatoms also produce various fatty acids, depending on stressors affecting them 

(Yodusuwan et a. 2017, Kuczynska et al 2015, Zulu et al. 2018). The amount and type of fatty acid, as I 

stated above, are independent of the amount of chlorophyll α within the diatom. 

Thus, in Table 3.7 on page 38 of the 2018 Biofilm Dynamics Report (CEAR #1385), for the Proponent to 

use the existence of chlorophyll α as a proxy is a misinterpretation of the data because this value was 

derived from a poor sampling scheme (Beninger CEAR #1740), hypothesis testing was used on this 

descriptive data, and these data are not subdivided by time and space. The Proponent could indeed say 

that Chlorophyll α is a proxy of the existence of an organism that can photosynthesize – whether it be 

diatoms or some other life form. Chlorophyll α could be in cyanobacteria or a myriad of other 

photosynthesizing organisms in the nearshore environment. 
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Of course the PUFAs and MUFAs and SATs cannot exist without being enclosed by diatom cell walls. So it 

is obvious that the chlorophyll α, which is a proxy of the existence of diatoms, should correlate with the 

amount of fatty acids (FA).  Think of it this way as a metaphor: Let's pretend that FA cannot exist in the 

ocean without being enclosed in some kind of container. In this case the container is diatoms. So the 

Proponent is saying that they can determine the number of containers in an area and it just so happens 

that what the containers have in them is correlated with the number of containers. 

  

It's also like saying that the number of human hearts in a room is correlated with the number of humans 

in the room. However, knowing the number of hearts says nothing about how healthy those hearts are – 

whether they are hearts of athletes, filled with plaque, have had heart attacks, or have an artificial 

pacemaker. It is the quality of the fatty acids that matter, and the Proponent has not tested that. 

Further critique of Table 3.7 

1. Averaging values  

The very presentation of Table 3.7 (page 38 CEAR #1385)  as a summary reveals a misinterpretation by 

the Proponent of the underlying diversity in the marine ecosystem and the distribution of various 

components of the biofilm throughout. In Table 3.7, the Proponent has combined all of their sampling 

data into one point for each of the components: chlorophyll α, saturated fatty acids, monounsaturated 

fatty acids, and polyunsaturated fatty acids. They have averaged data not only spatially, but also 

temporally. These data averages are from a period of at least four months and from the entire sampling 

area.  

To represent what is found in the Roberts Bank ecosystem, there should be tables of these components 

separated out by space and separated out by time. It is well known (from my literature cited section and 

by data reported by others who testified) that: 1) diatoms are not distributed evenly throughout Roberts 

Bank; 2) marine and freshwater diatoms have a different distribution in time and space at Roberts Bank; 

3) specific kinds of fatty acids are not distributed evenly throughout Roberts Bank. Thus, the 

Proponent’s combining the amounts of fatty acids and the amount of chlorophyll α as one value is 

erroneous. 

Averaging Values in Space 

As an example of combining values spatially, this is like looking at the amount of rainfall in the Amazon, 

the Atacama desert, and Manitoba, and then giving one average value to how much rain falls in the  
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Americas. Table 3.7 needs to be subdivided into a spatial map of Roberts Bank, indicating the values 

present at each sampling point.  

Averaging Values in Time 

The second error of using one value for chlorophyll-α and for the various fatty acids over the sampling 

period of months is in effect a dampening of any variation there might be in these components. From 

my oral (CEAR #1776) and written (CEAR #1604) testimony, and from the testimony of others like ECCC 

and Professor Peter Beninger (CEAR #1740), depending on the time of year, the amount and quality of 

fatty acids in diatoms change, and presenting only one value for them across all months has no scientific 

interpretation.  

This is like comparing an average high temperature of two cities. The annual temperature gives a 

general idea of the climate, but it masks how much the weather usually varies from month to month. 

For example, San Diego, California and Nashville, Tennessee have the same annual maximum 

temperature of 21.1° C (70° F), so, if I reported this information in the way the Proponent reported fatty 

acid values in Table 3.7, I would say that these two cities have the same weather. Yet Nashville gets 

much colder and hotter than San Diego, depending on the month. For instance, the average highs for 

individual months in San Diego range from 18.33° – 24.4° C (65° - 76° F), a span of 6.1° C (11° F). 

Nashville's monthly highs range from averages of 8.3° – 31.6° C (47° - 89 °F), a difference of 23.3° C (42° 

F). These are indeed two cities with completely different climates.  

Fatty Acid Content in Diatoms Separated by Space and Time 

As stated in my testimony, (but now fully referencing, Schwenk et al. 2013), the total fatty acid content 

in diatoms’ exponential phase (pre-freshet stage) is low (between 2.8-7.3% of dry weight). In the 

stationary phase at freshet, this increases to high values (~10.9-26.5%), mainly due to polyunsaturated 

(PUFA) and highly unsaturated (HUFA) fatty acids present. I did not give those percentages in my 

testimony, but I did mention the relative comparative amounts of fatty acids and specific types of fatty 

acids in diatoms in the spring, compared to the rest of the year. I did not just state generically that there 

were more “PUFAs” – an ambiguous collective noun that the Proponent uses in Table 3.7- unless it is 

qualified by what exact types of PUFA there are.   

To report this information correctly, the data need to be divided into a cross table of space and time for 

all of the values, including breaking out the individual saturated, monounsaturated, and 

polyunsaturated fatty acids, in order to detect when and where the quality fatty acids occur. Combining 
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data over space and time as in Table 3.7 is not only meaningless, it masks whatever true relationship 

might be occurring. Perhaps there is also an interaction factor between time and space/location. That 

information would be valuable.  

As I stated before, most of the Proponent’s statistical tests are erroneously applied because of the 

Proponent’s poor sampling scheme. Likewise, the Proponent averages vastly disparate data both 

spatially and temporally- data which should never have been combined. For the Proponent to use these 

tables of averages, and to apply statistics to data which have not been gathered in a way to be able to 

apply statistics, reveals a poor understanding about the nearshore marine ecosystem. 

2. Sample size 

As Professor Peter Beninger stated in his testimony (CEAR #1740), most of the data that the Proponent 

displayed in their report had a sample of one (CEAR #1385). They most certainly did not have the 

replicates they should have had both temporally and spatially. Thus they are making statements about 

what is present in the nearshore ecosystem based on a fundamentally flawed sampling design. 

Misrepresentation in Closing Remarks by the Proponent 

In his closing remarks (p. 2888 lines 24-25 and p. 2889 lines 1-19) Mr. Stewart also stated: 

“I would like to close as Environment and Climate Change Canada did in their presentation, by citing Dr. 

Christopher Guglielmo, who presented at the International Ornithological conference {SIC - he meant 

Congress} in Vancouver in 2018. Although our additional studies demonstrate polyunsaturated fatty 

acids are found across the salinity gradient, I would like to quote from a 2019 paper co- authored by Dr. 

Guglielmo and Dr. Morag Dick.  The authors concluded and that, and I quote: 

 ’The natural doping hypothesis posits that polyunsaturated fatty acids, PUFA, increase a membrane  

fluidity and aerobic and fatty acid oxidative enzymes in the flight muscles, which enables prolonged 

endurance flight.  Support for this hypothesis is mixed and there is no empirical evidence for 

increased flight performance.’” 

Dr. Chris Guglielmo and I were the keynote speakers in the Fatty Acid Symposium (#46) at the 

International Ornithological Congress. (S46 - Foodwebs in Marine and Freshwater Systems - The 

Importance of Long-chained Fatty Acids for Shorebirds and Seabirds- Symposium Conveners: Patricia 

Baird, Stephanie Jones) 
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Stephanie Jones and I had convened the symposium and invited a number of scientists to speak, 

including Chris. I believe his comments are taken out of context. I comment on Mr. Stewart’s statement 

below. 

I regret that Mr. Stewart and the rest of the Proponent’s team did not read the recent thesis that just 

came out of the Guglielmo lab. I used data from that thesis (Kevin G. Young 2019) in my oral 

presentation to the Proponent on 27 May 2019 (CEAR #1776). Chris Guglielmo’s student, Young, stated 

that by supplemental intake of omega-3 polyunsaturated fatty acids (EPA especially), the muscle cells of 

a shorebird increased their basal and maximal oxygen consumption as well as the respiratory chain 

efficiency of those cells. These changes would definitely improve the burning of fuel for flight, even if 

there is “no empirical evidence for increased flight performance." 

 

The next step is to test this during flight, which is difficult to do. However, in the in vitro setting, this 

statement suggests that the essential fatty acids (the omega-3 “essential” fatty acids like EPA & DHA) 

give muscle cells a large advantage in metabolism. It is easy to pair this finding with the one that Jean-

Michel Weber’s lab found when they fed EPA and DHA to a normally sedentary quail (Nagahuedi et al. 

2009). The quail turned into an athlete in flight after fed EPA and DHA for 6 weeks. In their words, they 

found that in the quail muscles: “the oxidative… enzymes' activity levels had increased by between 58 

and 90% to levels normally only seen in the migrating sandpipers.”  Clearly, consuming EPA and DHA 

from marine diatoms at Roberts Bank gives the best physiological advantage migrating shorebirds on 

their nonstop flight to Alaska from Roberts Bank.  

 

Bioactivity of EPA and DHA Fatty Acids produced by Diatoms 

I stated in my oral testimony (CEAR #1776), that these omega-3 fatty acids are not being used as fuel, 

but rather are distributed on the membranes of the  muscle cells – not the energy-producing organelles 

within, the mitochondria. EPA and DHA are bioactive molecules, not fuel molecules. Only the 

marine/estuarine diatoms produce these in abundance at the time that shorebirds migrate through and 

at the time that the nearshore marine ecosystem gears up in the spring with reproduction and growth of 

zooplankton, invertebrates, and fish.  Construction of RBT2 will adversely alter the nearshore ecosystem 

in both physical and chemical ways (i.e. salinity, turbidity, turbulence, nutrients from runoff), and this 

alteration will irreversibly change this ecosystem, affecting in turn the delivery of nutrients and prey to 

animals in the Strait of Georgia. 
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Flyway Collapse due to Coastal Development 

I also stated in my oral testimony  (CEAR #1776), collapse of flyways in other parts of the world has 

occurred after anthropogenic structures were erected or after an alteration in the physical nearshore 

environment at coastal sites. For example, the Australasian Flyway, which includes the coast of China,  

has had numerous anthropogenic changes to mudflats by the building of ports. Over 50-60% of the 

coastal wetlands have been lost, and as a result, 89% of the monitored breeding shorebird populations 

in northeastern Russia have declined. This was documented not to be a result of depredation or poor 

habitat or lack of food in either the breeding grounds or in the wintering grounds. The East Atlantic 

Flyway populations decreased by 37% due to coastal development, and in the Black Sea/Mediterranean 

Flyway 65% decline (of the 76% of documented populations). The same has occurred for the West 

Asian/East Africa Flyway, where 53% of the 35% of known populations are in decline. Development of 

RBT2 should not be yet another coastal development contributing to the decline of shorebirds.  

Summary Statement on the Importance of Marine/Estuary Diatoms at Roberts Bank 

As I repeatedly stated in both my oral (CEAR #1776) and written (CEAR #1604) testimony, diatoms are 

responsible not just for their ability to aid in nonstop migration of shorebirds. They contribute bioactive 

molecules that affect the growth and reproduction of the entire marine community, from zooplankton 

to invertebrates to fish and apex predators. They are key to the health of this system. The construction 

of RBT2 will alter the abiotic parameters at Roberts Bank and thus will negatively influence the 

abundance of LCEFA- producing marine/estuary diatoms.  

Recommendations to the Panel 

My recommendations are these: 

1. Do not build any kind of facility like RBT2 at Roberts Bank that will alter abiotic parameters and 

output of the Fraser River or currents from the Strait of Georgia. This probably means that no 

structure should be built there because right now, this area managed by the VFPA seems to be 

at capacity. 

2. If a new container facility is deemed warranted, which it  may not be (please refer to others’ 

testimony), then this facility should be built at Prince Rupert where the infrastructure for 

increased shipping has already been constructed,  and new additional infrastructure is being 

planned. 
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