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Abstract 
 

 
The eulachon (Thaleichthys pacificus), a small anadromous smelt (Family Osmeridae) found 

only along the Northwest Pacific Coast, is poorly understood.  Many spawning populations 

have suffered declines but as their historic status is relatively unknown and the fisheries 

poorly documented, it is difficult to study the contributing factors.  This thesis provides a 

survey of eulachon fisheries throughout its geographical range and three analyses aimed at 

improving our understanding of past and present fisheries, coast-wide abundance status, and 

the factors which may be impacting these populations. 

 

An in-depth view of the Nuxalk Nation eulachon fishery on the Bella Coola River, Central 

Coast, BC, is provided.  The majority of catches were used for making eulachon grease, a 

food item produced by First Nations by fermenting, then cooking the fish to release the 

grease.  Catch statistics were kept yearly from 1945-1989 but have since, rarely been 

recorded.  Using traditional and local ecological knowledge, catches were reconstructed 

based on estimated annual grease production.  Run size trends were also created using local 

Fisheries Officers and Nuxalk interview comments.  

 

A fuzzy logic expert system was designed to estimate the relative abundance of fifteen 

eulachon systems.  The expert system uses catch data to determine the exploitation status of a 

fishery and combines it with other data sources (e.g., CPUE) to estimate an abundance status 

index.  The number of sources depended on the existing data and varied from one to eight.  

Using designed heuristic rules and by adjusting weighting parameters a final index was 

produced.  Results suggest that there have been recent and extended declines in several 

eulachon rivers particularly the Klamath, California; Bella Coola, BC; Wannock, BC; and 

Kitimat, BC.  Seven of the fifteen abundance time-series were used to evaluate the potential 

relationships between the declines and some of the factors that impact eulachon.  Results 

suggest increases in shrimp and hake catches, seal and sea lion abundance, and sea surface 

temperatures were weakly associated with the declines.  But contrary to expectations, adult 

hake biomass showed a positive association with four eulachon relative abundance time-

series, suggesting that common environmental factors influenced both species. 
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1 Introduction 
 

 
The eulachon, Thaleichthys pacificus1 (Richardson 1863), a small anadromous smelt (Family 

Osmeridae), is found only along the North American Pacific Coast from northern California 

to the southern Bering Sea.  It is commonly recognized as the ooligan, eulachon, hooligan, 

olachen, olachon, oolachan, oolichan, and oulachan.  The origin of its name was originally 

derived from the Chinook Indian trade language.  However, each First Nation group 

possesses a different word for the fish specific to their own language.  It has also been termed 

the ócandlefishô, as its high oil content allows it to burn like a candle when dried (Swan 1880) 

and the ósalvationô fish, as it historically arrived when First Nations people were starving or 

low on winter food supplies, ñshould the run of oolachans fail, hundreds of Indians literally 

die of starvationò (Bland n.d.).  The eulachon was first recorded in British Columbia (BC) 

waters, in 1866, after specimens were collected near Vancouver Island (Clemens and Wilby 

1961).  In this paper the fish will be referred to as óeulachonô as this is the most common 

spelling in todayôs literature. 

 

1.1 Problem statement 
 
Eulachon feed on plankton at sea and return to rivers only to spawn, where the eggs hatch 

and the larvae drift back out to sea.  Eulachon have historically returned to approximately 

ninety-five rivers along the Pacific Northwest Coast (= the Northeast Pacific; BC: 35 rivers, 

Hay and McCarter 2000; Alaska: ~35 rivers, Kito 2000; Washington and Oregon: 20 rivers, 

Willson et al. 2006; California: 5 rivers, Odemar 1964).  The number of total eulachon rivers 

varies depending on how one classifies an eulachon river.  Here, an eulachon river is defined 

as one that has been previously documented or one has previously had an annual eulachon 

fishery.  Nearly all eulachon spawning runs from California to southeastern Alaska have 

shown some sign of decline especially since the mid 1990s (Hay and McCarter 2000) and 

some of these rivers no longer have eulachon returning to them in harvestable numbers.  The 

reason for the recent, sharp decline remains uncertain.  My interest in the eulachon originates 

from my home town, Bella Coola, BC, the traditional territory of the Nuxalk Nation.  I am a 

                                                 
1
 Translated means ñoily fish of the Pacificò 
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member of the Nuxalk Nation and previously fished for eulachon as a child.  Eulachon 

historically returned to the Bella Coola River in masses, but in the spring of 1999, they failed 

to return and today the run remains a very small fraction of its historical size.  The Nuxalk 

community has suffered an enormous loss with the disappeaence of the Bella Coola 

eulachon, as the fish and the production of grease, formed an integral part of the Nuxalk 

culture.  In November 2001, I was hired as the Nuxalk Fisheries Program manager.  One of 

my main tasks was to design and manage an annual Nuxalk eulachon study.  The study 

ultimately assessed the population status and the biology of the Bella Coola eulachon 

population.  Since the 2002, I have either managed or been indirectly involved with the 

annual study.  The possible impacts that may have affected the Bella Coola eulachon 

population and other eulachon populations along the Pacific Northwest Coast are difficult to 

study, as data for each area is limited and much of the existing data is unpublished, and lies 

scattered throughout the offices of First Nations, private consultants and provincial, state or 

federal governments.  An understanding of the past history of the eulachon is critical when 

studying the possible reasons for the decline of the species.   

 

1.2 Background 
 

1.2.1 Biology 

 
Eulachon return to most rivers in the early spring to spawn.  In BC, they return in peak 

abundance to the Nass, the Kemano and the Bella Coola Rivers during March and to the more 

southern BC runs, the Fraser, the Kingcome and Klinaklini Rivers in April.  Maps of all river 

locations will be shown in Chapter 2.  The more southern Columbia River, 

Washington/Oregon run peaks in abundance during February (Washington & Oregon 

Departments of Fish and Wildlife (WDFW & ODFW) 2005) several months earlier than the 

runs in Alaska.  In Southeastern Alaska eulachon can spawn as early as April whereas in the 

Central and Western Alaskan rivers they can return as early as May (Alaska Department of 

Fish and Game 2007).  The one common aspect of these rivers is that they have a spring 

freshet that is typical of glacial rivers (Hay and McCarter 2000). 
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Mature eulachon are dark blue-grey with black speckling and a silvery white underbelly.  

They range in size from 135 to 151 mm (total length) in the offshore waters of California 

(Odemar 1964); the mean standard lengths in the Fraser River, BC, 150 to 180 mm (Hart and 

McHugh 1944) and in the Nass River, BC, 161 to 177 mm (Langer et al. 1977); and 100 to 

253 mm (fork length) in the Twentymile River, Alaska (Spangler 2002).  Spangler et al. 

(2003) suggest that the larger body size of eulachon in northern rivers is the result of the 

more favorable feeding conditions in northern latitudes.  The sex of the fish can easily be 

distinguished during spawning, as males have a longer pelvic fin, a rougher texture, nuptial 

tubercles on the skin, and a large mass of muscle that develops along the lateral line.  The 

female is smaller, smoother, shiner and has a smaller pelvic fin.  Fecundity increases with 

age, length and weight (Spangler 2002) and generally ranges between 20,000 and 40,000 

eggs (Hay and McCarter 2000).   

 

Spawning occurs primarily over small gravel and coarse sand in moderately flowing water 

(Smith and Saalfeld 1955).  The fertilized eggs are approximately 1 mm in diameter and have 

an outer membrane that ruptures to form an adherent peduncle which attaches itself to the 

substrate (Parente and Snyder 1970).  Artificially fertilized eggs taken from the Cowlitz 

River, a tributary of the Columbia River, were found to hatch in 19 days in 9.4°C to 12.7°C 

water (369.6 Accumulated Thermal Units (ATUs)) (Smith and Saalfeld 1955) and those 

taken from the Bella Coola River, in 54 days in ~6°C water (~340 ATUs) (Moody 2004).  

Newly hatched eulachon larvae are transparent, approximately 4 mm in length and feeble 

swimmers which move at the mercy of the river current (Parente and Snyder 1970).  There is 

little information on where juvenile eulachon inhabit in the marine environment.  

Barraclough (1964) suggests that eulachon larvae and juveniles spend a considerable portion 

of their first two years in the plankton-rich echo-scattering layers of coastal waters. The 

location and marine abundance of juvenile and pre-adult eulachon in BC waters has been 

estimated since 1973 by the Department of Fisheries and Oceans (DFO) from eulachon 

caught as by-catch in trawl fisheries and in multi-species research trawls (Hay and McCarter 

2000).   

 

The age of eulachon maturity has been estimated in the past by counting the annual rings of 

scales or the spatial deposition of rings on hard structures such as otoliths.  Using these 

methods, the age of the Columbia River eulachon has been estimated between three and four 
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years (Smith and Saalfeld 1955), the Kitimat River, BC eulachon, between three and six 

years (Pederson et al. 1995) and the Copper River, Alaska, eulachon between three and five 

years (Joyce et al. 2004).  Recently, Clarke et al. (2007) have suggested that whole eulachon 

otoliths possess numerous dark bands or ñpsuedo annuliò which make identifying the specific 

increments difficult and thus may be wrongly interpreted.  Researchers in the past have 

admitted to the difficulty of interpreting eulachon scales and otolith readings and have 

expressed doubts concerning the accuracy of their results (Ricker et al. 1954).  Therefore, 

Clark et al. (2007) used an alternative method which examined the seasonal oscillation of 

Ba:Ca concentrations in eulachon otoliths.  This method estimated the age of eulachon 

maturity from five rivers and determined that the more southerly populations spawned at an 

earlier age.  The Columbia River eulachon were estimated to spawn after 2 years; the 

eulachon from the three BC rivers (Fraser, Kemano and Skeena) after three years; and the 

Copper River, Alaska, eulachon after four years.  

 

1.2.2 Importance of the eulachon 

 
Eulachon are an important prey species for marine and freshwater fish, mammals and birds as 

they provide a large amount of energy rich food during the spring when food supplies are 

low.  The Nuxalk people of Bella Coola and the Wuikinuxv people of Rivers Inlet both 

identified the beginning of their eulachon runs with the arrival of seagulls (Larus 

occidentalis), eagles (Haliaeetus leucocephalus), seals (Phoca vitulina) and sea lions 

(Eumetopias jubatus) (Winbourne 2002).  Collison (1916) witnessed eulachon followed into 

the mouth of the Nass River BC, by ñhundreds of seals, porpoises (Phocoena vomerina), sea-

lions, and fin back whales (Balaenoptera physalus), feasting both on the olachans and upon 

one another.ò  In 1997, the area-wide bird and mammal tallies for Berners Bay, Southeastern 

Alaska, during eulachon runs to the Berners, Lace and Antler Rivers, were 36,500 avian 

predators, including 536 bald eagles, and 422 marine mammals (Steller sea lions and harbour 

seals) (Marston et al. 2002).  During this study mammalian predators were found to 

commonly feed on eulachon in the lower reaches of the rivers whereas the birds fed farther 

upriver on weak or dead eulachon.  The benefit for predators in consuming eulachon during 

this time rather than other prey is the high energy to cost ratio (Marston et al. 2002) because 

eulachon are extremely high in lipids, the raw fish oil content has been measured at 11.21% 

http://www.scientific.hickerphoto.com/larus-occidentalis-scientific.htm
http://www.scientific.hickerphoto.com/larus-occidentalis-scientific.htm
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(Daughters 1918), 16.7% (Kuhnlein et al. 1996), and 15.0 to 25.3% (Iverson et al. 2002) and 

minimal time is needed to capture the weak swimming fish.  In addition, eulachon spawn at a 

time of year when many predators have high energy costs, for example, reproductive success 

(Sigler et al. 2004).  Marine fish, such as dogfish (Squalus acanthias), salmon 

(Oncorhynchus spp.), hake (Merluccius productus), Pacific cod (Gadus macrocephalus) and 

lingcod (Ophiodon elongates) have also been identified as predators of the eulachon 

(Barraclough 1964) and in fresh water eulachon are a large part of a sturgeonôs (Acipenser 

transmontanus) diet during the spring (Prince 1899).  

 

Eulachon are also a particularly important to First Nations people.  They are eaten fresh, 

dried, smoked, salted, and frozen whole, however, the product of greatest cultural, nutritional, 

social and economic value is the ógreaseô rendered from the fish.  Eulachon grease was 

produced by First Nations groups of the Central and the North Coasts of BC and by some 

First Nations groups in Alaska.  The First Nations south of Knight Inlet did not produce 

grease but caught eulachon for smoking and for fresh consumption.  Eulachon grease is 

produced from aged or rotted fish that are cooked until the oil of the fish has separated and 

can be removed.  The grease is a very nutritious food that is high in unsaturated fats and is 

superior at providing vitamin A, E and K when compared to other common fat sources 

(Kuhnlein et al. 1982).  The grease is used as a staple in many First Nations diets and is 

distributed widely in potlatches, traded with neighbouring Nations and relied upon as a 

medicine.  The importance of grease is best signified by the ancient trade routes used to link 

the coastal First Nations with the interior First Nations.  These routes are famously referred to 

as ñgrease trailsò as the heaviest traffic occurred during the eulachon season to trade for 

grease (Collison 1941). 

 

1.3 Research objectives 
 
Although the eulachon is of great importance to First Nations people its low commercial 

value has resulted in limited recording of past catches and few assessment surveys of 

spawning abundance.  Thus the status of many eulachon systems is only known through 

hearsay and the extent and cause of eulachon population declines are unknown.  This project 

aims to summarize the information on eulachon that exists, gather new information from the 
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local knowledge of the First Nations people, synthesize this material to examine the past 

history of Pacific North Coast eulachon fisheries, estimate the past and present status of 

specific eulachon populations, and identify any significant impacts that may have been 

responsible for recent declines. 

 

1.4 Thesis outline 
 
The thesis is organized into six chapters, of which 2-5 comprise potential publications in 

reports or peer reviewed journals.  This is the first chapter, which gives background 

information on the biology of the eulachon, its importance, states the objectives of the 

research, and outlines the structure of the manuscript.  Chapter 2 introduces the reader to the 

geographic range of the eulachon, separates this range into 7 areas, and summarizes each 

areaôs current and past eulachon fishery, past catches, past declines, current run status, and 

past/present management.  An extensive literature review was conducted using the internet 

and by contacting known eulachon experts from First Nations organizations, government 

agencies, and private consultants.  Sources included published and unpublished reports, local 

Fisheries Officer reports and videos on eulachon fisheries (Elsey 1964; Cranmer and National 

Film Board of Canada 1999) and eulachon grease making.  

 

The importance of the eulachon to coastal First Nations communities is illustrated in Chapter 

3 by a detailed description of the Nuxalk Nation eulachon fishery on the Bella Coola River 

(map in section 2.4.2.3) in the Central Coast of BC. Traditional Ecological Knowledge (TEK) 

and Local Ecological Knowledge (LEK) information was gathered during 29 interviews with 

Nuxalk grease makers and eulachon fishers.  The information was used to reconstruct past 

catches based on the ratio of raw eulachon used to produce eulachon grease.  The interviews 

also provided background information on the Nuxalk eulachon fishery, changes that have 

occurred in the fishery, abundance trends, and details on the grease making process. 

 

As the historic status of spawning eulachon populations along the Pacific North Coast is 

largely unknown, Chapter 4 uses a fuzzy logic expert system to estimate the relative 

abundance of 15 eulachon systems.  Fuzzy logic uses fuzzy sets or terms to define general 

categories instead of presenting specific numbers as alternative to classical mathematics.  The 
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transition from one category to another is gradual with some states having greater or lesser 

membership probability than another (Cox 1999).  The fuzzy expert system for this project 

uses catch data to determine the exploitation status of a fishery and combines this information 

with other data sources (e.g. catch-per-unit-effort data (CPUE)) to estimate an annual 

abundance status index.  The final annual abundance indices are estimated by combining the 

abundance levels derived from each available data source, based on designed heuristic rules 

and by adjusting weighting parameters.  

 

Chapter 5 summarizes the hypotheses regarding the recent decline of several eulachon 

populations along the Pacific North Coast.  The estimated indices derived from Chapter 4 are 

used to evaluate the potential relationships between eulachon declines and some of the 

possible factors impacting these populations, for example, intensification of the shrimp by 

trawl fishery resulting in increased eulachon by-catch, changes in climate indices, and 

increases in eulachon predators such as, seals or hake.  

 

The final chapter provides a summary of the three components of this thesis and their results.    

The strengths and the weaknesses of the approaches discussed in addition to how the thesis 

results can be used by future researchers and fisheries managers.  
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2 A review of historical eulachon fisheries2
  

 

 
Approximately ninety-five rivers across its endemic range in the Pacific Northwest are 

known to have had regular or intermittent, eulachon spawning populations (BC: 35 rivers, 

Hay and McCarter 2000; Alaska: ~35 rivers, Beth Kito 2000; Washington and Oregon): 20 

rivers, Willson et al. 2006; California: 5 rivers, Odemar 1964).  However, some of these 

rivers no longer have eulachon returning to them in harvestable numbers.  The possible 

impacts are difficult to study, as data for each area are limited.  Much of the existing data are 

unpublished and lie scattered throughout the Pacific North Coast in offices of First Nations, 

private consultants and provincial, state or federal governments.  This chapter summarizes 

the past and current information on eulachon fisheries and eulachon populations.  As 

information is limited, only ókeyô eulachon systems will be discussed, for example, those 

which have previously been documented and/or those which have been regularly fished by 

either a First Nations group or by a commercial fleet.  The information collected will then be 

used in Chapter 4 to estimate the coast-wide abundance of 15 eulachon systems.  Chapter 5 

uses these abundance estimates to test some of the hypotheses suggested for the recent 

decline of eulachon populations.   

 

2.1 Sources of information 
 
An extensive literature review was conducted using the internet and known eulachon experts 

from First Nations organizations, government agencies, and private consultants. Sources 

include: published and unpublished reports, local fisheries officer reports, as well as, videos 

on eulachon fisheries and eulachon grease making (Elsey 1964; Cranmer and National Film 

Board of Canada 1999).  Formal and informal meetings3 were also attended in order to 

discuss current and past eulachon issues and to meet new eulachon experts and gather 

additional information.  

 

                                                 
2
 A version of this chapter will be submitted for publication. Moody, M.F. and Pitcher T.J.  A review of 

historical eulachon fisheries.   
3
 A workshop to determine research priorities for eulachon, February 20-22, 2007, Richmond, BC 

  Eulachon crisis gathering 2007, June 11-12, 2007, Bella Coola, BC 



 12 

The information collected was divided into seven geographical areas: California, 

Oregon/Washington, South, Central and Northern BC, Southeastern Alaska and South 

Central Alaska (Figure 2.1) each mapped and discussed in a section of this chapter.  Local 

First Nationôs traditional territory rivers are identified for each area, along with other First 

Nations who were historically invited to fish in the area.  A separate section discusses BCôs 

former commercial eulachon fishery.  Current and past fisheries (First Nation, commercial, or 

recreational), past catches, past declines, current run status, and past/present management are 

also discussed.  

 

2.2 Geographic range 
 
The portion of the Pacific North Coast which encompasses eulachon bearing rivers, extends 

from Bristol Bay in the southern Bearing Sea (Hay 1995) in the north to the offshore areas of 

Northern California (Odemar 1964) in the south.  Figure 2.1 displays the seven geographical 

areas and the sub-areas or rivers they encompass.  Alaska is divided into two coastal sections: 

Southeastern and South Central Alaska.  Southeastern Alaska covers the areas of Lynn 

Canal/Berners Bay, the Ketchikan area and the Yakutat area, while the South Central Alaskan 

region includes the Copper River of Prince William Sound and the rivers of Cook Inlet.  

British Columbia has been divided into three sections: the North, the South and the Central 

Coasts.  The North Coast includes discussion of the Skeena and Nass Rivers.  The Central 

Coast covers Johnstone Strait, Bella Coola, Rivers Inlet, Douglas Channel and the Gardner 

Canal.  The South Coast includes the Fraser River Area.  In the United States, Washington 

and Oregon make up one section and are represented by the Columbia River and its 

tributaries.  California has a separate section on its six potential eulachon-bearing rivers.  
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Figure 2.1. Locations of areas with eulachon runs on the Pacific North Coast.  
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2.3 Alaska 
 
Approximately 35 rivers in Alaska are reported to have eulachon returns, (Kito 2000).  The 

largest are: the Unuk, Stikine, Taku, Mendenhall and Chilkat Rivers in Southeastern Alaska, 

the Situk River near Yakutat, the Copper River near Cordova and the Kenai, Susitna and 

Twentymile Rivers in Cook Inlet (Bartlett and Dean 1994).  The eulachon in the southeastern 

rivers return as early as April, while the central Alaskan rivers, commonly return in May 

(Bartlett and Dean 1994).  The coast of Alaska has been divided into two sections: 

Southeastern Alaska and South Central Alaska.  

 

2.3.1 South Central Alaska 

 

2.3.1.1 Prince William Sound 

 
The Copper River located east of Prince William Sound (Figure 2.2) and is one of the larger 

eulachon rivers in Alaska (Bartlett and Dean 1994).  The Copper River Delta, from the west 

to east, consists of the five other known eulachon spawning systems: the Eyak River, Ibeck 

Creek, the Scott River, Alaganik Slough and the Martin River (Table 2.1).  Although the 

Copper River Delta is not located immediately in Prince William Sound it is managed under 

the Prince William Sound Eulachon Smelt Management Plan (Moffit 2002) and thus is 

categorized into this sub area.  There are two fishing sectors, the subsistence fishers (which 

include tribal and non-tribal fishers) and a small commercial fishery.  First Nation people are 

referred to as ótribal membersô in the United States.  Most of the tribal catch in the past has 

come from: Ibeck Creek, the Alaganik River and the Copper River (Joyce et al. 2004).  The 

closest community to the Copper River is Cordova. Alaskan First Nations, from the Eyak 

Tribe, reside in Cordova and in the villages of Chenega and Tatitek.  The eulachon return to 

this region in several waves, with the largest wave commonly returning during May, 

however, in recent years eulachon have been found as early as January and as late as June 

(Joyce et al. 2004). 
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Table 2.1.  Eulachon rivers located along the South Central Coast of Alaska 

 

Area Eulachon spawning sites Past/Present Fisheries 

Prince William Sound 

Area
a 

Copper, Martin, Alaganik Slough, 

Scott, Ibeck and Eyak R. 

Small tribal fishery  

Small recreational 

Small commercial 

 

Cook Inlet Susitna (Big and Little), Kenai, 

Kasilof, Twentymile R. 

Small tribal fishery  

Small recreational 

Small commercial 

  aReported by Moffitt et al. 2002 

 

            

 
                                                                                                                                                          

Figure 2.2.  Locations of eulachon spawning rivers, with reference cities, in the South Central 

Coast Area of Alaska. 
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Commissioners permit.  Initially eulachon were caught in marine waters by purse seine and in 

fresh water by dipnet.  However, there were no significant catches until 1998, when a total of 

78.3 t was landed (Figure 2.3) (Moffit et al. 2002).  For greater control, the Alaskan Board of 

Fisheries established the Prince William Sound eulachon smelt management plan in 1999 and 
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