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Abstract 
Eulachon, (Thaleichthys pacificus), is an anadromous species that spawns in the Kitimat River, 

British Columbia.  The proposed Enbridge Northern Gateway Pipeline travels alongside this 

waterway and will put this species at risk.  Eulachon are a unique species, and are important to 

freshwater and riparian ecosystems.  Spawning runs occur at the end of winter, and they provide 

marine-derived nutrients that are essential to the functioning of these ecosystems.  Species such 

as bears, gulls, eagles, and piscivorous fish all rely on eulachon for sustenance.  The status of the 

central BC population of eulachon is “critically endangered”, with Kitimat River populations 

being “virtually extirpated” with fewer than 1000 members per run.  Since 1992, eulachon runs 

of the Kitimat River have dropped substantially, and an oil spill at the most inopportune time 

could potentially eliminate this population.  Haisla First Nations rely on eulachon runs for food, 

social, and ceremonial purposes.  The elimination of these populations would have devastating 

effects on their way of life.  The pipeline project puts eulachon at risk during all life stages; 

eulachon may be exposed as embryos incubating in the Kitimat River, as juveniles in the Kitimat 

Arm of the Douglas Channel, or as spawning adults running up the Douglas Channel.  Should 

there be a tanker spill in the ocean, adult eulachon may also be exposed.  There has been no 

research into the toxicological effects of crude oil or bitumen on eulachon during any life stage.  

Pink salmon (Oncorhynchus gorbuscha), Pacific herring (Clupea pallasii), and rainbow trout 

(Oncorhynchus mykiss) are three species that are most similar to eulachon.  Toxicity of crude oil 

to pink salmon and Pacific herring embryos is observed at concentrations as low as 18 µg/L and 

0.4 µg/L respectively. Liver lesions are observed in pink salmon juveniles exposed to ≥ 25 µg/L 

crude oil.  Adult Pacific herring exposed to crude oil exhibit immunosuppression.  Eulachon may 

have similar effects upon exposure to diluted bitumen. 
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Executive Summary 

The proposed Enbridge Northern Gateway Pipeline will transport diluted bitumen from Alberta 

to Kitimat, British Columbia for Asian markets.  Twin pipelines will travel alongside the Kitimat 

River to the marine terminal in the Douglas Channel.  Eulachon (Thaleichthys pacificus) are a 

species of fish that spawn in the lower reaches of the Kitimat River, rear in the Kitimat Arm of 

the Douglas Channel, and spend their adulthood in the ocean.  This species has a uniquely high 

lipid content of 15 - 20%, which has earned it such names as “candle fish” and “salvation fish”.  

The purpose of this report is to discuss how and to what extent the proposed pipeline project puts 

this species at risk.  

Because of the high fat content in this species, it plays a vital role in multiple ecosystems.  

Spawning runs occur in late winter, when energy reserves are depleted, and the influx of marine-

derived nutrients are welcomed by freshwater and riparian ecosystems. Eulachon are weak 

swimmers and run in shallow water; they are easily caught by bears, gulls, and piscivorous fish.   

The Haisla First Nations who live in Kitimat have historically depended on eulachon runs for 

sustenance.  However, in 1972 eulachon of the Kitimat River developed a foul taste due to 

industrial pollution, and eulachon are no longer harvested from this river.  There has been a 

coastal decline in eulachon runs throughout British Columbia.  This decline is most significant in 

the Central Pacific Coast population designatable unit (DU), as assigned by the Committee on 

the Status of Endangered Wildlife in Canada (COSEWIC).  This DU is categorized as 

“endangered”, with Kitimat River populations being “virtually extirpated” as they have fewer 

than 1000 individuals per run.   
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The origin of the Haisla people has its roots in the eulachon run.  Prior to industrial pollution, the 

eulachon harvest was a large event, with all members of the community contributing.  This 

developed a sense of unity and the wealth of the harvest was shared with everyone.  Since the 

decline in catch quality, Haisla people have travelled to neighbouring rivers for the eulachon 

harvest, but it can no longer be performed to the extent it once was.  One of the main priorities of 

the Haisla is to encourage the reestablishment of the eulachon fishery and return to their previous 

traditions associated with the eulachon run. 

In the proposed Enbridge project, diluted bitumen, or “dilbit”, will be transported to Kitimat in 

the westbound pipeline.  Bitumen from the oil sands will be thinned with oil-gas condensates, 

which are liquids derived from natural gas extraction.  Bitumen consists of many different 

hydrocarbons, including polycyclic aromatic hydrocarbons, toxic compounds that have been 

studied extensively because of their adverse effects on aquatic organisms.  While there has been 

little research into the direct effects of bitumen on aquatic species, diluted bitumen resembles a 

very heavy oil, and studies on crude oil will be reviewed in this report.   

There has been no research on the toxicological effects of bitumen or crude oil on eulachon.  

This unique species has received little attention in the scientific community.   For the purposes of 

this paper, a review of the adverse effects of oil on three fish species will be provided: pink 

salmon (Oncorhynchus gorbuscha), Pacific herring (Clupea pallasii), and rainbow trout 

(Oncorhynchus mykiss).  Information on three species is provided to deliver a full picture of the 

potential toxic effects of oil on eulachon.   

The Enbridge pipeline will transport dilbit beside the Kitimat River, where eulachon and other 

anadromous species spawn.  Fish are most vulnerable to toxicants during embryonic and larval 
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stages of life.  Bitumen has a specific gravity close to that of water, which means that it is much 

more likely to sink than crude oil.  This could expose eulachon as eggs incubating on the 

riverbed. 

Toxicological effects to similar fish species exposed as eggs and larvae include: reduced 

swimming ability as larvae, reduced incubation time, increased yolk sac edema and skeletal, 

craniofacial, and finfold defects.  Effects such as decreased growth in juveniles are seen in pink 

salmon at concentrations as low as 18 parts per billion (ppb).   

Eulachon may be exposed as juveniles in the estuary, which is the Kitimat Arm of the Douglas 

Channel.  Exposure to crude oil as juveniles results in effects on growth, liver lesions, and 

swimming ability in pink salmon and Pacific herring.   

As adults, the distribution of eulachon is poorly understood.  Adults migrate to coastal waters 

around the Queen Charlotte Islands.  Should there be a tanker spill, the prey of eulachon could be 

contaminated.  Oil exposure may lead to immunosuppression in eulachon, resulting in an 

increase in frequency of viral hemorrhagic septicemia virus (VHSV) which leads to lesions and 

higher mortality. 

Spawning eulachon do not feed in freshwater, and undergo the physiological changes required to 

reproduce.  Studies have indicated that pink salmon undergo a stress response in the presence of 

oil that can affect their ability to reproduce.   

This report provides a comprehensive description of the risk of a spill to eulachon, the resulting 

adverse impacts on freshwater and riparian ecosystems, and the consequences to Haisla First 

Nations who depend on eulachon for food, social, and ceremonial purposes. 
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Introduction 

Eulachon, (Thaleichthys pacificus), are a unique species of fish that spawn in rivers along the 

coast of British Columbia.  The name “Thaleichthys”, which means “rich fish” (COSEWIC, 

2011), is derived from their exceptionally high fat content of approximately 15-20% (Iverson et 

al., 2002).  This fish is also referred to as “candlefish”, because when dried it ignites like a 

candle.  There are many other names for this species, including: “oolichan”, “oolachon”, 

“oolachen”, “ooligan”, and “hooligan”.  Each name is originated from the pronunciations of 

different First Nations communities that harvest and trade this species.  “Eulachon” is the 

scientifically recognized name and is used in this report.  

Eulachon populations of the Kitimat River have declined significantly over the last two decades.  

These populations are at risk of extinction; their COSEWIC status is “virtually extirpated”, with 

less than 1000 individuals per run (COSEWIC, 2011).  Although many eulachon runs have 

decreased along the Pacific coast over the past several decades, those in the Kitimat River have 

suffered the greatest decline.  This is believed to be due to multiple causes, including 

hydrological changes, shrimp-trawl by-catch, environmental changes, and industrial pollution.  

As with other anadromous species, eulachon spawn in fresh water, rear in estuaries, and spend 

their adulthood in the ocean.  The nutritional qualities of this species have been studied 

immensely.  Eulachon are considered to be a unique and irreplaceable food source both to the 

First Nations who harvest this species, and to freshwater, marine, and terrestrial species that prey 

on them (Phinney et al., 2009).  Kitimat River eulachon runs occur at the end of winter/early 

spring and provide a much needed energy input to freshwater ecosystems when food sources are 

at their lowest.  Terrestrial species such as bears and wolves also benefit from the eulachon run.  

They frequently carry killed eulachon and salmon to areas surrounding the river, and leave the 
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carcasses for the consumption of scavengers.  This makes eulachon an important food source to 

many terrestrial species.   

The Northern Gateway Pipeline project that is currently proposed by Enbridge Inc. will involve 

twin pipelines travelling 1,777 km between Bruderheim, Alberta and Kitimat, British Columbia. 

(Enbridge, 2013b).  The westbound pipeline will transport diluted bitumen, or “dilbit”.  Fresh 

condensate will be shipped to Bruderheim via the second, smaller pipeline.  Bitumen is 

extremely thick and must be diluted with condensate to enable it to flow through the pipeline.  

Approximately 525,000 barrels of bitumen will be transferred per day.  Bitumen is mined in the 

Alberta Oil Sands.  Diluted bitumen consists of compounds similar to those of crude oil; 

however, it has higher concentrations of sulphur, asphaltenes, Total Acid Number (TAN), and 

heavy metals vanadium and nickel.  

The proposed Enbridge Northern Gateway Pipeline will travel alongside the Kitimat River to the 

marine terminal in the Douglas Channel.  Eulachon spawn in the lower reaches of the Kitimat 

River.  This pipeline puts eulachon at risk during the most vulnerable point of development—as 

incubating embryos.  Eulachon eggs incubate in gravel substrate along the bottom of the Kitimat 

River, and should there be an oil spill along this route during early spring, these eggs could be 

exposed.  Bitumen is extremely difficult to recover completely, and eulachon spawning in the 

years following an accident would be chronically exposed.   

The proposed Enbridge Northern Gateway project will transport diluted bitumen to the marine 

terminal on the Douglas Channel, where it is loaded onto tankers.  These tankers transport the 

bitumen along the channel to the ocean.  This increases the risk of eulachon being exposed both 
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as larvae and juveniles rearing in the estuary, and as adults in coastal waters or running up the 

Douglas Channel to spawn.   

Haisla First Nations historically harvested eulachon from the Kitimat River for food, social, and 

ceremonial purposes.  The story of the origin of the Haisla people is based on the eulachon 

spawning run. This species has been referred to as the “salvation fish” because, as mentioned 

earlier, eulachon runs provide a much needed energy source during the end of winter when food 

supplies are running low.  This species is prepared raw, smoked, dried, and salted, but is most 

commonly processed into eulachon grease.  The production of grease is an important tradition 

that requires significant skill and knowledge that is passed down from elders to the young.  

Eulachon grease is a most popular ingredient in stews and soups, and is used as a preservative 

and as a condiment.  Grease also has many medicinal purposes.  Because eulachon runs have 

declined over the years, Haisla First Nations now travel to the Kildala and Kemano rivers for 

eulachon runs.  Eulachon can no longer be harvested to the extent it once was.  Fish are also 

imported from the Nass and Skeena rivers for the production of grease (Jacobs, 2010).  Kitimat 

River eulachon runs have gradually begun to increase over the last few years, and it would be a 

travesty for an oil spill to destroy this unique and cherished species.   

This report provides a literature review of the potential adverse effects of an Enbridge Northern 

Gateway pipeline spill to eulachon.  The resulting impacts on freshwater and terrestrial 

ecosystems and the Haisla First Nations who harvest this species are explored.   
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Methodology 

The information provided in chapters 1, 2, 3, and 4 is scientific information, collected from 

journal articles and reports.  Chapter 5 includes both scientific material and social and cultural 

information from scholarly sources. 

Chapter 1  

This section includes a review of the information available on the eulachon life cycle and the 

history of the Kitimat River populations.  Information is provided about the potential causes for 

the coastal decline in this species.  There will be data from government reports, as well as journal 

articles.   

Chapter 2  

This section provides information on the risk of a bitumen spill along the proposed pipeline and 

tanker routes.  There is a discussion of the terrain and history of landslides, and information is 

provided on the corrosive properties of bitumen.  A history of Enbridge oil spills is also 

provided, along with an assessment of the risk of exposure to eulachon.   

Chapter 3 

This chapter provides information on the constituents of the bitumen that is transported by the 

westbound pipeline.  There is an outline of the mechanism of toxicity of polycyclic aromatic 

hydrocarbons (PAHs).  This section provides a discussion of the difference in toxicity between 

bitumen and crude oil, because the data provided are based solely on crude oil.   

There have been no studies on the effects of bitumen exposure on eulachon during any stage of 

development.  However, this species is very similar to pink salmon (Oncorhynchus gorbusha) 

(Mclean et al., 1999) and Pacific herring (Clupea pallasii) (Iverson et al., 2002), and many 
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studies have been conducted on the effects of exposure of oil to these species.  Toxicological 

data on oil exposure during each stage of the life cycle is provided.  From this, inferences are 

made on the potential adverse effects to eulachon.  Information on the consequences of oil 

exposure to rainbow trout (Oncorhynchus mykiss) is also included to create a broader 

understanding of the potential effects to eulachon. 

Chapter 4 

This chapter includes detailed information on the role of eulachon in marine, freshwater, and 

terrestrial ecosystems.  There is some information specific to the Kitimat River, but much of the 

research on predator aggregations during eulachon runs has been conducted in Alaska.  Given 

the similarities between eulachon and salmon, some of this chapter includes information on the 

importance of pink salmon runs.  My reasoning is that because eulachon are also semelparous, 

their carcasses result in a similar enrichment of coastal ecosystems. 

Chapter 5 

This chapter focusses on the importance of eulachon to Haisla First Nations.  It incorporates the 

scientific discussion of the nutritional aspects of eulachon as prepared for consumption.  It is 

important to acknowledge that eulachon have unique dietary qualities, and there has been 

extensive research on this topic.  This chapter also includes non-scientific information that must 

be incorporated into this report.  It is difficult to assign numbers to the value of this species to 

First Nations, so qualitative information must be provided.  It is important to gain an 

understanding of the use of this species in everyday life. The information collected is from 

published journal articles, and covers the importance of this species, including its social, 

ceremonial, and medicinal purposes.   
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Chapter 1: Life History of Eulachon of the Kitimat River   

Eulachon are an anadromous species, which means they spawn in freshwater, rear in estuarine 

water, and spend their adulthood in the ocean (Figure 1.1).  They spawn in coastal rivers along 

the West coast, ranging from Alaska to California.  Their marine distribution is restricted to the 

eastern Pacific, and ranges from the southern Bering Sea to northwestern California (Clarke et 

al., 2007).  Eulachon are not found in the Arctic Ocean.  In British Columbia, there are between 

12 and 20 major eulachon runs annually, which is significantly fewer than the 10,000 salmonid 

runs across the coast (Hay, et al., 1997).  Some of these runs are quite small; ichthyoplankton 

surveys have been used to identify small spawning runs that are ordinarily missed by simple 

fishing by-catch statistics.   

1.1 Life Stages 

1.1.1 Spawning stage 

Eulachon spawn in January in the Columbia River, and northern rivers observe later eulachon 

spawning (Hay et al., 1997).  Eulachon runs occur in late winter, early spring in the Kitimat 

River.  Eulachon aggregations at this time are notably large.  Stables et al. (2005) analyzed 

Fraser River spawning runs in spring of 2001 and 2002.  They measured species composition 

using echograms.  On April 25, 2001 the observed aggregation was 2000 by 117 metres, with an 

average thickness of 1 metre.  There were approximately 69,000 eulachon in this group alone.  

The cluster was primarily eulachon, and comprised of several other species, including 

piscivorous fish.   
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From: Volume 6B-Marine Terminal ESA-Enbridge Northern Gateway Pipeline Proposal (Enbridge, 2010 c) 

 

Figure 1.1: The Kitimat River and estuary relative to the proposed Enbridge Northern Gateway 

pipeline route and marine terminal.  Eulachon spawn in the lower 4 km of the Kitimat River, and 

rear in the Kitimat Arm of the Douglas Channel.  
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Spawning rivers vary significantly in turbidity, size, and sediment load.  One characteristic that 

most eulachon spawning rivers share is that they have a spring freshet (Hay et al., 1997).  This 

means that there is flooding due to melting snow or glaciers in the headwaters.  It is for this 

reason that eulachon spawn only in coastal rivers, and not in rivers on Vancouver or Queen 

Charlotte Islands.  Eulachon are not strong swimmers, but in large watersheds such as the 

Skeena, Fraser and Columbia, they may swim upstream 50 - 100 kilometres to tributaries to 

spawn (Hay & McCarter, 2000).  In the Kitimat River, the majority of eulachon spawn over a 

span of 10 days, as inferred from observed predator activity (Pederson et al., 1995).  Most 

eulachon spawn in the lower 4 kilometres of the Kitimat River (see Figure 1.1).  This will be 

addressed in depth in chapter 2, as there are toxicological implications of this spawning location 

and the proposed pipeline route.   

1.1.2 Egg stage 

A female eulachon lays 7,000 to 31,000 eggs (Parente and Snyder, 1970).  The average fecundity 

of eulachon from the Kitimat River in 1993 was found to be 22,943 eggs (n = 58) (Pederson et 

al., 1995).  Fecundity of Kitimat River eulachon ranged from 3,242 to 47,798 eggs per female.  

There is an observed relationship between ovary weight and fecundity (r
2
 = 0.83).  The relative 

fecundity was calculated to be 504 eggs/gram entire fish.   

Eulachon eggs are less than 1 millimetre in diameter.  These tiny eggs adhere to substrate at the 

bottom of the river through a thin outer membrane that ruptures upon contact.  Eulachon do not 

cover their eggs as do other anadromous species.  Salmon create redds, or hollows, within the 

gravel for their eggs; these redds protect them from predation and contamination (Heard, 1991).  

This detail will be reintroduced in chapter 3 during the discussion of the risk of bitumen 

exposure to eulachon during this stage of their life cycle.  Eulachon eggs hatch within 2 - 4 
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weeks, depending on the ambient temperature of the water (Beacham et al., 2005).  In the 

Kitimat River, 258.4 degree days (Celsius) were necessary for 51% larval hatching in the 

spawning season of 1993 (Pederson et al., 1995).  Hay et al. (1997) state that at temperatures of 4 

- 5 ºC larval emergence is observed after 3 - 4 weeks of incubation.   

1.1.3 Larval stage 

Upon hatching, eulachon larvae are delicate and translucent, and approximately 4 millimetres 

long (Parente & Snyder, 1970).  They are extremely weak swimmers, and float in the direction of 

the current while absorbing nutrients from their yolk sacs (Parente & Snyder, 1970; Beacham et 

al., 2005).   

Larvae rapidly drift downstream to the estuary of the river (Figure 1.1).  This may take minutes, 

and depends solely on the velocity of the water.  The use of a flowmeter in the Kitimat River in 

1993, allowed for the estimate of the production of 5.7 X 10
9
 larvae (Pederson et al., 1995).   

McCarter and Hay (1999) conducted a survey of eulachon larvae along the British Columbia 

coast, which included the Kitimat River estuary.  This survey indicated that larvae were 

generally found at 0 - 15 metres depth below the surface of the water, but some were caught at 

greater depths, from 20 - 35 metres below the surface.   Eulachon larvae caught closer to the 

surface of the estuarine water were notably smaller than those found at lower depths.  It was also 

observed that eulachon larvae collected during the day were smaller than those caught at night.  

The smallest larvae were found closest to the river inlet, and an increase in larval size was 

observed with greater proximity to the ocean.  A confounding issue with the surveillance method 

(bongo nets) was that larvae greater than 30 millimetres were more developed and less likely to 

be trapped.   
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1.1.3.1 Imprinting 

It is uncertain as to whether or not eulachon imprint on their natal river.  The ‘Olfactory 

Hypothesis’ is the reigning theory as to why salmonid species return to their natal rivers to 

spawn.  This hypothesis states that each river has its own unique chemical composition because 

of regional variations in soil and vegetation.  Salmon larvae detect these constituents, imprint, 

and use these signals to return to the river to spawn as adults (Hasler & Wisby, 1951; Hasler et 

al., 1978).  It is a general consensus in the literature that as eggs, fish cannot imprint because 

they generally have an impermeable outer membrane and cannot detect the chemical components 

of the water (McCarter & Hay, 1999).  It is possible that eulachon imprint to their natal rivers as 

larvae.  However, as mentioned earlier, eulachon larvae are extremely weak swimmers, and are 

quickly transported downstream to estuarine water.  There is a possibility that eulachon can 

imprint on their natal river during this short period, but it is more likely that they imprint once 

they reach their natal river’s estuary.  Salmon, which occupy redds for various periods of time as 

larvae, are consequently able to imprint on the unique chemical constituents of the river (Hasler 

et al., 1978).   

Because eulachon may imprint on their natal estuary, there is a high likelihood that eulachon 

from tributaries and adjacent rivers imprint on the same regions.  In the past, it has been 

recommended that eulachon be managed according to estuarine regions, not by specific rivers, 

given that there may be some migration between adjacent populations of eulachon.  Populations 

of other anadromous species are frequently assumed to be entirely separate, but with eulachon 

this may not be the case.  Environmental or anthropogenic impacts on the spawning of one river 

may affect the stocks of adjacent rivers in following years.  For this reason, management of 

individual rivers becomes even more important - because it may affect yields in other rivers as 
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well.  Damage to an estuary may greatly harm eulachon runs from multiple rivers, and could 

affect all the eulachon in that region.   

Kitimat River eulachon rear in the Kitimat Arm of the Douglas Channel (see Figure 1.1).  

Eulachon of the Kildala River also rear in this estuary (COSEWIC, 2011).  Small eulachon 

populations of the Gittoyees Inlet and Foch Lagoon rear in the Douglas Channel, and there may 

be some overlap in the ranges of juveniles. Figure 1.1 shows the location of the proposed 

Enbridge marine terminal along the Kitimat Arm.  Eulachon stock of other rivers may be 

exposed  in the event of a tanker spill. 

1.1.4 Juvenile stage 

It is in the partial salinity of the estuary that eulachon larvae grow to become juveniles.  

Juveniles rear in the river’s estuary, in this case the Kitimat arm of the Douglas Channel 

(COSEWIC, 2011) (see Figure 1.1). For this species, the juvenile stage is from 8 weeks to 1 

year.  There is little information known about their estuarine distribution, because they are too 

large to be caught by ichthyoplankton netting.  However, it is believed that juveniles migrate to 

the ocean before adulthood.  This migration may occur anywhere between the ages of 2 months 

to 1 year (COSEWIC, 2011).   

1.1.5 Adult stage 

As adults, eulachon are less than 25 centimetres in length, silver, and have an adipose fin and a 

long anal fin (Hay et al., 1997).  Adults have tiny, sharp teeth, including two canines (Larson & 

Belchik, 1998).  Female spawning eulachon caught from the Kitimat River were found to have a 

mean length of 17.0 centimetres, and an average weight of 45 grams (n = 58) (Pederson et al., 

1995).  Male and female eulachon from the northern Gulf of Alaska are an average of 16.2 

centimetres (15.1 - 17.4 cm) and 15.5 centimetres (14.1 - 17.3 cm) respectively (Anthony et al., 
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2000).  Increase in weight has a positive linear relationship with length.  Eulachon generally 

have 19.0 ± 0.52 % fat content, with a range of 15 % to 25.3 % (Iverson et al., 2002).   

1.1.5.1 Ocean Distribution 

In the ocean eulachon are found at depths of 50 - 200 metres below the ocean surface.  They are 

near-benthic, and are frequently caught by shrimp nets despite the fact that they live at a lower 

depth than shrimp (COSEWIC, 2011).  The majority of knowledge of the marine distribution of 

eulachon is derived from by-catch data, as this species is not fished in marine waters.  In a study 

conducted by Clarke et al. (2007), adult eulachon were sampled around the Queen Charlotte 

Islands.  Because of the close proximity to the Douglas Channel, they hypothesized that the 

majority of the adult fish were from the Kemano River.  Eulachon of the Kitimat River also run 

down this channel, and are likely found in the same areas as those from neighbouring rivers. 

1.1.5.2 Age at maturation 

Eulachon are believed to sexually mature at approximately 3 years of age (Hay et al., 1997).  

Typically, age at maturity in smelts is determined by counting rings on otoliths (bony structures 

of the inner ear) (Clarke et al., 2007).  This method has been identified as insufficient for aging 

of eulachon, because of inconsistent results in the literature.  Hay and McCarter (2000) 

conducted a metaanalysis in which they examined eulachon length data (n > 30,000).  Fish 

generally continue to grow as they age, and there is usually a correlation between length and age.  

Hay and McCarter plotted the length data and looked for modes, to which they assigned probable 

ages.  The plot displayed a strong bimodal distribution, with an additional small mode.  It is 

believed that the first two modes were eulachon at age 1 and 2, and the small mode was the few 

3 year old eulachon that remained in the ocean.  A study conducted by Clarke et al. (2007) took 

this one step further and looked at the size distribution of spawning adults in the Kemano River 
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in addition to those found around the Queen Charlotte Islands.  These spawning adults were 

consistently much larger than the two size modes observed in the ocean, which indicated this 

third mode was eulachon at age 3.   

This data supported the hypothesis that eulachon spawn after three years in the ocean.  This data 

also supports the belief that eulachon are semelparous, which means that they die after spawning 

once, because a fourth size mode is rarely observed in marine waters.  It is possible that not all 

eulachon die after spawning.  However, there is an observed widespread death of many eulachon 

post-spawning (Hay, et al., 1997).  Analyses of strontium-calcium ratios (Sr/Ca) indicated a 

single age group of 3 years in all spawning eulachon (Clarke, et al., 2007).  This knowledge is 

relevant in examining the risk of an oil spill to this species, as consideration of repeat spawning 

is necessary when considering population level impacts. 

1.1.5.3 Prespawning Phase 

The prespawning stage occurs between the summer prior to spawning and the migration to 

freshwater.  Gonadogenesis occurs during this time, and adults stay in salt water as they prepare 

for reproduction (COSEWIC, 2011).   

1.1.5.4 Spawning Phase 

During the spawning stage, eulachon do not feed in freshwater.  Teeth and scales are resorbed for 

minerals.  Spawning in the Kitimat River in 1993 occurred for at least 7 - 10 days (Pederson et 

al., 1995).   

1.1.5.5 Sex Distribution 

Stables et al. (2005) observed sex ratios of spawning eulachon in the Fraser River during runs in 

2001 and 2002.  There was a significantly higher number of males than females, with an average 
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of 3 % females, 87 % males, and 9 % with unknown sex.  The data was from 3 individual days 

and there were many unknown samples.  There was high variation among the three days, and 

there were many fish of unknown sex.  Percentages of males, females, and unknown fish did not 

add up to 100 (101, 100, and 99 for the three days), so this may not be the true sex ratio during 

these runs.   

1.2 Genetic Variation Among Rivers 

There have been numerous studies of the genetic variation among eulachon runs from different 

rivers.  Early analyses of the genetic structure of eulachon populations used mitochondrial DNA 

to identify variations among populations along the British Columbia coast.  Mclean et al. (1999) 

identified 37 haplotypes, but 3 of these encompassed 79% of the eulachon studied (n = 315, from 

12 sites).  Statistical analyses determined that over 97 % of the genetic variation was within 

populations.  This data contradicted the Isolation-by-distance hypothesis that is supported by 

anadromous species that always return to their natal rivers to spawn.  The additional haplotypes 

may have been indicative of regional substructure among rivers.  Only four genes were analyzed 

in this study, and this may not have been sufficient to identify variation among rivers. 

Mclean and Taylor (2001) conducted a study in which they examined genetic variation of five 

microsatellites.  These genes were identified as highly variable markers in rainbow smelt 

(Osmerus mordax).  This study examined 293 eulachon samples collected from 12 sites from 

along the BC coast. The overall FST (or fixation index) among sample sites was 0.045.  An FST of 

0 would be indicative of unrestricted reproduction between populations.  Analysis of genetic 

distance among populations did not support the Isolation-by-distance hypothesis.  In other words, 

there was no positive correlation between genetic distance and geographical distance.   
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The previous two studies were designed using loci that were not identified as highly polymorphic 

in eulachon.  Kaukinen et al. (2004) analyzed 200 eulachon samples and identified 14 loci that 

were highly polymorphic and in Hardy Weinberg Equilibrium, making them optimal for genetic 

analyses.  Beacham et al. (2005) conducted a genetic analysis of eulachon from 9 sites: the 

Columbia, Fraser, Cowlitz, Twenty Mile, Skeena, Nass, Bella Coola, Klinaklini, and Kemano 

Rivers.  Genetic variation was analyzed among eulachon populations at the aforementioned 14 

microsatellite loci.  As these genes were already identified in eulachon genomes, they would 

ideally have higher resolution than the genes used in the two previous studies.  The FST of all 9 

sites and all 14 loci was 0.0046.  The greatest FST was at locus Tca111 with an FST of 0.0212.  

Ten out of the 14 loci had FST values that were significantly greater than 0 (p < 0.05).  Isolation-

by-distance was observed among these eulachon populations using this species-specific gene set.  

These FST values indicate that there is some gene flow among spawning rivers, but the different 

rivers comprise of distinct eulachon stocks. 

This genetic information is valuable when designing and maintaining eulachon stock 

management practices.  In 2000, eulachon were placed under the Blue List by the Province of 

British Columbia; they are considered to be a species of special concern.  COSEWIC, the 

Committee on the Status of Endangered Wildlife in Canada, categorizes species according to 

designatable units (DUs), which take into consideration genetic variation and evolutionarily 

significant differentiation among populations.  Because of the isolation by distance observed in 

eulachon populations across the Canadian coast, COSEWIC has identified three separate DUs.  

The Central Pacific Coast DU encompasses Kitimat River populations; this DU is categorized as 

endangered.  Furthermore, populations from the Kitimat, Bella Coola, and Kemano Rivers are 

“virtually extirpated” with fewer than 1000 individual eulachon per run (COSEWIC, 2011).   
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1.3 Coastal Decline in Populations 

The last large run of eulachon in the Kitimat River was in 1991.  The runs following that year 

were less than half the size (COSEWIC, 2011).  In 1993 the Kitimat River spawning run 

abundance was 514,000 fish (Pederson et al., 1995).   

There has been a coastal decline in eulachon populations over the last few decades.  The exact 

reason is uncertain, but it is believed to be due to a combination of multiple different causes.  

The contenders for the decrease in runs are: dredging, hydrological changes, by-catch, 

environmental changes, and industrial pollution.   

1.3.1 Dredging 

Dredging is believed to be a significant driver of the decline in eulachon runs in the Fraser River.  

Eulachon eggs incubate on gravel substrate at the bottom of the river.  Dredging disturbs the 

eggs, and can damage them, and/or expose them to predators.  In 1995, to protect eulachon 

spawning, the Department of Fisheries and Oceans (DFO) mandated the suspension of dredging 

in the Fraser River during spawning season (COSEWIC, 2011). Dredging is not an issue in the 

Kitimat River and will not be discussed further.   

1.3.2 Hydrological changes 

The construction of dams interferes with runs of all anadromous species. Dyking has occurred in 

both the Kitimat River and the estuary since the 1950s (Raincoast Conservation Foundation, 

2010).  This may negatively affect sensitive larvae rearing in the Kitimat Arm, as well as the 

spawning of adults in mid-April.  The hatchery in this region alters water flow, which also 

inhibits eulachon spawning.  However, there have been no studies of the direct effects of these 

hydrological changes in the Kitimat River. 
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1.3.3 By-catch 

As mentioned earlier, eulachon are less than 25 centimetres in length and susceptible to capture 

by shrimp-trawls.  The majority of knowledge about the marine distribution of eulachon is from 

shrimp-trawl by-catch data.   Eulachon that are caught and killed by trawls cannot spawn, and 

this inevitably leads to a decline in future generations.  The high distribution of eulachon around 

the Queen Charlotte Islands and the coastal decline in this species led to the Queen Charlotte 

Sound shrimp fishery being closed in 2001 by the DFO (COSEWIC, 2011).  The DFO also 

mandated the addition of “by-catch reduction devices” (BRDs) to all shrimp trawls.  Fisheries 

and Oceans Canada also implemented eulachon “action levels”.  Once a specified biomass of by-

catch is reached, the shrimp fishery is closed.   

1.3.4 Environmental changes 

Changes in ocean temperatures can have varying effects on different aquatic species, which 

ultimately impacts the entire ecosystem.  There is no documentation of any direct effects of 

climate change on eulachon.  However, they may be affected by climate change in two different 

ways: changes in quantity and distribution of predators and prey.  Pacific hake is a well-known 

predator of eulachon.  Climate change has resulted in a shift in the distribution of this species, 

which corresponds to eulachon declines (Hay & McCarter, 2000).   

Abundance of Fraser River eulachon is negatively correlated to freshwater temperature (Hay et 

al., 1997).  However, ocean abundance of eulachon is positively related to marine water 

temperature.  It is possible that changes in temperature simply resulted in a variation in the 

spatial distribution of eulachon, and they shifted out of survey areas. 

Eulachon feed almost exclusively on euphausiids (Brodeur & Merati, 1993).  Euphausiids are 

highly influenced by environmental shifts, such as the temperature increases observed during the 
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El Nino – Southern Oscillation (ENSO) in 1992 - 1993.  Euphausiid productivity was doubled 

during these years and declined back to pre-ENSO levels by 1996 (Tanasichuk, 1998).  This 

trend was not observed in the eulachon of the Kitimat River, which declined in number 

significantly after 1991.  This implies that ocean food source is not the primary cause for the 

virtual extirpation of these populations. 

1.3.5 Industrial pollution 

In 1970, the Eurocan Pulp and Paper Mill was built along the Kitimat River.  It discharged its 

effluents into the river 3.2 kilometres from the Kitimat Arm of the Douglas Channel.  Eulachon 

spawn in the lower 4 kilometres of this river, and were exposed as embryos.  In 1972, Haisla 

First Nations noticed that eulachon harvested from the Kitimat River had a foul taste, and could 

no longer be consumed (Rohr, 1994).  The eulachon tasted the way that the paper mill smelled 

(Ross, 2010).  Since then, Haisla have traveled to the Kemano and Kildala rivers for eulachon 

runs.   

From 1990 to 2003, Chief Councillor Gerald Amos, and later Chief Councillor Robert Robinson 

wrote dozens of letters to various government bodies demanding action against the pollution of 

the Kitimat River (Ross, 2010).  In 2009, it was announced that the Eurocan paper mill would be 

shut down effectively by January 31, 2010.  It is a high priority of the Haisla First Nations to 

restore the eulachon of this river to its former glory.   

Because of their high fat content, eulachon are more susceptible to bioaccumulation of lipophilic 

compounds (Rogers et al., 1990).  For this reason, they can be excellent indicators of low level 

contaminants in water.  Rogers et al. (1990) conducted a study of the uptake of chemicals such as 

DDT and PCBs in the Fraser River estuary.  Concentrations of chemicals in the fat, gonads, and 
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livers were all proportional to trace contaminants of their natal river. Because newly hatched 

eulachon do not feed in freshwater (they float downstream to the estuary immediately after 

emergence), this supports the equilibrium partitioning theory (Rogers et al., 1990; Hamelink et 

al., 1971).    This sensitivity makes eulachon excellent annual monitors of organic compounds.   
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Chapter 2: Risk of Oil Spill  

The pipeline transporting dilbit will travel beside the Kitimat River to the marine terminal, where 

the bitumen will be transferred to tankers.  These tankers will navigate the heavily trafficked 

Douglas Channel to reach the open ocean.  Both the pipeline route and the tanker traffic pose a 

significant threat to the survival of eulachon populations.   

2.1 Risk of Oil Spill Along Pipeline Route 

The central coast of British Columbia consists of rocky terrain that is not optimal for the 

construction of pipelines.  Currently, the region around the proposed Enbridge Northern Gateway 

pipeline route consists of infrastructure such as roads, railroads, natural gas pipelines, and 

hydroelectric transmission lines (Geertsema et al., 2009).  The landscape throughout this region 

consists of unstable weak soils that are prone to landslides.  Infrastructure can easily be damaged 

by landslides in one of two ways.  Most frequently rock slides strike the road or pipeline and 

cause an obstruction or rupture, depending on the situation.  If the infrastructure is built on 

unstable terrain, there might be a shift beneath, resulting in significant damage. 

Landslides can be caused by construction, changes in weather, and earthquakes.  Some small 

landslides are caused simply by heavy rainfall (Geertsema et al., 2009).  There have been 

numerous devastating landslides in this region.  The size and frequency of these events appear to 

be accelerating with the increase in development in this area (Geertsema et al., 2009).  This may 

be caused by the destabilization of slopes caused by deforestation, road cuts, etc.  However, the 

perceived increase in land disturbances may be due to improved detection of landslides in this 

region. 
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In 2002, the Zymoetz landslide ruptured a natural gas pipeline.  This pipeline served Kitimat and 

the neighbouring towns of Terrace and Prince Rupert (Geertsema et al., 2006).  In this case, the 

landslide traveled over 4 kilometres.  Enbridge has conducted an assessment of the terrain 

surrounding the proposed pipeline route.  The “Project Effects Assessment Area” consists of the 

Project Development Area, as well as 500 metres surrounding this region (Enbridge, 2010b).  

Given that landslides can travel further than 500 metres, this is insufficient.  Out of the six large 

landslides in this region since 1978, three of them damaged natural gas pipelines, and all of them 

travelled over 500 metres (Geertsema et al., 2009).  It is evident that the proposed Enbridge 

pipeline will be constructed in dangerous territory. 

Internal corrosion is another significant issue that has resulted in oil spills in the past.  Pipeline 

pressure over 600 pounds per square inch (psi) is considered to be “high pressure” (Shell, n.d.).  

The proposed pipeline is designed to operate at 2,174 psi (Enbridge, 2010b).  High pressure 

heightens the risk of a spill, as well as increases the volume released following a rupture.  Given 

bitumen’s high viscosity, instead of increasing the temperature of the pipeline for it to flow, 

Enbridge dilutes the bitumen with condensate so the pipelines can operate at lower temperatures.  

However, it is unclear what temperature the pipeline will operate under. 

Elemental mass fractions of Athabasca bitumen show that 4.73 % is sulphur (Badre et al., 2006).  

The Environment Canada “Oil Properties” database (2001) states that sulphur content in 

Athabasca bitumen varies from 4.41 to 5.44 %.  When diluted with condensate, this decreases to 

3.7 % sulphur content (Bakker, 2011).  The proposed pipeline and tanker storage are to be 

constructed of carbon steel (Bakker, 2011; Enbridge, 2010a).  Sulphur has been found to be 

corrosive to carbon steel in both oxic and anoxic conditions (MacDonald et al., 1978).  Not only 

is elemental sulphur corrosive, but hydrogen sulfide and bacteria that reduces sulphur in 
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asphaltenes can degrade carbon steel.  Stress Corrosive Cracking (SCC) is the observed 

fracturing of carbon steel caused by corrosion (MacDonald et al., 1978; Bakker, 2011).  The 

degradation of this material is detrimental to the containment vessel as well as the material being 

transported.  Severe degradation of pipelines can occur in under a year (Bakker, 2011).  The high 

concentration of sulphur in bitumen results in greater risk of a pipeline spill.   

Asphaltenes are a component of bitumen and crude oil that can cause complications in the 

transportation of oil through pipelines.  Below the “asphaltene precipitation on-set pressure” 

these compounds will precipitate out of the oil and build up as sediment along the pipeline walls 

(Eskin et al., 2011).  This “sludge” can impair the efficiency of a pipeline, as well as increase the 

risk of a spill.   

2.2 Risk of Oil Spill from Tankers 

The marine terminal will consist of two loading and unloading berths, as well as a utility berth 

(Enbridge, 2010c).  This terminal will be constructed alongside the Kitimat Arm of the Douglas 

Channel (Figure 1.1).  Any oil spill that occurs from the loading of oil onto tankers would occur 

in this region. 

This project will result in 220 vessels per year travelling to and from the Kitimat terminal.  This 

is an 86 % increase in current Douglas Channel traffic (Enbridge, 2010d).  Enbridge has planned 

three tanker routes that can be taken: the Hecate Strait and Queen Charlotte Sound Route, the 

Outside Passage, and the Inner Passage.  These routes are listed from greatest to least weather 

variability.  The Inner Passage is optimal in that it is the most sheltered and suffers the least 

inclement weather, but it is also the most heavily trafficked route.  
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There are three types of tankers vetted for this project: the Aframax, Suezmax, and VLCC (Very 

Large Crude Carrier) (Enbridge, 2010d).  These tankers range from 220 to 343 metres in length 

respectively.  The VLCC will have deadweight tonnage of 320,000 tonnes.   

The tankers are to be provided with a complex navigational system that combines GPS, radar, 

and automatic identification systems (Enbridge, 2010d).  However, the narrow twists of the 

Douglas Channel have proven to be difficult to navigate.  In 2006, the “Queen of the North” 

ferry crashed into Gill Island, resulting in the loss of two lives (Swift et al., 2011).  Evidently this 

route can be hazardous, and the addition of 86% more traffic will potentially lead to another 

accident.  

2.3 History of Enbridge Oil Spills 

Enbridge has had many oil spills in the past.  In 2009, 2010, and 2011, there were 89, 80, and 58 

“reportable” oil spills respectively (Enbridge, 2012).  Pipelines often cross remote areas, and 

when there is a leak in such an area, it takes Enbridge a considerable amount of time to respond.  

On July 26, 2010, there was a large leak of dilbit from Line 6B, which transported dilbit, into the 

Kalamazoo River, in Michigan (Enbridge, 2012).  The pipeline was not shut down until 12 hours 

after the leak began, and 20,000 barrels were released into the environment (Swift et al., 2011; 

Enbridge, 2012).  As mentioned earlier, bitumen sinks in water, and this makes it substantially 

more difficult to clean up than floating crude oil.  In mid-2012, the Kalamazoo River was 

reopened to the public for recreational activities.  As of October 2012, the river is still not up to 

the US EPA’s standards (EPA, 2012).  Should there be an oil spill in the Kitimat River, it would 

take years to completely decontaminate the river.    
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2.4 Risk of Exposure to Eulachon  

As outlined in chapter 1, eulachon are an anadromous species, and they spawn in the lower 

reaches of the Kitimat River.  A pipeline rupture along the Kitimat River could result in eulachon 

being exposed as eggs.  Bitumen sinks, and would potentially expose eggs incubating on the 

riverbed.  Upon emergence, eulachon larvae drift downstream to the estuary.  A spill in the 

Kitimat Arm of the Douglas Channel, depending on the extent and timing, would result in 

exposure of eulachon as larvae or juveniles.  As adults, eulachon distribution is poorly 

documented.  However, data from shrimp trawl by-catch indicate that eulachon are situated in 

coastal regions, around the BC coast and the Queen Charlotte Islands.  Should there be a tanker 

spill in this region, there may also be exposure to eulachon as adults.  Spawning eulachon run up 

the Douglas Channel to spawn in the Kitimat River in the end of winter.  An oil spill at the most 

inopportune time may result in severely harmful effects on this population.   
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Chapter 3: Review of Toxicological Literature 

The proposed Enbridge Northern Gateway Pipeline project will comprise twin pipelines 

travelling 1,777 kilometres from Bruderheim, Alberta, to Kitimat, British Columbia. The 

westbound pipeline has a 36 inch diameter, and will transport bitumen diluted with condensate at 

an approximate volume of 525, 000 barrels per day (Enbridge, 2013b).  The eastbound pipeline 

is smaller, with a 20 inch diameter, and will transport condensate back to Alberta.   

The proposed route will traverse six major river drainages. In Alberta, it will cross the North 

Saskatchewan, Athabasca, and Peace River drainages.  In British Columbia, the pipeline will 

cross the Peace, Fraser, and Skeena River drainages.  In total, the project will cross 1,564 

mapped watercourses (Whelen & Bradley, 2010). Of these, 812 are categorized as fish-bearing 

streams.   

3.1 Constituents of Bitumen 

Bitumen is also known as ‘heavy oil’ and consists of the same components as regular crude oil.  

However, it contains higher concentrations of sulphur, heavy metals, Total Acid Number (TAN), 

and asphaltenes (Bakker, 2011).  The constituents of bitumen vary among locations (Yoon et al., 

2009), and multiple samples from the same location can have fluctuating compositions (Brooks 

et al., 1988).   

Bitumen differs from crude oil in that it has higher concentrations of heavy metals nickel and 

vanadium relative to conventional crude oil.  Bitumen contains approximately 69 - 85.2 parts per 

million (ppm) of nickel and 81 - 218 ppm of vanadium (Environment Canada, 2001).  In diluted 

bitumen, this is marginally decreased to 61.6 ppm and 159.3 ppm of nickel and vanadium 

respectively (Bakker, 2011).   
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Polycyclic aromatic hydrocarbons (PAHs) are found in bitumen and crude oil in varying 

amounts.  Gas chromatography/ mass spectrometry analyses of raw Alberta oil sands bitumen 

and diluted bitumen found similar PAH distributions (Yang et al., 2011).  Highly biodegraded 

bitumen samples have greater concentrations of 3 and 5 ring PAHs relative to crude oils such as 

Alberta Sweet Mixed Blend (ABMB) and Albian Heavy Synthetic (AHS) (Yang et al., 2011).  

The rate of biodegradation of PAHs increases with a decrease in the number of rings (Wang et 

al., 1998).  For this reason, with an increase in weathering, oil has higher concentrations of large 

PAHs (Carls et al., 1999).  Bitumen is very weathered heavy oil, which means there is a greater 

distribution of large PAHs.  The toxicity of PAHs will be addressed in section 3.2. 

The condensate used to dilute the viscous bitumen will be fluid derived from the natural gas 

liquefaction process.  This liquid would be imported from Asia via tankers at the terminal in 

Kitimat, BC (Enbridge, 2013a).  The condensate will be transported to Alberta via the eastbound, 

smaller pipeline.  The natural gas condensate will be used to dilute the bitumen in a ratio of 25 - 

30% condensate and 70 - 75% bitumen (Enbridge, 2013a).  This “dilbit” is transported back to 

Kitimat, where it is loaded onto tankers for Asian markets.  

The weights of various oils are measured by their American Petroleum Institute (API) gravity.   

Athabasca bitumen has an API of 7.7º to 9.0º (Environment Canada, 2001).  Anything above 10º 

will float in water (Bakker, 2011).  In the event of an oil spill, bitumen will sink to the bottom of 

the river. This affects potential exposure routes, and also makes it much more difficult to clean 

up. 

Given the limited research using bitumen as the exposure, this report reviews studies of crude oil 

exposure to fish species that are similar to eulachon.  The toxicity observed in studies of crude 



  Helen Power  

33 
 

oil underestimate the true damage expected with bitumen, given the higher concentrations of 

toxic constituents in the latter.  

3.2 Toxicity of Polycyclic Aromatic Hydrocarbons 

Polycyclic aromatic hydrocarbons (PAHs) are common and persistent environmental 

contaminants that are found in crude oil and bitumen.  They consist of two or more fused 

aromatic rings (Yan et al., 2003).  Some PAHs are highly toxic, and have been found to be 

mutagenic, carcinogenic, and teratogenic (Park et al., 2009).  Most of the toxicity of oil comes 

from alkyl PAHs.  In the event of an oil spill, smaller PAHs dissolve and contaminate the water 

causing acute lethality.  There is an increase in chronic toxicity with an increase in number of 

rings in PAHs (Black et al., 1983).  Water-soluble fraction (WSF) of oil generally consists of 

monoaromatics such as benzene, toluene, ethylbenzene, and xylene (BTEX) and 2 ring 

compounds (napthalenes), which are the least toxic.  The 3 - 4 ring PAHs are of the greatest 

concern, because they are small enough to be mobile and bioavailable to aquatic organisms, and 

persistent enough to cause chronic toxicity.   

Toxicity of PAHs within aquatic organisms is induced when they are metabolized by 

Cytochrome P450 1A enzymes.  The aryl hydrocarbon receptor (AhR) is a member of the basic 

helix-loop-helix per-Arnt-Sim (bHLH –PAS) family of proteins and is involved in homeostatic 

processes and xenobiotic metabolism (Backlund & Ingelman-Sundberg, 2005).  The AhR plays a 

critical role in the regulation of cytochrome P450 genes. It is highly conserved from 

invertebrates such as C. elegans to Homo sapiens.  AhR is usually dormant, and forms a complex 

of HSP90 (heat shock protein 90), immunophilin XAP2, and cochaperone p23 in the cytoplasm 

of cells (Fujii-Kuriyama & Mimura, 2005).  When binding to a ligand, it breaks away from the 

complex and receives nuclear localization signals. These ligands can be polycyclic aromatic 
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hydrocarbons (Fujii-Kuriyama & Mimura, 2005).   After binding to a ligand, the AhR relocates 

to the nucleus where it binds to the protein Arnt (aryl hydrocarbon nuclear translocator) which is 

ordinarily found in the nucleus (Fujii-Kuriyama and Mimura, 2005; Reisz-Porszasz et al., 1994).  

This AhR-Arnt heterodimer binds to DNA at the xenobiotic response element of the cyp450 1a1 

gene, successfully increasing regulation of this gene and synthesis of CYP1A protein (Backlund 

& Ingelman-Sundberg, 2005; Androutsopoulos et al., 2009).  The induction of CYP1A is 

frequently used as a biomarker for exposure of fish to PAHs (Carls et al., 2005).  The CYP1A 

enzymes metabolize and activate PAHs by oxygenation reactions, which lead to a myriad of 

toxic effects on fish species.     

3.3 Adverse Effects of Oil Exposure to Eulachon 

There is currently no data available on the toxicity of bitumen or crude oil to eulachon.  There is 

also very little research into the adverse effects of bitumen exposure to aquatic species.  For this 

reason, information has been gathered on the effects of crude oil on species similar to eulachon 

during the life stages in which eulachon would potentially be exposed.  Pink salmon 

(Oncorhynchus gorbusha) is the salmonid species most comparable to eulachon (Mclean et al., 

1999).  Their lifecycles are similar in that they are anadromous and they are less loyal to 

spawning in their natal rivers.  Two other species of fish, Pacific herring (Clupea pallasii) and 

rainbow trout (Oncorhynchus mykiss), are also similar to eulachon and are covered extensively in 

toxicological studies.  As adults, Pacific herring are similar in size (21.4 ± 0.29 cm) and can have 

high fat contents, but lipid levels vary according to season (Iverson et al., 2002).  While these 

two species are not as similar to eulachon as pink salmon, data surrounding the toxicity of 

bitumen and crude oil to these organisms will fill in the gaps and paint a full picture of the 

potential toxic effects eulachon would face in the event of an oil spill. 
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Table 3.1 is a comparison of the life cycles of the species discussed in sections 3.3.1 – 3.3.3.  

This is intended to provide a complete understanding of the similarities and differences in life 

history strategies.  For example, pink salmon and rainbow trout form redds to protect their eggs, 

whereas Pacific herring and eulachon do not.  It is critical to identify the similarities in potential 

exposure routes during different life stages.  Information on Steelhead trout life history is 

provided because of its similarity to that of eulachon, and because it is the same species as 

rainbow trout, which is included in this chapter. 

The Exxon Valdez oil spill occurred in Prince William Sound, Alaska, on March 24, 1989 (Bue 

et al., 1998).  This event received a considerable amount of media attention, and the oil was 

discovered to have toxicological effects on both pink salmon and Pacific herring in the region.  

Many of the studies of the effects of crude oil on these two species originated from data collected 

during this spill.  Many studies attempted to recreate exposure routes from this event, so an 

understanding of the variations in life history between these species is necessary. 
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Table 3.1: Comparison of life cycles of eulachon (Thaleichthys pacificus), pink salmon 

(Oncorhynchus gorbusha), Pacific herring (Clupea pallasii), and rainbow trout/steelhead 

(Oncorhynchus mykiss).  

Feature Thaleichthys 

pacificus 

Oncorhynchus 

gorbuscha  

Clupea 

pallasii 

Oncorhynchus mykiss 

Eulachon Pink salmon  Pacific 

herring 

Rainbow 

 trout 

Steelhead  

Anadromous? Yes Yes No No Yes 

Ocean 

Distribution 

Southern 

Bering Sea to 

California 

Bering Sea to 

North Pacific 

Ocean 
a
 

Bering Sea 

to 

California 
b
 

N/A North Pacific 

ocean 
e
 

Freshwater 

Distribution 

Glacial rivers 

along coast 

Mackenzie 

River to central 

California 
a
 

N/A Alaska to 

Northwest 

Mexico 
d
 

Alaska to 

California 
e
 

Spawn 

 

Usually natal 

river 

 

Usually natal 

river 
a 
 

  

Intertidal 

areas 
c
 

Rivers and 

tributaries 
e
 

Natal river 
e
 

Late Winter June to 

September 
a
 

Spring 
b
 

 

Spring 
d 

 Highly 

variable 
e
 

Eggs 

 

No redds 

1mm diameter 

Redds 
a  

 

On marine 

plants 
c  

1.3 mm 

diameter
c
  

Redds 
e
 Redds 

e
 

 

Larvae 

 

Rear in 

estuary 

 

Remain in redd  

Ocean 

Remain in 

redd 
d
 

Remain in 

redd 

Fry 

 

Migrate 

quickly to 

estuary 

 

River and 

lake 

dwelling
d 

 

 

Freshwater 

Juvenile  

 

Move to ocean 

after 2 -12 

months 

Rear in estuary 

for several 

months 

Freshwater 

or estuarine 

(2 types) 
e
 

Ocean at 1-4 

years 
e
 

Adult 

 

25cm length 

 

50-64cm length 

 

33cm  

length 
b
 

 

30-35cm 

length 
e
  

 

30-46 cm at 

maturity 
e
 

Max 120 cm 

Age at 

maturity 

 

3 years 2 years 
a
  2-4 years

 b
 

Max 9 years
 

b
 

Average 5 

years 
e
 

3-4 years 
e
 

Max 8-9 

years  

Semelparous? 

 

Yes Yes 
a
 No 

b
 Many repeat spawn 

e
 

a = Heard, 1991; b = Ware, 1985; c = Lassuy, 1989; d = Wildlife Habitat Management Institute (2000); e = Pauley 

et al., 1986 
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3.3.1 Exposure of eggs and larvae 

As detailed in chapter 1, eulachon spawn along the lower reaches of the Kitimat River.  Should 

there be a pipeline rupture during early spring, the eggs incubating along the riverbed would 

undoubtedly be exposed.  Given the low API of bitumen, it is much more likely to sink in water.  

Eulachon do not protect their eggs by creating redds; they simply adhere to substrate on the river 

floor.  

Pink salmon eggs incubate for 2 months before hatching (Heintz et al., 2000).  As larvae, pink 

salmon stay within their redds for 4 to 5 months, developing into fry while feeding off their yolk 

sacs.  Conversely, eulachon do not form redds, and they float downstream to the estuary 

immediately after hatching.  The duration between emergence and estuarine arrival depends 

solely on the flow of the river.  Eulachon may be exposed as larvae if there is an oil spill in the 

Kitimat River at the time of hatching, if oil from the pipeline reaches the Kitimat Arm of the 

Douglas Channel, if there is a spill at the marine terminal, or if there is a tanker spill in the 

Douglas Channel (see Figure 1.1).   

A comparison of the lethal and sublethal effects of oil toxicity to pink salmon and Pacific herring 

during each life stage is provided in Tables 3.2 and 3.3.  Selected sublethal effects are not all-

inclusive; each section of this chapter has a more comprehensive coverage of the varying levels 

of exposure to each species. 



  Helen Power  

38 
 

Table 3.2: Lethal effects of crude oil exposure to pink salmon and Pacific herring at each life 

stage.  Exposure during egg and larval stages are rarely separated in the literature, and are 

combined in the table.  Median Lethal Concentrations (LC50s) are provided if available. 

Life Stage 

at Exposure 

Pink Salmon Pacific Herring 

Mortality Aqueous TPAH  Mortality  Aqueous TPAH 

Egg 

 

 

 

96h LC50 for 

eggs and < 20 d 

old alevin  

 

96h LC50 for 

emergent fry  

 

15% decreased 

marine survival  

> 12,000 µg/L 
Moles et al., 1979 

 

 

8,000 µg/L 
Moles et al., 1979 
 

 

5.4 µg/L 
Heintz et al., 2000 

 

96h LC50 

 

 

 

 

37 µg/L 
Barron et al., 2003 
 

 

Larvae 

 

 

 

Juvenile  

 

96h LC50  

 

 

 

1,000 - 2,800 

µg/L   
Birtwell et al., 1999 

 

1,200 µg/L  
Moles and Rice, 1983 

 

96h LC50  

post-exercise 

120 ± 11.4 µg/L 
Kennedy & Farrell, 2006 

Adult 

 

96h LC50  

(salt water) 

 

96h LC50  

(fresh water) 

 

 

2,740 – 4,460 

µg/L* 

 

 

7,570 – 8,450 

µg/L* 

 
*Moles et al., 1979 
 

Mortality is significantly correlated 

to TPAH (r = 0.64, p = 0.013)  
Carls et al. 1998 

TPAH = Total Polycyclic Aromatic Hydrocarbons; LC50 = Median Lethal Concentration; h = hour 

NOTE: concentrations converted to mg/L for comparisons 
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Table 3.3: Selected sublethal effects of oil exposure to pink salmon and Pacific herring during 

each life stage.   

Life Stage 

at Exposure 

Pink Salmon Pacific Herring 

Sublethal 

Effect(s) 

Exposure Sublethal Effect(s) Exposure 

Egg 

 

 

 

 

 

 

 

Decreased rate of 

growth as 

juveniles  

 

 

 

Significant 

increase in edema 

and anemia  

 

 

 

Small yolk sacs  

 ≥ 18 µg/L  

TPAH 
Heintz et al., 2000 

 

 

 

 

22.36 µg/L 

TPAH 
Carls & Thedinga, 2010 

 

 

 

700-2400 µg/L 

TPAH 
Moles et al., 1987 
 

Elevated yolk sac 

edema (p < 0.002)  

 

Reduced 

incubation time 

 

Skeletal, 

craniofacial, and 

finfold defects 

significantly 

increased 

 

Reduced larval 

swimming ability  
 

≥ 0.4 µg/L TPAH* 

 

 

0.4-7.6 µg/L TPAH* 

 

 

 

0.7 µg/L TPAH* 

 

 

 

 

≥ 0.7 µg/L TPAH* 

 
*Carls et al., 1999 

Larvae 

Juvenile  

 

Significant 

decrease in 

growth  

 

Liver lesions 

 

400 µg/L 
Birtwell et al., 1999 

 

 

25-54 µg/L; 

178-348 µg/L 
Brand et al., 2001 

 

11% decreased 

swimming ability 

(96h) 

120.2 ± 11.4 µg/L 
Kennedy & Farrell, 2006 
 

 

Adult 

 

N/A 

 

 

 

 

N/A 

 

Immunosupression N/A (samples 

collected from 

PWS) 
Carls et al., 1998 

TPAH = Total Polycyclic Aromatic Hydrocarbons; h = hour, PWS = Prince William Sound 
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Heintz et al. (2000) exposed pink salmon embryos to PAHs from weathered crude oil as seen in 

streams in Prince William Sound, Alaska following the Exxon Valdez oil spill.  They were 

continuously exposed as eggs and alevin.  There was an observed decrease in the rate of growth 

as juveniles, but there was no difference in size between the exposed and the unexposed once 

they reached adulthood.  At concentrations as low as 5.4 µg/L total PAH (TPAH) content, there 

was a 15 % decreased marine survival.  The decreased size as juveniles impaired their survival 

and was possibly due to increased predation.  If there were to be an oil spill near the eulachon 

spawning grounds, there might be similar effects on their growth as juveniles.   

Should there be an oil spill directly in the area in which eulachon spawn, there would be a direct 

exposure of the incubating eggs.  Incubating pink salmon eggs exposed to crude oil showed high 

mortality between fertilization and eyeing, and between eyeing and emergence, both of which 

increased with oil dose.  The minimum dose for significant mortality between fertilization and 

eyeing was 281,000 µg/L of oil, equivalent to an initial aqueous TPAH concentration of 18 µg/L, 

and an initial gravel-TPAH concentration of 3.8 µg/L.  This exposure resulted in 35 ± 1.5 % 

mortality, which can be compared to 29.6 ± 1.0 % mortality in controls (Heintz et al., 1999).  

Significant mortality between eyeing and emergence was also observed at 281 ppm of oil, with 

aqueous TPAH always less than 500 µg/L.  This caused 25 ± 7.4 % mortality, four times greater 

than the 6.1 ± 0.5% mortality in controls (Heintz et al., 1999).    

A study of pink salmon eggs, alevins, and emerging fry exposed to benzene determined that 

salmon were most vulnerable as emerging fry (96h LC50 = 5.28 µl/L) and most resistant as eggs 

(96h LC50 = 5.28 µl/L) (Moles et al., 1979).  This same trend was observed with exposure to 

Prudhoe Bay crude oil; the 96h LC50 for eggs and up to 20 day old alevins was > 12,000 µg/L, 

and the 96h LC50 for emergent fry was 8,000 µg/L.   
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There are significant sublethal effects observed with oil exposure as embryos (see Table 3.3).  

Spinal deformities, opercular hypoplasia, ascites and lesions were observed in varying 

frequencies among exposed pink salmon.  Spinal deformities increase with increases in oil 

exposure from 0.3 % frequency in unexposed embryos to 1.3 % in the most exposed (2,860,000 

µg/L of very weathered oil, 4,600 µg/L initial gravel-TPAH, 1.0 aqueous-TPAH) (p < 0.001) 

(Heintz, 1999).  Ascites are the most common form of lesion observed in exposed embryos, and 

the occurrence is dependent in oil dose (Marty et al., 1997). At 622 µg oil/g gravel, there is a 

2.6% prevalence of ascites in pink salmon. 

Experimental exposure to oil also slows pink salmon embryonic development, which increases 

the risk of mechanical damage (Carls & Thedinga, 2010).  In the event of an oil spill, measures 

of mortality may not be entirely accurate because they do not include the larvae that die from 

shock.  Carls and Thedinga (2010) observed that pink salmon larvae exposed to PAHs were 

highly susceptible to shock, but regained resistance over time.  Pink salmon larvae exposed to 

700 - 2400 µg/L WSF of crude oil have significantly smaller yolk sacs (Moles et al., 1987), 

which corresponds to observations that larvae exposed to oil were smaller (Carls & Thedinga, 

2010).  Negative effects on pink salmon embryos were greater with continuous exposure than 

with intermittent, and an inverse relationship between oil concentration and yolk sac size was 

observed.  Premature emergence occurred in pink salmon larvae dosed with oil (Marty et al., 

1997).  Edema and anemia were observed in 22.36 µg/L TPAH (p = 0.005, 0.027 respectively) 

(Carls & Thedinga, 2010).  Marty et al. (1997) looked at effects of oil exposure to pink salmon 

larvae at a cellular level, and recorded increased gonadal and skin cell apoptosis with an increase 

in dose.  Pericardial edema was observed only in those exposed.  Adverse effects on pink salmon 

larvae were observed at TPAH concentrations as low as 5 µg/L (Marty et al., 1997). 



  Helen Power  

42 
 

Exposure of Pacific herring embryos to oil resulted in premature hatching, yolk sac edema, 

reduced swimming ability, skeletal and craniofacial defects, finfold defects, and lack of pectoral 

fin rays (Carls et al., 1999).  Chromosomal damage was observed during anaphase at 0.7 µg/L 

TPAH.  Mortality was increased with an increase in oil exposure for both Pacific herring eggs 

and larvae.  Yolk sac edema was significantly greater than controls in TPAH concentrations as 

low as 0.4 µg/L.  Pacific herring embryos exposed to tricyclic PAHs had cardiac abnormalities. 

This included edema which caused an irregular heartbeat (Incardona et al., 2009).  The frequency 

of the other defects were all significantly greater in TPAH concentrations of 0.7 µg/L (Carls et 

al., 1999).  These defects may have been sublethal, but they significantly impaired the 

organism’s ability to survive.   

Rainbow trout embryos exposed to crude oil have a higher yolk-weight ratio than controls, with 

an observed increase with dose (Wu et al., 2012).  This indicates that they did not properly 

develop and will likely have decreased survival.  Rainbow trout exposed as embryos have 

increased blue sac disease (BSD) which is characterized by physical malformations such as 

hemorrhages, yolk sac edema, and spinal defects as well as increased mortality during early life 

stages (Colavecchia et al., 2006).   

The toxicity of PAHs in crude oil also is enhanced in the presence of sunlight; phototoxicity is 

observed in Pacific herring larvae (Barron et al., 2003).  UV light interacts with PAHs in such a 

way that enhances the toxicity within organisms.  Barron et al. (2003) studied the lethal and 

sublethal effects of varying levels of UV exposure on Pacific herring eggs and larvae exposed to 

different degrees of chemically dispersed and non-chemically dispersed crude oil.  Phototoxicity 

was enhanced as concentrations of TPAH in tissue increased, indicating that PAHs are 

phototransformed by UV.  UV interacts with PAHs, creating high concentrations of reactive 
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intermediates of PAH and oxygen (electrophiles), which are released.  Electrophiles chemically 

react with proteins, lipids, and DNA, causing oxidative stress.  Exposure to sunlight for periods 

as short as 2.5 hours per day was sufficient to significantly increase toxicity.  As mentioned 

earlier, the youngest eulachon larvae are found in shallow water in the estuary, which may result 

in co-exposure to PAH and to sunlight.  Eulachon larvae are translucent, and this may enable the 

toxicity of PAHs to be photoenhanced. 

Heintz (2007) constructed a model which incorporated the PAH toxicity to pink salmon to 

determine the population level effects of an oil spill.  Given the difficulty of removing all 

remnants of oil following a spill, there would be chronic exposure to oil, resulting in decreases in 

growth, survival, and a diminution of equilibrium stability of entire populations.  If this occurs in 

pink salmon populations, eulachon may have similar population level effects.   

Straying of spawning pink salmon from their natal streams may or may not be related to oil 

exposure.  Wertheimer et al. (2000) used code wired tags to track pink salmon incubated in 

different concentrations of oil contaminated gravel.  Controls had 5.3 % straying, low exposure 

(5 µg/L) had 9.2 % straying, and high concentration (19 µg/L) had 5.7 % straying.  There was no 

observed exposure-response relationship, but exposed fish tended to stray further than the 

controls.  It is unclear as to whether or not eulachon will be deterred from spawning in 

contaminated water.   Given the high energy expenditure required for this species to spawn, it is 

highly unlikely that they would be able to turn back and locate an unpolluted river for 

reproduction. 
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3.3.2 Exposure of juveniles 

Eulachon juveniles inhabit the estuary of their natal river. The Kitimat River populations rear in 

the Kitimat Arm of the Douglas Channel.  There is a risk of exposure to bitumen from either a 

pipeline or a tanker spill.  As there is little known about this stage of the eulachon life cycle, it is 

uncertain exactly when eulachon leave the estuary and migrate to the ocean.  Eulachon are most 

definitely at risk in the event of an oil spill in the summer because they are still in the estuary at 

this time.  However, there is no data on the duration of time spent in estuarine waters.  As 

mentioned in section 1.1.3.1, eulachon of the Kildala River also rear in this estuary.  It is not 

only the Kitimat River populations that are at risk in the event of an oil spill. 

Concentrations of the WSF of crude oil greater than 14 % (v/v) affect pink salmon juvenile 

growth and development when they are exposed for a period of 40 days (Moles & Rice, 1983).  

TPAH concentrations as low as 400 µg/L result in a significant decrease in growth of pink 

salmon during this life stage.  As shown in Table 3.2, the 96h LC50 of pink salmon fry ranged 

from 1000 to 2800 µg/L between three separate experiments (Birtwell et al., 1999).  Short term 

exposure of juvenile pink salmon to high concentrations of oil (50 - 100% v/v WSF) results in 

signs of narcosis: melanosis, erratic swimming, decreased mobility, diminished startle response, 

and loss of equilibrium (Barron et al., 2005).  However, once moved to clean water, the signs 

subside.  A 10 day exposure of pink salmon fry to low (25 - 54 µg/L) and high (178 - 348 µg/L) 

concentrations of WSF of oil resulted in liver lesions (Brand et al., 2001).  Liver changes 

increased with concentration and include hepatic necrosis, which was not observed in controls.   

The swimming ability of juvenile Pacific herring was reduced by 11% after exposure to aqueous 

TPAH concentrations of 120.2 ± 11.4 µg/L for 96 hours (Kennedy & Farrell, 2006).  At four 

weeks and eight weeks, the impairment of swimming increased to 29 ± 5.4 % and 40 ± 5.7% 
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respectively.  Fish were forced to burst swim, and high mortality was observed post-exercise for 

medium (40.7 µg/L) and high (120.2 µg/L) exposure groups.  The mortality rate for fish exposed 

to the high concentration was 50 % for the first 96 hours, and increased to 72 % after 8 weeks. 

Juvenile Pacific herring exposed acutely to 127 µg/L WSF had improved respiratory burst 

activity, and increased resistance to Listonella anguillarium, a marine bacteria (Kennedy & 

Farrell, 2008).  However, chronic exposure for up to 57 days resulted in the loss of this resistance 

and increased susceptibility relative to controls.   

Juvenile rainbow trout develop significant transcriptomic responses to oil exposure (Hook et al., 

2010).  There were more gene alterations in the gill than in the liver, despite the liver’s higher 

catabolic activity.  This may be because of the higher exposure of the gills to PAHs.  Alterations 

in the regulation and the number of genes affected depended on dose, duration, and route of 

exposure.  The purpose of each gene was unknown; the positive and negative physiological 

responses to oil exposure were caused by alteration in the regulation of these genes. 

In a study conducted by Birtwell et al. (1999) pink salmon fry were exposed to WSF of oil for 10 

days, tagged, and then released into the wild.  The authors replicated this same experiment for 

the following 3 years, and collected the adult salmon from commercial fisheries.  Survival rates 

in this study did not differ between levels of exposure to oil, but did differ significantly among 

years.  They concluded that oil exposure (≤ 349 µg/L) to fry does not impact survival to 

adulthood; however, concentrations higher than 349 µg/L were not tested. 

The toxicity of crude oil to juvenile pink salmon is not photoenhanced, most likely because of 

the pigmentation of the skin during this life stage (Barron et al., 2005).  Eulachon are more 
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similar in colouring to Pacific herring, but there has yet to be research into the phototoxicity of 

oil to juvenile or adult Pacific herring.   

As juveniles, there is the additional risk of exposure through diet.  As eggs and larvae, eulachon 

are not feeding on external sources.  Contaminated prey may elicit detrimental effects on the 

organism.  Juvenile pink salmon that consume high levels of oil contaminated food (34.83 mg 

crude oil/g food) had considerably lower concentrations of RNA and greater concentrations of 

DNA than controls after only one week (Wang, 1993).  This decrease in protein synthesis 

corresponded with a negative dose-response relationship observed between quantity of oil 

consumed and growth. 

In the event of an estuarine spill, there is the potential for both acute and chronic bitumen 

exposure.  Observational studies have noted that eulachon are markedly poor swimmers.  Oil 

exposure impairs Pacific herring swimming ability, and if this occurs in eulachon, they will 

become much more vulnerable to predation.  Given that an oil spill in the estuary is unlikely to 

be cleaned up quickly and completely, eulachon would most likely be chronically exposed to 

bitumen.  This may result in a decrease in resistance to pathogens.  Like pink salmon, eulachon 

may also show signs of narcosis and develop liver lesions.   

3.3.3 Exposure of adults 

Should there be an oil spill near the Pacific coast, there is a possibility that adult eulachon 

populations would be exposed.  In the ocean, eulachon are near-benthic, and their food sources 

may become contaminated if the bitumen sinks.  They would also be exposed to the WSF of oil.  

Eulachon migrate to the ocean and spend approximately two years in the ocean, maturing before 

they return to their natal rivers to spawn.  Upon maturation, adults run up the Douglas channel to 
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spawn.  In the event of an oil spill at the end of the winter, these adults would be exposed.  Both 

Kitimat and Kildala River populations are at risk.     

Oil is more toxic to adult pink salmon in saltwater than in freshwater, despite the fact they are 

acclimated to marine water.  This may be because of the physiological changes undergone by 

salmonid species while in marine water.  The 96h LC50 for pink salmon exposed to Prudhoe Bay 

crude oil was 7.99 mg/L in fresh water, and 3.73 mg/L in salt water (Moles et al, 1979).   

Oil exposure can result in immunosuppressions in adult Pacific herring, which have been linked 

to activation of viral hemorrhagic septicemia virus (VHSV) (Carls et al., 1998).  The 

concentration of TPAHs in herring tissue and the presence of VHSV were positively correlated.  

Various lesions, including hemorrhaging of the integument, gonad, peritoneum, jaw, and 

abnormal liver colour were all correlated to VHSV infection and PAH dose (Carls et al., 1998).     

Three weeks after the Exxon Valdez oil spill, Marty et al. (1999) collected samples of Pacific 

herring from multiple oiled and non-oiled areas and found PAHs only in the tissues of fish from 

oiled sites.  These individuals had multifocal hepatic lesions, which were caused by VHSV 

infection due to PAH exposure.  Herring collected from reference sites had no lesions. 

Prevalence of Ichthyophonus hoferi, a unicellular parasite, in dead Pacific herring collected from 

PWS in 1994 was 29 %, over double that from years 1989 to 1993.  This indicated that frequency 

of this parasite was not likely due to PAH exposure (Marty et al., 1998).  However, PAH 

concentrations in tissues were not measured during the necropsies in this study.   

Adult rainbow trout exposed to crude oil demonstrate a decrease in gill ventilation frequency 

(GVF) over time (Vosyliene et al., 2005).  Crude oil exposure for 1, 2, and 4 days at a non-lethal 

concentration of 1,610 mg/L resulted in a GVF of 93.3 ± 3.6, 88.0 ± 3.0, and 73.0 ± 2.0 
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counts/minute respectively, relative to the range of controls from 113.7 to 116.0 counts/min.  Gill 

cleaning reflex (CR) increased significantly after 1 day of oil exposure, with 7.1 counts/min 

relative to 1.0 counts/min in controls.  However, after 2 and 4 days of continuous oil exposure, 

this measure lowered to 4.3 and 2.0 counts/min, respectively. 

Niimi and Palazzo (1986) conducted a study of the biological half-life of select PAHs by feeding 

adult rainbow trout a single dose of a mixture of PAHs and herring oil.  Samples of fish were 

collected for specific periods of time after exposure.  The concentrations of these compounds in 

the tissues were established by HPLC and half-lives were determined using regression analysis.  

The half-lives for phenanthrene, fluorene, anthracene, and fluoranthrene were 9, 7, 7, and 6 days 

respectively.  Other PAHs such as benzo[a]pyrene and chrysene were not found in the tissues, 

and the authors surmised that they might not be easily absorbed through consumption by rainbow 

trout. 

Concentrations of cortisol increase in prespawning adult pink salmon when they are under stress 

(McConnachie et al., 2012).  Chronically higher concentrations of cortisol decreased the 

reproductive success of these individuals.  High egg retention was observed in pink salmon that 

were treated with cortisol for 2 - 5 days prior to spawning.  Increases in plasma cortisol were 

observed in Pacific herring (Kennedy & Farrell, 2005) and coho salmon (Thomas & Rice, 1987) 

that were exposed to the WSF of oil.     

Weber et al. (1981) observed spawning run migrations, and found that considerable numbers of 

pink, chinook, and chum salmon avoided rivers contaminated with oil at concentrations greater 

than 3.2 mg/L.   
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Adult eulachon may exhibit similar responses in the event of an oil spill.  Upon oil exposure, 

eulachon may be more vulnerable to immunosuppressions, resulting in an increase in VHSV 

activation.  Eulachon may also become more susceptible to parasites because of impaired 

immune function.  As with pink salmon, eulachon may have a greater toxicological response in 

marine water than in freshwater.  This would indicate that exposure to a tanker spill in coastal 

waters would have more of a detrimental effect than exposure while spawning in freshwater.  

However, oil exposure to spawning eulachon may result in a decrease in reproductive success 

due to an increase in cortisol levels.  This would cause a decline in future populations of 

eulachon.   

Oil spills can take extremely long periods of time to clean up.  The toxic components of oil, such 

as PAHs, are highly persistent in the environment, and do not biodegrade quickly.  After the 

Exxon Valdez oil spill in Prince William Sound, Alaska, a significant decrease in pink salmon 

egg and larvae survival was observed from 1989 - 1993 (Bue et al., 1998).  Should there be an oil 

spill in the eulachon habitat, populations of this species would be affected for generations to 

come. 
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Chapter 4: Importance of Eulachon to Marine, Terrestrial, and 

Freshwater Ecosystems 

Eulachon are an anadromous species—they spawn in freshwater, rear in estuarine water, and 

spend their adulthood in the ocean.  For this reason, eulachon play a role in multiple ecosystems. 

4.1 As Eggs and Larvae in Freshwater 

Eulachon eggs are adhesive and stick to the substrate at the bottom of freshwater rivers.  While 

salmon form redds in gravel substrate to protect their eggs, eulachon eggs simply adhere to the 

fine substrate on the riverbed, and are unprotected during the 3 - 4 weeks of incubation.  There 

has not been any conclusive research describing how many eggs typically survive this stage.  

These tiny (< 1 mm) eggs are likely consumed by freshwater predators and scavengers.  

In studies of Alaskan rivers, salmon eggs are predated upon by birds, juvenile salmon, and other 

fish.  Stonefly nymphs of southeastern Alaska rely on salmon eggs and alevin as a critical part of 

their diet.  They are not predators; they scavenge on dead eggs and alevins (Ellis, 1970).  Pacific 

herring spawn are frequently consumed by various bird species, especially gulls, in Prince 

William Sound, Alaska (Bishop & Green, 2001).  When eulachon eggs hatch and larvae are 

swept downstream, they become more vulnerable to predation by birds.  However, these eggs are 

tiny, and it is unclear as to whether or not they are a significant prey.  Because of the small size 

of eulachon eggs and larvae, they are more likely to be prey to species of zooplankton and fish 

fry. 
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Stomach content analyses of juvenile coho salmon and steelhead trout identified salmon eggs as 

a critical part of their diet when other food sources were low (Bilby et al., 1998).  Despite their 

small size, eulachon eggs and larvae potentially play a critical role in freshwater ecosystems. 

4.2 As Larvae and Juveniles in Estuary 

As larvae, eulachon are immediately swept downriver to the estuary.  Here they continue to grow 

to be juveniles.  There is little known about the diet of eulachons in their natal river’s estuary.  

The exact role that this species plays in estuarine ecosystems is unknown.  Given the eulachon’s 

poor swimming ability, it is likely predated upon by piscivorous fish and birds.  The size of the 

eulachon will determine predator/prey relationships, and as eulachon grow, they are likely 

targeted by larger predators. 

4.3 As Juveniles and Adults in the Ocean 

The ocean distribution of specific populations from different rivers is unknown.  Adult eulachon 

are near-benthic, and they primarily feed on a species of euphausiid called Thysanoessa spinifera 

(Hay & McCarter, 2000).  A study conducted by Brodeur and Merati (1993) examined stomach 

contents of eulachon, and they identified euphausiids as the sole prey.  Eulachon caught in the 

gulf of Alaska were found to have stomach contents with > 50 % krill (Wilson et al., 2009).  

With an increase in age (and therefore size) of eulachon, there is an increase in the size of krill 

consumed.   

In the ocean, eulachon serve as a prey for species of piscivorous fish, orcas (Rugh et al., 2010), 

seals (Sinclair et al., 2008), and likely humpback whales (Witteveen et al., 2008).  From 1960-

1974 there was an 18.99 % frequency of occurrence of eulachon in northern fur seals’ 

gastrointestinal tracts (n = 2,338) sampled from the eastern Bering Sea (Sinclair et al., 2008).  
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Morton (2000) conducted an extensive study of white-sided dolphin distribution and prey 

composition in the Broughton Archipelago, a marine provincial park on the southern BC coast.  

This observational study identified dolphins in the areas of Kingcome and Knight Inlets during 

eulachon spawning, and consumption of eulachon was “suspected”.   

4.4 As Spawning Adults Returning to Freshwater 

The Kitimat River spawning run is a critical event that occurs in late winter, early spring.  At the 

end of winter, nutrients are running low in freshwater ecosystems, and the spawning eulachon 

provide much needed marine-derived nutrients.  Because eulachon have 15 – 20 % lipids, this 

species has a high caloric content for a very small fish.  This energy density has been calculated 

as 27.2 ± 0.19 kJ/g dry mass, or 7.49 ± 0.19 kJ/g wet mass (Anthony et al., 2000). 

During spawning runs, eulachon pack closely together.  They are very weak swimmers, which 

makes them easier to catch.   Pederson et al. (1995) observed the 1993 eulachon spawning run in 

the Kitimat River.  There was extremely high predation that began during March 1993 and 

continued for 7 - 10 days.  There were many predatory bird species observed, including seagulls 

and eagles.  There was also a considerable number of seals observed catching eulachon.  Before 

the fall in eulachon numbers, seagulls, ducks, seals, and sea lions were observed gathering in the 

Douglas Channel (Kundoque, 2008).  Because eulachon numbers in the Kitimat River have 

declined drastically over the last two decades, the predatory response is not as significant as it 

once was.  Restoring the Kitimat River populations of eulachon is critical to provide nourishment 

for local species during this time of the year.  

There has been extensive research on predator aggregations during spawning runs in northern 

rivers.  Marston et al. (2002) studied the influx of predators during eulachon spawning runs in 
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Berner’s Bay, Alaska.  They measured CPUE (catch per unit effort) for eulachon and compared 

these to numbers of predators.  These variables were closely correlated—there was a greater 

amount of predator activity when eulachon were most abundant.  In 1996, there were as many as 

40,000 predatory birds daily, including bald eagles, gulls, ducks, shorebirds, raptors, and 

passerines. There was also a maximum of 250 marine mammals, which included harbor seals, 

humpback whales, and Steller sea lions.   

Sigler et al. (2004) observed the importance and availability of eulachon to Steller sea lions in 

Berner’s Bay Alaska.  He counted the number of Steller sea lions and observed that the 

frequency of this species peaked when the number of eulachon migrating from the ocean to the 

river was greatest.   

While freshwater and terrestrial ecosystems are often considered to be separate, this is not 

necessarily the case (Willson & Halupka, 1995).  Many terrestrial species rely on freshwater and 

anadromous fish for sustenance.  This interconnection between freshwater and terrestrial 

ecosystems is especially apparent with the sheer number of birds that catch eulachon. 

A study conducted by Miller et al. (2006) examined the effects of eulachon runs on eagle 

predation of goose nests in Alganik slough, Alaska over a three year period.  During spawning 

season, eagles shifted from consumption of goose eggs towards the capture of eulachon for food.  

This was most likely because of their abundance and high energy content.  After spawning 

season, the eagles returned to feeding on goose eggs.  Eulachon appear to play a critical role in 

the survival of geese in this region.  While there is a limited amount of research into the 

importance of eulachon spawning runs to freshwater/terrestrial ecosystems, it stands to reason 
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that many other predatory and prey species benefit from the high insurgence of marine-derived 

nutrients during this time.   

Like eulachon, salmon species such as coho, chinook, chum, pink, and sockeye are anadromous 

and semelparous, and there have been studies of the importance of their spawning runs to 

freshwater and terrestrial ecosystems.  Fish carcasses are high in essential nutrients, and are 

scavenged by many species.  Salmon carcasses are predated upon by bears, wolves (Marston et 

al., 2002), and juvenile fish such as coho salmon (Bilby et al, 1998).  Eulachon contain higher 

concentrations of fatty acids than salmonids, and despite the scarcity of research on the role of 

eulachon in freshwater ecosystems, eulachon runs are clearly just as important as those of 

salmon.   

This influx of marine nutrients benefits all freshwater species.  Pink salmon carcasses create a 

nutrient enriched environment in which emerging coho salmon fry gain 43 - 63% mass (Wipfli et 

al., 2003).  This enhanced ecosystem productivity should promote growth in all freshwater 

species, such as the stream-type Chinook salmon of the Kitimat River. 

Many terrestrial species prey upon spawning eulachon, including bears, wolves and mink 

(Marston et al., 2002).  There are many studies of terrestrial predation on salmon runs.  In 

southeastern Alaska rivers, when bears kill salmon, they carry the carcass to riparian areas 49 % 

of the time (Quinn et al., 2009).  This transfer is observed more frequently with prespawning 

fish, and the number of salmon carried to these areas is directly proportional to the size of the 

run.  In the Clatse and Neekas rivers of British Columbia, 4 - 6% of the pink salmon run is 

transferred to riparian areas by wildlife (Hocking & Reimchen, 2009).  Bears have been observed 

carrying salmon over 100 metres from the river (Quinn et al., 2009).  Such transportation has 
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significant implications, because it allows for these carcasses to be accessed by countless 

terrestrial species.   

This transfer of nutrients from the river to the surrounding wildlife results in an enrichment of 

terrestrial ecosystems.  Calliphora species, or blow flies, colonize these carcasses to a great 

extent, with an attributable 4 - 7 million larvae per British Columbia watershed (Hocking & 

Reimchen, 2006).   

A study of salmon bearing rivers in Alaska indicated that riparian ecosystems surrounding had a 

greater abundance of passerines than rivers without regular salmon runs (Gende & Willson, 

2001).  This is partially due to the salmon run increasing the nutrients in the freshwater, resulting 

in between 8 - 25 times increase in macroinvertebrate species (Wipfli et al., 1998).  In Central 

British Columbia, salmon bearing rivers result in an increase in scavenging birds such as corvids 

and gulls (Field & Reynolds, 2013).  Field and Reynolds also determined that the number of bald 

eagles is dependent on the scavenging of salmon by terrestrial species, such as wolves and bears.  

The authors noted that it is possible that availability of salmon as a food source to scavenging 

birds is enhanced by land species that transport carcasses to terrestrial areas. This information 

can be extended to eulachon.  However, given their smaller size and poorer mobility in water, 

they are more easily caught by scavenging birds.  Marston et al. (2002) observed gulls catching 6 

to 8 eulachon per hour.   

Eulachon runs provide critical marine-derived nutrients during a time when energy sources are in 

high demand.  This is also the case for the First Nations people who harvest this species.  The 

high quality nutrients and importance of this species to Haisla First Nations will be addressed in 

the following chapter.   
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Chapter 5: Importance of Eulachon to Haisla First Nations  

Eulachon are of the utmost importance to many First Nations peoples across the Pacific coast of 

Canada.  Historically, Haisla First Nations harvested eulachon from the Kitimat River for food, 

social and ceremonial purposes.  Eulachon runs provide an energy source at the end of winter, 

when food reserves are running low.  Although the development of Kitimat has decreased First 

Nations’ reliance on wild game and fish, eulachon and the grease derived from it remain an 

important cultural food.  There have been multiple studies on the nutritional aspects of eulachon, 

as it is unique with 15 - 20 % oil content.  Eulachon is an irreplaceable food source (Phinney et 

al., 2009).  The origin of the Haisla people is founded in the eulachon run in early spring.  When 

the eulachon runs were at their prime, the entire Haisla community would work together, 

creating a sense of unity that some fear is not as strong now that eulachon can no longer be 

harvested to the extent it once was.   

5.1 The Origin of the Haisla People 

The origin story of the Haisla people is based on the annual eulachon run.  The Kitimaat area 

was originally feared because it was believed that there was a large monster living in this area, so 

no people were settled there.  Huncleesa, a man from Oweekeno, was forced to leave with his 

family because he accidentally killed his wife.  He travelled north of Oweekeno territory to 

Kluqwajeequas, which was outside of present day Haisla land.  Huncleesa observed the monster 

and became familiar with the timing of its presence and loud noises.  When he ventured closer, 

he realized that there was no monster, but enormous clusters of gulls diving to catch eulachon 

from the river.  Huncleesa settled there and founded Haisla territory (Kundoque, 2008).   
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5.2 The Eulachon Harvest 

Eulachon is an anadromous fish that provides the Haisla with marine-derived nutrients at the end 

of winter.  Because of its importance as a highly coveted food source, eulachon has been referred 

to as the “salvation fish” by First Nations people (Lempriere, 1995).  Before the decline in 

eulachon runs, preparation for this season would be a large affair.  While throughout history the 

methods used to harvest eulachon have evolved, the importance of the eulachon run has 

remained a vital part of Haisla tradition.  Prior to the eulachon run, Haisla would camp near the 

water and fish for deep-water species, and catch clams and crabs (Kundoque, 2008).  They would 

know when it was nearing time for the eulachon harvest because they would find eulachon fish 

in the stomachs of their larger catch.  They would also observe the large aggregation of predators 

such as sea lions, seals and gulls, which was a major indication that the eulachon run was 

beginning.   

At this point, the Haisla people would prepare eulachon camps and organize and construct their 

fishing equipment.  Historically, funnel nets or “taqka” were made out of nettles and cedar bark 

(Kundoque, 2008).  Today, herring nets are used.  Eulachon can be prepared fresh, salted, dried, 

or smoked, but the majority of it is used to make “kglateeh”, or eulachon grease (COSEWIC, 

2011; Kundoque, 2008).  The production of eulachon grease is a complex process.  First, the 

large and small fish are separated, and only the smaller fish are used to make the grease, because 

they are female and contain higher oil content.  The larger fish are male, and have more muscle, 

which is optimal for salting and drying (Kundoque, 2008).  The female eulachons are placed in 

storage bins in which they are allowed to ferment.  After this they are boiled three separate times, 

to ensure the release of all the oil.  The oil is skimmed from the top of the bins and filtered.  

There is an art to the amount of time the eulachon are required to boil and simmer, how much 
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time passes between each step, and how the grease is removed.  Information required to 

understand the timing of the eulachon runs, how the eulachon are captured, and how the grease is 

prepared is passed down from the elders to the young.  With the severe decline in eulachon runs 

in the Kitimat River, Haisla people worry that even if/when numbers replenish, information may 

be lost due to lack of use of these skills (Kundoque, 2008).   

The entire community works together during eulachon season.  “Gyawaglaab” is the notion of 

“helping one another” and it is never more striking than during eulachon season (Kundoque, 

2008).  Some families have less luck with the eulachon harvest, and others will help them, by 

providing tools and physical help as needed.   As mentioned earlier, the men hunt and fish.  

Older men teach the younger ones the signs and techniques, and with each season this 

understanding is enhanced in the young.  Children are taught to separate the male and female 

eulachon for different preparation methods.  Historically, they would search for black rocks that 

were heated and placed in the oil as a part of the purification process. Women skim the oil from 

the eulachon, and strain the oil to remove any remnants of flesh.  The eldest of the community 

stay behind in the village, and make food in preparation for the return of the fishermen.   

In the past, after the eulachon harvest, Haisla would hunt for wild game in the forests 

(Kundoque, 2008).  However, since the severe decline in the eulachon of the Kitimat River, they 

have to travel to the Kemano and Kildala rivers, and not as many people can partake in the 

eulachon harvesting tradition.  For this reason, deepwater fishing and hunting of wild game are 

no longer a practiced part of the eulachon season.  Also, since the eulachon are harvested to such 

a lesser extent, there is no longer the same sense of “gyawaglaab”, because there are fewer 

people, and there is less opportunity to help each other to the same degree.   
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Haisla trade their eulachon grease with other communities in exchange for goods.  Inland traders 

used to travel down “grease trails” through the woods to trade fur, gear, crafts, and eulachon 

grease (Lempriere, 1995).  Gitga’at travel down these trails to trade seaweed for eulachon grease 

(Turner, 2003).  Unfortunately, Haisla can no longer make and trade as large volumes of grease 

as they once did. 

5.3 Uses for Eulachon 

Eulachon can be prepared smoked, dried, salted, baked, boiled or processed into grease 

(Kuhnlein et al., 1982).  Eulachon grease can be eaten alone, used as a condiment for potatoes 

and roots, and used as an ingredient in breads and stews (Kuhnlein et al., 1982; Hawthorn et al., 

1958).  Grease is also used as a preservative for fruit (Kuhnlein et al., 1982).   Historically, 

eulachon grease was combined with cow parsnip, black cottonwood, and other ingredients to 

make perfume (Smith, 1927).  Eulachon oil can also be used as a wood and leather lubricant 

(Mos et al., 2004).  

Eulachon grease also has multiple medicinal uses. Grease can be consumed for intestinal and 

respiratory disorders (Smith, 1927; Kundoque, 2008).  The viscous liquid slides down the 

esophagus to the stomach, and is believed to have healing properties.  The scents released when 

eulachon grease is simmered on the stove can help to clear airways (Kundoque, 2008).  

Consumption of two teaspoons of kglateeh makes lethargic people more energetic.  Southern 

First Nations mix eulachon oil with miscellaneous flowers and use this as a topical ointment to 

repel insects.  Eulachon grease can also be applied topically to alleviate skin rashes (Mos et al., 

2004).   
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Eulachon was the fifth most important commercially fished species in the early 1900s 

(COSEWIC, 2011).  However, with the coastal decline in eulachon populations, this species is 

now fished primarily by First Nations communities at a much smaller scale.  Because of the little 

interest in eulachon by non-First Nations people, eulachon has a low market value, and fisheries 

did not make a significant profit from the harvest of this species.  Nevertheless, the revival of the 

eulachon runs is one of the highest priorities of the Haisla (Jacobs, 2010).   

5.4 Nutritional Value of Eulachon 

There have been numerous studies of the nutritional value of prepared eulachon and eulachon 

grease.  The Nuxalk community of Bella Coola make eulachon grease in a similar manner to the 

Haisla people.  The primary difference is that they use both male and female eulachon, whereas 

the Haisla use only the fattier females for this process (Kuhnlein et al., 1982).  In a study 

conducted by Kuhnlein et al. (1982), the components of eulachon grease were collected from 

five Nuxalk communities. There was 65% unsaturated fat content, which is greater than that of 

more commonly consumed animal fats.  Unsaturated fats are healthier because they increase high 

density lipoproteins (HDLs) and decrease low density lipoproteins (LDLs), which results in 

lower cholesterol levels and less risk of coronary heart disease (Muller et al., 2003).  Kuhnlein et 

al. (1982) looked at the presence of the minerals: aluminum, antimony, arsenic, barium, 

cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, molybdenum, 

nickel, phosphorous, strontium, titanium, vanadium, and zinc in eulachon grease.  The only 

minerals present were calcium, iron, magnesium, phosphorous, and zinc.  Calcium and 

phosphorous were at the highest concentrations with 68 and 85 µg/g respectively.  

Concentrations of calcium, iron and zinc in raw eulachon from Knights Inlet were 273, 1.6, and 
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1.3 mg/100 g wet weight respectively (Kuhnlein et al., 1996).  Calcium levels in grease are too 

low to be considered to contribute significantly to daily requirements. 

Table 5.1 compares the nutritional qualities of raw eulachon and grease.  Health Canada 

recommendations for the consumption of these nutrients are provided, with a percent of daily 

requirement for 100 g of eulachon oil calculated.   

Vitamin E content in eulachon grease samples from Nuxalk communities is 220 µg/g (Kuhnlein 

et al., 1982).  Vitamin E is a critical nutrient for reproduction in animals (Brigelius-Flohe & 

Traber, 1999).  There is evidence that its oxidative activity can decrease the risk of coronary 

heart disease and cancer (Stampfer et al., 1993; Brigelius-Flohe & Traber, 1999).  As shown in 

Table 5.1, consumption of 100 g of eulachon grease provides for the entire Recommended 

Dietary Allowance (RDA), as determined by Health Canada.  Eulachon grease includes 9.7 µg/g 

Vitamin K (Kuhnlein et al., 1982), which is required for many enzymes in the human blood 

coagulation pathway (Kalafatis et al., 1994).  Consumption of 100 g of eulachon grease provides 

for the entire Adequate Intake (AI) in adults (Table 5.1).   
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Table 5.1 The nutritional qualities of raw eulachon and eulachon grease, relative to  

Health Canada nutritional guidelines.   

Nutritional 

Aspect 

Raw Eulachon Eulachon 

Grease 

Health Canada 

Guidelines 

(RDA) 

% Adult Daily 

Allotment from 

eulachon grease 

(100 g)  

Vitamin A 3196 RE/100 g 

wet weight 
Kuhnlein et al., 1996 

2400 ± 1200 

RE/100  g wet 

weight 
Kuhnlein et al., 1996 

700-900 µg 

RAE/day RDA  
(19-70+yrs) 

Values not 

comparable 

Vitamin E
1
 

 

No information 

available 

220 µg/g 
Kuhnlein et al., 1982 

15 mg/day RDA 
(19-50 yrs) 

147 % 
2
 

Vitamin K 

 

No information 

available 

9.7 µg/g 
Kuhnlein et al., 1982 

120 µg/day AI 
(men 19-70+ yrs) 
 

808 % 
3
 

 

 

90 µg/day AI 
(women 19-70+ yrs) 

1078 % 
3
 

Omega 3-Fatty 

Acids 

 

3.6 g/100 g lipid 
Kuhnlein et al., 1996 

19 ± 4.0 g/100 g 

lipid 
Kuhnlein et al., 1996 

Lack of research 

into exact 

requirements 

--- 

Iron 

 

1.6 mg/100 g 

wet weight  
Kuhnlein et al., 1996 

No information 

available 

8 mg/day RDA 
(men 19-70+ yrs; 

women 51+) 

--- 

18 mg/day RDA 
(women 19-50 yrs) 

--- 

Calcium 

 

2730 µg/g 
Kuhnlein et al. 1996 

68 µg/g  
Kuhnlein et al 1982 

1,000 mg/day 
(19-50 yrs) 

0.68 % 

Zinc  

 

 

1.3 mg/100 g 

wet weight  
Kuhnlein et al., 1996 

No information 

available 

11 mg/day RDA 
(men 19-70+ yrs) 
 

--- 

8 mg/day RDA 
(women 19-70+) 
 

RDA = Recommended Dietary Allowance – the amount needed to meet the requirements of 98% of the population 

AI = Adequate Intake, the amount deemed “adequate” for a group of healthy individuals (used when no RDA) 

RE = Retinol, RAE = Retinol Activity Equivalent 

1-Vitamin E was determined as α-tocopherol for both Kuhnlein et al., 1982 and Health Canada 

2-No adverse effects from consumption of Vitamin E that occurs naturally in foods 

3-No adverse effects of Vitamin K intake observed in humans or animals 

Health Canada Guidelines from: Institute of Medicine, 2000a, 2000b, 2002, 2011 
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In a study conducted by Kuhnlein et al. (1996), eulachon samples were collected from five 

communities along the Pacific coast, including those from Kitimaat, Bella Coola, Nass River, 

Kingcome Inlet, and Knights Inlet.  They compared eulachon samples that were smoked, dried, 

raw, and processed for grease. Grease had the highest fat content, 98.0 %, with raw, dried, and 

smoked fish ranging from 16.7 %, 15.5 % and 21.9 % respectively.  Vitamin A content, as 

determined by retinol analysis, was much greater for raw (25776 RE/100 g lipid), dried (14330 

RE/100 g lipid), and smoked (18345 RE/100 g lipid) fish than grease (2500 ± 1200 RE/100 g 

lipid).  These results indicate that the processing of eulachon results in the partial loss of this 

nutrient.  Nevertheless, both raw and processed eulachon have considerably higher Vitamin A 

content than other comparable foods (Kuhnlein et al., 1996).  Omega-3 fatty acids are much 

higher in grease prepared by Haisla First Nations (19 ± 4.0 g/100 g lipid) than Knights Inlet raw 

fish (3.6 g/100 g lipid), Bella Coola smoked fish (3.5 g/100 g lipid), and Nass River dried fish 

(3.6 g/100 g lipid).  Phinney et al. (2009) found that Nass River eulachon grease has lower 

concentrations of essential fatty acids EPA and DHA than other comparable cold water fish such 

as salmon and herring.  However, if 26 - 112 grams are consumed daily, dietary requirements for 

these fatty acids are met. 

The high lipid content in eulachon raises the concern that they may bioconcentrate lipid-soluble 

toxicants.  There have been several studies into the concentrations of various chemicals in 

eulachon grease.  Concentrations of heavy metals arsenic, cadmium, mercury, and lead in Haisla 

First Nation’s eulachon grease were: 150 ± 5 µg/100 g, 1.3 ± 0.1 µg/ 100g, 0.22 ± 0.05 µg/100 g, 

and 1.1 ± 0.4 µg/100g respectively (Kuhnlein et al., 1996).  These metals are not lipid soluble 

and are all well below recommended health limits.  Kitimat River eulachon grease contained 

trace amounts of DDT and PCBs, with concentrations of 50 ± 3.2 ng/g lipid and 33 ± 2.7 ng/g 
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lipid respectively (Chan et al., 1996).  These concentrations are far below the maximum residue 

limits.  Chan et al. (1996) observed a marked decline in such toxicants from northern British 

Columbia rivers to those on the south coast. 

“Nutritional anthropology” is a field of study that centers on the non-directed changes in food 

sources in First Nations communities (Kuhnlein and Receveur, 1996).  These shifts are driven by 

cultural and ecological factors, as opposed to directed changes, which are planned, intentional 

alterations in food sources.  Non-directed dietary changes are caused by changes in the 

environment, and often result in a decrease in nutritional quality of food.  Nutritional 

anthropologists examine how shifts away from the traditional food system usually result in a 

decline in nutrition, cultural practices, and the strength of intimate relationships with the 

environment.  In the case of the decrease in the eulachon run of the Kitimat River, the Haisla 

people are no longer practicing the traditional customs of the harvest to the same extent.  This 

has resulted in the loss of a unique food source that provided the nutrients required for healthy 

living.  There has been a severe deterioration in the practice of customs surrounding the eulachon 

harvest, and the intimacy that was once felt with the river during camping before, during and 

after eulachon runs is no longer as strong.  Should an oil spill wipe out the eulachon populations 

of the Kitimat River, any hope of the revival of these traditions would be lost. 
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Conclusion 

While it is improbable that the proposal for the Enbridge Northern Gateway pipeline will be 

rejected for the sole purpose of protecting one species, the bigger picture should be taken into 

consideration.  Management of individual species is not the optimal method.  An ecosystem-

based approach must be taken to protect the environment and to best ensure the protection of the 

majority of species.  This paper has clearly established the importance of eulachon to both 

freshwater and terrestrial ecosystems.  Should there be a decline in the number of eulachon due 

to an oil spill, there would be reverberating impacts affecting the entire ecosystem, some of 

which cannot be foreseen.  This was clearly demonstrated in the study conducted by Miller et al. 

(2006), in which they examined how eulachon spawning runs provide a reliable food source for 

eagles.  The eagles reduce predation on goose nests, which allows numbers of this species to 

replenish during the spring.  The influx of nutrients provided by eulachon runs undoubtedly 

benefits many species in both freshwater and terrestrial areas. 

The chemicals in crude oil and bitumen are evidently toxic to fish such as Pacific herring and 

pink salmon, and these detrimental effects can be inferred to eulachon.  Industrial pollution 

impacts the most vulnerable species the most.  Eulachon, with their high lipid content, are 

especially susceptible to water contamination.  This was proven by the tainting caused by pulp 

and paper mill effluent.  Should there be an oil spill in the Kitimat River or Douglas Channel, 

eulachon would be adversely impacted.  Eulachon are excellent indicators of low level 

pollutants, because lipophilic compounds bioaccumulate in the fatty tissue.  Should there be 

contamination at sublethal levels, species that feed on eulachon will have greater exposure to 

these chemicals, resulting in an increase in biomagnification and toxicity up the food chain.   
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Eulachon are of utmost importance to many First Nations communities along the Pacific coast.  

The Haisla people have fished this species since their settlement.  They use this species for food, 

social, and medicinal purposes.  Numerous studies have indicated that eulachon are of high 

nutritional value.  Eulachon and the grease derived from it are high in vitamins A, E, and 

polyunsaturated fats.  This is a unique food that cannot be replaced easily.   

It has been a high priority of Haisla First Nations to replenish eulachon stocks of the Kitimat 

River.  Over the last two decades, they have fought to remove pollution of the water from pulp 

and paper mill effluents.  In January 2010, the mill was finally shut down, and the Haisla have 

high hopes of eulachon populations recovering.  However, with the construction of the Enbridge 

Northern Gateway pipeline, this species will be put at risk once again.  This report has clearly 

demonstrated the risk of an oil spill along the pipeline route due to landslides and the corrosive 

nature of bitumen.  There is a significant risk of a spill in marine waters, with the inclement 

weather, winding channels, and heavy traffic on the tanker route.  Enbridge has a poor track 

record with accidents and clean up, as demonstrated with the incident in the Kalamazoo River.   

There is a clear lack of research into the toxicity of bitumen to aquatic ecosystems.  Studies are 

needed of the effects of this heavy oil on species that may be exposed before there is a disaster 

like the Exxon Valdez oil spill.  Eulachon are critical to ecosystems and First Nations, and are 

clearly susceptible to industrial pollution.  Toxicological effects of oil exposure to this species 

should be examined for a more thorough understanding of the potential consequences this 

species will face in the event of a spill.  

It is my recommendation that the Northern Enbridge Gateway Pipeline project be rejected.  The 

nature of bitumen and the route is not conducive for the safe passage of this toxic material.  An 
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oil spill would have devastating effects on the wildlife.  This report has shown that eulachon may 

be decimated.  Freshwater and terrestrial ecosystems would be adversely impacted from both the 

exposure to toxic PAHs as well as the loss of a vital species.  Haisla First Nations lost access to 

this species decades ago, and are finally able to work to restore these populations.  Damage to 

eulachon populations from an oil spill would have reverberating impacts on local ecosystems and 

First Nations communities alike.   
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