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Executive Summary

On 27 November 2007, the National Marine Fisheries Service (NMFS) received a
petition seeking to list southern eulachon (Thaleichthys pacificus), as a threatened or endangered
species under the Endangered Species Act (ESA) of 1973. NMFS evaluated the petition to
determine whether the petitioner provided substantial information as required by the ESA to list
a species. Additionally, NMFS evaluated whether information contained in the petition might
support the identification of a distinct population segment (DPS) that may warrant listing as a
species under the ESA. NMFS determined that the 27 November 2007 petition did present
substantial scientific and commercial information, or cited such information in other sources, that
the petitioned action may be warranted and, subsequently, NMFS initiated an updated status
review of eulachon in Washington, Oregon, and California.

The Eulachon Biological Review Team (BRT)—consisting of scientists from the
Northwest Fisheries Science Center, Alaska Fisheries Science Center, Southwest Fisheries
Science Center, U.S. Fish and Wildlife Service, and U.S. Forest Service—was formed by NMFS,
and the team reviewed and evaluated scientific information compiled by NMFS staff from
published literature and unpublished data. Information presented at a public meeting in June
2008 in Seattle, Washington, and data submitted from state agencies and other interested parties
were also considered. The BRT also reviewed additional information submitted to the ESA
Administrative Record.

The BRT was charged with consideration of the following questions:

1. Consider, consistent with the criteria defined by the joint USFWS-NMFS DPS policy
(61 FR 4722; 7 February 1996), whether eulachon warrant delineation into one or more
DPS:s.

2. Once the DPS structure for eulachon has been delineated, assess the level of extinction
risk facing the species (including any DPS in the United States) throughout all of its
range.

3. In articulating the assessed level of extinction risk, describe the BRT’s confidence that
the species or DPS is: at high risk of extinction, at moderate risk, or neither.

4. Inthe BRT’s evaluation of extinction risk, please include a consideration of the threats
facing the species/DPS that may or may not be manifested in the current demographic
status of populations. Please document the BRT’s consideration of these threats
according to the statutory listing factors (ESA section 4(a)(1)(A)—(C), and (E)): the
present or threatened destruction, modification, or curtailment of its habitat or range;
overutilization for commercial, recreational, scientific, or educational purposes; disease
or predation; and other natural or man-made factors affecting its continued existence. In
describing the threats facing the species/DPS, please distinguish between threats (e.g.,
human actions or natural events) and limiting factors (e.g., the physical, biological, or
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chemical processes that result in demographic risks to the species/DPS), and qualitatively
rank, if possible, the severity of identified threats to the species’ persistence. The
consideration of the inadequacy of existing regulatory mechanisms (section 4(a)(1)(D))
will be conducted by the regional office or offices in concert with the evaluation of
efforts being made to protect the species.

5. Ifthe BRT determines that the species or delineated DPS is at neither moderate nor high
risk throughout all of its range, please consider whether it is at moderate or high risk
throughout a significant portion of its range.

Guidance on what constitutes a DPS is provided by the joint USFWS-NMFS policy on
vertebrate populations. To be considered distinct, a population, or group of populations, must be
discrete from the remainder of the species to which it belongs and significant to the species to

which it belongs as a whole. Discreteness and significance are further defined by the services in
the following policy language (USFWS-NMFS 1996, p. 4,725):

Discreteness: A population segment of a vertebrate species may be considered
discrete if it satisfies either one of the following conditions:

1. It is markedly separated from other populations of the same taxon as a
consequence of physical, physiological, ecological, or behavioral factors.
Quantitative measures of genetic or morphological discontinuity may
provide evidence of this separation.

2. Itis delimited by international governmental boundaries within which
differences in control of exploitation, management of habitat, conservation
status, or regulatory mechanisms exist that are significant in light of
section 4(a)(1)(D) of the Act.

Significance: If a population segment is considered discrete under one or more
of the above conditions, its biological and ecological significance will then be
considered in light of congressional guidance (see Senate Report 151, 96th
Congress, 1st Session) that the authority to list DPSs be used sparingly while
encouraging the conservation of genetic diversity. In carrying out this
examination, the services will consider available scientific evidence of the
discrete population segment’s importance to the taxon to which it belongs. This
consideration may include, but is not limited to, the following:

1. Persistence of the discrete population segment in an ecological setting
unusual or unique for the taxon,

2. Evidence that loss of the discrete population segment would result in a
significant gap in the range of a taxon,

3. Evidence that the discrete population segment represents the only
surviving natural occurrence of a taxon that may be more abundant
elsewhere as an introduced population outside its historic range, or

4. Evidence that the discrete population segment differs markedly from other
populations of the species in its genetic characteristics.



After consideration of the all available scientific data, the eulachon BRT has determined
that the petitioned unit of eulachon that spawn in rivers in Washington, Oregon, and California is
not a species under the ESA, as it does not meet all the biological criteria to be considered a DPS
as defined by the joint USFWS-NMFS 1996 policy on vertebrate populations. However, the
BRT has determined that eulachon spawning in Washington, Oregon, and California rivers are
part of a DPS that extends beyond the conterminous United States and that the northern
boundary of the DPS occurs in northern British Columbia south of the Nass River (most likely)
or in southern British Columbia north of the Fraser River (less likely). The BRT found it
difficult to establish a clear northern terrestrial or river boundary for this DPS in light of the fact
that the BRT believes the northern boundary is essentially determined by oceanographic
processes. However, it was the majority opinion of the BRT that the northern boundary of the
DPS is south of the Nass River on the north coast of British Columbia. The BRT proposes that
this DPS be termed the southern DPS of eulachon. The BRT also concluded that the eulachon
spawning in the Nass River and further north consist of at least one additional (northern) DPS.

The BRT qualitatively ranked threats to the southern DPS of eulachon subpopulations
that spawn in the Klamath River, Columbia River, Fraser River, and British Columbia coastal
rivers south of the Nass River. In each case, the BRT ranked climate change impacts on ocean
conditions as the most serious threat to persistence of eulachon. Climate change impacts on
freshwater habitat and eulachon bycatch were scored as moderate to high risk in all subareas of
the DPS, and dams and water diversions in the Klamath and Columbia rivers and predation in the
Fraser and British Columbia coastal rivers were also ranked within the top four threats in their
respective regions.

The BRT was concerned that although eulachon are a relatively poorly monitored
species, the weight of the available information indicates that the southern DPS of eulachon has
experienced an abrupt decline in abundance throughout its range. Considering this large decline,
in addition to other risk factors, the BRT determined that the southern DPS of eulachon is at
moderate risk of extinction throughout all of its range.
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Introduction: Summary of Information Presented
by the Petitioner

In 1999 the National Marine Fisheries Service (NMFS) received a petition (Wright 1999)
to list eulachon (Thaleichthys pacificus) in the Columbia River and its tributaries as a threatened
or endangered species under the U.S. Endangered Species Act (ESA) of 1973. NMFS
determined that the 1999 eulachon petition failed to present substantial scientific and commercial
information indicating that the petitioned action may be warranted (NMFS 1999).

On 27 November 2007, NMFS received a new petition seeking to list eulachon in
Washington, Oregon, and California as a threatened or endangered species under the ESA
(Cowlitz Indian Tribe 2007). NMFS evaluated the petition to determine whether the petitioner
provided substantial information to list a species as required by the ESA. Additionally, NMFS
evaluated whether information contained in the petition might support the identification of a
distinct population segment (DPS) that may warrant listing as a species under the ESA. NMFS
determined that the 27 November 2007 petition did present substantial scientific and commercial
information, or cited such information in other sources, that the petitioned action may be
warranted and, subsequently, NMFS initiated a status review of eulachon in Washington,
Oregon, and California (NMFS 2008).

A Eulachon Biological Review Team (BRT)'—consisting of scientists from the
Northwest Fisheries Science Center (NWFSC), Alaska Fisheries Science Center (AFSC),
Southwest Fisheries Science Center, U.S. Fish and Wildlife Service (USFWS), and U.S. Forest
Service—was formed by NMFS, and the team reviewed and evaluated scientific information
compiled by NMFS staff from published literature and unpublished data. Information presented
at a public meeting in June 2008 in Seattle, Washington, and data submitted to the ESA
Administrative Record from state agencies and other interested parties were also considered.

The BRT proceeded on the directives included in the Draft BRT Eulachon Instructions
Memo that was received from the NMFS Northwest Region on 19 May 2008. In the memo the
BRT was charged with consideration of the following questions:

1. Consider, consistent with the criteria defined by the joint USFWS-NMFS DPS policy
(61 FR 4722; 7 February 1996), whether eulachon warrant delineation into one or more
DPS:s.

! The Eulachon BRT consisted of: Jonathan Drake, Robert Emmett, Kurt Fresh, Richard Gustafson, Mindy Rowse,
and David Teel, NWFSC; Matthew Wilson, AFSC; Peter Adams, SWFSC; Elizabeth A. K. Spangler, USFWS; and
Robert Spangler, U. S. Forest Service.



2. Once the DPS structure for eulachon has been delineated, assess the level of extinction
risk facing the species (including any DPS in the United States) throughout all of its
range.

3. In articulating the assessed level of extinction risk, describe the BRT’s confidence that
the species or DPS is at high risk of extinction, at moderate risk, or neither.

4. Inthe BRT’s evaluation of extinction risk, please include a consideration of the threats
facing the species/DPS that may or may not be manifested in the current demographic
status of populations. Please document the BRT’s consideration of these threats
according to the statutory listing factors (ESA section 4(a)(1)(A)—(C), and (E)): the
present or threatened destruction, modification, or curtailment of its habitat or range;
overutilization for commercial, recreational, scientific, or educational purposes; disease
or predation; and other natural or man-made factors affecting its continued existence. In
describing the threats facing the species/DPS please distinguish between threats (e.g.,
human actions or natural events) and limiting factors (e.g., the physical, biological, or
chemical processes that result in demographic risks to the species/DPS), and qualitatively
rank, if possible, the severity of identified threats to the species’ persistence. The
consideration of the inadequacy of existing regulatory mechanisms (section 4(a)(1)(D))
will be conducted by the regional office or offices in concert with the evaluation of
efforts being made to protect the species.

5. Ifthe BRT determines that the species or delineated DPS is at neither moderate nor high
risk throughout all of its range, please consider whether it is at moderate or high risk
throughout a significant portion of its range.

The Eulachon BRT submitted a summary status review document (BRT 2008) to the
NMFS Northwest Region in December 2008. In April 2009 we asked a number of scientists
with expertise in eulachon biology or viability analysis to review that document (BRT 2008).
Substantial scientific comments received from five peer reviewers and our responses to these
comments can be found in Appendix E. Numerous changes have been incorporated into the
present document in response to suggestions made by the peer reviewers.

The DPS Question: Evidence for Discreteness and Significance

The petitioner noted that early mitochondrial DNA (mtDNA) genetic information
(McLean et al. 1999) suggested that eulachon did not exhibit genetic discreteness and gave little
support for subdivision of population structure throughout the species’ range. However, other
biological data including the number of vertebrae, size-at-maturity, fecundity, river-specific
spawning times, and population dynamics indicated that there is substantial local stock structure
(Hart and McHugh 1944, Hay and McCarter 2000). The petitioner described these latter
observations as consistent with the hypothesis that there is local adaptation and genetic
differentiation among populations. Recent microsatellite genetic work (Beacham et al. 2005)
appears to confirm the existence of significant differentiation among populations. The petitioner
summarized these findings as indicating that although the Fraser River, mainstem Columbia
River, and Cowlitz River spawning populations are genetically distinct from each other, they are
more closely related to one another than either population is to the more northerly British
Columbia populations (Beacham et al. 2005). Although the petitioner felt that the available



information is inconclusive, the petitioner noted that eulachon may be composed of several DPSs
separated by differences in run timing, spawn timing, meristics, and genetic characteristics.

The petitioner concluded that the available genetic, meristic, and life history information
is inconclusive regarding the discreteness of eulachon populations. However, the petitioner
argued that under the DPS policy, eulachon populations in Washington, Oregon, and California
are collectively discrete from more northerly populations because they are delimited by an
international governmental boundary (i.e., the U.S.-Canada border between Washington and
British Columbia) across which there is a significant difference in exploitation control, habitat
management, or conservation status. The petitioner noted that the United States and Canada
differ in their regulatory control of commercial, recreational, and tribal or First Nations eulachon
harvest, and also differ in their management of eulachon habitat. The petitioner concluded that
there is no assurance that the United States and Canada will coordinate management and
regulatory efforts sufficiently to conserve eulachon and their habitat, and thus the DPS should be
delineated at the border between Washington and British Columbia.

The petitioner argued that the southern eulachon population segment is significant under
the DPS policy because the loss of the discrete population segment would cause a significant gap
in the taxon’s range. The petitioner stated that eulachon have largely disappeared in rivers
throughout the southern portion of their range, and that eulachon in the Columbia River probably
represent the southernmost extant population for the species. The petitioner argued that the loss
of the Columbia River eulachon population and any dependent coastal spawning populations
could represent the loss of the species throughout its range in the United States, as well as the
loss of a substantial proportion of its historical range.

Summary of Abundance and Population Trends

The petitioner stated that although eulachon abundance exhibits considerable year-to-year
variability, nearly all spawning runs from California to southeastern Alaska have declined in the
past 20 years, especially since the mid-1990s (Hay and McCarter 2000). Historically, the
Columbia River has exhibited the largest returns of any spawning population throughout the
species’ range. The petitioner noted that from 1938 to 1992, the median commercial catch of
eulachon in the Columbia River was approximately 1.9 million pounds (Ib). From 1993 to 2006,
the median catch had declined to approximately 43,000 Ib, representing a 97.7% reduction in
catch from the prior period. Although there was an increasing trend in Columbia River eulachon
catch from 2000 to 2003, recent catches have been extremely low. The petitioner also presented
catch per unit effort (CPUE) and larval survey data (JCRMS 2006) for the Columbia River and
tributaries in Oregon and Washington that similarly reflect the depressed status of Columbia
River eulachon during the 1990s, a relative increase during 2001 to 2003, and a decline back to
low levels in recent years.

The petitioner also noted that eulachon returns in the Fraser River showed a similar
pattern to those in the Columbia River; a rapid decline in the mid-1990s, increased returns during
2001 to 2003, and a recent decline to low levels. The petitioner stated that egg and larval
surveys conducted in the Fraser River since 1995 also demonstrate that, despite the
implementation of fishing restrictions in British Columbia, the stock has not recovered from its
mid-1990s collapse and remains at a precariously low level. An offshore index of Fraser and



Columbia rivers eulachon biomass, calculated from eulachon bycatch in an annual trawl survey
of shrimp biomass off the west coast of Vancouver Island, illustrates highly variable biomass
over the time series since 1973, but also reflects stock declines in the mid-1990s and in recent
years, according to the petitioner. With respect to eulachon populations further south in the
species’ range, the petitioner noted that populations in the Klamath River, Mad River, Redwood
Creek, and Sacramento River are likely extirpated or nearly so.

Summary of Risk Factors

The petitioner described a number of threats facing eulachon range-wide and facing
populations in U.S. rivers in particular. The petitioner expressed concern that habitat loss and
degradation threaten eulachon, particularly in the Columbia River basin. The petitioner argued
that hydroelectric dams block access to historical eulachon spawning grounds and affect the
quality of spawning substrates through flow management, altered delivery of coarse sediments,
and siltation.

The petitioner expressed strong concern regarding the siltation of spawning substrates in
the Cowlitz River due to altered flow management and the accumulation of fine sediments from
the Toutle River. The petitioner believes that efforts to retain and stabilize fine sediments
generated by the 1980 eruption of Mount St. Helens are inadequate. The petitioner noted that the
release of fine sediments from behind a U.S. Army Corps of Engineers (USACE) sediment
retention structure (SRS) on the Toutle River has been negatively correlated with Cowlitz River
eulachon returns 3 to 4 years later. The petitioner also expressed concern that dredging activities
in the Cowlitz and Columbia rivers during the eulachon spawning run may entrain and kill fish,
or otherwise result in decreased spawning success.

The petitioner also noted that eulachon have been shown to carry high levels of chemical
pollutants (EPA 2002), and although it has not been demonstrated that high contaminant loads in
eulachon result in increased mortality or reduced reproductive success, such effects have been
shown in other fish species (Kime 1995). The petitioner concluded that no evidence suggests
that disease currently poses a threat to eulachon, but noted that information presented in the 1999
petition (Wright 1999) to list eulachon suggested that predation by pinnipeds may be substantial.

The petitioner expressed concern that depressed eulachon populations are particularly
susceptible to overharvest in fisheries where they are targeted or taken as bycatch. The petitioner
acknowledged that eulachon harvest has been curtailed significantly in response to population
declines, and that were it not for continued low levels of harvest, there would be little or no
status information available for some populations. However, the petitioner concluded that
existing regulatory mechanisms have proven inadequate in recovering eulachon stocks, and that
directed harvest and bycatch may be important factors limiting the recovery of impacted stocks.
The petitioner emphasized the need for further fishery-independent monitoring and research.

Finally, the petitioner concluded that global climate change is one of the greatest threats
facing eulachon, particularly in the southern portion of its range where ocean warming trends
may be the most pronounced. The petitioner felt that the risks facing southerly eulachon
populations in Washington, Oregon, and California will be exacerbated by such a deterioration
of marine conditions. According to the petitioner, these southerly populations, already



exhibiting dramatic declines and impacted by other threats (e.g., habitat loss and degradation),
might be at risk of extirpation if unfavorable marine conditions predominate in the future.



The Species Question

As amended in 1978, the ESA allows listing of DPSs of vertebrates as well as named
species and subspecies. Guidance on what constitutes a DPS is provided by the joint USFWS-
NMEFS (1996) policy on vertebrate populations. To be considered distinct, a population, or
group of populations, must be discrete from the remainder of the taxon to which it belongs and
significant to the taxon to which it belongs as a whole. Discreteness and significance are further
defined by the services in the following policy language (USFWS-NMFS 1996, p. 4,725):

Discreteness: A population segment of a vertebrate species may be considered
discrete if it satisfies either one of the following conditions:

1. It is markedly separated from other populations of the same taxon as a
consequence of physical, physiological, ecological, or behavioral factors.
Quantitative measures of genetic or morphological discontinuity may
provide evidence of this separation.

2. TItis delimited by international governmental boundaries within which
differences in control of exploitation, management of habitat, conservation
status, or regulatory mechanisms exist that are significant in light of
section 4(a)(1)(D) of the [Endangered Species] Act.

Significance: If a population segment is considered discrete under one or more
of the above conditions, its biological and ecological significance will then be
considered in light of congressional guidance (see Senate Report 151, 96th
Congress, 1st Session) that the authority to list DPSs be used sparingly while
encouraging the conservation of genetic diversity. In carrying out this
examination, the services will consider available scientific evidence of the
discrete population segment’s importance to the taxon to which it belongs. This
consideration may include, but is not limited to, the following:

1. Persistence of the discrete population segment in an ecological setting
unusual or unique for the taxon,

2. Evidence that loss of the discrete population segment would result in a
significant gap in the range of a taxon,

3. Evidence that the discrete population segment represents the only
surviving natural occurrence of a taxon that may be more abundant
elsewhere as an introduced population outside its historic range, or

4. Evidence that the discrete population segment differs markedly from other
populations of the species in its genetic characteristics.

The interagency policy states that international boundaries within the geographical range
of the species may be used to delimit a distinct population segment in the United States. This



criterion is applicable if differences in the control of exploitation of the species, the management
of the species’ habitat, the conservation status of the species, or regulatory mechanisms differ
between countries that would influence the conservation status of the population segment in the
United States. However, in past assessments of DPSs of marine fish, NMFS has placed the
emphasis on biological information in defining DPSs and has considered political boundaries
only at the implementation of ESA listings. Therefore, the BRT focused only on biological
information in identifying whether DPSs of eulachon could be delineated.



Eulachon Life History and Ecology

Taxonomy and Species Description
Scientific Nomenclature

Eulachon are an anadromous smelt in the family Osmeridae and are distinguished from
other osmerids by having 46 gill rakers on the upper half of the arch (others have 8-14 gill
rakers), distinct concentric striae on the operculum and suboperculum (other osmerids lack these
concentric striae), and 8—11 pyloric caeca (others have 0-8 pyloric caeca) (McAllister 1963, Hart
1973, Mecklenburg et al. 2002). McAllister (1963) provides a taxonomic synonymy for the
species, which was originally described from the Columbia River as Salmo (Mallotus) pacificus
by Richardson (1836). The genus Thaleichthys has only one species and valid subspecies have
not been described (McAllister 1963). The binomial species name is derived from Greek roots;
thaleia meaning rich, ichthys meaning fish, and pacificus meaning of the Pacific (Hart 1973).

Common Names
Native, Indian, and First Nations languages

The common name officially recognized by the American Fisheries Society (Nelson et al.
2004) for Thaleichthys pacificus is eulachon (pronounced you-la-kon in the United States),
which is originally derived from the Chinook Indian trade language of the lower Columbia River
(Hart and McHugh 1944, Moody 2008). Numerous variations include hoolakan, hooligan,
hoolikan, olachan, ollachan, oolachan, oolichan, oulachan, oulachon, oulacon, ulchen, ulichan,
uthlecan, yshuh (Hart and McHugh 1944), ooligan, olachen, and olachon (Moody 2008). The
Yurok Tribe of the lower Klamath River call eulachon quat-ra (Larson and Belchik 1998) and
the Quinault Tribe named the fish paagwals (Olson 1936). Each First Nations group in British
Columbia has a unique name for eulachon (Hay and McCarter 2000, Moody 2008). The First
Nations of the lower Fraser River called eulachon swavie or chucka (Hart and McHugh 1944);
and the Haisla and Tlingit of Alaska call it juk’wan or za’xwen and ssag or saak, respectively
(Krause 1885, Betts 1994, Willson et al. 2006).

English
Besides eulachon, Thaleichthys pacificus is known by numerous local common English

names including candlefish, small fish, savior fish, salvation fish, little fish, fathom fish (because
it was sold by the fathom) (Hart and McHugh 1944), and Columbia River smelt.



Eulachon and Human Cultural History

Eulachon were, and still are, highly important ceremonially, nutritionally, medicinally,
and economically to First Nations people in British Columbia and Native American tribes in
northern California and the Pacific Northwest. Many ethnographers and historians have stressed
the cultural and nutritional importance of eulachon to the Tlingit of Southeast Alaska (Mills
1982, Olson and Hubbard 1984, Krause 1885, Betts 1994), Tsimshians of the north coast of
British Columbia (Stewart 1975, Halpin and Seguin 1990, Martindale 2003), Haisla of Douglas
Channel and Gardner Canal of British Columbia (Hawthorn et al. 1960, Hamori-Torok 1990),
Haihais and Oowekeeno of Rivers Inlet in British Columbia (Hilton 1990), Nuxalk (formerly
known as the Bella Coola) of the central coast of British Columbia (Kuhnlein et al. 1982,
Kennedy and Bouchard 1990), Kwakwaka’wakw (formerly known as the Kwakiutl) of the north
and central coast of British Columbia (Curtis 1915, Rohner 1967, Macnair 1971, Mitchell 1983,
Codere 1990), St6:16 of the Fraser River (Duff 1952), Quinault of the Washington coast
(Willoughby 1889, Olson 1936), Chinook and Cowlitz on the lower Columbia River (Boyd and
Hajda 1987, Byram and Lewis 2001), and Yurok on the Klamath River (Pilling 1978, Byram and
Lewis 2001). In many areas, eulachon returned in the late winter and early spring when other
food supplies were scarce and were known, for this reason, as savior or salvation fish (Boyd and
Hajda 1987, Byram and Lewis 2001).

Major aboriginal subsistence fisheries for eulachon reportedly occurred on the Stikine,
Nass, Skeena, Kitimat, Bella Coola, Kingcome, Klinaklini, Fraser (Macnair 1971, Kuhnlein et al.
1982, Mitchell 1983), and Columbia rivers (Boyd and Hajda 1987). Eulachon were eaten fresh,
smoked, dried, and salted, and rendered as oil or grease. Especially to the north of the Fraser
River, the fat of the eulachon was rendered into oil, or what is commonly called grease, which is
solid at room temperature and was a common traditional year-round condiment with many foods,
as well as a medicine for skin rashes and internal ailments among First Nations people on the
central and north coasts of British Columbia and in some parts of Alaska (Kuhnlein et al. 1982).
Kuhnlein et al. (1982, p. 155) stated that:

The cultural significance of ooligan grease cannot be underestimated, as it was
(and continues to be) a prominent food and gift during feasts and potlatch
ceremonies. Early ethnographers among the Nuxalk and Kwakiutl people noted
that it was a sign of poverty for a family to be without ooligan grease.

Eulachon grease was widely traded to First Nations such as the Haida and Nootka of
Vancouver Island and First Nations in the interior of British Columbia that had no rivers with
eulachon runs (Krause 1885, Green 1891, Martindale 2003). Sutherland (2001, p. 8) has stated
that “by trading the grease [First Nations people] obtained wealth, prestige, and power.” Ancient
trade routes up the Nass and Bella Coola river valleys, in particular, and through the mountains,
became known as “grease trails” after the traffic in eulachon grease, packed in wooden boxes
(Collison 1941, Hart and McHugh 1944, Stewart 1977, Byram and Lewis 2001, Hirch 2003).
Numerous sources describe the methods, which varied slightly from area to area, of extracting
the oil by boiling the fish bodies (MacFie 1865, Lord 1866, Swan 1881, Krause 1885, Green
1891, Macnair 1971, Stewart 1977).



The largest and most important eulachon fisheries for grease production were on the Nass
and Klinaklini rivers of British Columbia (Stacey 1995), although grease was produced by all the
First Nations with fishing rights on eulachon rivers north of the Fraser River (Swan 1881,
Macnair 1971). As many as 2,000 people annually migrated to the eulachon fishing grounds
(Tsawatti) on the Klinaklini River at the head of Knight Inlet (Macnair 1971, Mitchell 1983,
Stacey 1995), some traveling from as far as 402 km (250 miles) away by canoe (Codere 1990).
The assemblage on the Klinaklini River included nine winter village groups of the Southern
Kwakwaka’wakw (formerly known as the Southern Kwakiutl) (Mitchell 1983). A comparable
assemblage of five other Southern Kwakwaka’wakw winter village groups and the bulk of the
Nimpkish First Nation people from Vancouver Island congregated at Quaee at the head of
Kingcome Inlet on the Kingcome River to harvest the spring run of eulachon (Mitchell 1983).
Kennedy and Bouchard (1990, p. 325) in an ethnographic summary of the Bella Coola First
Nation noted that “Because of their abundance and their value as a trade item, eulachons
(particularly when rendered into highly valued grease) were second only to salmon in importance
to the Bella Coola.”

Historical and Current Distribution
Freshwater Spawning Distribution

Eulachon spawn in the lower portions of certain rivers draining into the northeastern
Pacific Ocean ranging from northern California to the southeastern Bering Sea in Bristol Bay,
Alaska (Hubbs 1925, Schultz and DeLacy 1935, McAllister 1963, Scott and Crossman 1973,
Willson et al. 2006) (Table A-1 in Appendix A, Figures 1 through 3). This distribution coincides
closely with the distribution of the coastal temperate rain forest ecosystem on the west coast of
North America (Figure 1). Both Willson et al. (2006) and Moody (2008) have recently reviewed
the coast-wide spawning distribution of eulachon in North America.

Monaco et al. (1990) and Emmett et al. (1991) summarized distribution and abundance of
fishes in U.S. West Coast estuaries (see Table A-2) and based on the references cited therein
described adult eulachon as common in Grays Harbor and Willapa Bay on the Washington coast,
abundant in the Columbia River, common in Oregon’s Umpqua River, and abundant in the
Klamath River in northern California. In addition, a number of estuaries where eulachon were
thought to occur in rare relative abundance included Puget Sound and Skagit Bay in Washington;
Siuslaw River, Coos Bay, and Rogue River in Oregon; and Humboldt Bay in California (Monaco
et al. 1990, Emmett et al. 1991). Hay and McCarter (2000) and Hay (2002) identified 33
eulachon spawning rivers in British Columbia and 14 of these were classified as supporting
regular yearly spawning runs. Willson et al. (2006) and Moody (2008) list numerous rivers that
support eulachon runs in Southeast and Southcentral Alaska and on the coastline of Alaska in the
southeastern Bering Sea (Table A-1). McPhail and Lindsey (1970, p. 198) suggested that
eulachon “apparently survived glaciation south of the ice sheet along the Pacific coast of North
America” and likely “entered the Bering Sea from the south” following the Wisconsian
glaciation.
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Figure 1. Distribution of eulachon spawning rivers (open circles) in the Northeast Pacific Ocean.

California

Hubbs (1925) and Schultz and DeLacy (1935), leading ichthyologists of their day,
described the Klamath River in northern California as the southern limit of the range of
eulachon. Miller and Lea (1972, p. 62) in the California Department of Fish and Game’s
(CDFG) Guide to the Coastal Marine Fishes of California reported that the eulachon “spawns in
rivers from Mad River north.” More recent compilations state that large spawning aggregations
of eulachon were reported to have once regularly occurred in the Klamath River (Fry 1979,
Moyle et al. 1995, Larson and Belchik 1998, Moyle 2002, Hamilton et al. 2005) and on occasion
in the Mad River (Moyle et al. 1995, Moyle 2002) and Redwood Creek (Ridenhour and Hofstra
1994, Moyle et al. 1995) (Table A-1, Figure 2).

In addition, Moyle et al. (1995) and Moyle (2002) state that small numbers of eulachon
have been reported from the Smith River (Table A-1). CDFG’s Status Report on Living Marine
Resources (Sweetnam et al. 2001, p. 477—478) states that “The principal spawning run [of
eulachon] in California is in the Klamath River, but runs have also been recorded in the Mad and
Smith rivers and Redwood Creek.” Allen et al. (2006) indicated that eulachon usually spawn no
further south than the lower Klamath River and Humboldt Bay tributaries. The California
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Academy of Sciences (CAS) ichthyology collection database (online at http://research
.calacademy.org/research/Ichthyology/collection/index.asp) lists eulachon specimens collected
from the Klamath River in February 1916, March 1947, and March 1963, and in Redwood Creek
in February 1955.

A search of available online digital newspaper resources (listed in Table B-1) revealed an
early account of eulachon (aka candlefish in northern California) in the Klamath River in a
newspaper article in 1879 (Appendix B). Runs large enough to be noted in available local
newspaper articles occurred in the Klamath River in February 1919, March 1968, April 1963,
and April 1969, in Redwood Creek in April 1963 and April 1967, and in the Mad River in April
1963 (Table A-3 and Appendix B). An early memoir by a traveler surveying timber resources on
the Klamath River reported eulachon being harvested (15-20 1b in a single dip net haul) by
Yurok tribal members in the early 1890s (Pearsall 1928) (Appendix C). Petersen (2006) reported
on interviews with Yurok and Karuk tribal fishers on the lower Klamath River that indicated
eulachon were abundant in the river in the 1960s. Petersen (2006, p. 88) stated that “one fisher
remembered picking up 75 pounds of fish in one dip” and that another remembered “filling the
back of a pickup truck in one hour” with eulachon in 1966.
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Young (1984) collected eulachon in Redwood Creek in April 1978 and in the Klamath
River in April 1978, March and April of 1979, and 1980. Bowlby (1981) documented eulachon
in the diet of California sea lions (Zalophus californianus) through gastrointestinal content
analysis and in harbor seals (Phoca vitulina) through scat analysis and gastrointestinal content
analysis in the Klamath River during spring 1978 and 1979. One California sea lion contained
186 eulachon in its gut on 10 April 1978 when the carcass was recovered 1 km upriver from the
river mouth, and sea lions “were observed at Klamath Glenn, 9.6 km upriver, while fishermen
dipnetted these congregating fish from shore” (Bowlby 1981, p. 59). Eulachon have been
reported to spawn at least as far as 40 km upstream on the Klamath River (Fry 1979, Hamilton et
al. 2005). Larson and Belchik (1998, p. 5) noted that “In the Klamath, adults generally migrate
as high as Pecwan Creek ..., have been witnessed as high as Weitchpec ..., but specific
spawning areas are unknown.”

Eulachon have been occasionally reported from other freshwater streams of California.
Fry (1979, p. 90) reported that the largest eulachon run in California occurred in the Klamath
River, and that eulachon occurred in “fresh water from the Gualala River, California,
northward.” Although Odemar (1964) has been cited as evidence that eulachon occurred in the
Russian River, Odemar (1964) actually stated that “No runs of T. pacificus have been reported in
the Russian River, or in any river south of the Mad River, and it does not appear that the fish
examined off the Russian River in May 1963 were destined to spawn there.”

Eulachon were not observed by Eldridge and Bryan (1972) in a larval fish survey of
Humboldt Bay, California, and Barnhart et al. (1992, p. 101) stated that eulachon are “not
reported in Humboldt Bay tributaries,” although they are occasionally recorded in Humboldt Bay
itself. Monaco et al. (1990) described eulachon as rare in Humboldt Bay and, in addition to
several personal communications, cited Gotshall et al. (1980) and Young (1984) as supporting
references (Table A-2). Gotshall et al. (1980, p. 229) recorded eulachon as an “occasional
visitor” in winter to Humboldt Bay, California. Young (1984) stated that:

Specimens [of eulachon] have occasionally been taken, during the spawning
season, in Jolly Giant and Jacoby creeks (George Allen, pers. comm., 1980).
Both of these streams empty into Humboldt Bay.

Jennings (1996) reported on observations of adult eulachon in creeks tributary to
Humboldt Bay, California, in May 1977. A single spawned-out adult male eulachon was
collected in a downstream migrant trap on Jolly Giant Creek, approximately 7 km south of Mad
River, and a total of seven adult eulachon were observed in another downstream migrant trap in
Jacoby Creek, located 8.5 km south of Mad River (Jennings 1996).

Although Minckley et al. (1986, their Table 15.1, p. 541) indicate that eulachon were
native to the Sacramento River and drainages within the south California Coastal to Baja
California region, no verifying references for these assertions were given. Recently, Vincik and
Titus (2007) reported on the capture of a single mature male eulachon in a screw trap at RKM
228 (RM 142) on the Sacramento River.
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Coastal Oregon

Monaco et al. (1990) and Emmett et al. (1991) summarized distribution and abundance of
eulachon in major Oregon estuaries and listed the Rogue River, Coos Bay, Siuslaw River, and
Umpqua River as possessing records of eulachon presence. More recently, Willson et al. (2006,
p. 36-37) listed the following drainages on the coast of Oregon as supporting eulachon spawning
runs (based on Emmett et al. [1991] and personal communications with fish biologists of
ODFW): Winchuck, Chetco, Pistol, Rogue, Elk, Sixes, Coquille, Coos, Siuslaw, Umpqua, and
Yaquina rivers; and Hunter, Euchre, Tenmile (draining Tenmile Lake), and Tenmile (near
Yachats, Oregon) creeks (Table A-1).

Monaco et al. (1990) described eulachon as rare in the Rogue River and, in addition to a
personal communication, cited Ratti (1979b) as a supporting reference (Table A-2). Although
smelt and surf smelt (Hypomesus pretiosus) were reported from the Rogue River estuary by Ratti
(1979b), no specific mention of eulachon occurs in this report. Roffe and Mate (1984) reported
the presence of otoliths representing at least 120 eulachon from harbor seal scat collected in
April 1978 on the Rogue River, which represented 16.7% of the identified harbor seal prey.

Reimers and Baxter (1976) reported that adult eulachon were caught in a downstream
migrant trap in the lower portion of the Sixes River in Oregon between 1964 and 1972, although
dates of occurrence or numbers caught were not provided. Reimers and Baxter (1976) suggested
that these adults had possibly been spawning and were headed downstream at the time of
capture.

Gaumer et al. (1973) recorded the taking of 28 eulachon in June 1971 by recreational
fishers at the city docks of Bandon, Oregon, in the Coquille River estuary. Kreag (1979) also
lists eulachon as occurring in the marine portion of the Coquille River estuary.

Monaco et al. (1990) described eulachon as rare in Coos Bay, Oregon, and, in addition to
a personal communication, cited Cummings and Schwartz (1971), Hostick (1975), Roye (1979),
and Wagoner et al. (1988) as supporting references (Table A-2). Cummings and Schwartz
(1971) included eulachon in their list of fishes occurring in Coos Bay and indicated that eulachon
were found up to 11 km (6.8 miles) upstream of the mouth of the bay. Although whitebait smelt
(Allosmerus elongatus) and surf smelt were reported from Coos Bay by Hostick (1975), no
specific mention of eulachon occurs in this report. Roye (1979, p. 36) referenced Cummings and
Schwartz (1971) in describing eulachon as occurring in the lower 14.5 km (9 miles) of the Coos
Bay estuary. The final version of the draft report, cited by Monaco et al. (1990) as Wagoner et
al. (1988), stated that “eulachon may have occurred in large numbers in past years [in the Coos
Bay estuary], but they have apparently not been abundant enough in recent years to attract an
active dipnet fishery” (Wagoner et al. 1990, p. 100). More recently, Miller and Shanks (2005)
surveyed the distribution of 28 identified larval and juvenile fish species in Coos Bay for more
than three years between 1998 and 2001, but did not encounter eulachon.

Two reports (Gestring 1991, ODFW 1991) were found that list eulachon as a native fish
species occurring in Tenmile and North Tenmile lakes, although no further information on
frequency of occurrence or abundance were provided in these reports.
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OFC (1970) reported that from 4,000 to 5,000 Ib of eulachon were landed by two
commercial fishermen in the Umpqua River during 31 days of drift gill net fishing from late
December 1966 to mid-March 1967. OFC (1970, p. 34) stated that “The fishing area extended
from the Highway 101 bridge at Reedsport upstream about 4 miles.” A sport fishery for
eulachon also operated over this period in the Umpqua River (OFC 1970). Monaco et al. (1990)
described eulachon as common in the Umpqua River estuary and, in addition to a personal
communication, cited Mullen (1977), Ratti (1979a), and Johnson et al. (1986) as supporting
references (Table A-2). Neither Mullen (1977) nor Ratti (1979a) mention eulachon and Johnson
et al. (1986, their Table 1) list eulachon as occurring in trace amounts in their trawl and beach-
seine samples from April 1977 to January 1986.

Williams (2009, p. 2) reported that the Oregon Department of Fish and Wildlife (ODFW)
has “no direct observations of eulachon spawning in the Umpqua” River, but provided additional
information “on eulachon observations and captures during inventories.” Williams (2009, p. 2)
noted that:

two random observations of eulachon [were reported] from Little Mill Creek [a
tributary of the lower Umpqua River] on December 8, 1954 and January 26, 1955.
The fish found in 1954 measured 6 inches in total length.

Williams (2009, p. 3) also reported on the results of seine collections conducted during March to
November from 1995 to 2003 in Winchester Bay estuary on the Lower Umpqua River, which
documented the

presence ... [of eulachon] in 4 of the last 14 years. Forty-four fish were found in
May 1995, 80 fish during April and July 1998, 54 fish during March and May
1999, and 2 fish during June 2003. Seining was also conducted in the lower
Smith River estuary [a tributary of the Lower Umpqua] at three sites during 1999
during February and March, but no eulachon were captured.

A search of available online digital newspaper resources (listed in Appendix B) revealed
anecdotal evidence that an extensive recreational fishery for eulachon occurred in the lower
Umpqua River at least from 1969 to 1982 during January to April. The last reference to
eulachon in the Umpqua River in these digital newspaper resources occurred in 1989
(Appendix B).

Monaco et al. (1990) described eulachon as rare in the Siuslaw River estuary and, in
addition to a personal communication, cited Hutchinson (1979) as a supporting reference (Table
A-2); however, we have been unable to locate a copy of this document.

WDFW and ODFW (2008) describe the occasional occurrence of small numbers of
eulachon in Tenmile Creek (not be confused with the Tenmile Lakes Basin), just south of
Yachats, Oregon. Between 1992 and 2008, a total of 75 eulachon were caught in traps designed
to catch outmigrating salmonid smolts located 0.8 km upstream from the ocean. Eulachon were
caught in 1992 (24), 1993 (6), 1994 (1), 1995 (1), 1996 (1), 2001 (26), 2003 (3), 2005 (10), 2007
(1), and 2008 (2). As reported in WDFW and ODFW (2008):

Eulachon were seen in February (3 years), March (6 years), April (7 years) and
May (1 year). The earliest observed arrival was the week of February 3 in 1992.
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The latest observed presence was the week of May 21 in 2001. Fish lengths
(annual averages) ranged from 155 to 208 mm FL. Local biologists suspect the
eulachon spawn in the creek based on the trapping location, fish size, and that
some fish appear to be spawned out.

Although Monaco et al. (1990) describe eulachon as not found in the Yaquina River
(based on several personal communications) (Table A-2), Borgerson et al. (1991) list eulachon as
occurring in the Yaquina River basin, but do not elaborate further on the evidence for this
opinion.

Columbia River

Large spawning runs of eulachon occur in the mainstem lower Columbia River and the
tributary Cowlitz, Lewis, Sandy (Craig and Hacker 1940), Grays (Smith and Saalfeld 1955),
Kalama, and Elochoman (DeLacy and Batts 1963) rivers and Skamokawa Creek (WDFW and
ODFW 2001, 2008). Smith and Saalfeld (1955) stated that eulachon were occasionally reported
to spawn up to the Hood River on the Oregon side of the Columbia River prior to the
construction of Bonneville Dam in the 1930s. In times of great abundance (e.g., 1945, 1953),
eulachon have been known to migrate as far upstream as Bonneville Dam (Smith and Saalfeld
1955, WDFW and ODFW 2008) and may extend above Bonneville Dam by passing through the
ship locks (Smith and Saalfeld 1955). Eulachon likely reached the Klickitat River on the
Washington side of the Columbia River in 1945 via this route (Smith and Saalfeld 1955).

On average, the highest incidence of spawning occurs in the Cowlitz River (Smith and
Saalfeld 1955, Wydoski and Whitney 2003), although on occasion eulachon may avoid the
Cowlitz entirely, due to unfavorable environmental conditions (Wydoski and Whitney 2003).
Sporadic spawning runs occur in the Grays, Elochoman, Kalama, Lewis, and Sandy rivers
(JCRMS 2007, 2008, 2009). Stockley (1981, p. 1) stated that “occasionally, with very large
runs, smelt ascend and enter the Washougal” River on the Washington side of the Columbia
River at RKM 195. Stockley and Ellis (1970) suggested that in years of low abundance eulachon
may not enter the Columbia River tributaries but remain within the mainstem Columbia River.
In 2001 eulachon migrated upstream to Bonneville Dam at RKM 234 and spawned in all the
major tributaries of the lower Columbia River, including the Sandy River (Howell et al. 2001).
In 1953 eulachon were observed spawning in Tanner Creek on the Oregon side of the Columbia
River near the base of Bonneville Dam (OFC 1953, WDFW and ODFW 2008).

Craig and Suomela (1940, p. 11) stated that “smelt are reported to confine their spawning
activities to the lower 5 miles of the [Sandy] river” and that “this section is characterized,
especially near the mouth, by moderate riffles and an abundance of glacial silt and sand.”
Anderson (2009) noted that eulachon have been observed on the Sandy River, Oregon, as far
upstream as Gordon Creek at RKM 20.9 (RM 13). In addition, ODFW (Williams 2009, p. 1)
stated that:

The Sandy River in Oregon is the only Oregon tributary known to support a run
of eulachon. However, it is sporadic and none have been seen in the last 6 to 8
years. ... Based on observed sport fishing activity in the Sandy, we believe that
spawning took place from the mouth up to RM 2.5.
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Williams (2009) also reported on the onetime observation by an ODFW stream surveyor
in February 1991 of eulachon in Conyers Creek, a tributary of the Clatskanie River, which is in
turn a tributary of the lower Columbia River on the Oregon side of the river. The stream
surveyor reported that eulachon were seen holding in pools within the lower 0.8 km (0.5 mile) of
Conyers Creek during a daytime flood tide, but none were observed in the main stem of the
Clatskanie River.

WDFW and ODFW (2008, p. 4) indicated that eulachon “used [Grays River] more
frequently than commercial landings would suggest.” Furthermore, Anderson (2009, his Table

1, p. 2) stated that the normal extent of eulachon spawning on the Grays River extended to the
“covered bridge (RKM 17.4).”

Smith and Saalfeld (1955, p. 22) reported that:

The lowest suitable spawning ground on the Cowlitz is located just below Kelso
and the upper limit of spawning was noted in 1946, when smelt eggs were found
in river bottom samples taken upstream almost to the mouth of the Toutle River,
20 river miles [32.2 km] from the Columbia.

In describing the principle spawning reaches of eulachon in the Cowlitz River, WDFW and
ODFW (2008, p. 4) stated that eulachon:

typically move upstream about 16 miles [25.7 km] (Castle Rock/Toutle River
mouth area), often up to 34 miles [54.7 km] (Toledo area), and on occasion up to
50 miles [80.5 km] upstream (Cowlitz Salmon Hatchery barrier dam). ...
Upstream movement during the past 15 years or so has apparently been limited to
the Castle Rock/Toutle River mouth area.

Stockley (1981, p. 1) indicated that eulachon “have been known to ascend the Toutle
River [tributary of the Cowlitz River] occasionally,” particularly before the 1980 eruption of
Mount St. Helens (WDFW and ODFW 2008). Anderson (2009, p. 3) stated that:

Adult eulachon were observed to enter the Toutle River prior to the eruption of
Mount St. Helens. ... Though the Washington Department of Fish and Wildlife
(WDFW) has no reports of eulachon using the Toutle River since the eruption ...
WDFW considers the Toutle River as potential primary habitat due to its past use
and vicinity to primary Cowlitz River spawning grounds.

WDFW and ODFW (2008, p. 4) indicated that eulachon “used [the Kalama River] more
frequently than commercial landings would suggest.” In addition, Anderson (2009, his Table 1,
p. 2) said that the normal extent of eulachon spawning on the Kalama River extended
“downstream of Modrow Bridge (RKM 4.5).”

Anderson (2009, his Table 1, p. 2) indicated that the normal extent of eulachon spawning
on the Lewis River extended to the “upper end of Eagle Island (RKM 18.8).” WDFW and
ODFW (2008, p. 4) stated that eulachon:

typically move upstream about 10 miles [on the Lewis River] but on occasion
upstream 19.5 miles [31.4 km] to Ariel [aka Merwin] Dam. ... Biologists believed
that a natural sediment blockage prevented upstream movement past river mile 7
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[11.3 km] for a number of years, from 1977 until the mid-1980s. Spawning
eulachon have since been observed upstream of river mile 7 [11.3 km].

Anderson (2009, p. 2) noted that “eulachon spawn within the main stem of the Columbia
River, but spawning ground locations are not well known.” Smith and Saalfeld (1955) reported
that spawned out and partially spawned out eulachon captured near Eagle Cliff on the main stem
of the Columbia River identified this area as a eulachon spawning ground. Howell et al. (2001,
p. 12) also noted that Eagle Cliff at RKM 82 “on the Washington shore [is] historically
recognized as a major mainstem eulachon spawning area” and that “spawning in the main stem
of the Columbia River has never been recorded upstream of Martin’s Bluff” at RKM 117.
Romano et el. (2002) collected eulachon eggs between RKM 56 and RKM 118 on the
Washington side of the main stem of the Columbia River; however, mapping the extent of
spawning on the main stem will require much additional sampling (Anderson 2009). Anderson
(2009, p. 3) noted that:

In years of very high eulachon abundance, spawning has been observed in the
main stem of the Columbia River upstream of RKM 137 as eulachon travel to the
Lewis and Sandy rivers and as far as Bonneville Dam on rare occasion. Primary
spawning habitat could, therefore, extend from the estuary upstream to at least as
far as the Sandy River (RKM 193).

The earliest mention of eulachon in the Columbia River occurs in the journals of
members of the Lewis and Clark Expedition during February and March 1806 (Gass 1807,
Moulton 1990, Moring 1996) (Appendix C). Throughout the 1810s—1820s, the journals of
several fur trappers and explorers (e.g., Gabriel Franchére [Francheére 1967, 1968, 1969], Robert
Stuart [Rollins (ed.) 1995], Wilson Price Hunt [Rollins (ed.) 1995], Alexander Henry [Gough
(ed.) 1992], and Alexander Ross [Ross 1849]) describe the appearance of large eulachon runs in
the lower Columbia River and their importance to the local Native American tribes
(Appendix C).

Subsequently, several contemporary references (Suckley 1860, Lord 1866, Anderson
1872, 1877, Crawford 1878, Huntington 1963) (Appendix C) indicate a major decline in
Columbia River eulachon abundance occurred between the mid to late 1830s and mid to late
1860s. Similarly, several secondary references (Summers 1982, Urrutia 1998, Hinrichsen 1998,
Martin 2008, 2009) cite additional sources that indicate eulachon were at low levels of
abundance prior to about 1867, when eulachon were once again seen in large numbers.
Anderson (1872, footnote on p. 30-31) (Appendix C) stated that eulachon:

were formerly very abundant in spring on the lower Columbia; but suddenly,
about the year 1835, they ceased to appear, and thence-forward up at least to
1858, none frequented the river. I have been informed, however, that they have
since reappeared, and that there is now a regular supply as formerly.

Subsequently, Anderson (1877, p. 345) (Appendix C) said:

Formerly resorting in enormous shoals to the estuary of the Columbia River,
[eulachon] disappeared suddenly about the year 1837, and continued to absent
itself for many years, until recently, when it suddenly reappeared in shoals as
numerous as of yore.
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Similarly, Lord (1866, p. 96) (see Appendix C) observed that:

Some 50 years ago, vast shoals of eulachon used regularly to enter the Columbia;
but the silent stroke of the Indian paddle has now given place to the splashing
wheels of great steamers, and the Indian and the candle-fish have vanished
together.

An early settler on the Cowlitz River, Edwin Huntington (Huntington 1963, p. 5)
(Appendix C), recalled that:

Not within the memory of the oldest white inhabitant had there been any smelt in
the Cowlitz River until some time in the early sixties. I am not certain what year I
first saw them, but there was a heavy run and nobody paid much attention to
them—not even the Indians. ... After the second or third year of their return,
people began to sit up and take notice. In 1865, a young lady school teacher,
Miss Baker (afterward my wife) having learned how to make hair nets, conceived
the idea of making dip nets in which to catch them and soon everybody had nets
and were catching them by the ton and shipping them to Portland. The Indians
had a tradition that there had been smelt here many many years before, but to
punish them for some offense the Sahely Tyee had taken them away and it must
have been a good many years as the oldest of them did not seem to know much
about tradition.

Summers (1982, p. 31) in a local history of the town of Kelso, Washington, at the
confluence of the Cowlitz and Columbia rivers, related that:

The earliest record of a smelt run was found in a 1867 diary written by W. A. L.
McCorkle, a settler at Lexington. He tells of small silvery fish coming into the
Cowlitz during that year and that no smelt had been observed by Americans
earlier than that. Settlers came beginning 1850. Of course, the Cowlitz Indians
and other tribes had caught smelt in the Cowlitz many years before the Americans
came.

However, a memoir written by Peter W. Crawford (Crawford 1878, p. 369) indicates that
early settlers were aware of “small numbers” of eulachon on the Cowlitz River, and that large
runs were noted, after an absence of 17 years, in the spring of 1865. Crawford (1878, p. 369)
(Appendix C) stated that:

In Feby and March 1865 there appeared a strange little fish unknown to the early
settlers of Cowlitz or lower Columbia River. Although the Indians declared that
those little finny swarming beings of the deep had frequented the waters of the
Cowlitz River before but had absented themselves for 17 years, during which
period no Indian had seen a school. ... The early settlers on the lower Cowlitz
remember having a few such little fellows in small numbers.

Hinrichsen (1998, p. 16) reported that “According to historian Duncan Stacey, Hudson’s
Bay Company documents describe very low returns in the Columbia River from about 1835 to
1865.” However, examination of microfilmed records from the Hudson’s Bay Company
Archives (Fort Vancouver Report 18261845 [reel #1M783] and Fort Vancouver Post Journal
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1825-1836 [reel # 1M148]) did not reveal any reference to eulachon or smelt in these records.
Fort Vancouver was a Hudson’s Bay Company post from 1825 to 1860 near the present location
of Vancouver, Washington, on the lower Columbia River. Another early reference (Swan 1881,
p. 258) mentions that “eulachon are found in limited numbers at certain seasons in the Columbia
River.”

A search of available online digital newspaper resources (listed in Appendix B) revealed
mention of eulachon in the Columbia River or “smelt” as items for sale in local fish markets in
the spring of 1867. A two sentence article in the Vancouver Register (Vancouver, Washington
Territory) for 6 April 1867 (Appendix B) indicates that large numbers of “smelt” were present in
the Columbia River off the city of Vancouver (at about RKM 170) at that time. This newspaper
article said that previously “this ... fish ... [had] never before been known to come up higher than
Lewis River,” which indicates that eulachon were known to occur in some numbers prior to 1867
in the Lewis River or in the Columbia River, downstream of the Lewis River.

Two advertisements of “smelt” for sale in Portland, Oregon, fish markets appeared in
early newspapers, one in April 1867 and another in April 1868. Since April is near the tail end
of the traditional period for eulachon run timing in the Columbia River, and other species of
smelt are available at that time, it is uncertain whether these advertisements (Appendix B) refer
to eulachon or some other species of smelt. An advertisement of eulachon for sale (referred to as
Oak Point smelt) in a local fish market appeared on 15 January 1869 in the Daily Oregonian
(Portland) (Appendix B). In later years the eulachon commercial fishery commonly operated in
the vicinity of Oak Point on the Lower Columbia River indicating that this advertisement of
“Oak Point smelt” likely refers to eulachon and not some other smelt species.

A newspaper article published in the Daily Oregonian on 13 March 1885 (Appendix B)
reported that:

a pioneer, who resided for many years on the lower Columbia, says that there
were no smelt or oolachan, as they were called by Indians, in the Columbia from
the time he came here till in 1863, when they appeared in vast numbers about the
middle of February, and have been plentiful every season since. In Irving’s
“Astoria” mention is made of the great quantities of smelt in the Columbia in
1826. Shortly after they forsook the river entirely and did not return till 1863,
having been absent nearly 40 years.

Coastal Washington

Outside of the Columbia River Basin, eulachon have been occasionally reported from
other coastal Washington rivers. Swan (1881, p. 258) noted that “eulachon are found in limited
numbers at certain seasons in ... Shoalwater bay [Willapa Bay], Gray’s Harbor, and at the mouth
of various small streams of the coast.” WDFW and ODFW (2001) stated that “Washington
rivers outside the Columbia Basin where eulachon have been known to spawn include the Bear,
Naselle, Nemah, Wynoochee, Quinault, [and] Queets ... rivers.” Willson et al. (2006) listed
Willapa Bay (North, Naselle, Nemah, Bear, and Willapa rivers), Grays Harbor (Humptulips,
Chehalis, Aberdeen, and Wynoochee rivers), and the Copalis, Moclips, Quinault, Queets, and
Bogachiel rivers as supporting eulachon spawning runs.
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Monaco et al. (1990) described eulachon as common in Willapa Bay based on a personal
communication (Table A-2). Smith (1941) noted that:

A small smelt run was noted in the north fork of the Nemah River on 7 February
1941. The fish ascended the Nemah River as far as the mouth of Williams Creek,
which stream they entered for a distance of about 100 yards. ... An old resident of
the community reported that this was the first smelt run that had occurred during
his 48 years in the section.

According to WDFHMD (1992), adult eulachon “were found in the Naselle and Bear
rivers, tributaries of Willapa Bay (B. Dumbauld, WDF, pers. comm.)” in 1992. WDFW and
ODFW (2001, p. 12) reported “that in 1993, when the eulachon run into the Columbia River was
delayed (presumably due to cold water conditions), they were noted in large abundance in the
Quinault and Wynoochee rivers, outside the Columbia Basin.”

Monaco et al. (1990) described eulachon as “common’ in Grays Harbor and, in addition
to a personal communication, cited Deschamps et al. (1970) as a supporting reference (Table
A-2). Deschamps et al. (1970, p. 16) reported the capture of a single adult eulachon in a seine
catch in March 1966 and stated that “It is unlikely that the Chehalis system [which drains into
Grays Harbor] has a run of any consequence, although strays or feeding fish from other areas
probably visit the upper harbor at times.” WDFW and ODFW (2001, p. 12) reported that
eulachon “were noted in large abundance in the ... Wynoochee” River, a tributary of the
Chehalis River, in 1993. Simenstad et al. (2001) recorded eulachon as of “rare” occurrence in
sloughs of the Chehalis River estuary in 1990 and 1995.

Willoughby (1889) and Olson (1936) record the Quinault Indian Tribe as taking eulachon
in the lower Quinault River with dip nets. Olson (1936, p. 36) stated that:

The people of the lower villages often came down to the river mouth to catch
smelt (komolnil) and candlefish (paagwals). Both were taken in the surf of the
beach, though the candlefish often ascend the river for several miles. There was
usually a big run every three or four years, when the water was literally filled with
fish. The time of the run varied, usually occurring between January and April.

The Washington Department of Fisheries annual report for 1960 (Starlund 1960) and
statistical report for 1970 (Ward et al. 1971) listed commercial eulachon landings in the Quinault
River in 1936 (36,315 1b [16,507 kg]), 1940 (6,917 1b [3,144 kg]), 1953 (93,387 1b [42,449 kg]),
1958 (34,387 1b [15,630 kg]), 1960 (135 Ib [61 kg]), and 1961 (1,051 Ib [ 477 kg]). Fiedler
(1939, p. 213) also records 36,300 1b (16,500 kg) of eulachon taken by dip net in the coastal
district of Washington State in 1936. WDFW and ODFW (2001, p. 12) reported that eulachon
“were noted in large abundance in the Quinault” River in 1993. Quotations from unattributed
sources were presented in Workman (1997) that described eulachon occurring in and about the
Quinault River in January 1936 and February 1993. NWIFC (1998, p. 11) reported that
“candlefish, or Columbia River smelt, were caught in significant numbers at the mouth of the
Queets River for the second time in 5 years in late January [1998].” A noticeable number of
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eulachon make an appearance in the Queets, Quinault, and occasionally, the Moclips rivers at 5—
6 year intervals and were last observed in the Quinault River in the winter of 2004—-2005.°

Shaffer et al. (2007) reported on the capture of 58 adult eulachon in the Elwha River on
Washington’s Olympic Peninsula (Figure 2) between March 18 and June 28, 2005. This was the
first formal documentation of eulachon in the Elwha River, although anecdotal observations
suggest that eulachon “were a regular, predictable feature in the Elwha until the mid 1970s”
(Shaffer et al. 2007, p. 80). Other Olympic Peninsula rivers draining into the Strait of Juan de
Fuca have been extensively surveyed over many years for salmonid migrations; however,
eulachon have not been observed in any of these other systems (Shaffer et al. 2007).

Puget Sound

Girard (1858) based his description of a new species Thaleichthys stevensi (later
synonymized with Salmo [Mallotus] pacificus Richardson, 1836 as T. pacificus [Richardson,
1836] [McAllister, 1963]) on a single specimen collected in Puget Sound by George Suckley.
The published figure (Girard 1858, his Plate LXXV, his Figure 1 through Figure 4) of this single
specimen is detailed enough to be identifiable as a eulachon. Later, Suckley (1860, p. 348—349)
in his Report Upon the Fishes Collected on the Survey (text republished in Suckley and Cooper
1860) stated that eulachon were “a very delicious fish, in some years coming in great shoals in
the bays in the lower part of Puget Sound, and along the coast near the mouth of Frazer’s River.”
Suckley (1860, p. 348-349) also stated that eulachon were “abundant in Puget Sound” and that
“several eulachon in the recent state [dried] were obtained by me from different portions of the
lower end of Puget Sound;” however, these specimens were lost when in transit to “Washington
city” and their identification cannot be verified. Similarly, Lord (1866, p. 96), in his The
Naturalist in Vancouver Island and British Columbia, stated that “the eulachon has also
disappeared from Puget’s Sound.”

Curiously, although these early authorities (Girard 1858, Suckley 1860, Lord 1866)
describe Pacific herring (Clupea pallasii) and eulachon as occurring in Puget Sound, they make
no mention of surf smelt, longfin smelt (Spirinchus thaleichthys), or Pacific sand lance
(Ammodytes hexapterus) in Puget Sound. Swan (1881, p. 258) also stated that eulachon were
found “in limited numbers at certain seasons ... in the waters of Puget Sound” and they are
“found on Puget Sound occasionally with the sand-smelt Hypomesus olidus.” Since H. olidus, or
pond smelt, is a freshwater species, Swan may have meant to refer to the abundant surf smelt.

Jordan and Starks (1895, p. 793) also listed eulachon as “abundant in spring” in Puget
Sound, although they did not obtain specimens themselves. They cite a local fisherman as
reporting “that this species buries itself in the sand of the beach,” which indicates that the fish
referred to by the local fisherman were not eulachon, but were possibly either surf smelt or
Pacific sand lance. Both surf smelt and Pacific sand lance are currently common in Puget Sound
and spawn on Puget Sound beaches, and Pacific sand lance are locally known as “candlefish”
(Penttila 2007). Therefore, there is substantial reason to believe that mention of abundant
eulachon in Puget Sound in some nineteenth century references (Suckley 1860, Lord 1866,

2 L. Gilbertson, Quinault Indian Nation, Taholah, WA. Pers. commun., 27 June 2008.
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Jordan and Starks 1895) results from misidentification with either the common longfin smelt or
surf smelt, neither of which were mentioned in Suckley (1860) or Lord (1866).

DeLacy et al. (1972) gathered available fish collection records for Puget Sound from
academic and fisheries agencies sources and indicated that between 10 and 49 reports of
eulachon exist in these records for the San Juan Islands. However, no more than 10 reports of
eulachon specimens exist for each of the Juan de Fuca Strait, Everett, Seattle, central Puget
Sound, and south Puget Sound regions (DeLacy et al. 1972). Monaco et al. (1990) described
eulachon as rare in Puget Sound and, in addition to a personal communication, cited Miller and
Borton (1980) as a supporting reference. Miller and Borton (1980) list five eulachon specimens
collected in Puget Sound (one each in Port Susan, off Everett, and in Carr Sound, and two at
Carkeek Park), which are deposited in the University of Washington Fish Collection, and seven
eulachon specimens reported in the University of Washington Boat Log (one each at Golden
Gardens, Port Madison, Herron Island, Penn Cove, and three in or near Carr Inlet). Currently, 12
specimens of eulachon collected in Puget Sound are deposited in the University of Washington
Fish Collection (searchable database at http://www.washington.edu/burkemuseum/collections/
ichthyology/index.php).

Miller and Borton (1980) also reported a personal communication dated 22 April 1976
from a biologist with the Puyallup Tribe indicating that eulachon “spawn in Wapato Creek, 1
mile upstream from the mouth of the Puyallup River.” Fiedler (1941, p. 463) recorded 10,200 1b
(4,636 kg) of eulachon landed in Puget Sound in 1938 in a commercial fishery using drag bag net
gear. The precise location of this fish catch is not recorded (Fiedler 1941).

There are some records of transplant efforts to Puget Sound rivers from Columbia River
source populations. An article in a Centralia, Washington, newspaper in 1932 (Centralia Daily
Chronicle, 1 February 1932, p. 2, col. 8) (Appendix B) reported that:

Another attempt will probably be made this year by the state fisheries
department to transplant Columbia River smelt to streams flowing into Puget
Sound. Attempts have been made in the past and a large number of smelt were
planted in the Nisqually River several years ago. Floyd [Lloyd] Royal of the state
biological department is making a study of the matter here, and it is probable that
smelt spawn will be hatched in the state hatchery on the Kalama river and the
young smelt planted in both the Snohomish and Skagit rivers if the attempt to
hatch them proves successful.

Similarly, Wendler and Nye (1962, p. 9) stated that:

A smelt transplant was initiated in 1959 from the Lewis River to the Puyallup
River.... Approximately 4,500 fish were transplanted with an estimated egg
potential of 40 million. This was considered a minimal number to plant for a
species which requires mass spawning for successful reproduction. However, a
measure of success may be seen if Columbia River smelt are present in the
Puyallup during the spring of 1962.

A recent WDFW technical report entitled Marine Forage Fishes in Puget Sound (Penttila
2007, p. 19) presents detailed data on the biology, status, and trends of surf smelt and longfin
smelt in Puget Sound, but states that “there is virtually no life history information within the
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Puget Sound basin” available for eulachon. Similarly, detailed notes provided by WDFW and
ODFW (2008) as part of this review, do not provide evidence of spawning stocks of eulachon in
Puget Sound rivers. Interestingly, a newspaper account in The Daily Oregonian of Portland for 4
March 1876, cautions the public “against buying Puget Sound smelt [a likely reference to surf
smelt] for Columbia River smelt [eulachon]” (Appendix B).

Monaco et al. (1990) described eulachon as rare in Skagit Bay and, in addition to a
personal communication, cited Miller and Borton (1980) as a supporting reference (Table A-2).
Miller and Borton (1980) report on a total of 20 eulachon specimens collected in the San Juan
Islands, southern Strait of Georgia, and Strait of Juan de Fuca and recorded in boat logs and
museum collection records; however, samples from Skagit Bay were not included in this list.

The Nooksack River has been frequently listed as supporting a run of eulachon (WDFW
and ODFW 2001, Wydoski and Whitney 2003, Willson et al. 2006, Moody 2008); however,
Anchor Environmental (2003, p. 27) stated that:

Longfin smelt [Spirinchus thaleichthys] are also called “hooligans” and are
sometimes mistaken for eulachon. Eulachon occurrence and spawning has not
[been] documented in the Nooksack River.

The run of hooligans into the Nooksack River commonly occurs in November, which is outside
of the normal spawn timing period for eulachon, and these fish have recently been positively
identified as longfin smelt.’

British Columbia

Hay and McCarter (2000, their Table 1) listed a total of 33 eulachon spawning rivers in
British Columbia; however, only about 14 of these river systems were thought to have regular
yearly eulachon returns (Table A-1). These 14 river systems and the estuaries or inlets they are
associated with from south to north are the Fraser River (Strait of Georgia), Klinaklini River
(Knight Inlet), Kingcome River (Kingcome Inlet), Wannock River (Rivers Inlet),
Chuckwalla/Kilbella rivers (Rivers Inlet), Kimsquit and Dean rivers (Dean Channel), Bella
Coola River (Dean Channel), Kemano/Wahoo rivers (Gardner Canal), Kowesas River (Gardner
Canal), Kitlope River (Gardner Canal), Kildala River (Douglas Channel), Kitimat River
(Douglas Channel), Skeena River (Chatham Sound), and Nass River (Portland Inlet) (Hay and
McCarter 2000, Hay 2002).

Many of these distributions were discovered or verified during a series of
ichthyoplankton surveys of eulachon larvae on the mainland coast of British Columbia
(McCarter and Hay 1999). These surveys “suggested the occurrence of eulachon spawning in ...
rivers not previously known to support eulachon spawning” (McCarter and Hay 1999, p. 8). In
particular, small spawning runs of eulachon may be detected through ichthyoplankton surveys
“that might be missed by conventional fishing techniques (gill nets or seine nets) on adults”
(McCarter and Hay 2003, p. 17). Willson et al. (2006) and Moody (2008) recently listed
numerous rivers in British Columbia thought to support eulachon runs and these distribution
data, essentially the same as in Hay and McCarter (2000), are provided in Table A-1.

3G. Bargmann, WDFW, Olympia, WA. Pers. commun., June 2008.
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Fraser River—Early reference to eulachon being caught by First Nations groups on the
Fraser River in 1827—1830 appear in the journals of the Hudson’s Bay Company post Fort
Langley, located on the south bank of the lower Fraser River near the Salmon River
(MacLachlan 1998) (Appendix C). According to Swan (1881, p. 258) eulachon “taken in
Fraser’s River near the boundary line between Washington Territory and British Columbia are
superior to those taken further south, and are sold in the Victoria market, where their excellence
is highly prized.”

Recent surveys of the Fraser River indicate that eulachon primarily spawn in the lower 50
km (Hay et al. 2002), although earlier studies reported spawning occurred at least up to RKM
100 (McHugh 1940), and perhaps as far upstream as Hope, more than 150 km from Vancouver,
British Columbia (Moody 2008). McHugh (1940) surveyed eulachon egg distribution in the
Fraser River using a bottom dredge and determined that spawning in 1940 occurred mainly
between the towns of Mission and Chilliwack, over a distance of about 13 km. Samis (1977,

p. 1) stated that “localized areas of spawning may occur in the north and south arms of the Fraser
River, in the Pitt and Alouette rivers, and in other tributaries.” However, similar to the findings
of Hart and McHugh (1944), Samis (1977) found the highest concentration of eulachon eggs in
the Fraser River in May 1976 to occur upstream of Mission, adjacent to Nicomen Island.

Higgins et al. (1987, p. 2) noted that “potential [eulachon] spawning sites exist in the lower
Fraser River adjacent to Barnston, McMillan, and Matsqui islands (Samis 1977), which are
approximately 100 km, 130 km, and 175 km from the Fraser River mouth, respectively.”
Interannual variation in spawning locations in the Fraser River occur (Hay and McCarter 2000,
Hay et al. 2002), with most spawning being above New Westminster in 1995, below New
Westminster in 1996, and in the tributary Pitt River in 1999 (Hay and McCarter 2000).

Other British Columbia rivers—Outside of the Fraser River, only limited aspects of the
biology of eulachon have been studied in other spawning rivers in British Columbia, including:
the Kingcome (Berry and Jacob 1998), Wannock (Berry and Jacob 1998, Moody 2008), Bella
Coola (Moody 2008), Kemano (Lewis et al. 2002, Ecometrix 2006), Kitimat (Pedersen et al.
1995, Kelson 1997, Ecometrix 2006), Skeena (Lewis, 1997, Stoffels 2001), and Nass (Langer et
al. 1977) rivers.

Eulachon were normally located no further upstream in the Kemano River, British
Columbia, than RKM 2.7, about 1.5 km above saltwater, although they have been rarely
observed up to RKM 4.3 (Lewis et al. 2002). Eulachon spawning is limited to the lower 1.6 km
of the nearby Wahoo River (Lewis et al. 2002). Stoffels (2001, p. 4) described areas of the lower
mainstem Skeena River and several tributaries (Table A-1) and stated that:

The eulachon spawn in the main stem Skeena, with high value spawning grounds
around the lower Skeena River Islands and around the mouth of the Kwinitsa
River (D. De Leeuw, WLAP, pers. comm.). Eulachon also spawn throughout the
Ecstall River system, almost up to Johnston Lake and in the Khyex, the Scotia,
the Khtada, Kasiks, Gitnadoix and other tributaries in the vicinity (Don Roberts,
Terrace, pers. comm.).

Eulachon reportedly spawn upriver in the Nass River to about RM 32 (RKM 51.5), which is the
near the limit of tidal influence (Langer et al. 1977).
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Although eulachon are not thought to maintain populations in island rivers (Hay and
McCarter 2000), anomalous spawning events have reportedly occurred in the Somass, Nimpkish
(Hay and McCarter 2000), and Kokish rivers (Willson et al. 2006) on Vancouver Island, as well
as in “unnamed rivers on Haida G’waii [Queen Charlotte Islands]” (Willson et al. 2006, p. 35).

Alaska

Moftitt et al. (2002) indicated that at least 35 rivers in Alaska have spawning runs of
eulachon, including one in a glacial stream on Unimak Island, the first island in the Aleutian
Island chain off the western end of the Alaska Peninsula. According to Moffitt et al. (2002, p.
3), “this is probably the only island in Alaska with a glacial river of the type similar to mainland
systems used for spawning.” Armstrong and Hermans (2007, p. 2) stated that “no eulachon runs
in island rivers have been reported in Southeast [Alaska].” Aspects of the biology of eulachon
have been studied in the following Alaska rivers: the Stikine (Franzel and Nelson 1981), Taku
(Flory 2008b), Chilkoot (Betts 1994), Chilkat (Mills 1982, Betts 1994), Copper (Moffitt et al.
2002), Eyak, Alaganik (Moffitt et al. 2002, Joyce et al. 2004), Twentymile (Kubik and Wadman
1977, 1978, Spangler 2002, Spangler et al. 2003), and Susitna (Barrett et al. 1984, Vincent-Lang
and Queral 1984).

Both Willson et al. (2006) and Moody (2008) listed numerous other Alaska rivers thought
to support eulachon runs and these distribution data are provided in Table A-1. In some years,
commercial harvests have occurred on eulachon in the Copper, Stikine, Unuk, Chickamin, and
Bradfield rivers (Moffitt et al. 2002, Armstrong and Hermans 2007). Jordan and Gilbert (1899,
p. 439) indicated that eulachon occurred in the “Nushagah [Nushagak] River” that flows into
Alaska’s Bristol Bay in the southeastern Bering Sea. Other more recent compilations also list the
Nushagak River as supporting a run of eulachon (Mecklenburg et al. 2002, Willson et al. 2006).
The Nushagak River is the northern most system reported to support a run of eulachon.

Larval plankton surveys suggest that the upstream limit of eulachon distribution in the
Taku River occurs at about RKM 44 (Flory 2008b). During exceptionally large runs, eulachon
have reportedly been seen “at Bull Slough, near the Tulsequah River in Canada” (Flory 2008b, p.
16). Tidal influence affects the Taku River up to about RKM 35 (Flory 2008b). Eulachon were
observed from the mouth of the Susitna River up to about RKM 80 in 1982 and 1983, although
the greatest concentration of spawning occurred within the lower 46.6 km of the main channel of
the Susitna River (Barrett et al. 1984).

Physical characteristics of spawning rivers

Hay and McCarter (2000, p. 12) noted that some eulachon rivers are “large or turbid, with
high sediment loads; others are small and clear.” Despite these apparent differences, they
recognized that “virtually all [eulachon rivers] have spring freshets, which are characteristic of
rivers draining large snow packs or glaciers.” Although this is true of most rivers supporting
eulachon in British Columbia and Alaska (Hay et al. 2002), many eulachon rivers in the lower
Columbia River basin and on the coasts of California, Oregon, and Washington are not fed by
extensive snowmelt or glacial runoff. However, most systems that support eulachon and are not
fed by snowmelt still possess extensive spring freshets. Hay and McCarter (2000, p. 12)
suggested that the apparent requirement for snow pack or glacier-fed spring freshets may be the
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reason why “there are no known eulachon spawning rivers found on any large coastal islands,
including Vancouver Island, Queen Charlotte Islands, Kodiak, or any of the small coastal islands
in northern British Columbia or southeastern Alaska.”

The lack of eulachon larvae in waters examined during ichthyoplankton surveys off
Vancouver Island and the Queen Charlotte Islands in April and May (Hay and McCarter 1997)
“reinforce the conclusion that eulachon spawning is mainly confined to coastal rivers that have a
distinct spring freshet and drain major glaciers or snowpacks” (McCarter and Hay 2003, p. 16).
Typically, eulachon spawn well before the spring freshet, near the seasonal flow minimum,
especially on the mainland coast of British Columbia (Lewis et al. 2002); however, Fraser River
eulachon appear to spawn during the height of the freshet (Stables et al. 2005). In many rivers,
eulachon spawning appears to be timed so that egg hatching will coincide with peak spring river
discharge (Flory 2008b).

Marine Distribution

Although they spend 95-98% of their lives at sea (Hay and McCarter 2000), little is
known concerning the saltwater existence of eulachon. They are reported to be present in the
“food rich” and “echo scattering layer” of coastal waters (Barraclough 1964, p. 1,337), and “in
near-benthic habitats in open marine waters” of the continental shelf between 20 and 150 m
depth (Hay and McCarter 2000, p. 14). Hay and McCarter (2000, their Figure 5) illustrated the
offshore distribution of eulachon in British Columbia as determined in research trawl surveys,
which indicate that most eulachon were taken at around 100 m depth, although some were taken
as deep as 500 m and some at less than 10 m. Schweigert et al. (2007, p. 11) stated that “the
marine distribution of adults in British Columbia includes the deeper portions of the continental
shelf around Dixon Entrance, Hecate Strait, Queen Charlotte Sound, and the west coast of
Vancouver Island, generally at depths of 80-200 m.” Mueter and Norcross (2002) reported
eulachon were present in 32% of triennial bottom trawl surveys on the upper slope and
continental slope in the Gulf of Alaska between 1984 and 1996 and were caught at depths down
to 500 m in the Kodiak, Yakutat, and southeast areas of Alaska. Armstrong and Hermans (2007)
indicated that eulachon are commonly caught in trawls in the coastal fjords of Southeast Alaska.
Further information on eulachon distribution in research bottom trawl surveys is below and in
Table A-4 and Table A-5.

Smith and Saalfeld (1955, p. 12) reported the occasional capture of eulachon in the
offshore “otter trawl fishery,” particularly in November to January near the mouth of the
Columbia River “as the mature smelt approach the Columbia River.” Emmett et al. (2001)
reported the capture of small numbers of eulachon by nighttime surface trawls targeted on
pelagic fishes off the Columbia River in April to July of 1998 and 1999. About 10% of hauls in
1999 contained from one to a maximum of eight eulachon (Emmett et al. 2001). Eulachon also
occur as bycatch in some U.S.-based groundfish fisheries (Bellman et al. 2008) off the U.S. West
Coast and more commonly in the California and Oregon ocean shrimp (Pandalus jordani)
fisheries (NWFSC 2008). The Pacific Fishery Management Council has prohibited at-sea directed
harvest of eulachon in U.S. West Coast waters and eulachon are not an actively managed or
monitored species (PFMC 2008); therefore there is a paucity of data on at-sea distribution of
eulachon off the U.S. West Coast.

28



U.S. West Coast groundfish trawl surveys

Fishery-independent surveys conducted off the U.S. West Coast that provide data on
distribution or abundance of eulachon in the ocean are very limited (Table A-4). The Northwest
and Alaska Fisheries Center (NWAFC, before it split into NWFSC and AFSC) and AFSC
conducted groundfish trawl surveys on the continental slope (at depths of 184—1,280 m)
periodically from 1984 to 1987, and annually beginning in 1988. Continental shelf (at depths of
55-183 m) surveys were conducted triennially from 1977 to 2001 by the NWAFC and AFSC.
The NWFSC assumed responsibility for the slope portion of the groundfish survey starting in
1998 and expanded the depth coverage to include the continental shelf as well as the continental
slope in 2003. Many of these groundfish surveys report catch as occurring in one of five
International North Pacific Fisheries Commission (INPFC) statistical areas. These INPFC areas
from north to south are: 1) Vancouver (U.S.-Canada border to lat 47°30'N), 2) Columbia (lat
47°30" to 43°00'N), 3) Eureka (lat 43°00" to 40°30'N), 4) Monterey (lat 40°30" to 36°00'N), and
5) Conception (lat 36°00'N to the U.S.-Mexico border) (Figure 4).

Eulachon were reported in the triennial groundfish bottom trawl surveys on the U.S. West
Coast continental shelf in 1977 (Gabriel and Tyler 1980), 1980 (Coleman 1986), 1983
(Weinberg et al. 1984), 1986 (Coleman 1988), 1989 (Weinberg et al. 1994a, 1994b), 1992
(Zimmermann 1994, Zimmermann et al. 1994), 1995 (Wilkins 1998, Wilkins et al. 1998), 1998
(Shaw et al. 2000, Wilkins and Shaw 2000), and 2001 (Weinberg et al. 2002, Wilkins and
Weinberg 2002) (Table A-4). These surveys targeted rockfish from 1977 to 1986, and were
subsequently designed to estimate Pacific hake (Merluccius productus) and juvenile sablefish
(Anoplopoma fimbria) abundance, as well as other commercially important groundfish
(Weinberg et al. 1994a). However, these groundfish surveys were designed to sample bottom
dwelling species and capture only a small and erratic portion of the pelagic distribution of
eulachon.

The 1977 shelf groundfish survey recorded eulachon in six of nine assemblages off the
Washington and Oregon coasts, being most abundant within the Nestucca Intermediate
Assemblage (90—145 m) off Oregon (Gabriel and Tyler 1980). Trawl surveys in 1980-1986
occurred between Monterey Bay, California, and either Northern Vancouver Island (1980),
Estevan Point, Vancouver Island (1983), or the U.S.-Canada border (1986) at depths of 55-366
m (Coleman 1986, 1988, Weinberg et al. 1984). From 1989 to 2001 triennial groundfish bottom
trawl surveys covered all West Coast INPFC areas from Vancouver to Monterey, inclusive. In
1980 eulachon were recorded as the fifteenth most common fish encountered at depths of
55-183 m in the INPFC Eureka area, but were not recorded within the top 20 species
encountered in the INPFC Vancouver, Columbia, or Monterey areas (Coleman 1986).

Latitudinal and longitudinal range and minimum, maximum, and mean depth distribution
of eulachon captured in the triennial surveys from 1989 to 2001 are provided in Table A-4.
Eulachon were found into the far south Monterey INPFC area in the 1989 survey but were not
recorded in either the Monterey or Eureka INPFC areas in surveys conducted between 1992 and
2001. Mean depth of occurrence of eulachon in these surveys varied between 137 and 147 m,
with minimum depths of 59-79 m and maximum depths of 322466 m (Table A-4).

29



Vancouver \ "“zﬁ., J'R:?
47°30'
i?‘;ﬁ

. Cape Falcon j
Columbia Cape Lookout ™|
/

[ %, Oregon {
43° / Q 3
/
I'E—h gy, !
. — —— II.
Eureka f\/QA\\_T_—__ —

40°30' Cape Mendocino !’
40°10' b

Columbia

O
Y
S

o

o
o

5

o

o

Js

.

ojusweloes

Monterey  pointArena —Ex

-"\'.
.
Point Reyes —‘-'1_?—

WL x
'-\._ R
» N
L ‘\.__
36° A B
'\ a0 2
. California ™,
y i
Conce ptlon Point Conception _Il—h\_._H \1\
e X =T Hh“"."ll :‘.:"
- W ;'i
%

Figure 4. INPFC statistical areas off the U.S. West Coast. Modified from Pacific Fishery Management
Council Web site at http://www.pcouncil.org/wp-content/uploads/georock.pdf.

30



Eulachon were occasionally sampled in West Coast upper continental slope groundfish
trawl surveys conducted between 1984 and 1999 by the NWAFC and AFSC (Raymore and
Weinberg 1990, Parks et al. 1993, Lauth et al. 1997, Lauth 1997a, 1997b, 1999, 2000) and
between 1999 and 2002 by the NWFSC (Builder Ramsey et al. 2002, Keller et al. 2005, 2006a,
2006b). These surveys covered habitat between 183 and 1,280 m from the U.S.-Canada border
to lat 30°30'N (Lauth et al. 1997, Lauth 1997a, 1997b, 1999, 2000, Keller et al. 2005, 2006a,
2006b), although annual surveys prior to 1997 covered only a portion of the area each year
(Table A-4). This depth range is deeper than is preferred by eulachon (Hay and McCarter 2000),
so these surveys likely missed the vast majority of eulachon, which occur on the continental shelf
and not the slope.

Minimum, maximum, and mean depths of eulachon captured during the 1989-2002
survey years are given in Table A-4; however, eulachon were seldom encountered at these
depths (below 183 m) and their reported occurrence in trawl hauls ranged from 6% of trawls
conducted between 1989 and 1993 to fewer than 1% of all trawls in 2001. Presumably, eulachon
were not encountered during the NWFSC 1999 bottom survey of the U.S. West Coast continental
slope, as this species is not included in the comprehensive list of species encountered (Builder
Ramsey et al. 2002). Eulachon were captured as deep as 608 m during the 2001 survey (Keller
et al. 2005).

Starting in 2003, the NWFSC conducted combined slope and shelf surveys for groundfish
between depths of 55 and 1,280 m (Keller et al. 2007a, 2007b, 2008) off the U.S. West Coast
(Table A-4). Sampling in these slope and shelf surveys, in contrast to the NWAFC and AFSC
triennial bottom trawl surveys (discussed above), did not extend into the Canadian portion of the
Vancouver INPFC area where the triennial surveys had encountered the majority of eulachon.
Currently, eulachon abundance in the Canadian portion of the Vancouver INPFC is tracked by
the Department of Fisheries and Oceans Canada (DFO) during the annual surveys of shrimp
biomass off the west coast of Vancouver Island (DFO 2008a). Eulachon were found at depth
extremes of 51 to 237 m in the NWFSC surveys, with mean depths of 119 to 130 m during the
three survey years (Table A-4) (Keller et al. 2007a, 2007b, 2008); however, eulachon biomass
estimates were not presented in these survey documents. Some eulachon were found as far south
as 34°N in the INPFC Conception area in 2003 and 2004 (Keller et al. 2007a, 2007b), a southern
distribution that had not been recorded in groundfish surveys since 1989 (Weinberg et al. 1994a)
(Table A-4). Pacific hake trawl surveys in U.S. and Canadian waters off the Pacific Coast have
also reported incidental catch of eulachon (Fleischer et al. 2005, 2008), although details on catch
location were not provided.

Alaska trawl surveys

Latitudinal and longitudinal range and minimum, maximum, and mean depth distribution
of eulachon captured in AFSC bottom trawl surveys in the Gulf of Alaska (triennially from 1984
to 1996, biennially from 1999 to 2007), Eastern Bering Sea (annually from 1982 to 2008), and
Aleutian Islands (triennially from 1983 to 1997, biennially from 2000 to 2006) regions of Alaska
are summarized in Table A-5. Eulachon are a common species in the Gulf of Alaska trawl
surveys (Stark and Clausen 1995, Martin and Clausen 1995, von Szalay et al. 2008) and are
particularly abundant in the Chirikof and Kodiak INPFC areas (von Szalay et al. 2008). In the
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2007 trawl survey, eulachon were present in about 31% of the hauls under 300 m deep and 9% of
hauls below that depth, although none were seen deeper than 700 m (von Szalay et al. 2008).

Eulachon distribution and abundance were also incidentally reported in two summer echo
integration-trawl (EIT) surveys of prespawning walleye pollock (Theragra chalcogramma) on
the Gulf of Alaska continental shelf in 2003 (Shumagin Islands to Prince William Sound) and
2005 (Islands of Four Mountains to south Prince William Sound) (Guttormsen and Yasenak
2007). Eulachon were the fourth and third most abundant species by numbers of fish caught in
midwater trawls in the Gulf of Alaska in 2003 (10% of total) and 2005 (18% of total),
respectively. Eulachon constituted 6.6% of the fish caught during EIT bottom trawls in 2003 in
the Gulf of Alaska, but were not recorded in bottom trawls in 2005 (Guttormsen and Yasenak
2007).

Marine distribution maps of eulachon captured in AFSC research bottom trawl surveys of
the Eastern Bering Sea continental shelf between 2001 and 2007 are provided in Nebenzahl
(2001), Acuna et al. (2003), Acuna and Kotwicki (2004, 2006), Lauth and Acuna (2007a,
2007b), and Acuna and Lauth (2008). Abundance estimates for eulachon are not generally
provided in these documents as they are “not adequately represented in the samples,” which is
“due to the bottom sampling nature of the survey” (Nebenzahl 2001, p. 27).

Ichthyoplankton surveys

Ichthyoplankton surveys in the northeastern Pacific Ocean commonly report the capture
of osmerid larvae, but few studies have identified smelt larvae to the species level (Waldron
1972, Richardson and Pearcy 1977, Doyle et al. 2002, Auth and Brodeur 2006, Parnell et al.
2008). It is also possible that by the time eulachon reach the open ocean where these
ichthyoplankton surveys occur, they may have grown sufficiently to be able to avoid capture in
slowly towed, fine-mesh ichthyoplankton nets.

Mixed stock genetic analysis

Beacham et al. (2005) used variation at 14 microsatellite DNA loci to examine the stock
composition of trawl and research surveys in marine areas off British Columbia. Using a genetic
baseline data set of eulachon populations in eight rivers in Washington and British Columbia,
they estimated the proportional composition of three marine-caught samples. A sample of 184
eulachon was collected during a shrimp research survey near Nootka Sound off the west coast of
Vancouver Island in May of 2000. The largest proportions of fish were estimated to be from the
Columbia River (56.6%, SD = 10.4) and Fraser River (37.5%, SD = 10.1). Populations in other
rivers were estimated to contribute less than 6% to the sample. A sample of 100 eulachon
sampled as bycatch in a shrimp trawl fishery near Chatham Sound (off British Columbia’s north
coast) in March 2001 was estimated to be largely fish from the British Columbia central
mainland (51.6%, SD = 13.8) and from the Nass River (37.4%, SD =10.9). Columbia (1.7%,
SD =2.4) and Fraser (2.1%, SD = 3.6) rivers contributed a small fraction to the sample. A third
sample of 200 fish taken in research shrimp surveys in Queen Charlotte Sound in March 2001
was comprised of substantial proportions of Columbia, Fraser, British Columbia central
mainland, and Skeena rivers, all contributing between 22.1% (SD = 5.9) and 27.1% (SD = 6.9).
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Beacham et al. (2005) concluded that although eulachon marine migrations are largely
unknown, there is spatial structure to the distributions of fish from different rivers. Their data
indicate that Queen Charlotte Sound is an area inhabited by eulachon from very diverse origins
including fish from nearby rivers as well as from more northern and southern sources. Analysis
of samples in the south (off Vancouver Island) were dominated by Columbia River and Fraser
River fish, whereas eulachon in the most northern marine region sampled, Chatham Sound, were
largely from British Columbia coastal rivers north of the Fraser River.

Life History Stages

Eggs

Eulachon eggs from the Columbia River are reported to be approximately 1 mm in
diameter (Parente and Snyder 1970, WDFW and ODFW 2001). In the Fraser River, eggs have
been variously reported to “have an average diameter between 0.03 and 0.04 inches [0.76—1.02
mm] after preservation in formalin” (Hart and McHugh 1944, p. 9), to measure “ less than 1.0
mm diameter” (Hay and McCarter 2000, p. 18), or to be “small (=0.8 mm)” (Hay et al. 2002, p.
20). According to Garrison and Miller (1982, p. 119), “the eggs show considerable irregularity
in shape and have numerous oil globules in the yolk.” This irregularity in shape likely refers to
unfertilized eggs.

Mature eggs are reported to have an outer sticky membrane that turns inside out after the
broadcast spawned eggs are fertilized and remains attached to the egg by a short stalk, which
serves to adhere the egg to particles of sand or other substrates (McHugh 1940, Hart and
McHugh 1944, Smith and Saalfeld 1955, Hay and McCarter 2000). Hay et al. (2002, p. 18)
speculated that as eulachon eggs may attach to small sediment particles and appear to develop
while being actively carried downstream by river currents that “the mobile incubation (or
‘tumble’ incubation) may even have a selective advantage because it may spread the eggs over a
broad space, thereby reducing predation and optimizing environmental conditions.”

Pedersen et al. (1995) found no significant relationship between egg weight and female
body length in the Kitimat River, British Columbia. Eggs weighed 0.26—-0.58 mg with a mean
and standard error of 0.43 £ 0.01 mg (n = 58) (Pedersen et al. 1995). Similarly, Hay and
McCarter (2000) reported eggs from the Fraser River to weigh 0.36—-0.68 mg (0.51 + 0.01 mg,
n=106) in 1995 and 0.30-0.68 mg (0.44 = 0.01 mg, n = 100) in 1996 in the Fraser River. Mean
eulachon egg weight in the Kemano River, British Columbia, was estimated at 0.43 mg (+ 0.16
SD, n =429) (Lewis et al. 2002).

Smith and Saalfeld (1955) reported that eulachon eggs from the Columbia River required
388, 378, and 370 daily cumulative degree Fahrenheit days (equivalent to 198, 192, and 188
degree Celsius days) to hatch in the Naselle River Hatchery, Kalama River Hatchery, and the
University of Washington School of Fisheries hatchery, respectively. In hatchery conditions,
Smith and Saalfeld (1955) reported eggs taken from the Cowlitz River hatched in 19 days at
temperatures that varied from 9.4 to 12.7°C. These data led Smith and Saalfeld (1955) to
estimate that eulachon eggs would hatch in 30—40 days, given the usual water temperatures in
February and March in the Cowlitz River. Assuming similar thermal requirements for
incubation, Langer et al. (1977) estimated that it would take 30—40 days for eulachon eggs to
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hatch in the Nass River, British Columbia. Artificially spawned and incubated eulachon eggs
from the Cowlitz River hatched in 21-25 days when reared at 6.5-9.0°C (Parente and Snyder
1970). Berry and Jacob (1998 p. 4) reported the incubation period in the Kingcome River in
Kingcome Inlet, British Columbia “to be approximately 21 days.” Flory (2008b, p. 3) cited a
personal communication indicating that the incubation period for eulachon in Southeast Alaska
ranges from four to six weeks, longer than the typical three to five weeks common in more
southern regions.

Lewis et al. (2002) estimated that the number of accumulated thermal units (ATUs, one
ATU equal to one degree Celsius for one day) between the peak of adult spawning and larval
migration for eulachon in the Kemano River, British Columbia, in 1990 to be 204 degree-days
based on daily recorded temperatures. In 1997 the number of ATUs to reach 50% larval hatch
were estimated to be 340 in the Kemano River and 235 in the nearby Wahoo River (Lewis et al.
2002). Duration of egg incubation in the Kemano River was calculated at 50 days (Lewis et al.
2002). Similarly, 51% of eulachon larvae hatched in the Kitimat River, British Columbia, in
1993 after accumulating 258 ATUs and 87% of hatch occurred at an estimated 307 ATUs
(Pedersen et al. 1995). The shortest duration of incubation of eulachon eggs from deposition to
hatch was 35-39 days, the earlier time period equating to approximately 168 ATUs (Pedersen et
al. 1995).

In the Twentymile River in Southcentral Alaska, incubation was estimated during three
time periods at 47-50 days, which equated to between 294 and 321 ATUs, based on calculations
using mean daily water temperatures (Spangler 2002, Spangler et al. 2003). Moody (2008, p. 3)
reported that earlier studies had found eulachon eggs from the Bella Coola River hatched in 54
days at about 6°C, equivalent to about 340 ATUs. Howell (2001) reported that 400°C ATUs
(752°F ATUs) were accumulated prior to hatching, after a minimum of 47 days, by eulachon
eggs stripped from Cowlitz River broodstock and incubated at a constant temperature of 48°C
under artificial hatchery conditions. The anomalously high number of ATUs required for

hatching in this experiment may have been an artifact of the experimental conditions (Howell
2001).

Pedersen et al. (1995) postulated that incubation requirements may vary with latitude, and
Spangler (2002) and Spangler et al. (2003) noted that, in general, the number of ATUs required
for eulachon egg incubation appears to increase with increasing latitude.

Parente and Snyder (1970) provide the only published observations on eulachon
embryonic development, which is typical of teleost fishes. In laboratory conditions at
temperatures ranging from 6.5°C to 9°C; a blastodisc appears at 3 hours after fertilization,
cleavage is occurring by 30 hours, invagination of the gastrula is in process at 60 hours, and the
head and auditory capsule are apparent at 120 hours. At 300 hours (12—13 days) a weak heart
beat is present, which is stronger by 400 hours. By this time the yolk sac is about one-half its
original size. The active embryo begins hatching at about 500 hours (20-21 days) and all eggs
under observation hatched within 5 days of each other (Parente and Snyder 1970).
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Larvae

Newly hatched larvae are transparent, slender, and about 4-8 mm in length in the
Columbia River (Parente and Snyder 1970, WDFW and ODFW 2001), 4.0-6.5 mm in the Fraser
River (Hay et al. 2002), and 4-6 mm in the Kemano River (Lewis et al. 2002). Eulachon larvae
are reported to be feeble swimmers and are rapidly carried downstream to estuarine portions of
rivers and inlets within hours or days of hatching (McHugh 1940, Hart and McHugh 1944, Smith
and Saalfeld 1955, Parente and Snyder 1970, Samis 1977, Howell 2001). In the Columbia River,
larval eulachon are usually located near the bottom during their downstream migration (Smith
and Saalfeld 1955, Howell et al. 2001). Larval nutrition is provided by the yolk sac prior to first
feeding (WDFW and ODFW 2001). Spangler et al. (2003) detected higher levels of downstream
drifting larval eulachon during low light intensity periods at night than during the day in the
Twentymile River, Alaska. Care must be taken in many parts of the range that larval eulachon in
rivers are not confused with superficially similar cottid (sculpin) larvae (Kelson 1997, Flory
2008Db).

Ichthyoplankton surveys indicate that larval eulachon may be retained for weeks or
months in estuaries (McCarter and Hay 1999, 2003), especially in inlets or fjords on the British
Columbia mainland coast (McCarter and Hay 2003). These surveys also indicate that eulachon
larvae are mostly present in the top 15 m of the water column, with few larvae occurring below
20 m (McCarter and Hay 1999, Hay and McCarter 2000). Hay and McCarter (2000, p. 19)
showed that newly hatched larvae were about 3.6—8 mm in length and that in mainland inlets on
the British Columbia coast “mean eulachon larval size (mm) generally increased at each
sampling station in a seaward direction away from eulachon spawning rivers.” Although larvae
disperse seaward from their spawning rivers, they also “appear to be retained in inlets” and fjords
to some degree on the British Columbia coast (Hay and McCarter 2000, p. 21). Ichthyoplankton
surveys also showed that larvae were smaller in shallow water than those captured in deeper
depths (McCarter and Hay 1999, Hay and McCarter 2000). During the period from April to
August, larval eulachon on the central British Columbia coast were estimated to grow from an
initial size of 3—4 mm to 30-35 mm in length (McCarter and Hay 1999, 2003).

Robinson et al. (1968b, their Table I) determined that almost all eulachon larvae in the
Strait of Georgia, off the Fraser River during daylight on 6 June 1967, were distributed in the top
6.5 m of the water column, with the greatest density (50—150 larvae/m’) occurring between 1.7
and 3.5 m depth. McCarter and Hay (1999) found that eulachon larvae (mostly <15 mm in
length) in mainland inlets on the central coast of British Columbia were mainly found within the
top 15 m of the water column during springtime plankton tows and suggested that larval
densities were greater near the surface at night than during daytime tows.

Juveniles

Information on the distribution and ecology of juvenile eulachon is scanty, owing to these
fish being too small to occur in most fisheries and too large to occur in ichthyoplankton surveys
(Hay and McCarter 2000). Eulachon that range 30—100 mm in length, exhibit schooling
behavior, and have developed pigmentation and lateral scales are generally classified as juveniles
(Hay and McCarter 2000). Barraclough (1964) sampled juvenile eulachon in the Strait of
Georgia in winter and spring with midwater trawls and shrimp trawls and indicated that Fraser
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River eulachon may spend their first year of life in the Strait of Georgia; however, observer data
indicate that virtually no eulachon were caught as bycatch in the late 1990s in the Strait of
Georgia shrimp fishery (Hay et al. 1999a). A larger mesh size is used in commercial shrimp
trawls, compared to the mesh size used in Barraclough’s (1964) studies (Hay and McCarter
2000), suggesting that juvenile eulachon may be present in coastal waters but are difficult to
detect without a directed effort. Hay and McCarter (2000, p. 22) reported that “it seems that ...
[juveniles] disperse to open, marine waters within the first year of life and perhaps within the
first few months.”

Adults and Spawners
Age composition

The two common methods of estimating age in eulachon, either through counting rings
on scales or on otoliths, have not been validated for any population of eulachon (Ricker et al.
1954, DeLacy and Batts 1963, Higgins et al. 1987, Hay and McCarter 2000, Moffitt et al. 2002,
Clarke et al. 2007). Age as determined from scales is typically one to three years less than age
determined from otolith increments (Ricker et al. 1954, Langer et al. 1977, Higgins et al. 1987).
Several early studies expressed doubt as to the reliability of using otolith rings to determine
eulachon age (Smith and Saalfeld 1955, DeLacy and Batts 1963). Consequently, the
determination of age from scales and otoliths are not considered reliable methods by many
researchers (Ricker et al. 1954, Hay and McCarter 2000, Hay et al. 2003, Clarke et al. 2007).
Clarke et al. (2007, p. 1,480) noted that many dark bands or pseudo-annuli are present in whole
and polished otoliths “that have been interpreted as winter growth zones in past ageing attempts”
and that “sectioned otoliths viewed under transmitted light can reveal fewer zones,” indicating
some of the problems with this ageing methodology.

In some cases “there is no corresponding increase in size (length or weight) with putative
[increase in] age” (Hay and McCarter 2000, p. 15). Higgins et al. (1987) also reported overlap in
fork lengths (FL) between putative age classes of eulachon. However, in the Twentymile River,
Alaska, eulachon body length has been shown to increase with age in both males and females, as
expected (Spangler 2002). Beamish and McFarlane (1983) highlighted the importance of
proving that a technique for ageing a species is accurate (age validation). Age validation
“requires either a mark-recapture study or the identification of known-age fish in the population”
(Beamish and McFarlane 1983, p. 741). It is important to point out that age validation is
different than determining the precision of an ageing technique by assessing the level of
agreement among several age readers. Despite the acknowledged problems with age
determination in eulachon, numerous studies have reported age composition of spawning
populations of eulachon based on examination of growth increments on either scales or otoliths
and these data are presented in Table A-6.

Although age determination of eulachon is admittedly difficult and uncertain, adult
spawners are variously reported to be 3—4 years old (Smith and Saalfeld 1955) or 3—5 years old
(WDFW and ODFW 2001) in the Columbia River; 2-3 years old (McHugh 1939, Ricker et al.
1954) or mostly 3 years old, with some 2-, 4-, and 5-year-olds in the Fraser River (Hay et al.
2005); and mostly age 3 (Hay and McCarter 2000, Hay 2002) or 2—5 years old (Schweigert et al.
2007) in British Columbia. The majority of adult eulachon on the Columbia River are reported
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to return at age 3, although some are purported to be up to 9 years old (WDFW and ODFW
2001). Wydoski and Whitney (2003, p. 106) also stated that some eulachon “may live for 9
years;” however, these age estimates are based on the unvalidated otolith methodology.

Clarke et al. (2007) examined seasonal changes in trace elements incorporated into
otoliths to estimate age structure of eulachon populations in the Columbia, Fraser, Kemano,
Skeena, and Copper rivers. It has been shown that barium (Ba) and calcium (Ca) are
incorporated into the aragonitic matrix of fish otoliths in proportion to their concentration in the
environment (Bath et al. 2000). Barium concentrations are normally about three times greater in
deep ocean waters than in surface waters; however, for about 3 months during the summer,
wind-driven upwelling of deep barium-rich waters occurs off the west coast of North America
and “these upwelling events should therefore impart a seasonal barium peak ... in ... [eulachon]
otoliths” (Clarke et al. 2007, p. 1,481). As expected, Clarke et al. (2007) found that eulachon
otoliths had low Ba:Ca levels in the outer region of the otolith in February and March and high
levels in the summer. Clarke et al. (2007, p. 1,488) used laser-ablation inductively coupled
plasma mass spectrometry to reconstruct the Ba:Ca profile of eulachon otoliths and stated that:

a single age class of fish was observed to spawn in the systems examined in this
study. Only 3-year-old eulachon were observed from the spawning populations in
the Fraser and Kemano rivers, and the majority of fish for the Columbia, Skeena,
and Copper rivers were also composed of a single age class; 2-, 3- and 4-year-olds
from the Columbia, Skeena, and Copper rivers, respectively.

These data suggest that populations to the south spawn at an earlier age than more northern
populations. Clarke et al. (2007, p. 1,489) concluded that “seasonal fluctuations in Ba:Ca
observed in this study suggests that, to date, many eulachon have been aged incorrectly”” and that
“Ba:Ca variations appear to match expected annual shifts in ambient chemistry and so offer a
more reliable annual marker for ageing.”

Analyses of size frequencies have also been used to estimate age of at-sea (Ricker et al.
1954, Barraclough 1964, Hay and McCarter 2000, Hay et al. 2003, Clarke et al. 2007) and in-
river (McHugh 1939) eulachon. These methods have identified age 1+ and age 2+ eulachon in
the ocean (Barraclough 1964, Hay et al. 2003) and indicate that “the largest size mode [in the
ocean] corresponds to the size modes observed in spawning rivers” (Hay et al. 2003, p. 5). Size
frequency analysis indicates that most eulachon in British Columbia are spawning at age 3 (Hay
and McCarter 2000).

Body size

Eulachon are reportedly the largest species of smelt in the family Osmeridae on the west
coast of North America (Scott and Crossman 1973). Published reports of maximum eulachon
body length of 305 mm (Clemens and Wilby 1967, Miller and Lea 1972) are likely in error
(Miller and Lea 1976, Mecklenburg et al. 2002). Specimens of 254 mm (Miller and Lea 1976,
Mecklenburg et al. 2002) from the Bering Sea represent the maximum known length for
eulachon. Mean lengths of male and female eulachon in the Twentymile and Susitna rivers of
Southcentral Alaska are greater than 200 mm FL (Table A-7), much larger than mean lengths in
rivers further south (Spangler 2002, Spangler et al. 2003). These authors also noted that the
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mean weight of eulachon in the Susitna and Twentymile rivers was greater than in eulachon
spawning in more southern rivers (Spangler 2002, Spangler et al. 2003) (Table A-8).

Moffitt et al. (2002) found mean length of male eulachon on the Copper River to be
significantly longer than females in all years analyzed from 1998 to 2002. There were also
significant differences in length among years for both male and female eulachon from the
Copper River. Male eulachon were also found to be significantly longer and heavier than female
eulachon in the Twentymile River, Alaska, in 2000 and 2001 (Spangler 2002, Spangler et al.
2003). Male eulachon were significantly larger than females in the Kemano River, British
Columbia, and both sexes were significantly longer than eulachon in the nearby Wahoo River
(Lewis et al. 2002).

Length of pelvic and pectoral fins of female eulachon from the Fraser River were both
14.3% of the standard body length, compared to 17.6% for pelvic fins and 15.8% for pectoral
fins in male eulachon (McHugh 1939, Hart and McHugh 1944). By comparison, Langer et al.
(1977) found that lengths of pelvic and pectoral fins of female eulachon in the Nass River were
11.1% and 11.8% of the standard body length, compared to 13.4% for pelvic fins and 12.7% for
pectoral fins in male eulachon. Both sexes of eulachon in the Nass River apparently possess
“relatively smaller fins than do Fraser fish” (Langer et al. 1977, p. 33). Craig (1947, p. 3) stated
that among Columbia River tributaries:

fishermen consistently claim to find larger smelt in the runs comprising the Lewis
and Sandy river populations than those in the Cowlitz River stocks. Such size
variation has been statistically proven sound in 1946 when large samples of fish
were measured from both the Cowlitz and Sandy rivers.

Clarke et al. (2007, p. 1,484) found significant differences in length and weight of
eulachon from five river systems (Columbia, Fraser, Kemano, Skeena, and Copper) and found a
trend towards larger fish in more northerly populations “and the largest fish were from Alaska
and northern British Columbia.” Clarke et al. (2007) suggested that eulachon likely spawn after
reaching a minimum fork length of 160 mm and a body weight greater than 30 g and that these
size thresholds are obtained at an earlier age in southern latitudes and later in the far north.
Available data on eulachon body length and weight from throughout the species’ range are
compiled in Table A-7 and Table A-8, respectively.

Vertebrae meristics

Hart and McHugh (1944) and DeLacy and Batts (1963) attempted to identify stocks of
eulachon based on differences in the number of vertebrae present in adult fish on the spawning
grounds. Hart and McHugh (1944, p. 6) counted vertebrae, which varied from 65 to 72 per fish,
in eulachon samples from the Nass River, Rivers Inlet, Knight and Kingcome inlets, and Fraser
River and found:

the Fraser river run to differ in average vertebral number from the runs to the
more northern parts of the province.... This indicates that mixing between the
runs to the Fraser and more northerly rivers cannot be extensive because, if it
were, any differences in vertebral count would soon be eliminated.
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Similarly, DeLacy and Batts (1963, p. 33) counted vertebrae, which also varied from 65
to 72 per fish, in eulachon samples taken between 1953 and 1962 in the lower Columbia River
and its tributaries and reported that “an indication of heterogeneity was found among eight
collections of smelt made in 1956 from the Cowlitz, Kalama, and Sandy rivers.” Based on these
data, DeLacy and Batts (1963, p. 33) stated that their study found “scant evidence of
heterogeneity in the total Columbia River smelt population;” however, “there is enough
suggestion of heterogeneity to justify further exploration of the possibility that smelt do move to
the spawning grounds in some nonrandom fashion.”

Sexual dimorphism

There are a number of morphological differences between male and female eulachon at
maturity. Mean length is in general longer in males than in females (McHugh 1939, Higgins et
al. 1987, Lewis et al. 2002, Spangler 2002, Spangler et al. 2003, Cambria Gordon 2006).
Although age-2 males were statistically greater in length than the same age females on the Nass
River in 1971, length of age-3 through age-5 fish did not vary between the sexes (Langer et al.
1977). Mean weight of males was statistically greater than that of females in the Twentymile
River, Alaska, in 2000 and 2001 (Spangler 2002, Spangler et al. 2003) and in the Kemano River,
British Columbia, from 1988 to 1998 (Lewis et al. 2002). However, mean lengths and weights
of male and female eulachon in the Fraser River from 1995 to 2001 as reported by Hay et al.
(2002, their Table 3) did not show consistent differences between the sexes. McHugh (1939)
was also unable to detect significant difference in size between males and female eulachon from
the Fraser River.

Males differ from females in having numerous tubercles on the body, head, and fins, and
particularly along the lateral line (McHugh 1939, Hart and McHugh 1944, McAllister 1963,
McPhail and Lindsey 1970, Spangler et al. 2003). In males, “the muscles of the body wall have
undergone considerable development, so that the body wall is considerably thicker, and the
whole fish is more firm and rigid than the female” (McHugh 1939, p. 21). Females are smoother
in appearance with far fewer tubercles and do not possess the mass of muscle along the lateral
line (McAllister 1963, Spangler et al. 2003). The pelvic fins are also larger at the base and
longer in male compared to female eulachon; the ends of the pelvic fins often reach as far
posterior as the level of the anus in males, but are much shorter in females (McHugh 1939, Hart
and McHugh 1944, McAllister 1963, McPhail and Lindsey 1970, Spangler et al. 2003, Cambria
Gordon 2006). Hart and McHugh (1944, p. 4) reported that female eulachon have a more
tapered form than male eulachon. Spangler (2002) found females retained teeth to a greater
degree (84.0-96.9%) than did males (3.4-32.4%) in the Twentymile River, Alaska.

Proximate analysis

The very high fat content of eulachon led many Native American tribal groups in
Southeast Alaska and First Nations in British Columbia, especially to the north of the Fraser
River, to render the fat of the eulachon into oil or “grease” (Kuhnlein et al. 1982, Hay and
McCarter 2000). Several early studies investigated the chemical characteristics of eulachon oil
with regard to its nutritional qualities (Brocklesby and Denstedt 1933, Brocklesby 1941, Bailey
et al. 1952). However, Clark and Clough (1926, p. 505) were the first to publish on the
proximate composition of eulachon flesh and they reported that a single sample of the edible
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portion of fresh eulachon from the Columbia River contained 11.2% fat, 13.2% protein, and
1.4% ash. Although Clark and Clough (1926) studied the composition of Columbia River
eulachon, these results were subsequently republished in Babcock (1927) as typical for British
Columbia. Stansby (1976) found the mean (and range) of percent moisture, oil, protein, and ash
in the raw muscle of 16 eulachon specimens from the Columbia River to be 79.6% (76.5-81.3),
6.3% (4.6-9.0), 14.6% (13.2-15.3), and 1.3% (1.1-1.4), respectively. Stansby’s (1976) data
were also reported in Sidwell (1981).

Whole unprocessed eulachon sampled in Knights Inlet on the British Columbia coast
contained 16.7% fat and 72.3% moisture (Kuhnlein et al. 1996). Mean percent values for
eulachon caught at sea in the Gulf of Alaska were 18.8% oil (as total lipid), 11.9% protein, 1.6%
ash, and 68.1% moisture (Payne et al. 1999). Similar mean values for sea-caught eulachon in the
eastern Bering Sea were 19.9% oil (as total lipid), 12.5% protein, 1.5% ash, and 66.7% moisture
(Payne et al. 1999). Of 14 species of forage fish in the Gulf of Alaska and Bering Sea, eulachon
had the highest oil content (16.8-21.4%) and the lowest moisture content (64.6—70.8%) (Payne
et al. 1997, 1999). No significant differences in composition of eulachon were seen between the
Gulf of Alaska and the Bering Sea when fish of a common size range collected in the same
season of the year were compared (Payne et al. 1999).

In the Gulf of Alaska, eulachon were found to have the lowest mean moisture content
(64%), lowest mean ash content as a percentage of dry mass (4%), highest dry mass energy value
(7.7 kcal/g), and highest wet mass energy value (2.6 kcal/g) among 18 fish and 5 squid species
analyzed (Perez 1994). These energetic values were obtained using bomb calorimetry (Perez
1994). Payne et al. (1999) derived a mean value for eulachon wet mass energy of 2.47 kcal/g
derived from calculations of caloric content using energy coefficients for protein and oil from
Gulf of Alaska eulachon. These eulachon energy values were the highest in relation to moisture
content of the 13 forage fish analyzed (Payne et al. 1999). Similarly, Anthony et al. (2000)
reported that eulachon had the highest mean lipid content (50% of dry mass) among 39 forage
fish species analyzed in the Gulf of Alaska. Eulachon also had a much higher water content as a
percent of wet mass (71%) than would be expected given its high lipid content (Anthony et al.
2000). A sample of 34 eulachon (141-202 mm standard length [SL]) also had the second highest
mean energy density, after northern lampfish (Stenobrachius leucopsarus): 6.5 kcal/g (27.2 kJ/g)
dry mass or 1.8 kcal/g (7.49 kJ/g) wet mass (Anthony et al. 2000).

Iverson et al. (2002) examined fat content and fatty acid composition in 26 species of fish
and invertebrates in Prince William Sound, Alaska. Fat content of 20 eulachon samples taken in
spring were uniformly the highest in fat content and ranged 15-25% fat with a mean value of
19% fat (Iverson et al. 2002). The next highest fat content was found in adult herring, which
ranged 7-20% fat with a mean value of 14% fat (Iverson et al. 2002). Eulachon possessed
unique fatty acid signatures that “differed most from all other finfish, cephalopod, or crustacean
species studied” (Iverson et al. 2002, p. 177). Eulachon in Prince William Sound had “extremely
high levels of 18:1n-9, moderately high levels of 14:0 and 16:1n-7, and extremely low levels of
polyunsaturated fatty acids such as 20:5n-3 and 22:6n-3” (Iverson et al. 2002, p. 177). The
dietary source of this unique fatty acid signature in eulachon is currently unknown (Iverson et al.
2002).
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The apparent differences in fat content between eulachon samples in the Columbia River
(6.3% fat; Stansby 1976), Knight Inlet on the British Columbia coast (16.7% fat, Kuhnlein et al.
1996), and in the Gulf of Alaska (19% fat, Payne et al. 1999, Iverson et al. 2002) likely had a
significant impact on American Indian and First Nations uses for these fish. MacLachlan (1998,
p. 183) stated that:

On the northern coast, eulachon were a major source of oil, but on the Fraser, as
on the Columbia, they were eaten fresh or smoked whole. A difference in oil
content may have been the basis of this difference in use.

Reproduction and Development
Sex Ratio

Many studies have reported that sex ratios in eulachon are either biased in favor of males
(Smith and Saalfeld 1955, Kubik and Wadman 1977, 1978, Franzel and Nelson 1981, Higgins et
al. 1987, Lewis 1997, Lewis et al. 2002, Moffitt et al. 2002, Spangler 2002, Spangler et al. 2003)
or are highly variable depending on time and location of sampling (McHugh 1939, Hart and
McHugh 1944, Langer et al. 1977, Pedersen et al. 1995). On the other hand, Hay and McCarter
(2000) and Hay et al. (2002) report that the ratio of spawning male to female eulachon in their
gill net samples from the Fraser River in 1995-2002 was approximately 1 to 1, with the
exception of 1998 when the sex ratio was 1.7 to 1.

All reports of eulachon sex ratio should be viewed with caution, as proportions of male to
female eulachon have been reported to vary with fishing gear type, distance upriver, distance
from the river shoreline, time of the day, and migration time (McHugh 1939, Langer et al. 1977,
Moffit et al. 2002, Lewis et al. 2002, Spangler 2002, Spangler et al. 2003). Langer et al. (1977,
p. 33) reported that “sex ratios varied with location, within the duration of the run, and between
years in the Nass River.” Lewis (1997) suggested that sex ratios skewed in favor of males may
be due to longer residence time of male eulachon in freshwater compared to females. Moffit et
al. (2002) postulated that as spawning commences, females may avoid the riverbank and disperse
to the center of the river, thus skewing sex ratios calculated from dip net sampling along
riverbanks. Spangler (2002) and Spangler et al. (2003) reported that sampling with different gear
types (gill nets versus dip nets) resulted in different sex ratios in the Twentymile River, Alaska.
However, Franzel and Nelson (1981) reported that fishing gear did not significantly change the
sex ratio of eulachon captured in the Stikine River, Alaska.

Mc Hugh (1939) and Hart and McHugh (1944) reported that the sex ratio varied during
the fishing season in 1939 and 1941 in the Fraser River; males predominated in the early part of
the eulachon run, but in the latter part females came to predominate. A similar situation may
obtain in the Columbia River basin, where WDFW and ODFW (2001, p. 15) stated that analysis
of sex ratios indicated that “female return timing is skewed later than that of males,” although
females never appear to dominate. Pedersen et al. (1995, p. 16) reported that earlier studies in
the Nass River had found “a changing sex ratio during the spawning season,” whereas another
study based on daily monitoring had found 55% males and 45% females. Lewis et al. (2002)
also reported changing sex ratios over the duration of the eulachon run in the Kemano River,
British Columbia; however, there appeared to be two pulses of female returns, and males rather
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than females appeared to dominate the later part of the run. The proportion of males was also
found to increase as the run progressed in 1971 on the Nass River (Langer et al. 1977) and at
Flag Point Channel on the Copper River in 1998 and 2000-2002 (Moffit et al. 2002).

The overall sex ratio reported by Smith and Saalfeld (1955) for the Columbia River basin
was 4.5 males to 1 female. Similarly, Higgins et al. (1987) and Rogers et al. (1990) found a sex
ratio of 3.4 males to 1 female in Fraser River samples collected in April 1986 and Rogers et al.
(1990) reported the ratio to be 5.9 to 1 in 1988. Sex ratios in the early 1930s in Cowlitz River
dip net, Lewis River dip net, and Columbia River gill net samples were 3.2 to 1, 12.3 to 1, and
6.8 to 1, respectively (Smith and Saalfeld 1955). In 1946 sex ratios in commercial fisheries were
10.5 to 1 in the Cowlitz River and 2.8 to 1 in the Sandy River, which may reflect the bias in the
fishery for the more marketable male eulachon (Smith and Saalfeld 1955). Since males
dominate the early part of the run in the Columbia River, they are more prevalent in both the
sport and commercial fisheries, which preferentially target the first fish to return (WDFW and
ODFW 2001).

Sex ratio of male to female eulachon in the Kemano River, British Columbia, ranged
from 1.1 to 1 to 10.7 to 1 with a mean of 4.4 to 1 between 1989 and 1997; however, when
weighted by fish abundance over the duration of the run, the true sex ratio was estimated at 1.6 to
1 (Lewis et al. 2002, p. 72). Males predominated in upriver locations in both 1970 and 1971 in
the Nass River (Langer et al. 1977). However, in the Fraser River the proportion of male to
female eulachon was independent of the distance of upriver capture (along a 31 km gradient)
among April 1986 (Higgins et al. 1987, Rogers et al. 1990) and April/May 1988 (Rogers et al.
1990) samples.

Franzel and Nelson (1981) found that gill net-sampled eulachon in the Stikine River,
Alaska, over two years had a sex ratio of males to females of 17.5 to 1. Eulachon sex ratios on
the Copper River, Alaska, and nearby systems were also dominated by males in all samples
(Moffitt et al. 2002). The percentages of males at Flag Point Channel on the Copper River in
1998, 2000, 2001, and 2002 were 78%, 60%, 72%, and 69%, respectively. At 60-km Channel on
the Copper River in 2002, males represented 61%—85% of the captured eulachon (Moffit et al.
2002). On the Copper River delta, the percentages of males in 1998 and 2000 were 91% and
66%, respectively, in Alaganik Slough and ranged from 82% to 98% in January to February
2001 in Ibeck Creek (Moffit et al. 2002). Eulachon collected in Twentymile River, Alaska, from
May 15 to June 2, 1976, and from April 29 to June 5, 1977, had a cumulative sex ratio of 5 males
to 1 female (n = 204) (Kubik and Wadman 1977) and 7.4 males to 1 female (n = 408) (Kubik and
Wadman 1978), respectively. Sampling by dip net in the Twentymile River resulted in male to
female ratios of 6.7 to 1 in 2000 (n =394) and 2.1 to 1 in 2001 (n = 2,711) (Spangler 2002,
Spangler et al. 2003). Barrett et al. (1984) reported average male to female sex ratios of
prespawning eulachon of 1.6 to 1 in late May 1982, 1.3 to 1 in early June 1982, 1.2 to 1 in mid-
May 1983, and 0.6 to 1 in mid-May and early June 1983. Spawning and postspawning ratios
were higher due to the shorter stream residence time of female eulachon (Barrett et al. 1984).

Smith and Saalfeld (1955, p. 22) first hypothesized “that the type of spawning of smelt
may necessitate an excess of males.” Moffitt et al. (2002, p. 26) postulated that in the case of
eulachon, which broadcast-spawn eggs and sperm in fast moving rivers, “a large number of
males upstream may increase the probability of egg fertilization.” Spangler et al. (2003, p. 46)
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also postulated that a sex ratio skewed in favor of males “may be a key element to successful
spawning” and that “fertilization would increase with more available milt in the water increasing
the probability of eggs being fertilized.” Hay and McCarter (2000, p. 23) stated that spawning
involves groups of fish and eulachons must closely synchronize the timing of spawning between
sexes, because the duration of sperm viability in freshwater is short, perhaps only minutes.
Interestingly, Langer et al. (1977, p. 32) reported on a second-hand observation of spawning in
eulachon, suggesting that a group of males simultaneously released milt upstream of a group of
females that laid their eggs as the milt drifted over the downstream female eulachon. Lewis et al.
(2002, p. 83) observed spawning eulachon in the Kemano River, British Columbia and reported
that:

At night in the riffles, males lay next the females, beside them and on top of them.
We observed small puffs of milt and eggs drifting in the water. We interpret this
behaviour as egg laying behaviour because we had not seen it during the day and
because we examined rocks at the site during daylight hours ... and discovered
eggs adhering to the rocks.

Fecundity

Hart and McHugh (1944) noted that fecundity in the Fraser River ranged about 17,300—
39,600 eggs in female eulachon measuring 145—188 mm SL. Average fecundity was about
25,000 eggs per female (Hart and McHugh 1944, Hart 1973). Smith and Saalfeld (1955, p. 22)
report a fecundity of 20,000-60,000 for female eulachon ranging 140—-195 mm length from the
Columbia River. Both Clemens and Wilby (1967) and McPhail and Lindsey (1970) report
fecundity to be about 25,000 eggs in an average size female. Hay and McCarter (2000) reported
total fecundity range of 20,000-40,000 eggs, the number generally increasing with fish size.
Depending on fish size, fecundity can range 7,000-31,000 eggs on the Columbia River (Parente
and Snyder 1970, WDFW and ODFW 2001).

Mean total fecundity in Fraser River eulachon ranged from a low of about 31,200 to a
high of about 34,100 when estimated between 1995 and 1998 (Hay et al. 2002). Mean relative
fecundity (total fecundity divided by female body weight) of Fraser River eulachon ranged from
a low of 683 eggs/g in 1995 to a high of 898 eggs/g in 1997 (Hay et al. 2002). There are
significant differences in fecundity among years in Fraser River eulachon, which are likely
related to “significant interannual differences in mean size (length and weight)” (Hay et al. 2002,

p. 11).

Mean fecundity of 58 eulachon from the Kitimat River, British Columbia, in 1993 was
about 22,900 eggs with a range of 3,242 to 47,798 (Pedersen et al. 1995). Relative fecundity in
the Kitimat River was calculated at 504 eggs/g female body weight (Pedersen et al. 1995).
Based on 5 years of data, mean eulachon fecundity in Kemano River, British Columbia, was
about 27,000 and ranged 6,744-57,260 eggs. Mean relative fecundity of Kemano River
eulachon over this 5-year data set was 544 eggs/g female body weight (Lewis et al. 2002).

Mean fecundity of eulachon in the Copper River, Alaska, was estimated at about 35,520
(range: 12,202-52,722) in 2000 and 36,200 (range: 18,645-62,855) in 2001 (Moffitt et al. 2002).
From these data, Moffitt et al. (2002) estimated relative fecundity of eulachon from the Copper
River in 2000 and 2001 as 790 and 792 eggs/g female body weight, respectively. Fecundity in
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the Twentymile River, Alaska, ranged from as low as 8,530 to as high as 67,510 and reportedly
increased with increasing length, weight, and age (as determined by otolith increment analysis)
(Spangler 2002, Spangler et al. 2003).

Homing

Smith and Saalfeld (1955, p. 12) examined migration behavior of eulachon in the
Columbia River and its tributaries and stated that:

The so-called “homing instinct,” influencing fish to return as adults to the stream
in which they were hatched, has not been established for smelt. ... The
irregularity of the runs into the various tributaries virtually precludes the existence
of a home tributary influence.

McCarter and Hay (1999) and Hay and McCarter (2000) argue that both the short time
eulachon larvae spend in the natal freshwater environment and their small size would preclude
their ability to imprint on a spawning river. Eulachon larvae are very small, 4-6 mm in length,
weigh only a few mg at hatching, and are flushed into the estuarine environment almost as soon
as they rise into the water column. Hay and McCarter (2000, p. 13) noted that eulachon larvae
are so small that they “may lack the necessary physiological tissue (i.e., olfactory rosette and
associated nervous system memory capacity)” to imprint on the freshwater natal spawning river.
However, eulachon larvae may spend weeks to months in nearby estuarine environments where
they grow significantly in size and may develop the capacity to imprint on large estuaries and
eventually home to these areas as adults (McCarter and Hay 1999, Hay and McCarter 2000).
These considerations would suggest that large river estuaries, inlets, and fjords may serve as the
smallest stock structure unit for eulachon (McCarter and Hay 1999, 2003, Hay and McCarter
2000, Hay 2002, Hay and Beacham 2005).

Spawn Timing

McCarter and Hay (1999, p. 12) emphasized that:

Based on concepts developed from observation of spawning of Pacific salmon,
the timing of [eulachon] spawning runs should be biologically adapted to each
river. If so, and if the same model is applied to eulachons, then each population
would be adapted to each river.

However, several authors emphasize that there is no clear latitudinal (Hay and McCarter 2000,
Cambria Gordon 2006) or other pattern (Hay et al. 2002) apparent in eulachon spawn timing
(Table A-9, Figure 5). Over the whole range of eulachon from northern California to the
southeastern Bering Sea, Hay and McCarter (2000, p. 17) noted that:

the most southern runs (i.e., the California and the Columbia River runs) are
early, beginning in late January, whereas some of the Alaska runs are much later
(May), although not too dissimilar to [eulachon in] the Fraser [River, which run in
April through May].

However, eulachon have been known to spawn as early as January in rivers on the Copper River
delta of Alaska (Moffitt et al. 2002), as late as May in northern California, and from January to
April in various subbasins of the Columbia River (Table A-9, Figure 5, and Figure 6). Analysis
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Figure 5. Duration of reported eulachon spawn timing in various river systems arranged north to south
from left to right on the x-axis. Dates of spawn timing have been converted relative to the day of
the run year beginning on November 1. Numbers above plots indicate the total years of data
available for each system. Data from Barrett et al. (1984, reported in Spangler et al. 2003),
ADFG (1972, 1973, 1974, reported in Spangler et al. 2003), Kubik and Waldman (1977, 1978),
Spangler (2002), Spangler et al. (2003), Morstad (1998, reported in Spangler et al. 2003), Langer
et al. (1977), Lewis et al. (2002), Hay et al. (2003), Shaffer et al. (2007), B. James,* and WDFW
and ODFW (2008).

of spawn timing as a stock identifier in eulachon is also complicated by observed variation in the
duration of spawn timing from year to year, the presence of multiple spawning runs in some

rivers, and observations of eulachon returning earlier in recent years in some systems relative to
historical data (Moody 2008).

California

Historically, eulachon runs in northern California were said to start as early as December
and January and peak in abundance during March and April (Table A-9). Larson and Belchik
(1998, p. 5) reported that:

The timing of the Klamath, Redwood Creek, and Mad River spawning migrations
were similar to the Columbia’s runs, which usually begin in December and
January (S. King, ODFW, pers. comm.). The Klamath run continued until around
May with peak occurrence between March and April.

4B, James, WDFW, Vancouver, WA. Pers. commun., 12 May 2008.
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Figure 6. Box plots of the initial day of river entry in various river systems as reported in local
newspapers (Appendix B and Smith et al. 1953), commercial fishery deliveries (B. James®),
Shaffer et al. (2007), and WDFW and ODFW (2008). Dates of initial river entry or fishery
delivery have been converted to the day of the run year beginning on November 1. Numbers
above plots indicate the total years of data available for each data set.

Similarly, Young (1984) reported on the collection or observation of adult eulachon in the
Klamath River and Redwood Creek in April 1978 and in the Klamath River in March and April
in both 1979 and 1980. Young (1984, p. 62) further stated that eulachon begin their migration in
the Klamath River “in January in small numbers well before the main spawning runs (more than
one may occur) in March and April, and then continuing on a smaller scale.”

5 See footnote 4.
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Columbia River and tributaries

Smith and Saalfeld (1955, p. 24) noted that eulachon “may be found in the Columbia
River between late December and mid-May.” Howell and Uusitalo (2000, p. 3) documented that
historically eulachon migration into the Columbia River “begins in December, peaks in
February, and continues through May.” Bargmann et al. (2005, p. 22) stated that “peak
[eulachon] abundance [in the Columbia River] is usually in February, but may be as late as
April.”

Initial arrival of eulachon in the Columbia River and its tributaries can be estimated from
historical landings data in the commercial fishery (WDFW,° Howell and Uusitalo 2000) (Figure
6). Documented eulachon landings in the Columbia River have occurred as early as December
13 and as late as February 21 with an average date of around January 8 for the years 1949 to
2008, based on data supplied by WDFW.” Based on newspaper accounts of eulachon in the fish
markets of Portland, Oregon, from 1867 to 1923 (Appendix B), the earliest date of appearance of
eulachon in the Portland markets was November 23 and the mean date of initial appearance was
February 12 (Figure 6).

Similarly, documented eulachon landings in the Cowlitz River have occurred as early as
December 13 and as late as March 11 with an average date of around January 25 for the years
1949 to 2008, based on data supplied by WDFW.® Newspaper accounts of initial appearance of
eulachon in the Cowlitz River between 1908 and 1935 were summarized in Smith et al. (1953)
and give the earliest date of January 30. In the Grays River between 1949 and 1985, initial
eulachon landings occurred as early as January 3 with an average initial date of February 20,
based on data supplied by WDFW.’ In the Kalama River between 1950 and 1995, initial
eulachon landings occurred as early as January 14 with an average initial date of April 1, based
on data supplied by WDFW.'? In the Lewis River between 1949 and 1990, initial eulachon
landings occurred as early as January 5 with an average initial date of April 16, based on data
supplied by WDFW. !

WDFW and ODFW (2008) provided the initial arrival dates of eulachon in the Sandy
River, Oregon, for the years 1929 to 2008, although no run was recorded in 48 of the 79 years.
The earliest appearance of eulachon on the Sandy River occurred on January 23 (the next earliest
being February 28) and the latest on April 21, with an average data of initial appearance of about
March 21 (Figure 6). Craig (1947, p. 3) stated that eulachon “runs into the Sandy and Lewis
rivers normally occur later than those in the Cowlitz.” Smith and Saalfeld (1955, p. 13) also
noted that “the Cowlitz fish [appear] in the early part of the season, and the Sandy fish nearly
two months later.” Comparison of average dates of initial landings in the commercial fishery in
the Cowlitz River (January 25) and in the Sandy River (March 21) confirm that a nearly two-
month period separates the average run timing in these two tributaries (Figure 6).

® Statewide eulachon landings database, B. James, WDFW, Vancouver, WA. Pers. commun., 20 June 2008.
7 See Footnote 6.

8 See Footnote 6.

? See Footnote 6.

12 See Footnote 6.

1'See Footnote 6.
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British Columbia

On the mainland coast of British Columbia, earliest eulachon spawning occurs in the far
north in February to early March in the Nass River, and the latest spawning occurs in April and
May in the Fraser River in the far south (Table A-9, Figure 5). This pattern of spawn timing is
reversed from the apparent overall range-wide pattern of eulachon spawning earlier in the south
and later in the north (Hay and McCarter 2000). Early researchers variously stated that eulachon
enter and spawn in rivers in British Columbia “from the middle of March to the middle of May”
(Hart and McHugh 1944, p. 7) or “during March, April, and May” (Clemens and Wilby 1967, p.
123). Hart and McHugh (1944, p. 7) also affirmed that “The time of appearance is fairly
constant from year to year in each locality and the runs are apparently of progressively shorter
duration from south to north.” Similarly, McCarter and Hay (2003, p. 16) noted that:

In some rivers, such as the Kitimat or Kemano, the time of spawning is relatively
early, beginning in early March and in others, such as the Fraser or Klinaklini, the
timing is later, beginning in April or May.

Fraser River—The early journals of Fort Langley, a Hudson’s Bay Company post on the
lower Fraser River, indicate that eulachon were observed in the Fraser River on 28-29 April
1828, 14 April 1829, and 4 May 1830 (MacLachlan 1998) (Appendix C). McHugh (1939)
suggested that the presence of spent fish in the catch indicated that spawning may occur
throughout the two-month period from early April until late May in the Fraser River. Hart and
McHugh (1944) sampled eulachon on the Fraser River 12 April-19 May 1939 and 4 April-8
May 1940. Ricker et al. (1954, p. 1) noted that historically the eulachon fishery operated in the
Fraser River “between the middle of March and the middle of May, from the mouth of the river
up to Mission and Matsqui.” More recently, Hay et al. (2002, p. 20) stated that eulachon enter
the Fraser River “in late March and April to spawn” and Stables et al. (2005) recorded the capture
of eulachon by trawl net in late April and early May of both 2001 and 2002.

Kitimat River—In 1993 eulachon spawned in the lower 4 km of the Kitimat River
March 20-30 (Pedersen et al. 1995). Peak spawning in 1997 occurred March 7-19 (Kelson
1997).

Kemano River—Lewis et al. (2002) reported that eulachon run timing in the Kemano
River extended from late March to early April in 1980 and typically lasted from March 22 to
April 10 between the years 1988 and 1998. Females entered the Kemano River in two distinct
pulses separated in time by from several days up to 10 days (Lewis et al. 2002). Typically the
run duration was about 15 days in the Kemano River, “ranging from 4 to 20 days” and “over the
11 year study [1988—1998] there was a trend for the eulachon run to begin and end earlier”
perhaps in “response to changing sea temperatures” (Lewis et al. 2002, p. 68).

Skeena River—Adult eulachon were present in the Skeena River March 10-20, 1997

(Lewis 1997). Historically, the Skeena River eulachon run was reported to occur between early
February and late March (Lewis 1997).

Nass River—Swan (1881) noted that two spawning runs of eulachon appear in the Nass

River, one that normally begins between March 16 and 22, but sometimes occurs as late as
March 28 to April 4, and a second run that enter the river towards the end of June. Langer et al.
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(1977, p. 45) verified that eulachon typically enter the Nass River in mid-March, peaking in late
March, and the run may extend into mid-April and may consist of “two overlapping spawning
waves.”

Alaska

Moffitt et al. (2002, p. 3) stated that “eulachon enter river systems from January through
early July” in Alaska. Eulachon typically spawn in early April in the Taku River in Southeast
Alaska and may migrate beneath river ice to reach the spawning grounds (Flory 2008b). Franzel
and Nelson (1981) reported that the eulachon run in the Stikine River, Alaska, in 1979 and 1980
occurred in early April soon after spring breakup and lasted for up to 3 to 4 weeks. Marston et
al. (2002, p. 231) reported that eulachon spawning runs in 1995-1997 in the Antler and Berners
rivers in Berners Bay in Southeast Alaska began between May 3—6 and lasted 10—12 days,
“although spent fish or a few late spawners remained in the rivers until the end of May.” More
recently, eulachon have spawned in mid to late April in Berners Bay rivers (Flory 2008a),
spawning 26 April-14 May 2004 in the Antler River in particular (Eller and Hillgruber 2005).

Chilkat and Chilkoot rivers—Krause (1885) indicated that two runs of eulachon
occurred in the Chilkat River region of Southeast Alaska, a February run and a separate run in
late April to mid-May. The later run was characterized as larger in both numbers and individual
fish size (Krause 1885). Mills (1992, p. 8) stated that the main eulachon run occurred “between
mid and late May” on the Chilkat River. Betts (1994, p. 19) reported that both the Chilkat and
Chilkoot rivers supported two runs of eulachon, “a small run in February, and en masse most
commonly in mid-May.” Eulachon harvest on the Chilkat River occurred 1-7 May 1990 and 6—
16 May 1991 (Betts 1994). On the nearby Chilkoot River, harvest occurred 6-9 May 1990 and
9-16 May 1991 (Betts 1994). Betts (1994) also reported that salmon fishwheels on the Chilkat
River caught eulachon 7 May—17 June 1991. Eulachon reportedly spawn in several rivers in the
Yakutat region of Alaska in March to early June (Rogers et al. 1980).

Copper River delta—Eulachon run timing in the Copper River, Alaska, and in nearby
rivers of the Copper River delta is variable, and in many cases two runs separated by weeks to
months have been observed in the same rivers (Moffitt et al. 2002, Joyce et al. 2004) (Table
A-9). Eulachon were observed in the Eyak River on the western Copper River delta 16-23 June
2002, but did not appear in Ibeck Creek in 2002, a tributary of the Eyak (Joyce et al. 2004). In
2003 there were two separate eulachon runs observed in the Eyak River, February 15-22 and
June 9—-13. Eulachon were observed in the tributary Ibeck Creek 28 January—17 March 2001
(Moffitt et al. 2002) and 15 February—1 March 2003 (Joyce et al. 2004). On the central Copper
River delta, eulachon were present in Alaganik Slough as early as 9 February 2001 (Moffitt et al.
2002), 9—16 June 2002, and during two periods in 2003, February 23—26 and May 29 to June 15
(Joyce et al. 2004). In the Copper River itself, eulachon were present as early as May 19 and as
late as May 24 at Flag Point Channel between 1998 and 2002, and the duration of the run lasted
8—14 days (Moffitt et al. 2002). Eulachon were present at Flag Point 20 May—2 June 1998, 19—
28 May 2000, 19-30 May 2001, 24 May—6 June and 1624 June in 2002, and 1-5 March and
17-19 April 2003 (Joyce et al. 2004). Eulachon were also present at 37-mile Bridge on the
Copper River 16-23 June 2003 (Joyce et al. 2004).
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Twentymile River—The eulachon run in the Twentymile River “spanned a period of 25
days between May 13 and June 6” in 1976 (Kubik and Wadman 1977, p. 37) and “44 days from
April 23 to June 5” in 1977 (Kubik and Wadman 1978, p. 54) (Table A-9). Spangler (2002) and
Spangler et al. (2003) cited an additional 7 years of observations in the Twentymile River where
the spawn period ranged 18—54 days. Eulachon were captured in the Twentymile River by dip
nets 4 May—21 June and 17 April-9 June in 2000 and 2001 (Spangler 2002, Spangler et al.
2003). Spangler (2002, p. 27) stated that “the eulachon run lasts over a longer period of time in
the Twentymile River than in any other river for which data are available.” In contrast, other
researchers have stated that the duration of eulachon spawning migrations decreases from south
to north (Hart and McHugh 1944, Scott and Crossman 1973).

Susitna River—Based on the presence of adults, two runs of eulachon were observed on
the Susitna River in Southcentral Alaska in 1982 (May 16-30 and June 1-8) and 1983 (May 10—
17 and May 19 to June 8) (Barrett et al. 1984, Vincent-Lang and Queral 1984). Initial eulachon
run timing likely precedes these early dates for the first run, as fish were present as soon as
sampling was possible following ice breakup in both years (Vincent-Lang and Queral 1984).
Actual spawning occurred on the Susitna River May 21-31 and June 4-9 in 1982, and May 15—
22 and May 23 to June 5 in 1983 (Barrett et al. 1984).

Multiple spawning runs

A number of rivers are reported to have two or even more separate spawning runs of
eulachon, including the Chilkat River (Krause 1885, Betts 1994), Chilkoot River (Betts 1994),
Copper River (Moffitt et al. 2002, Joyce et al. 2004), and Susitna River (Vincent-Lang and
Queral 1984) in Alaska, and the Nass River (Swan 1881, Langer et al. 1977) and Kingcome
River (Berry and Jacob 1998) in British Columbia. Based on adult run timing, Langer et al.
(1977) suggested there could be up to three waves of spawning on the Nass River. Berry and
Jacob (1998, p. 4) reported that there appeared to be four waves of eulachon spawning activity in
the Kingcome River, British Columbia, in 1997, “with peaks on April 2, April 15, April 21, and
May 2.” There may also have been an earlier eulachon spawning event in March and a later one
in early June in the Kingcome River (Berry and Jacob 1998), based on the presence of eggs and
larvae; however, experience in other river systems raises the possibility that some of these eggs
and larvae may have been confused with those of sculpins (cottids) (Kelson 1997). Indications
of eulachon spawning in May and June, based on egg and larval presence, in the Kitimat
(Pedersen et al. 1995), Skeena (Lewis 1997), and other rivers on the central and north coast of
British Columbia are suspect, due to the presence of sculpin larvae in these rivers that may have
been misidentified as eulachon larvae (Kelson 1997).

Semelparity versus Iteroparity

Numerous references (McPhail and Lindsey 1970, Hart 1973, Scott and Crossman 1973,
Samis 1977, Garrison and Miller 1982, Lewis et al. 2002) cite Barraclough (1964) as evidence
that eulachon may be iteroparous. In fact, Barraclough (1964, p. 1,337) noted that the presence
of dead eulachon found in the Columbia and Fraser rivers indicates many die after spawning.
The evidence in Barraclough (1964, p. 1,337) that eulachon may be iteroparous occurs in the
statement that: “spent eulachon in good condition caught by trawlers in the Strait of Georgia off
the mouth of the Fraser River suggest that some eulachon recover after spawning, and may
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spawn a second time.” However, it is uncertain whether the spent eulachon observed at the
mouth of the Fraser River, as reported by Barraclough (1964), recovered and lived long enough
to spawn in a subsequent season. Some additional secondary sources indicate that some
eulachon are iteroparous (WDFW and ODFW 2001, Mecklenburg et al. 2002, LCFRB 2004b).
According to WDFW and ODFW (2001, p. 4), “although adults can repeatedly spawn, most die
after spawning.” Mecklenburg et al. (2002, p. 175) stated that “most [eulachon] die after
spawning, but some survive to spawn once more.”

Earlier authorities (McHugh 1939, Hart and McHugh 1944, Clemens and Wilby 1946,
Ricker et al. 1954, Smith and Saalfeld 1955) reported that eulachon were semelparous (spawn
once in their lifetime and die soon after spawning). McHugh (1939) and Hart and McHugh
(1944) noted that the outer edge of the scales in spawning eulachon in the Fraser River were
resorbed and showed a characteristic clear margin. This region of the scale is commonly called a
spawning mark or spawning check. However, these authors found no eulachon with a previous
year’s spawning check and “concluded that none of the fish examined had spawned in a previous
year” (McHugh 1939, p. 21). Similarly, Langer et al. (1977, p. 39) stated that “since no
spawning checks were noted on any scales from the Nass River, repeat spawning is probably
minor or nonexistent on the Nass.” Eulachon in the Kemano River also showed no evidence of
spawning checks on the otoliths (Lewis et al. 2002). Smith and Saalfeld (1955, p. 25) reported
that:

All available evidence indicates that smelt die after one spawning. In all
spawning studies where live smelt were allowed to spawn in the confines of [a]
hatchery trough, death followed extrusion of the spawn. In addition, commercial
fisherman, who fish in the Columbia River after the smelt run, report the
tremendous abundance of dead smelt on the river bottom.

The evidence is strong that most, if not all, eulachon in the southern portion of the range
(south of about 54°N latitude) are semelparous (Hay and McCarter 2000, Hay 2002, Hay et al.
2002, 2003), “although there may be some iteroparity (survive spawning) at higher latitudes, in
Alaska” (Hay et al. 2003, p. 2). Hay et al. (2002, 2003) presented three lines of evidence for
semelparity in eulachon from British Columbia: 1) direct observation of postspawning mortality
in the form of beached and floating carcasses in many rivers, 2) only eulachon with well
developed teeth are found at sea, whereas all spawning eulachon observed in the Fraser River
have undergone substantial tooth loss and resorption, and 3) the largest size class of eulachon in
British Columbia are found in rivers during the spawning runs and are much larger than any
eulachon caught anywhere in the nearby ocean. However, retention of teeth in significant
numbers of spawning eulachon in the Twentymile River, Alaska (Spangler 2002, Spangler et al.
2003), indicates that some of these fish may survive spawning, return to the sea, and begin
feeding again. Teeth retention rates in spawning eulachon in the Twentymile River were 84%
and 97% for females, and 3% and 32% for males in 2000 and 2001, respectively (Spangler 2002,
Spangler et al. 2003).

Although age determination in eulachon has not been validated (see above discussion in
the Age Composition subsection, p. 35), Lewis et al. (2002) examined age composition as
estimated from otolith increments of prespawning eulachon captured in a fishery and
postspawning carcasses on the Kemano River and reported that the carcass sample had:
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a greater proportion of fish age 5 years [than did the prespawning sample] (31%
versus 21%) and a lower proportion age 3 (18% versus 41%) and 4 years (51%
versus 38%). Based on these data, we reject the null hypothesis that Kemano
River eulachon are semelparous.

However, Clarke et al. (2007) reported that the pattern of seasonal oscillations in barium and
calcium deposited in eulachon otoliths (see discussion in Age Composition subsection on page
36) and the lack of a freshwater strontium signal in otoliths of spawners indicate that eulachon
are semelparous. Comparison of length frequencies of eulachon at sea and in the Kemano River
also indicate that Kemano River eulachon are semelparous, and are estimated to spawn at age 3
(Clarke et al. 2007). Otoliths of eulachon that had spawned in freshwater in a previous season
would be expected to show a corresponding decrease in the strontium to calcium ratio
representative of this time spent in freshwater; however, this was not evident in otolith samples
from any of five river systems (Clarke et al. 2007). Strontium to calcium ratios are much higher
in bony structures of fish secreted while in the marine compared to freshwater environment, have
been used to detect migration of fish between these two environments in many studies, and can
detect exposure to freshwater conditions of as little as 6 hours. This study “supports the
hypothesis that [eulachon] are semelparous” (Clarke et al. 2007, p. 1,490).

Spawn Behavior
Selection of spawn substrate

Eulachon eggs were reportedly preferentially laid on sand in both the Fraser (McHugh
1940, Hay et al. 2002) and Nass rivers (Langer et al. 1977). Eggs were primarily found attached
to pea-sized gravel and only secondarily on sand in the Columbia River (Smith and Saalfeld
1955). Eggs laid in areas of silt or organic debris reportedly suffer much higher mortality than
those laid over sand or gravel (Langer et al. 1977). Although eulachon eggs are most commonly
laid on a sand substrate, eggs have been found on silt, gravel to cobble—sized rock, and organic
detritus (Smith and Saalfeld 1955, Langer et al. 1977, Vincent-Lang and Queral 1984, Lewis et
al. 2002).

Estuary spawning

Based on movements of adult eulachon tracked with gastrically implanted radio tags in
the Twentymile River, Spangler (2002) and Spangler et al. (2003) speculated that a portion of the
eulachon population in this river may have spawned in the estuary. Some tagged fish moved in
and out of the lower river and did not move upstream of the tagging site. Spangler et al. (2003,
p. 52) stated that “if fish are capable of spawning in the estuary, larval sampling [and thus
abundance estimation methodology] could be missing a segment of the population leading to
erroneous results.” However, Armstrong and Hermans (2007, p. 4) cite an unpublished study
indicating that eulachon egg survival is reduced on exposure to salinities of 16 ppt and greater,
and thus successful spawning in estuarine salinities greater than this is unlikely.

Spawn migration

According to Spangler et al. (2003, p. 2), “There are no consistently reported
environmental factors known to influence spawning run timing of adult eulachon throughout
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their range.” These factors include water temperature, tide height, and river discharge rates
(Spangler 2002, Spangler et al. 2003). However, both water temperature and river discharge rate
are cited as factors that may initiate upriver migration of eulachon in local river basins (Ricker et
al. 1954, Smith and Saalfeld 1955, Langer et al. 1977).

Spawn temperature

It is apparent that “the temperature at which eulachon spawning runs commence varies by
geographic area” (Spangler 2002, p. 71); however, a clear pattern is not readily discernible.
Columbia River eulachon are reported to spawn at temperatures between 4°C and 10°C and that
the spawning migration is inhibited at temperatures less than 4°C (WDFW and ODFW 2001). In
2001, most eulachon avoided the Columbia River until mid-February when the temperature rose
above 4°C (Howell et al. 2001). Spawning in the Fraser River reportedly occurs “at temperatures
exceeding 6 or 7°C whereas temperatures in northern rivers, which sometimes are ice covered
during spawning, are much lower” (Hay et al. 2003, p. 2). Mean, minimum, and maximum
water temperatures during spawning in the Kemano River in March-April between 1992 and
1998 were 3.1°C, 1.1°C, and 6.5°C, respectively (Lewis et al. 2002). Langer et al. (1977, p. 18)
reported that “1971 temperature records from the Nass [River] indicated that peak [eulachon]
migration was occurring at temperatures as low as 0—1°C.” During the 8-day peak eulachon
migration in the Nass River in 1971, the mean daily water temperature ranged from 0.3 to 2.0°C
(Langer et al. 1977, their Table 6). Temperature at the onset of the eulachon run in the
Twentymile River, Alaska, ranged 2.8—6.0°C (Spangler 2002, Spangler et al. 2003); however,
over the entire spawning run temperatures varied “from 1.6°C to 12.7°C in 2000 and from 0.5°C
to 10.7°C in 2001 (Spangler et al. 2003, p. 28). Eulachon spawned in the Susitna River, Alaska,
in 1982 and 1983 when temperatures ranged about 6—11°C (Barrett et al. 1984, Vincent-Lang
and Queral 1984).

Spawning under ice

Swan (1881, p. 260) stated that eulachon arrive in the Nass River “about the time the ice
begins to break up” and that in “some years the ice remains solid until after the fish are caught, in
which case holes have to be cut in the ice to put down the nets.” Langer et al. (1977, p. 43)
documented this under-ice eulachon fishery on the Nass River in 1969 and stated that “adult
migration occurs at colder river temperatures than previously recorded.” Hay and McCarter
(2000) also noted that spawning may occur under the ice in some northern British Columbia
rivers. Eulachon reportedly migrate, and presumably spawn, under the ice on the Unuk River in
Southeast Alaska, and this under-ice migratory behavior may have also occurred in the past on
the Twentymile River in Southcentral Alaska (Spangler 2002, Spangler et al. 2003). Flory
(2008b) reported that in April 2006 on the Taku River in Southeast Alaska, “eulachon schools
were observed up river [before ice break up], indicating the fish moved underneath the ice [to]
access spawning grounds (E. Jones, pers. comm.).”

Spawning at night or under low light levels

Several authors indicate that eulachon mainly spawn at night (Smith and Saalfeld 1955,
Parente and Snyder 1970, Lewis 1997) or under low light conditions (Spangler 2002), and this
has been suggested as possible predator avoidance behavior (Spangler et al. 2003). Smith and
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Saalfeld (1955) reported that captive eulachon always deposited eggs at night, and when partially
spent eulachon were captured at night in the Cowlitz River, freshly deposited eggs were sampled
on the river bottom the next morning. Lewis et al. (2002, p. 74) reported that “female eulachon
migrated into the [Kemano] river to spawn in darkness on high tides, retreating by day to the
lower river” and that egg drift was greatest at night in the Kemano River.

Tidal level during spawning

Periods of low river discharge and high tides are associated with peak adult eulachon
migration in both the Nass River, British Columbia (Langer et al. 1977), and the Twentymile
River, Alaska (Spangler 2002, Spangler et al. 2003). Higgins et al. (1987, p. 6) were unable to
discriminate between interacting effects of light and tide on eulachon migration in the Fraser
River but did note that fishing success was best “at dusk on the high slack tide.” Lewis et al.
(2002) also suggested that eulachon spawning may be tied to nighttime high tides, and noted that
“higher tides reduced water velocity, allowing eulachon to swim further upstream.”

Flow velocity and depth during spawning

In the Kemano River, British Columbia, eulachon preferred water velocities from 0.1 to
0.7 m/s (Lewis et al. 2002). Earlier studies on Kemano eulachon indicated that many eulachon
are unable to maintain long-term position in the stream at flow velocities greater than 0.3 m/s
(Lewis et al. 2002). In the Susitna River, Alaska, “water velocities ranging from 0.5 to 2.5 feet/s
[0.2—0.8 m/s] are most commonly utilized for spawning” (Vincent-Lang and Queral 1984, p. 5).

McHugh (1940) found the heaviest concentration of eulachon eggs in the Fraser River at
a depth of 25 feet (7.6 m). Likewise, Langer et al. (1977) reported eggs to be more abundant at
depths greater than 4 m than in shallower waters in the Nass River, British Columbia. In the
Columbia River, larval eulachon were recovered in waters from 3 inches (0.1 m) to more than 20
feet (6.1 m) in depth and spent adults have been caught as deep as 75 feet (22.9 m) (Smith and
Saalfeld 1955). However, eulachon may live long enough after spawning to be swept far
downstream from the spawning grounds, so the presence of spent eulachon may not indicate that
spawning occurred in the vicinity. In the Kemano River, British Columbia, eulachon preferred
depths between 0.5 and 2.3 m, but used available habitat from 0.2 to more than 4 m in depth
(Lewis et al. 2002). In the Susitna River, Alaska, “depths ranging from 0.5 to 3.0 feet [0.2-0.9
m] are most commonly utilized for spawning” (Vincent-Lang and Queral 1984, p. 5).

Trophic Interactions
Diet

Larval and juvenile eulachon are planktivorous (WDFW and ODFW 2001). Barraclough
(1967) and Robinson et al. (1968b) examined stomach contents of larval (5—15 mm FL) eulachon
caught in surface trawls in the Strait of Georgia in early June of 1966 and 1967, respectively.
Although 5-8 mm FL larvae still possessed a yolk sac, larvae as small as 6 mm FL had fed on
copepod nauplii. Other stomach contents of larval (<15 mm FL) eulachon in the Strait of
Georgia included phytoplankton, centric diatoms, copepod metanauplii, copepod eggs, barnacle
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eggs, rotifers, cladocerans (Podon sp.), ostracods, and polychaete larvae (Barraclough 1967,
Robinson et al. 1968b).

Barraclough (1967), Barraclough and Fulton (1967), and Robinson et al. (1968a, 1968b)
examined stomach contents of postlarval and juvenile (20—69 mm FL) eulachon caught in
surface trawls in the Strait of Georgia in early June 1966, July 1966, May 1967, and June 1967.
Stomach contents of eulachon in the Strait of Georgia included phytoplankton, barnacle eggs,
barnacle nauplii, copepod eggs, copepod nauplii, copepods (Pseudocalanus sp., Acartia
longiremis, Acartia sp., Microcalanus pygmaeus, Calanus sp.), cladocerans, ostracods, mysiids,
larvaceans (Oikopleura sp.), and in one case a larval eulachon (Barraclough 1967, Barraclough
and Fulton 1967, Robinson et al. 1968a, 1968b). Larger specimens of eulachon (91-157 mm
FL) collected in the Strait of Georgia had consumed barnacle eggs, copepods (Pseudocalanus
sp., Acartia longiremis, Calanus sp.), cladocerans, and gammaridean amphipods (Robinson et al.
1968a, 1968b).

Smith and Saalfeld (1955, p. 12) stated that the only recognizable prey found in stomachs
of adult eulachon captured off Washington in 1948 were abundant “remains of the cumacean,
Cumacea dawsoni.” Other authorities have reported that juvenile and adult eulachon eat
primarily “euphausiids and copepods” (Hart 1973, p. 149) or “euphausiids, crustaceans, and
cumaceans” (Scott and Crossman 1973, p. 323). Hay (2002, p. 100) stated that “eulachon
stomachs from offshore waters indicate that [they] mainly consume the euphausiid Thysanoessa
spinifera.” Yang et al. (2006) examined the stomach contents of 39 eulachon from a single haul
in the Gulf of Alaska in 2001 that ranged in size from 160 to 210 mm FL. Food items and their
percent of total stomach content weight included mysids (2.7%), cumaceans (2.1%), hyperiid
amphipods (5.9%), the euphausiid T. inermis (25.8%), other euphausiids (40.8%), larvaceans
(1.7%), teleost fish (13.8%), undetermined fish remains (2.6%), and unidentified material (4.6%)
(Yang et al. 2006).

Predators
Marine mammals

Numerous pinnipeds prey on eulachon both at sea and during eulachon spawning runs,
including: 1) Stellar sea lions (Eumetopias jubatus) (Beach et al. 1981, 1985, Jeffries 1984, Bigg
1988, Marston et al. 2002, Womble 2003, Sigler et al. 2004, Womble and Sigler 2006, Womble
et al. 2005, 2009), 2) California sea lions (Beach et al. 1981, 1985, Bowlby 1981, Jeffries 1984),
3) northern fur seals (Callorhinus ursinus) (Clemens et al. 1936, Spalding 1964, Antonelis and
Fiscus 1980, Antonelis and Perez 1984), and 4) harbor seals (Fisher 1947, 1952, Spalding 1964,
Pitcher 1980, Beach et al. 1981, 1985, Bowlby 1981, Jeffries 1984, Roffe and Mate 1984,
Olesiuk 1993, Marston et al. 2002). Other nonpinniped marine mammal predators on eulachon
include baleen whales, beluga whales (Delphinapterus leucas) (Moore et al. 2000, Rugh et al.
2000, Speckman and Piatt 2000), humpback whales (Megaptera novaeangliae) (Marston et al.
2002, Witteveen et al. 2004), killer whales (Orcinus orca), harbor porpoises (Phocoena
phocoena) (Jeffries 1984), Dall’s porpoises (Phocoenoides dalli) (Kajimura et al. 1980, Stroud et
al. 1981, Jeffries 1984), and white-sided dolphins (Lagenorhyncus obliquidens) (Morton 2000).
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Birds

Numerous authors (WDFW and ODFW 2001, Spangler 2002, Willson and Marston 2002,
Marston et al. 2002, Maggiulli et al. 2006) report large numbers of gulls (Larus spp.), terns
(Sterna spp.), ducks (Anatidae), bald eagles (Haliaeetus leucocephalus), shorebirds
(Scolopacidae), corvids, and other birds feeding on live and dead eulachon during spawning
events. Documented bird predators on spawning aggregations of eulachon in various river
systems are summarized in Table A-10.

Ormseth et al. (2008, their Table 2) listed the estimates of eulachon contribution to
seabird diets (percent weight of eulachon in the predator’s diet) based on a mass-balance
ecosystem model derived from predator diet data in the Gulf of Alaska for the following birds:
kittiwakes (Rissa spp.) (4.3%), murres (Uria spp.) (3.0%), puffins (Fratercula spp.) (6.1%),
cormorants (Phalacrocorax spp.) (3.0%), gulls (Larus spp.) (8.2%), shearwaters (Puffinus spp.)
(5.0%), and albatross/jaeger (3.5%).

Fish

Numerous fish species have been recorded as consuming eulachon, including spiny
dogfish (Squalus acanthias) (Chatwin and Forrester 1953, Jones and Geen 1977), green sturgeon
(Acipenser medirostris) (Fry 1979), Pacific cod (Gadus macrocephalus) (Hart 1949, Yang 1993,
Yang and Nelson 2000, Yang et al. 2006), walleye pollock (Yang 1993, Yang and Nelson 2000,
Yang et al. 2006), Pacific halibut (Hippoglossus stenolepis) (Scott and Crossman 1973, Yang
1993, Yang and Nelson 2000, Yang et al. 2006), sablefish (Yang 1993, Buckley et al. 1999,
Yang and Nelson 2000, Yang et al. 2006), Pacific hake (Alton and Nelson 1970, Outram and
Haegele 1972, Livingston 1983, McFarlane and Beamish 1985, Rexstad and Pikitch 1986,
Buckley and Livingston 1997, Buckley et al. 1999), rougheye rockfish (Sebastes aleutianus)
(Yang and Nelson 2000), and arrowtooth flounder (Atheresthes stomias) (Kabata and Forrester
1974, Yang 1993, Buckley et al. 1999, Yang and Nelson 2000, Yang et al. 2006).

Larval and juvenile eulachon have also been reported to be the occasional prey of Pacific
herring, surf smelt, Pacific sand lance, kelp greenling (Hexagrammos decagrammus), threespine
stickleback (Gasterosteus aculeatus), steelhead (Oncorhynchus mykiss), Chinook salmon (O.
tshawytscha), sockeye salmon (O. nerka), coho salmon (O. kisutch), chum salmon (O. keta), and
pink salmon (O. gorbuscha) salmon in the Strait of Georgia (Barraclough 1967, Barraclough and
Fulton 1967, Robinson et al. 1968b). Juvenile white sturgeon (Acipenser transmontanus) in the
Columbia River are known to consume large quantities of eulachon eggs during spawning events
(McCabe et al. 1993). Marston et al. (2002) reported that coho salmon and Dolly Varden
(Salvelinus malma) may also feed on eulachon eggs and larvae. In addition, juvenile eulachon
may occasionally consume larval eulachon (Barraclough 1967, p. 26).

Other predators
Marston et al. (2002) noted that terrestrial mammals such as bears (Ursus spp.), wolves

(Canis lupus), river otters (Lontra canadensis), and mink (Mustela vison) likely prey on
eulachon either during or after spawning events.
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Parasites

Compilations of parasites and fish hosts in British Columbia (Margolis and Arthur 1979,
Kabata 1988, McDonald and Margolis 1995, Gibson 1996) listed two trematodes (Pronoprymna
petrowi and Lecithaster gibbosus), a cestode (Phyllobothrium sp.), a nematode (Contracaecum
sp.), and a parasitic pennellid copepod (Haemobaphes disphaerocephalus) as known parasites on
culachon. The trematode L. gibbosus was found in stomachs of juvenile eulachon collected in
the Strait of Georgia with 29-59 mm FL (Robinson et al. 1968a, 1968b, Barraclough 1967).
Similarly, the trematode P. petrowi was found in the stomachs of juvenile eulachon collected in
the Strait of Georgia with 32-38 mm FL (Barraclough 1967). Arai (1967, 1969) reported the
trematode L. gibbosus, a larval cestode Phyllobothrium sp, and a larval nematode Contracaecum
sp. in eulachon from Burke Channel, an inlet on the south mainland coast of British Columbia.
Hoskins et al. (1976) reported the occurrence of the parasitic copepod Haemobaphes diceraus on
a eulachon host, from Port Hardy on Vancouver Island, British Columbia. Kabata (1988) and
McDonald and Margolis (1995) described another pennellid copepod (H. disphaerocephalus) as
parasitic on eulachon from British Columbia. Kabata (1988) noted that the report of H. diceraus
infecting eulachon by Hoskins et al. (1976) occurred before H. disphaerocephalus was described
as a separate species. The pennellid copepods in the genus Haemobaphes attach themselves
headfirst to the bulbous arteriosus of the host fish with the body protruding from the gill arch
(McDonald and Margolis 1995).

Information Relating to the Species Question
Approaches to Addressing Discreteness and Significance

The BRT considered several kinds of information to delineate potential DPS structure in
eulachon. To address the discreteness criteria, the BRT primarily considered patterns of genetic
variation among eulachon sampled from various locations along the coast, patterns of variation
in life history and morphology, and ecological and environmental differences between eulachon
populations. Comparison of spawning distribution, spawn timing, meristic variation in vertebral
counts, elemental analysis of otoliths, and genetic variation have also been cited as evidence for
stock discrimination in eulachon (Hay and McCarter 2000, Beacham et al. 2005, Hay and
Beacham 2005). For the significance criteria, the BRT focused primarily on ecological
differences among populations and on whether loss of such populations would create a
significant gap in the range of the species.

Life history and morphology

Isolation between populations may be reflected in several variables, including differences
in life history variables (e.g., spawning timing, seasonal migrations), spawning location, parasite
incidence, growth rates, morphological variability (e.g., morphometric and meristic traits), and
demography (e.g., fecundity, age structure, length and age at maturity, mortality rates), among
others. Although some of these traits may have a genetic basis, they are usually also strongly
influenced by environmental factors over the lifetime of an individual or over a few generations.
Differences can arise among populations in response to environmental variability among areas
and can sometimes be used to infer the degree of independence among populations or
subpopulations. Begg et al. (1999) have emphasized the necessity to examine the temporal
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stability of life history characteristics in order to determine whether differences between
populations persist across generations.

Persistence of spawn location and spawn timing

Eulachon generally spawn in rivers that are glacier fed or have peak spring freshets. It
has been argued that the rapid movement of eggs and larvae by these freshets to estuaries makes
it likely that eulachon imprint and home to an estuary into which several rivers drain rather than
to individual spawning rivers (McCarter and Hay 1999, Hay and McCarter 2000). Thus the
estuary has been invoked as the likely geographic stock unit for eulachon (McCarter and Hay
1999, 2003, Hay and McCarter 2000, Hay 2002, Hay and Beacham 2005) (Table A-1).

Variation in spawn timing among rivers has been cited as indicative of local adaptation in
eulachon (Hay and McCarter 2000), although the wide overlap in spawn timing and river entry
timing among rivers makes it difficult to discern distinctive geographic patterns in this trait. In
general, eulachon spawn earlier in southern portions of their range than in rivers to the north.
River entry and spawning begins as early as December and January in the Columbia River
system and as late as June in Southcentral Alaska (Table A-9, Figure 5, and Figure 6). However,
they have been known to spawn as early as January in rivers on the Copper River delta of Alaska
and as late as May in northern California. The general spawn timing pattern is reversed along
the coast of British Columbia, where the earliest spawning occurs in the Nass River in the far
north in February to early March and the latest spawning occurs in the Fraser River in April and
May in the far south (Table A-9, Figure 5). There is also some evidence that different waves or
runs of eulachon may occur in some basins, based on run-time separation (Table A-9).

These differences in spawn timing result in some populations spawning when water
temperatures are as low as 0-2°C, and sometimes under ice (Nass River, Langer et al. 1977),
whereas other populations experience spawning temperatures of 4—7°C (Cowlitz River, Smith
and Saalfeld 1955) (Table A-11).

Morphology

Differences in the mean number of vertebrae in eulachon from northern and southern
rivers in British Columbia have been cited as indicative of population separation (Hart and
McHugh 1944, Hay and McCarter 2000), although no differences were evident in population
means between the Fraser and Columbia rivers (Hay and McCarter 2000) (Figure 7). However,
meristic differences such as these can vary with environmental conditions and it is impossible to
determine the underlying causes of these differences from the available data. It has often been
shown that the number of vertebrae formed during early development is subject to modification
by temperature such that the average vertebral number in fish populations is greater in the
northern versus the southern portion of the range and the mean vertebral number in a population
may also vary from year to year within a population (McHugh 1954, Waldman 2005). In
addition, morphometric and meristic differences between groups of fish are often subtle and
relating such differences to a specific degree of isolation among populations can be difficult.
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Figure 7. Comparison of mean and standard deviations of eulachon vertebral counts in various rivers.
Data from DelLacy and Batts (1963) for the Columbia River, its tributaries, and Chignik Lake.
Data from Hart and McHugh (1944) for rivers in British Columbia.

Coastwide, there appears to be an increase in both mean length and weight of eulachon at
maturity with an increase in latitude (Table A-7, Table A-8, and Figure 8). Mean eulachon fork
length and weight at maturity range from upwards of 215 mm and 70 g in the Twentymile River
in Alaska to 175 mm and 37 g in the Columbia River. Although eulachon obtain a larger body
size in the northern portion of their range compared to populations in the south, this relationship
may be somewhat obscured by problems associated with the ageing of this species (Hay and
McCarter 2000). Most Pacific herring also exhibit a latitudinal cline in mean size-at-age, such
that Pacific herring in southern locations (e.g., California) exhibit small size and Pacific herring
in the north (e.g., Bering Sea) obtain a far larger size at a similar age (Stout et al. 2001a,
Gustafson et al. 2006). This pattern is typical of many vertebrate ectotherms where higher
rearing temperatures result in reduced size at a given stage of development (Lindsey 1966,
Atkinson 1994).

Otolith chemistry

Hay and McCarter (2000) and Hay and Beacham (2005) reported on attempts to use
differences in the elemental makeup of eulachon otoliths (earbones) to detect stock structure
among various rivers on the coast of British Columbia. Significant variation occurred in the
elemental analysis associated with the date of the laboratory elemental analysis. Despite these
sources of potential error, the results indicated that there were differences in the elemental
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Figure 8. Length-weight relationship of eulachon from various rivers. Standard linear regressions fit the
data to lines for each population that has multiple observations. Standard lengths and total
lengths have been converted to fork length using equations published in Buchheister and Wilson
(2005).

composition of eulachon otoliths over a broad geographic range, but that “clemental analysis was
not useful to distinguish between closely adjacent stocks” (Hay and Beacham 2005, p. 10).

Age composition

Age determination of eulachon has been difficult to validate and estimates of age based
on otolith or scale increments may not be accurate (Ricker et al. 1954, Hay and McCarter 2000).
However, in general, studies using otolith aging techniques have concluded that some eulachon
spawn at age 2 or age 5, but most are age 2 or age 3 at spawning (Willson et al. 2006). Recently,
Clarke et al. (2007) pioneered a method to estimate eulachon age at spawning from analysis of
variations in barium and calcium in the otoliths. This study indicated that age structure of
spawners in the southern areas may be limited to one, or at most, two year classes (Clarke et al.
2007). According to Clarke et al. (2007):

The number of Ba:Ca peaks measured in the eulachon populations varied;
eulachon captured in Barkley Sound, located off the west coast of Vancouver
Island (ocean), had 1.5 and 2.5 peaks, Fraser River eulachon were all
characterized by 3 peaks, and Columbia River eulachon exhibited 2 or 3 peaks.
All of the fish in the Kemano and Skeena rivers examined were characterized by 3
peaks in Ba:Ca with the exception of two Skeena River fish that had 4 peaks.

Fish collected from the Copper River in Alaska had 3 or 4 peaks. The number of
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peaks in Ba:Ca observed in eulachon otoliths increased with increasing latitude,
suggesting that the age at maturity is older for northern populations.

Genetic differentiation

The analysis of the geographical distribution of genetic variation is a powerful method of
identifying discrete populations. In addition, such analysis can sometimes be used to estimate
historical dispersals, equilibrium levels of migration (gene flow), and past isolation. Commonly
used molecular genetic markers include protein variants (allozymes), microsatellite loci (variable
numbers of short tandem DNA repeats), and mtDNA.

One widely used method of population analysis is sequence or restriction fragment length
polymorphism (RFLP) analysis of mtDNA, which codes for several genes that are not found in
the cell nucleus. mtDNA differs from nuclear DNA (nDNA) in two ways. One way is that
recombination is lacking in mtDNA, so that gene combinations (haplotypes) are passed unaltered
from one generation to the next, except for new mutations. A second way is that mtDNA is
inherited from only the maternal parent in most fishes, so that gene phylogenies correspond to
female lineages. These characteristics permit phylogeographical analyses of mtDNA haplotypes,
which can potentially indicate dispersal pathways for females and the extent of gene flow
between populations (Avise et al. 1987). Although the lack of recombination allows for some
types of analysis that are difficult to conduct with other markers (e.g., microsatellites), inferences
of population structure (or lack thereof) from mtDNA are limited by the fact that the entire
mitochondrial genome is inherited genetically as a single locus. Mitochondrial studies are
therefore most useful for detecting deep patterns of population structure, and may not be very
powerful for detecting structure among closely related populations.

Microsatellite DNA markers can potentially detect stock structure on finer spatial and
temporal scales than can other DNA or protein markers, because of higher levels of
polymorphism found in microsatellite DNA (reflecting a high mutation rate). Relatively high
levels of variation can increase the statistical power to detect stock structure, particularly among
closely related populations. In addition, microsatellite studies usually involve analysis of
multiple genetic loci, which increases the power to detect differentiation among populations.

The BRT reviewed four published genetic studies of genetic population structure in
eulachon. One of these studies (McLean et al. 1999) used RFLP analysis to examine variation in
mtDNA. The other studies (McLean and Taylor 2001, Kaukinen et al. 2004, Beacham et al.
2005) analyzed microsatellite loci. Additional detail on two of these studies can be found in
McLean (1999).

McLean et al. (1999) examined mtDNA variation in two fragments (each containing two
genes NADH-5/NADH-6 and 12S/16S rRNA) in 285 eulachon samples collected at 11
freshwater sites ranging from the Columbia River to Cook Inlet, Alaska, and also in 29 ocean-
caught fish captured in the Bering Sea. Samples were taken at two sites (Columbia and Cowlitz
rivers) in two years and all other locations were sampled in single years. Overall, 37 mtDNA
composite haplotypes were observed in the study. Two haplotypes were found in all sampling
locations and together accounted for approximately 67% of the samples in the study. Eight
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additional haplotypes were present at multiple sites and the remaining 27 haplotypes were
“private” (found only in one location).

An analysis of the nucleotide substitutions separating the 37 haplotypes revealed that the
haplotypes were all closely related, with the number of substitutions ranging between 1 and 13.
The mtDNA haplotypes clustered into two major groups and the frequencies of the two
haplotype groups differed among sampling sites, particularly in the Alaska and Bering Sea
collections compared to samples from further south, although these differences were not
statistically significant. Approximately 97% of mtDNA variation occurs within populations and
about 2% is found among regions (Fst = 0.023). McLean et al. (1999) also found that genetic
distance among sampling locations was correlated with geographic distance (r*= 0.22, P =
0.0001). Based on these results, McLean et al. (1999) concluded that there was little genetic
differentiation among distinct freshwater locations throughout the eulachon range. However,
McLean et al. (1999) noted that association of geographic distance and genetic differentiation
among eulachon populations suggested an emerging population subdivision throughout the range
of the species.

In a later study, McLean and Taylor (2001) used five microsatellite loci to examine
variation in the same set of populations as McLean et al. (1999). The populations in the
Columbia and Cowlitz rivers were represented by 2 years of samples with a total sample size of
60 fish from each river. However, several populations were represented by very few samples
including just 5 fish from the 3 rivers in Gardner Canal and just 10 fish from the Fraser River.
Results from a hierarchical analysis of molecular variance test were similar to that of the
McLean et al. (1999) mtDNA study, with 0.85% of variation occurring among large regions and
3.75% among populations within regions.

Tests of differentiation were significant among several pairs of populations in the
microsatellite study (27% of tests after correction for multiple comparisons), particularly
comparisons that included populations in the Columbia and Cowlitz rivers and those with the
Nass River sample and samples taken further south. Fsr (a commonly used metric to evaluate
population subdivision) was estimated as 0.047 when sample sites were considered separately,
and was significantly different from zero. In contrast to the mtDNA analysis, genetic distances
among populations using these five microsatellite loci were not correlated with geographic
distances. Overall, however, McLean and Taylor (2001) concluded that their microsatellite
results were mostly consistent with the mtDNA findings of McLean et al. (1999) and that both
studies indicated that eulachon have some degree of population structure.

The most extensive study of eulachon, in terms of sample size and number of loci
examined, is that of Beacham et al. (2005). Beacham et al. (2005) examined microsatellite DNA
variation in eulachon collected at 9 sites ranging from the Columbia River to Cook Inlet, Alaska,
using the 14 loci developed by Kaukinen et al. (2004). Sample sizes per site ranged from 74 fish
in the Columbia River to 421 from the Fraser River. Samples collected in multiple years were
analyzed from populations in the Bella Coola and Kemano rivers (2 years of sampling) and also
in the Nass River (3 years of sampling).

Beacham et al. (2005) observed much greater microsatellite diversity within populations
than that reported by McLean and Taylor (2001) and all loci were highly polymorphic in all of
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the sampled populations. Significant genetic differentiation was observed among all
comparisons of the nine populations in the study and Fsr values for pairs of populations ranged
from 0.0014 to 0.0130. A cluster analysis of genetic distances showed genetic affinities among
the populations in the Fraser, Columbia, and Cowlitz rivers and also among the Kemano,
Klinaklini, and Bella Coola rivers along the central British Columbia coast. In particular, there
was evidence of a genetic discontinuity north of the Fraser River, with Fraser and
Columbia/Cowlitz samples being approximately 3—6 times more divergent from samples further
to the north than they were to each other (Figure 9). Similar to the mtDNA study of McLean et
al. (1999), Beacham et al. (2005) also found that genetic differentiation among populations (Fsr)
was correlated with geographic distances (r = 0.34, P <0.05).

Beacham et al. (2005) found stronger evidence of population structure than the earlier
genetic studies, and concluded that their results indicated that management of eulachon would be
appropriately based at the level of the river drainage. In particular, the microsatellite analysis
showed that populations of eulachon in different rivers are genetically differentiated from each
other at statistically significant levels. The authors suggested that the pattern of eulachon
differentiation was similar to that typically found in studies of marine fish, but less than that
observed in most salmon species.

Twentymile River - |

Nass River A |

Skeena River - |

Kemano River |

Bella Coola River -

Klinaklini River -

Cowlitz River -

Fraser River A
[ ]

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
FsT
Figure 9. Comparison of Fst (a measure of genetic distance) values of the Columbia River eulachon

sample to other samples. Data are from Beacham et al. (2005, their Table 4). See Beacham et al.
(2005, their Figure 1) for sampling locations.
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Although Beacham et al. (2005) found clear evidence of genetic structure among
eulachon populations, the authors also noted that important questions remained unresolved. The
most important one in terms of identifying a DPS or DPSs for eulachon is the relationship
between temporal and geographic patterns of genetic variation. In particular, Beacham et al.
(2005) found that year-to-year genetic variation within three British Columbia coastal river
systems was similar to the level of variation among the rivers, which suggests that patterns
among rivers may not be temporally stable. However, in the comparisons involving the
Columbia River samples, the variation between the Columbia samples and one north-of-Fraser
sample from the same year was approximately five times greater than a comparison within the
Columbia from two different years. Taken together, there appears to be little doubt that there is
some genetic structure within eulachon and that the most obvious genetic break appears to occur
in southern British Columbia north of the Fraser River. To fully characterize genetic
relationships among eulachon populations, additional research will be needed to identify
appropriate sampling and data collection strategies.

Ecological features

The analysis of ecological features or habitat characteristics may be informative in
identifying population segments that occupy unusual or distinctive habitats, relative to the
biological species as a whole. One of the criteria that may be useful for evaluating discreteness
as articulated in the joint DPS policy (USFWS-NMFS 1996) relates to the population being
“markedly separated from other populations of the same taxon as a consequence of ... ecological
... factors.” In addition, the persistence of a discrete population segment in an ecological setting
unusual or unique for the taxon is also a factor identified in the joint DPS policy that may
provide evidence of the population’s significance. Oceanographic and other ecological features
may also contribute to demographic isolation between marine populations.

Freshwater (spawning) environment—The presumed fidelity with which eulachon
return to their natal river, estuary, inlet, or area implies a close association between a specific
stock and its freshwater or estuarine environment. Differences in life history strategies among
eulachon populations or stocks may have arisen, in part, in response to selective pressures of
different freshwater and estuarine environments. If the boundaries of distinct freshwater or
estuarine habitats coincide with substantial differences in life histories, it would suggest a certain
degree of local adaptation. Therefore, identifying distinct freshwater, terrestrial, and climatic
regions may be useful in identifying eulachon DPSs.

The Environmental Protection Agency has established a system of ecoregion designations
based on soil content, topography, climate, potential vegetation, and land use for the
conterminous United States (Omernik 1987) and Alaska (Gallant et al. 1995). Historically, the
distribution of eulachon in Washington, Oregon, and California corresponds closely with the
Coastal Range Level III Ecoregions as defined in Omernik and Gallant (1986) and Omernik
(1987). Similarly, Environment Canada (2008) has established a system of ecozones and
ecoregions in Canada. Ecozones in Canada have been described as “areas of the earth’s surface
representative of large and very generalized ecological units characterized by interactive and
adjusting abiotic and biotic factors.” Each ecozone consists of numerous ecoregions that are
described as “a part of a province characterized by distinctive regional ecological factors,
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including climatic, physiography, vegetation, soil, water, fauna, and land use” (Environment
Canada 2008).

Coastal range ecoregions of the United States—Extending from the Olympic Peninsula
through the Coast Range proper and down to the Klamath Mountains and the San Francisco Bay
area, this region is influenced by medium to high rainfall levels due to the interaction between
marine weather systems and the mountainous nature of the region. Topographically, the region
averages about 500 m in elevation, with mountain tops under 1,200 m. These mountains are
generally rugged with steep canyons. Between the ocean and the mountains lies a narrow coastal
plain composed of sand, silt, and gravel. Tributary streams are short and have a steep gradient;
therefore, surface runoft is rapid and water storage is relatively short term during periods of no
recharge.

These rivers are especially prone to low flows during times of drought. Regional rainfall
averages 200—240 cm per year, with generally lower levels along the southern Oregon coast.
Average annual river flows for most rivers in this region are among the highest found on the
West Coast when adjusted for watershed area. Peak flow of coastal rivers occurs during winter
rain storms common in December and January. Snow melt adds to the surface runoff in the
spring, providing a second flow peak (spring freshet), and there are long periods when the river
flows are maintained at a level of at least 50% of peak flow. During July or August there is
usually little or no precipitation; this period may expand to 2 or 3 months every few years. River
flows are correspondingly at their lowest and temperatures at their highest during August and
September, with the exception of glacier fed systems. The region is heavily forested primarily
with Sitka spruce (Picea sitchensis), western hemlock (Tsuga heterophylla), and western red
cedar (Thuja plicata). Forest undergrowth is composed of numerous types of shrubs and
herbaceous plants.

Terrestrial ecozones and ecoregions of Canada—All rivers that support regular runs of
eulachon in British Columbia are within the Pacific Maritime Ecozone, which consists of 14
ecoregions (Figure 10). The Lower Mainland, Pacific Ranges, and Coastal Gap ecoregions
contain rivers supporting regular runs of eulachon as defined in Hay and McCarter (2000) and
Hay (2002), and two rivers, the Nass and the Skeena, drain out of the Nass Basin Ecoregion
(Environment Canada 2008).

The Lower Mainland Ecoregion (196 in Figure 10) is dominated by the Fraser River and
occupies the Fraser River valley from Chilliwack and the Cascade Range foothills downstream
to the Fraser River delta and northward from there to incorporate the Sunshine Coast. Mean
summer and winter air temperatures in this region are 15°C and 3.5°C, respectively. At sea
level, less than 10% of winter precipitation falls as snow, although maximum precipitation
occurs in the winter. Mean annual precipitation in the Fraser River valley ranges from 200 cm in
the Cascade foothills to 85 cm at the river’s mouth. Douglas fir (Pseudotsuga menziesii)
dominates native forest stands with an understory typically containing hollyleaved barberry, aka
tall Oregon grape (Mahonia aquifolium), salal (Gaultheria shallon), and mosses. Disturbed sites
are commonly dominated by stands of red alder (Alnus rubra). Drier natural sites consist of
mixed stands of Pacific madrone (Arbutus menziesii), Douglas fir, western hemlock, and
occasionally, Pacific dogwood (Cornus nuttallii). Wetter areas contain mixtures of western red
cedar, Douglas fir, and western hemlock. Soils consist of unconsolidated clay-like and silty
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Figure 10. Ecoregions in the Pacific Maritime Ecozone of British Columbia. Map modified from online
source: http://ecozones.ca/english/zone/PacificMaritime/ecoregions.html.

marine deposits, silty alluvium, glacial till, and glaciofluvial deposits. Eastern hills in the
ecoregion up to 310 m in height are formed from bedrock outcrops of Mesozoic and Paleozoic
age.

The Pacific Ranges Ecoregion (192 in Figure 10) extends from the southern extent of the
steeply sloping irregular Coast Mountains at the U.S.-Canada border to Bella Coola in the north.
These mountains range from sea level to as high as 4,000 m and are made up of granite and
crystalline gneisses. Many rivers in this region originate in expansive ice fields, and numerous
glaciers extend into the lowlands. Many steep-sided, transverse valleys bisect these mountains
and terminate in inlets or fjords. Mean summer and winter air temperatures in this region are
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13.5°C and —1°C, respectively. Mean annual precipitation in this ecoregion ranges from 340 cm
at high elevations to 150 cm at sea level. This ecoregion consists of three main regions
distinguished by altitude: an alpine zone above 1,800 m, a subalpine zone between 900 and 1,800
m, and a coastal forest zone below 900 m. The coastal forest zone is dominated by stands of
western red cedar, western hemlock, and Pacific silver fir (Abies amabilis) and in drier sites by
Douglas fir and western hemlock.

The Coastal Gap Ecoregion (191 in Figure 10) extends from Dean Channel north to the
border between British Columbia and Alaska and is bounded by the taller Pacific Ranges to the
south and the Boundary Ranges to the north. The low-relief mountains in this ecoregion consist
of the Kitimat Ranges, which rarely reach higher than 2,400 m and are made up of granitic rocks
and crystalline gneisses. Although many inlets and fjords bisect this mountainous coastline and
terminate in steep-sided, transverse valleys, glaciers are less common and smaller than in areas to
the south and north of this ecoregion. Mean summer and winter air temperatures are 13°C and —
0.5°C, respectively. This ecoregion has the highest mean annual precipitation in British
Columbia, ranging from 200 cm on the coast to more than 450 cm at high elevations. At sea
level, the forests are dominated by western red cedar, yellow cedar (Chamaecyparis
nootkatensis), and western hemlock. Some Sitka spruce and shore pine (Pinus contorta var.
contorta) are also present with red alder being common on disturbed sites. Low-lying bogs and
stream fens are common types of wetlands. Forests in upland areas are dominated by western
red cedar and western hemlock, whereas Pacific silver fir and western hemlock are found in
areas with poorer drainage.

The Nass Basin Ecoregion (187 in Figure 10) lies between the interior and coastal
portions of the Coast Mountains in west-central British Columbia and is an area of low relief
composed of folded Jurassic and Cretaceous sediments that is almost encircled by mountains.
The Nass Basin is drained by the Nass and Skeena rivers to the ocean through large gaps in the
Coast Mountains and consists of a gently rolling landscape generally below 750 m in altitude.
Mean summer and winter air temperatures in this region are 11.5°C and —9.5°C, respectively.
Mean annual precipitation ranges up to 250 cm at higher elevations to 150 cm in the lowlands.
The moist montane zone is dominated by western red cedar and western hemlock, whereas
forests in the subalpine zone contain subalpine fir (Abies lasiocarpa), lodgepole pine (Pinus
contorta var. latifolia), and Engelmann spruce (Picea engelmannii).

Oceanic environment—Ware and McFarlane (1989) built on previous descriptions of
oceanic domains in the northeast Pacific Ocean by Dodimead et al. (1963) and Thomson (1981)
to identify three principal fish production domains: 1) a southern Coastal Upwelling Domain, 2)
a northern Coastal Downwelling Domain, and 3) a central Subarctic Domain (aka the Alaskan
Gyre) (Figure 11). The boundary between the Coastal Upwelling Domain and Coastal
Downwelling Domain occurs where the eastward flowing Subarctic Current (aka the North
Pacific Current) bifurcates to form the north-flowing Alaska Current and the south-flowing
California Current in the vicinity of a transitional zone between the northern tip of Vancouver
Island and the northern extent of the Queen Charlotte Islands (Figure 11). Similarly, Longhurst
(2006) identifies an Alaska Downwelling Coastal Province and a California Current Province
within the Pacific Coastal Biome.

67



':'J.:!-_ ' -_‘-<-£‘5.“_ -,—-%“‘ .- . -50- N

" _p4O°N

Northeast Pacific Ocean

F30°N

170°W 160°W 150°W 140°W 130°W

Figure 11. Approximate locations of oceanographic currents, oceanic domains (Ware and McFarlane
1989), and coastal provinces (Longhurst 2006) in the Northeast Pacific Ocean. 1-Alaska Coastal
Downwelling Province (aka Coastal Downwelling Domain), 2—Transition Zone, and 3—California
Current Province (aka Coastal Upwelling Domain).

Longhurst’s (2006) work provides a worldwide ecological geography of the sea that
identifies 4 primary oceanic biomes and 51 biogeochemical provinces based mainly on
differences in regional physical processes that act on regional patterns of phytoplankton growth
that are partially defined by “the interaction between light, nutrients, mixing, and stability in the
upper part of the water column.” This scheme to partition the ocean into provinces differs from
previous attempts by relying on oceanographic features that drive phytoplankton ecology rather
than on biogeography of species or water current patterns alone (Longhurst 2006). The steps
taken and data analyzed to define biogeochemical provinces in the ocean are detailed in
Longhurst (2006).

Within Longhurst’s (2006) Pacific Coastal Biome, ocean distribution of eulachon spans
the Alaska Downwelling Coastal Province and the northern portion of the California Current
Province (Figure 11). Longhurst (2006) places the boundary between the Alaska Coastal
Downwelling Province and the California Current Province between the Queen Charlotte Islands
at 53°N latitude and the northern end of Vancouver Island at 47-48°N latitude, where the
eastward flowing North Pacific Current encounters the North American continent and bifurcates
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to form the north-flowing Alaska Current and south-flowing California Current. Different
modes of physical forcing and nutrient enrichment characterize these provinces.

The Alaska Coastal Downwelling Province spans the coastal boundary region from the
Aleutian Islands east and south to the Queen Charlotte Islands (Haida Gwai’i) at about 53°N
latitude and extends seaward to the Alaska Current velocity maximum (Longhurst 2006). The
continental shelf in this region is dominated by nearly year-round onshore downwelling winds.
Large amounts of precipitation and runoff from melting glaciers along the mountainous Alaska
coast is another feature of this province. In summer and fall, when runoff is at maximum, waters
in the fjord-like coastline and in the Alaska Coastal Current are usually highly stratified in both
temperature and salinity. Following the spring phytoplankton bloom, stratification in the top
layers of the water column limits nutrient availability and leads to subsequent nutrient depletion.
Occasional wind events lead to temporary local upwelling of nutrients and subsequent
phytoplankton blooms.

The northern extent of the California Current Province (aka California Upwelling Coastal
Province) begins where the eastward flowing North Pacific Current splits near Vancouver Island
near 47—48°N latitude, creating the southward flowing California Current and northward flowing
Alaska Coastal Current (Longhurst 2006). The southern boundary of this province occurs off the
southwest tip of Baja California, where the North Equatorial Current begins. Seasonal wind-
driven upwelling is a dominate feature of this province, especially in the northern portion of the
province. This process carries nutrients onshore where they are upwelled along the coast,
leading to high primary production that lasts through much of the spring and summer. Nearshore
upwelling also results in higher salinities and lower temperatures compared to offshore locations.

A widely recognized Transition Pacific Zone (Ware and McFarlane 1989, BC Ministry of
Sustainable Resource Management 2002) occurs between the Alaska Coastal Downwelling and
California Current provinces whose “northern boundary is indistinct and approximately
coincident with the southern limit of the Alaskan Current” (BC Ministry of Sustainable Resource
Management 2002, p. 35). This zone is characterized as a mixing area between boreal plankton
communities to the north and temperate plankton communities to the south, and incorporates the
waters of Queen Charlotte Sound and Hecate Strait (i.e., north of Vancouver Island and inshore
of the Queen Charlotte Islands). In the summer, the California Current may affect the southern
portion of this transition zone with the inshore Davidson Current flowing south in the summer
and north in the winter (BC Ministry of Sustainable Resource Management 2002).

Marine zoogeographic provinces

Marine zoogeography attempts to identify regional geographic patterns in marine species’
distribution and delineate faunal provinces or regions based largely on the occurrence of endemic
species and of unique species’ assemblages (Ekman 1953, Hedgpeth 1957, Briggs 1974, Allen
and Smith 1988). These province boundaries are usually coincident with changes in the physical
environment such as temperature and major oceanographic currents. Similar to the above
ecological features category, boundaries between zoogeographic provinces may indicate changes
in the physical environment that are shared with the species under review.
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Ekman (1953), Hedgpeth (1957), and Briggs (1974) summarized the distribution patterns
of coastal marine fishes and invertebrates and defined major worldwide marine zoogeographic
zones or provinces. Along the coastline of the boreal eastern Pacific, which extends roughly
from Point Conception, California, to the eastern Bering Sea, numerous schemes have been
proposed for grouping the faunas into zones or provinces. A number of authors (Ekman 1953,
Hedgpeth 1957, Briggs 1974, Allen and Smith 1988) have recognized a zoogeographic zone
within the lower boreal eastern Pacific that has been termed the Oregonian Province.

Another zone in the upper boreal eastern Pacific has been termed the Aleutian Province
(Briggs 1974). However, exact boundaries of zoogeographic provinces in the eastern boreal
Pacific are in dispute (Allen and Smith 1988). Briggs (1974) and Allen and Smith (1988)
reviewed previous literature from a variety of taxa and from fishes, respectively, and found the
coastal region from Puget Sound to Sitka, Alaska, to be a gray zone or transition zone that could
be classified as part of either of two provinces: Aleutian or Oregonian (Figure 12). The southern
boundary of the Oregonian Province is generally recognized as Point Conception, California, and
the northern boundary of the Aleutian Province is similarly recognized as Nunivak in the Bering
Sea or perhaps the Aleutian Islands (Allen and Smith 1988).

Briggs (1974) placed the boundary between the Oregonian and Aleutian provinces at
Dixon Entrance, based on the well-studied distribution of mollusks, but indicated that
distributions of fishes, echinoderms, and marine algae gave evidence for placement of this
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Figure 12. Marine zoogeographic provinces of the North Pacific Ocean. Modified after Allen and Smith
(1988).

70



boundary in the vicinity of Sitka, Alaska. Briggs (1974) placed strong emphasis on the
distribution of littoral mollusks (due to the more thorough treatment this group has received) in
placing a major faunal break at Dixon Entrance. The authoritative work by Valentine (1966) on
distribution of marine mollusks of the northeastern Pacific shelf showed that the Oregonian
molluscan assemblage extended to Dixon Entrance with the Aleutian fauna extending northward
from that area. Valentine (1966) erected the term Columbian Subprovince to define the zone
from Puget Sound to Dixon Entrance.

Several lines of evidence suggest that an important zoogeographic break for marine fishes
occurs in the vicinity of Southeast Alaska. Peden and Wilson (1976) investigated the
distributions of inshore fishes in British Columbia and found Dixon Entrance to be of minor
importance as a barrier to fish distribution. A more likely boundary between these fish faunas
was variously suggested to occur near Sitka, Alaska, off northern Vancouver Island, or off Cape
Flattery, Washington (Peden and Wilson 1976, Allen and Smith 1988). Chen (1971) found that
of the more than 50 or more rockfish species belonging to the genus Sebastes occurring in
northern California, more than two-thirds do not extend north of British Columbia or Southeast
Alaska. Briggs (1974, p. 278) stated that “about 50 percent of the entire shore fish fauna of
western Canada does not extend north of the Alaskan Panhandle.” In addition, many marine fish
species common to the Bering Sea extend southward into the Gulf of Alaska, but apparently
occur no further south (Briggs 1974). Allen and Smith (1988, p. 144) noted that “the relative
abundance of some geographically displacing [marine fish] species suggest that the boundary
between these provinces [Aleutian and Oregonian] occurs off northern Vancouver Island.”

Blaylock et al. (1998) examined the distribution of more than 25 species of parasites in
432 juvenile and adult Pacific halibut sampled over much of its North American range and found
evidence of three zoogeographic zones as determined by parasite clustering; northern, central,
and southern. Similar to studies with other invertebrates, Blaylock et al. (1998, p. 2,269) found a
breakpoint between zoogeographic zones in the vicinity of the Queen Charlotte Islands.

Other marine fish DPS designations

It is also useful to briefly review the size and complexity of other designated DPSs of
marine fish that have undergone the status review process and have thus been considered both
discrete and significant to their respective biological species. DPSs have been designated for
portions of the range of Pacific herring (NMFS 2000, 2005, 2008b), Pacific hake, Pacific cod,
walleye pollock (NMFS 2000), copper rockfish (Sebastes caurinus), quillback rockfish (S.
maliger), brown rockfish (S. auriculatus) (NMFS 2001), bocaccio (S. paucispinis) (NMFS
2002), and smalltooth sawfish (Pristis pectinata) (NMFS 2003).

Several marine fish DPSs cover large geographic areas (e.g., Pacific cod and walleye
pollock DPSs extend from Puget Sound to Southeast Alaska, two West Coast DPSs of bocaccio
rockfish were designated off Washington and Oregon [the northern DPS] and off California and
Mexico [the southern DPS], and all smalltooth sawfish in U.S. waters were designated a separate
DPS). At slightly smaller geographic scales, a Southeast Alaska Pacific herring DPS (Carls et al.
2008) and DPSs of Pacific hake and Pacific herring in Georgia Basin (Puget Sound and the
straits of Georgia and Juan de Fuca) were established as separate from coastal hake and herring
(Gustafson et al. 2000, Stout et al. 2001a) (Figure 13). Three DPSs each of copper and quillback
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rockfish (Puget Sound Proper DPS, Northern Puget Sound DPS, and Coastal DPS) and two of
brown rockfish (Puget Sound Proper DPS and Coastal DPS) have also been delineated (Stout et
al. 2001b). Many of these marine fish DPSs include a number of identifiable subpopulations
with numerous isolated spawning locations and a substantial level of life history and ecological
diversity (Gustafson et al. 2000, 2006, Stout et al. 2001a, Carls et al. 2008).

Evaluation of Discreteness and Significance for Eulachon

In past evaluations of distinct population boundaries for marine fish (Gustafson et al.
2000, 2006, Stout et al. 2001a), spawn timing, spawning distribution, tagging, biogeography,
ecological factors, seasonal migration patterns, parasite incidence, genetic population structure,
morphometrics, meristics, and demographic data (growth rate, fecundity, etc.) have been
evaluated for evidence of DPS discreteness and significance. The BRT examined similar
evidence for eulachon and found evidence that was informative included genetic data,
differences in spawning temperatures and length-at-maturity and weight-at-maturity of eulachon
between northern and southern rivers, ecological features of both the oceanic and terrestrial
environments occupied by eulachon, and biogeography.
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Figure 13. Major stocks of Pacific herring in the Northeast Pacific in relation to the Georgia Basin Pacific

herring DPS (Stout et al. 2001a, Gustafson et al. 2006) and the Southeast Alaska Pacific herring
DPS (Carls et al. 2008).
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To allow for expressions of the level of uncertainty in identifying the boundaries of a
discrete and significant eulachon population, the BRT adopted a likelihood point method, often
referred to as the FEMAT method, because it is a variation of a method used by scientific teams
evaluating options under the Forest Plan (Forest Ecosystem Management: An Ecological,
Economic, and Social Assessment Report of the Forest Ecosystem Management Assessment
Team, or FEMAT) (FEMAT 1993). This method was previously used in the DPS decisions for
Southern Resident killer whales (Krahn et al. 2004) and Pacific herring (Gustafson et al. 2006).
In this approach, each BRT member distributes 10 “likelihood” points among a number of
proposed DPSs, reflecting their opinion of how likely that proposal correctly reflects the true
DPS boundary. Thus if a member were certain that the DPS that contains eulachon from
California, Oregon, and Washington included all spawning aggregations from the Fraser to the
south, he or she could assign all 10 points to that proposal. A member with less certainty about
DPS boundaries could split the points among two, three, or even more DPS proposals (Table 1).

The BRT ultimately considered six possible DPS configurations or scenarios that might
conceivably incorporate eulachon that spawn in Washington, Oregon, and California rivers.
Each BRT member distributed his or her 10 likelihood points amongst these six scenarios. Other
possible geographic configurations that incorporated the petitioned unit were contemplated but
not seriously considered by the BRT. The BRT did not attempt to divide the entire species into
DPSs, but rather focused on evaluating whether a DPS could be identified that contains eulachon
that spawn in Washington, Oregon, and California. The geographic boundaries (Figure 14) of
possible DPSs considered in this evaluation were:

1. The entire biological species is the ESA species (i.e., there is no apparent DPS
structure)

One DPS inclusive of eulachon in Southeast Alaska to northern California
One DPS south of the Nass River/Dixon Entrance

One DPS inclusive of eulachon in the Fraser River to California

A T o

One DPS south of the Fraser River (i.e., one DPS in Washington, Oregon, and
California)

6. Multiple DPSs of eulachon in Washington, Oregon, and California

The distribution of likelihood points among these six scenarios is presented in Table 1.
Scenario 1 (no DPS structure) received about 12% of the total likelihood points. Scenarios 2
(one DPS inclusive of eulachon in Southeast Alaska to northern California) and 5 (one DPS
south of the Fraser River) received no support on the BRT. There was also very little support on
the BRT for multiple DPSs of eulachon in the conterminous United States; only about 4% of the
likelihood points were placed in scenario 6 (multiple DPSs of eulachon in Washington, Oregon,
and California).

All remaining likelihood points (84%) were distributed among scenarios supporting a
DPS at a level larger than the petitioned unit of Washington, Oregon, and California. Scenario 3
(one DPS south of the Nass River/Dixon Entrance) received about 57% of the total likelihood
points and all but one BRT member placed between 5 and 10 points in this DPS scenario.
Scenario 4 (one DPS inclusive of eulachon in the Fraser River to California) received significant
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Table 1. Worksheet for evaluating potential of DPS or DPSs of eulachon (Thaleichthys pacificus) that
incorporate spawning populations in California, Oregon, and Washington using the “likelihood
point” method (FEMAT 1993).

Likelihood points

Scenario Number? Percentage”
1) Entire species (no DPS structure) 11 12.2
2) One DPS south of Yakutat Forelands — —
3) One DPS south of Nass River and Dixon Entrance 51 56.7
4) One DPS, Fraser River and south 24 26.7
5) One DPS south of Fraser River — —
6) Multiple DPSs in Washington, Oregon, and California 4 4.4

"Each BRT member distributes 10 likelihood points among the 6 DPS scenarios. Placement of all 10 points in a
given scenario reflects 100% certainty that this is the DPS configuration that incorporates eulachon from
Washington, Oregon, and California. Distributing points between scenarios reflects uncertainty in whether a given

scenario reflects the true DPS delineation.
"Nine of 10 BRT members in attendance.
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Figure 14. Geographic boundaries of possible eulachon DPSs considered by the BRT: 1) the entire
biological species is one DPS, 2) one DPS south of the Yakutat Forelands (Southeast Alaska to
northern California), 3) one DPS south of the Nass River (i.e., south of Dixon Entrance), 4) one
DPS that includes the Fraser River and south, 5) one DPS south of the Fraser River (i.e., one DPS
in Washington, Oregon, and California), and 6) multiple DPSs of eulachon in Washington,
Oregon, and California.
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support with about 27% of all points placed in this scenario and all but two members placed from
2 to 5 of their likelihood points in this DPS scenario. In discussing the evidence for these
alternative scenarios, the BRT focused on the following factors.

In considering the discreteness and significance criteria (USFWS-NMFS 1996), the BRT
concluded that the weight of the available evidence indicated that there are multiple discrete
populations of eulachon. In particular, the most comprehensive genetic study of eulachon that
has been published to date (Beacham et al. 2005) found reasonably strong evidence of a genetic
break between eulachon spawning in the Fraser and Columbia rivers compared to those
spawning in rivers further north in British Columbia and Alaska, and also found that nearly all
sampled populations were differentiated statistically from each other. Earlier genetic studies
(McLean et al. 1999, McLean and Taylor 2001) also found some evidence of population
structure, although the evidence was less compelling than that reported by Beacham et al. (2005).
However, these earlier studies were characterized by fewer loci and smaller sample sizes than the
later study and therefore likely had less power to detect population structure. Overall, the BRT
believed the results to be largely consistent among the studies, when differences in sample size
and power are taken into account. The BRT did note, however, that there was some uncertainty
about the genetic population structure due to the small number of temporally replicated samples
in all of the studies, and this uncertainty is reflected in the proportion of the likelihood points that
were placed in the no DPS structure category (Table 1).

In addition to the genetic data, the BRT considered the strong ecological and
environmental break that occurs between the California Current and Alaska Current oceanic
domains as contributing evidence for discreteness, a factor that was also important for
identifying DPS structure in Pacific cod (Gustafson et al. 2000), killer whales (Krahn et al.
2004), and Southeast Alaska Pacific herring (Carls et al. 2008). The BRT also considered, but
did not weigh heavily, the latitudinal differences in spawn timing, body size, and vertebral
counts among samples from different rivers. Similar latitudinal patterns in life history characters
were considered but did not weigh heavily in DPS decisions for Pacific cod, walleye pollock
(Gustafson et al. 2000), and Pacific herring (Stout et al. 2001a). Overall, the BRT believed the
genetic and ecological data provided strong evidence that eulachon south of the Nass River were
discrete from those in the Nass River and northward, but that there was also evidence (from the
genetic data) suggesting that Fraser and Columbia River groups may be discrete from more
northern groups.

In evaluating the significance criteria, the BRT focused primarily on criteria 1 (ecological
setting), criteria 2 (evidence that loss would result in a significant gap in the range of the
species), and criteria 4 (markedly differs in genetic characteristics). After carefully discussing
all of the available data, the BRT concluded that there was evidence supporting the significance
criteria under either scenario 3 (one DPS south of the Nass River/Dixon Entrance) or scenario 4
(one DPS inclusive of eulachon in the Fraser River to California). In particular, there is evidence
under either scenario for a significant break in ecological setting, and loss of a putative DPS
defined by either boundary would without question result in a significant gap (or reduction) in
the range of the overall species. The BRT also considered whether the available genetic data
provided any evidence for “markedly different” populations, but concluded that although the
genetic data provides evidence for discreteness (lack of gene flow) there was little evidence to
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support the existence of deep intraspecific phylogenetic breaks that the BRT believed were
necessary to be considered “marked.”

In summary, the BRT believed the evidence most strongly supported scenario 3, but that

there was also some evidence for scenarios 4 and 1. The factors supporting each of the top three
scenarios are summarized below.

Scenario 3

This scenario designated one DPS south of the Nass River/Dixon Entrance (57%

support). Supporting factors were:

1.

Beacham et al. (2005) found strong evidence that populations of eulachon in different
rivers are genetically differentiated from each other at statistically significant levels and
the authors suggested that the pattern of eulachon differentiation was similar to that
typically found in studies of marine fish but less than that observed in most Pacific
salmon species.

A major ecological break occurs in the coastal ocean biome between the Coastal
Downwelling Province (Ware and McFarlane 1989, Longhurst 2006) to the north and the
California Current Province (Ware and McFarlane 1989, Longhurst 2006) to the south.
The northern boundary of the transition zone that separates these provinces occurs in the
vicinity of the Dixon Entrance at the northern end of the Queen Charlotte Islands. The
coastal distribution of eulachon south of the Dixon Entrance occupies an ecologically
discrete area that is a combination of this transition zone and the northern California
Current Province (Longhurst 2006).

Dixon Entrance is also the approximate northern boundary that separates two major
marine zoogeographic provinces (Oregonian and Aleutian Provinces) (Briggs 1974),
further supporting the ecological discreteness of marine waters south of Dixon Entrance.

Stocks of eulachon from the Columbia River to the Klinaklini River in British Columbia
experienced a nearly simultaneous collapse in 1994 (Hay and McCarter 2000, Hay 2002),
stayed at low levels throughout the 1990s, experienced a rebound in 2001-2003, and
subsequently declined to near record low levels of abundance (Hay 2002, JCRMS 2007).
The nearly synchronous demographic responses of all eulachon stocks south of the Nass
River to what are likely coast-wide changes in ocean condition, strongly suggest that
these stocks occupy a common ocean rearing environment. Stocks of eulachon from the
Nass River and north remained relatively healthy throughout this period of decline of
more southern stocks. Not until 2003 did eulachon stocks in southern Southeast Alaska
begin to show serious declines. These demographic patterns are similar to those seen in
Pacific salmon stock abundance that fluctuates in opposite directions in the Alaska and
California Current domains (Hare et al. 1999), which has been correlated with the Pacific
Decadal Oscillation (PDO) (Mantua and Hare 2002).

A major break in terrestrial ecoregions also occurs along the north coast of British
Columbia in the vicinity of the Nass River, with both the Nass and Skeena rivers draining
the interior Nass Basin Ecoregion (Environment Canada 2008). Evidence of a natural
biological boundary coinciding with the international boundary separating Southeast
Alaska and British Columbia (Dixon Entrance/Nass River) also supported delineation of

76



¢ Different biological zones are apparent along the coast, probably a result of both
thermal (north-south) and salinity (east-west) gradients.
e A thermal gradient is clearly evident through British Columbia and Southeast Alaska.
o Temperatures in Southeast Alaska are colder than in British Columbia.
o Southeast Alaska has tidewater glaciers, British Columbia does not, chilling the
water and increasing turbidity and possibly nutrients.
o Southeast Alaska mainland topography is heavily influenced by snowfields and
glaciers; this is less prevalent in British Columbia.

6. Eulachon spawning in rivers on the north coast of British Columbia (e.g., Nass River)
experience significantly colder temperatures at spawning (often spawning under ice) than
eulachon spawning to the south, particularly in the Klinaklini, Fraser, and Columbia
rivers (Hay and McCarter 2000) (Table A-11). Hochachka and Somero (2002, p. 292,
317) emphasized that habitat temperature plays a “strong and frequently dominant role ...
in governing the distribution patterns of organisms” and that “temperature differences of
a few degrees Celsius have sufficient effects on proteins to favor adaptive change.” The
dominant role that temperature plays on ectothermic organisms, affecting “essentially
every aspect of an organism’s physiology” (Hochachka and Somero 2002, p. 290),
suggests that these 2—4°C temperature differences experienced by adult eulachon and
their gametes during spawning (Table A-11) are a strong indicator of potential
physiological differences between eulachon south of the Nass River and those in the Nass
River and northward.

Items 25 above support a discrete and significant eulachon population south of the Nass
River/Dixon Entrance on the basis of being “markedly separated on the basis of ecological
features” and Item 6 supports a discrete eulachon population south of the Nass River/Dixon
Entrance on the basis of being “markedly separated on the basis of physiological features.”

Scenario 4

This scenario designated one DPS inclusive of eulachon in the Fraser River to California
(27% support). Supporting factors were:

1. The available genetic data indicate that a substantial genetic break occurs between
eulachon populations from the Fraser River and those from rivers further to the
north (see Genetic Differentiation subsection, p. 61). In particular, the largest
genetic discontinuity appears to be in southern British Columbia rather than
northern British Columbia.

2. In contrast to systems to the north of the Fraser River, the Columbia, Fraser, and
Klamath rivers have many physiographic and habitat features in common; all
three are large rivers with wide valleys, drain extensive interior basins, are fed by
spring snow melt, and do not drain off extensive ice sheets.

Average length-at-maturity and weight-at-maturity in eulachon from the Columbia and
Fraser rivers and southern rivers in general are smaller than eulachon from more northern rivers
(Figure 8). However, this pattern is typical in many vertebrate poikilotherms (ectotherms),
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where higher temperatures lead to reduced size at a given stage of development (Atkinson 1994,
Lindsey 1966), so the BRT did not weight this evidence very heavily.

Scenario 1

This scenario designated no DPS structure (12% support). Supporting factors were:

1. There was a lack of apparent discrete differences in many eulachon life history traits
(Hay and McCarter 2000, Hay and Beacham 2005); however, similar uniformity in life
history characters over large geographic distances was evident in previous marine fish
reviews of Pacific cod, walleye pollock (Gustafson et al. 2000), and Pacific herring (Stout
etal. 2001a).

2. Another reason BRT members put some support in this scenario was uncertainty about
how strongly to weight the genetic study of Beacham et al. (2005). In particular,
although the BRT concluded that the study as a whole clearly supported the existence of
discrete genetic populations of eulachon, the BRT was also somewhat concerned about
the limited temporal replication in the study.

Given the previous DPS structure established for marine fishes, such as Pacific herring,
Pacific cod, Pacific hake, and walleye pollock (Gustafson et al. 2000, 2006, Stout et al. 2001a), it
seems unlikely that there would be an absence of DPS structure across the more than 2,800 km
range of eulachon, an anadromous species with similar among-population genetic differentiation,
as these purely marine fishes. Pacific herring, which exhibit genetic variation similar to
eulachon when compared over the same geographic range (Beacham et al. 2002, 2005, Small et
al. 2005), have had DPSs delineated at the geographic level of the Georgia Basin (Stout et al.
2001a) and Southeast Alaska (Carls et al. 2008), based to a large degree on marked differences in
ecological features of their habitats. For example, the estimated mean Fsr value for Pacific
herring over 13 microsatellite DNA loci and 83 sampling sites ranging from California to
Southeast Alaska was 0.0032 (Beacham et al. 2002), whereas a similar estimated mean Fst value
over 14 loci and 9 eulachon sampling sites ranging from the Columbia River to Southcentral
Alaska was 0.0046 (Beacham et al. 2005).

Although nowhere near the same quantity or quality of data exists for eulachon as for the
economically more valuable Pacific herring, it is likely that if data comparable to that for Pacific
herring were available, an even finer DPS structure for the anadromous eulachon might become
apparent. In addition, the biological heterogeneity of eulachon as seen in “the geographical
discontinuity of different spawning runs, different spawning times, and the apparent homing of
each run to individual rivers” (Hay and McCarter 2000, p. 36) strongly argues against the lack of
DPS structure.

BRT DPS Determination

In conclusion, it was the majority opinion of the BRT that eulachon from Washington,
Oregon, and California are part of a DPS that extends beyond the conterminous United States
and that the northern boundary of the DPS occurs in northern British Columbia south of the Nass
River (most likely) or in southern British Columbia north of the Fraser River (less likely). The
BRT proposes that this DPS be termed the southern DPS of eulachon. Although it was not the
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BRT’s objective to subdivide the entire biological species of eulachon into DPSs throughout
their range, the identification of a southern DPS of eulachon indicates that at least one, and
possibly more than one, additional DPS or DPSs of eulachon occur north of the Skeena River on
the north coast of British Columbia and in Alaska.

Although the BRT could not with any certainty identify multiple populations or DPSs of
eulachon within the region south of Dixon Entrance/Nass River, it acknowledged the possibility
that significant stock structuring does exist within this region and that a finer DPS structure
might be revealed by further information on the behavior, ecology, and genetic population
structure of eulachon. The BRT also recognized that the DPS that includes eulachon from
California, Oregon, and Washington may represent fish that are uniquely adapted to survive at
the southern end of the species’ range.
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The Extinction Risk Question

Information considered in evaluating the status of a DPS can generally be grouped into
two categories: 1) demographic information reflecting the past and present condition of
subpopulations (e.g., data on population abundance or density, population trends and growth
rates, number and distribution of populations, exchange rates of individuals among populations,
and ecological, life history, or genetic diversity among populations) and 2) information on past
factors for decline as well as threats faced by the DPS (e.g., habitat loss and degradation,
overutilization, disease, climate change). The demographic risk data reviewed by the BRT are
summarized in this document. This document also contains a narrative summary of threats faced
by the DPS.

Evaluating extinction risk of a species includes considering the available information
concerning the abundance, growth rate and productivity, spatial structure and connectivity, and
diversity of a species and assessing whether these demographic criteria indicate that it is at high
risk of extinction, at moderate risk, or neither. A species at very low levels of abundance and
with few populations will be less tolerant to environmental variation, catastrophic events, genetic
processes, demographic stochasticity, ecological interactions, and other processes (e.g., Gilpin
and Soulé 1986, Meffe and Carroll 1994, Caughley and Gunn 1996). A rate of productivity that
is unstable or declining over a long period of time may reflect a variety of causes, but indicates
poor resiliency to future environmental variability or change (e.g., Lande 1993, Foley 1997,
Middleton and Nisbet 1997).

For species at low levels of abundance, in particular, declining or highly variable
productivity confers a high level of extinction risk. A species that is not widely distributed
across a variety of well-connected habitats will have a diminished capacity for recolonizing
locally extirpated populations and is at increased risk of extinction due to environmental
perturbations and catastrophic events (Schlosser and Angermeier 1995, Hanski and Gilpin 1997,
Tilman and Lehman 1997, Cooper and Mangel 1999). A species that has lost locally adapted
genetic and life history diversity may lack the characteristics necessary to endure short-term and
long-term environmental changes (e.g., Hilborn et al. 2003, Wood et al. 2008).

The demographic risk criteria described above are evaluated based on the present species
status in the context of historical information, if available. However, there may be threats or
other relevant biological factors that might alter the determination of the species’ overall level of
extinction risk. These threats or other risk factors are not yet reflected in the available
demographic data because of the time lags involved, but are nonetheless critical considerations in
evaluating a species’ extinction risk (Wainwright and Kope 1999).

Forecasting the effects of threats and other risk factors into the foreseeable future is rarely
straightforward, and usually necessitates qualitative evaluations and the application of informed
professional judgment. This evaluation highlights those factors that may exacerbate or
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ameliorate demographic risks so that all relevant information may be integrated into the
determination of overall extinction risk for the species. Examples of such threats or other
relevant factors may include climatic regime shifts that portend favorable temperature and
marine productivity conditions, an El Nifio event that is anticipated to result in reduced food
quantity or quality, or recent or anticipated increases in the range or abundance of predator
populations.

In considering the status of eulachon, we evaluated both qualitative and quantitative
information. Qualitative evaluations included aspects of several of the risk considerations
outlined above, as well as recent, published assessments of the status of eulachon populations by
agencies, reviewed below. Additional information presented by the petitioners was considered,
as discussed under the Introduction: Summary of Information Presented by the Petitioner section
above.

Abundance and Carrying Capacity
Absolute Numbers

The absolute number of individuals in a population is important in assessing two aspects
of extinction risk. For small populations that are stable or increasing, population size can be an
indicator of whether the population can sustain itself into the future in the face of environmental
fluctuations and small-population stochasticity; this aspect is related to the concept of minimum
viable populations (MVP) (Gilpin and Soulé¢ 1986, Thompson 1991). For a declining population,
present abundance is an indicator of the expected time until the population reaches critically low
numbers; this aspect is related to the concept of “driven extinction” (Caughley 1994). In
addition to total numbers, the spatial and temporal distribution of adults is important in assessing
risk to a species or DPS.

Several aspects of eulachon biology indicate that large aggregations of adult eulachon are
necessary for maintenance of normal reproductive output. Eulachon are a short-lived, high-
fecundity, high-mortality forage fish, and such species typically have extremely large population
sizes. Research from other marine fishes (Sadovy 2001) suggests that there is likely a biological
requirement for a critical threshold density of eulachon during spawning to ensure adequate
synchronization of spawning, mate choice, gonadal sterol levels, and fertilization success. Since
eulachon sperm may remain viable for only a short time, perhaps only minutes, sexes must
synchronize spawning activities closely, unlike other fish such as Pacific herring (Hay and
McCarter 2000, Willson et al. 2006).

In most samples of spawning eulachon, males greatly outnumber females (although many
factors may contribute to these observations) (Willson et al. 2006), and in some instances
congregations of males have been observed simultaneously spawning upstream of females that
laid eggs as milt drifted downstream (Langer et al. 1977). Sadovy (2001, p. 100) noted that “the
idea that, if a population drops below some critical density, the intrinsic rate of population
increase may not be realized because breeding activity may cease, cannot be readily dismissed
and a number of possible Allee effects have been noted” in marine fishes. Sadovy (2001, p. 101)
further noted that “aggregating behaviour presumably reflects some biological imperative for
sociality during the reproductive season.”
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In addition, the genetically effective population size of eulachon may be much lower than
the census size. Although eulachon exhibit high fecundity (7,000—-60,000 eggs; mean =30,000),
survival from egg to larva may vary widely (3—5% in the Kemano River to approximately 1% in
the Wahoo River [Willson et al. 2006]) and may be less than 1% in large egg masses. Larvae are
small (4-8 mm long), are rapidly carried by currents to the sea, and rear in the pelagic zone
similarly to many marine pelagic fish larvae where the extent of mortality during the transition
phase from larva to juvenile is high. In marine species, under conditions of high fecundity and
high mortality associated with pelagic larval development, local environmental conditions may
lead to random “sweepstake recruitment” events where only a small minority of spawning
individuals contribute to subsequent generations (Hedgecock 1994). Hauser and Carvalho
(2008) report that “data available so far suggest that the scope for sweepstake recruitment may
be higher in larger populations, as the Ne/N [ratio of effective size to census size] is lower in
larger populations.”

Large spawning aggregations of adult eulachon may also be necessary to withstand
predation pressure associated with large congregations of predators that target returning adults,
and to produce enough eggs and pelagic larvae to swamp out predation in the ocean (Bailey and
Houde 1989). Multiple species of predators (sea lions, harbor seals, gulls, bald eagles, ducks,
sturgeon, porpoises, killer whales, etc.) commonly congregate at eulachon spawning runs and
“local observers often judge arrival of fish by the conspicuous arrival of many predators”
(Willson et al. 20006).

Historical Abundance and Carrying Capacity

Knowing the relationship of present abundance to present carrying capacity is important
for evaluating the health of populations, but the fact that a population is near its current capacity
does not necessarily signify full health. A population near capacity implies that short-term
management may not be able to increase fish abundance.

The relationship of current abundance and habitat capacity to historical levels is an
important consideration in evaluating risk. Knowledge of historical population conditions
provides a perspective for understanding the conditions under which present populations
evolved. Historical abundance also provides the basis for scaling long-term trends in
populations. Comparison of present and past habitat capacity can also indicate long-term
population trends and problems of population fragmentation. For eulachon, current and
historical abundance data and information was available in the form of spawner biomass (pounds
or metric tons) or total spawner counts (numbers of adult fish), offshore juvenile eulachon
biomass estimates (metric tons), mean eulachon larval density, CPUE, commercial-recreational-
subsistence fisheries landings, ethnographic studies, and anecdotal qualitative information.

Trends in Abundance

Short-term and long-term trends in abundance are primary indicators of risk. Trends may
be calculated from a variety of quantitative data, which are discussed in detail in specific
subsections below. Interpretation of trends in terms of population sustainability is difficult for
several reasons. First, eulachon are harvested in fisheries and shifting harvest goals or market
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conditions directly affect trends in spawning abundance and catch. Second, environmental
fluctuations on short timescales affect trend estimates, especially for shorter trends.

Recent Events

A variety of factors, both natural and human-induced, affect the degree of risk facing
eulachon populations. Because of time lags in these effects and variability in populations, recent
changes in any of these factors may affect current risk without any apparent change in available
population statistics. Thus consideration of these effects must go beyond examination of recent
abundance and trends, but forecasting future effects is rarely straightforward and usually
involves qualitative evaluations based on informed professional judgment. Events affecting
populations may include natural changes in the environment or human-induced changes, either
beneficial or detrimental. Possible future effects of recent or proposed conservation measures
have not been taken into account in this analysis, but we have considered documented changes in
the natural environment. A key question regarding the role of recent events is: Given our
uncertainty regarding the future, how do we evaluate the risk that a population may not persist?

It is generally accepted that important shifts in ocean-atmosphere conditions occurred
about 1977 and again in 1998 that affected North Pacific marine ecosystems. Several studies
have described decadal-scale oscillations in North Pacific climatic and oceanic conditions
(Mantua and Hare 2002). These changes have been associated with recruitment patterns of
several groundfish species and Pacific herring (McFarlane et al. 2000). As discussed in this
report, increases in eulachon in the Columbia, Fraser, and Klinaklini rivers in 2001-2002 may be
largely a result of the more favorable ocean conditions for eulachon survival during the transition
from larvae to juvenile when these broods entered the ocean in 1998-2000.

One indicator of the ocean-atmosphere variation for the North Pacific is the PDO index;
Figure 15 shows that from fall 2007 to mid-summer 2009 (time period E on the graph) monthly
PDO values were negative, whereas PDO values were mostly positive in time period D from
2002 to fall of 2007 and during most of the previous two decades (time period B). One
exception is time period C, which corresponds with 1998-2000 when good ocean conditions for
survival of larval eulachon led to the increased run strength noted in 2001-2002. PDO values
were generally negative for a long period from the 1950s to the late 1980s (time period A).
Recently negative PDO values are associated with relatively cool ocean temperatures off the
Pacific Northwest and positive values are associated with warmer, less productive conditions
(Mantua and Hare 2002).

Coupled changes in climate and ocean conditions have occurred on several different time
scales and have influenced the geographical distributions, and hence local abundance, of marine
fishes. On time scales of hundreds of millennia, periodic cooling produced several glaciations in
the Pleistocene Epoch (Imbrie et al. 1984, Bond et al. 1993). Since the end of this major period
of cooling, several population oscillations of pelagic fishes, such as anchovies (Engraulis
mordax) and sardines (Sardinops sagax), have been noted on the west coast of North America
(Baumgartner et al. 1992). These oscillations, with periods of about 100 years, have presumably
occurred in response to climatic variability. On decadal time scales, climatic variability in the
North Pacific and North Atlantic oceans has influenced the abundances and distributions of
widespread species, including several species of Pacific salmon (Oncorhynchus spp.) (Francis et
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Figure 15. Monthly values for the PDO index, which is based on sea surface temperatures in the North
Pacific Ocean, poleward of 20° N. A through E are time periods discussed in the text. Data
source: online at http://jisao.washington.edu/pdo/PDO latest.

al. 1998, Mantua et al. 1997) in the North Pacific, and Atlantic herring (Clupea harengus)
(Alheit and Hagen 1997) and Atlantic cod (Gadus morhua) (Swain 1999) in the North Atlantic.
At this time, we do not know whether recent shifts in climate and ocean conditions represent a
long-term shift in conditions that will continue affecting stocks into the future or short-term
environmental fluctuations that can be expected to be reversed in the near future. Although
recent conditions appear to be within the range of historic conditions under which eulachon
populations have evolved, the risks associated with poor climate conditions may be exacerbated
by human influence on these populations (Lawson 1993).

None of the elements of risk outlined above are easy to evaluate, particularly in light of
the great variety in quantity and quality of information available for various populations. Two
major types of information were considered: previous assessments that provided integrated
reviews of the status of eulachon in our region and data regarding individual elements of
population status, such as abundance, trend, and habitat conditions.

A major problem in evaluations of risk for eulachon is combining information on a
variety of risk factors into a single overall assessment of risk facing a population. Conducting an
overall assessment of extinction risk involves the consideration of a wide variety of qualitative
and quantitative information concerning the threats and demographic risks affecting a species’
persistence. Moreover, the type and spatial-temporal coverage of the information available often
varies within and among populations. This presents a substantial challenge of integrating
disparate types of information into an assessment of a species’ overall level of extinction risk.
Usually such assessments necessitate qualitative evaluations based on informed professional
judgment. In this review, we have used a risk-matrix approach through which the BRT members
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applied their best scientific judgment to combine qualitative and quantitative evidence regarding
multiple risks into an overall assessment.

Status Assessments
Official Status in California, Oregon, and Washington

In California eulachon are classified on the Fish Species of Special Concern List as a
Class 3 Watch List species (see http://www.dfg.ca.gov/wildlife/nongame/ssc/tfish.html). This list
was most recently updated in 1995. Class 3 Watch List species are defined as:

taxa occupying much of their native range, but were formerly more widespread or
abundant within that range. ... The populations of such species need to be
assessed periodically (i.e., every 5 years) and included in long-term plans for
protected waterways (e.g., ADMAS [aquatic diversity management areas]).

In Oregon, eulachon are not listed as a state threatened, endangered, or candidate species,
nor are they on the state sensitive species list. However, eulachon are on the list of Strategy
Species in Oregon’s Nearshore Strategy (ODFW 2006, p. 26). These species are defined in the
following manner:

Strategy species are nearshore species that were identified by the Nearshore
Team to be in greatest need of management attention. Identification as a strategy
species does not necessarily mean the species is in trouble. Rather, those
identified as a strategy species have some significant nearshore
management/conservation issue connected to that species that is of interest to
managers.

ODFW (2006, p. 28) further refers to eulachon under the category of Notes on Conservation
Needs as:

Forage fish. Vulnerable freshwater spawning and nursery grounds. Columbia
River population has declined. Other distinct population segments (DPS) may
have experienced similar declines.

In Washington, eulachon are classified by the WDFW (online at http://wdfw.wa.gov/
wlm/diversty/soc/candidat.htm) as a State Candidate Species, which are defined as:

fish and wildlife species that the department will review for possible listing as
State Endangered, Threatened, or Sensitive. A species will be considered for
designation as a State Candidate if sufficient evidence suggests that its status may
meet the listing criteria defined for State Endangered, Threatened, or Sensitive.

Status in Canada

The Province of British Columbia examined the conservation status of eulachon in 2000
and again in 2004 and in both instances assigned eulachon to its blue list. According to the
British Columbia Conservation Data Centre (2008, online at http://www.env.gov.bc.ca/atrisk/
red-blue.html) the blue list:
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Includes any indigenous species or subspecies considered to be of Special
Concern (formerly Vulnerable) in British Columbia. Taxa of Special Concern
have characteristics that make them particularly sensitive or vulnerable to human
activities or natural events. Blue-listed taxa are at risk, but are not Extirpated,
Endangered, or Threatened.

Eulachon are also considered a Group 1 high priority candidate species for review in
British Columbia by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC). According to the COSEWIC Web site (http://www.cosewic.gc.ca/eng/sct0/
assessment_process_e.cfm), “Group 1 contains species of highest priority for COSEWIC
assessment. Wildlife species suspected to be extirpated from Canada would also be included in
this group.” A recent bid to conduct a COSEWIC review has been awarded in Canada and a
final product is due in November 2010 (see information online at http://www.cosewic.gc.ca/
eng/sct2/sct2 4 e.cfm).

Pickard and Marmorek (2007) reported out the results of a DFO workshop whose
purpose was to determine research priorities and recovery strategies for eulachon in the wake of
the recent coastwide decline. They stated that:

Recent information indicates that eulachon are declining in many parts of the west
coast of North America, though the reasons for this decline and possible remedies
are not well understood. In 1994 the Columbia, Fraser, and Klinaklini rivers
suffered sudden drastic declines (Hay 1996). Since then First Nations have
reported that fish are absent or at very low levels in many other British Columbia
eulachon spawning rivers including: the Kemano, Kitimat, Wannock, Bella
Coola, Nass, Skeena, Chilcoot, Unuk, Kitlope, and Stikine (Moody 2007, Hay
2007).

According to Schweigert et al. (2007, p. 13):

In recent years, particularly since 1994, eulachon abundance has declined
synchronously in many rivers and virtually disappeared in California. This
decrease has been noticeable in the PNCIMA [Pacific North Coast Integrated
Management Area] region, with very poor runs in Douglas Channel, Gardner
Canal, Dean/Burke channels, and Rivers Inlet areas in the past 5 years. It is
suspected that these declines may be related to large-scale climate change.
Recent studies suggest rivers that normally experience spring freshet events may
gradually be changing to summer and fall freshets that may impair eulachon
spawning runs.

Other Status Assessments

Musick et al. (2000, p. 11) assessed the status of eulachon following American Fisheries
Society criteria to define extinction risk in marine fishes (Musick 1999), and classified eulachon
in the Columbia River as threatened based on “commercial landings [that] have declined from
average of 2.1 million 1b annually from 1938 to 1989 to 5,000 Ib in 1999, a decline > 0.99.” In
addition, Musick et al. (2000, p. 11) stated that “other DPSs from British Columbia to northern
California may have declines similar to that observed in the Columbia River.”
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Hay and McCarter (2000) conducted a review of the status of eulachon for the Canadian
Stock Assessment Secretariat of Fisheries and Oceans Canada and concluded at that time that
“the widespread decline in the southern part of the range warrants a COSEWIC classification of
‘threatened’ in Canadian waters.” This conclusion was based on:

Available evidence [which] suggests that several rivers in the central coast of
British Columbia may be extirpated, while others have declined severely. Only
the Nass maintains normal or near-normal runs, although the Fraser, while
markedly lower in recent decades and especially since 1994, still has regular, but
diminished runs. The Columbia River, with the world’s largest eulachon run,
declined sharply in 1993, and has remained low since. Apparently all runs in
California have declined and several runs that once were large have not been seen
in more than 20 years.

General Demographic Indicators

Within the range of the DPS, the BRT examined abundance related information in the
published literature; data provided by DFO, WDFW, and ODFW; analyses of available
abundance data both past and present summarized in Moody (2008); and information and
presentations provided by eulachon experts from DFO, WDFW, ODFW, the Cowlitz Indian
Tribe, and the Yurok Indian Tribe assembled during a scientific technical meeting at the NWFSC
in June 2008. Information on eulachon abundance fell into the general categories of 1) fisheries-
independent scientific surveys of adults, offshore juveniles, and outmigrant larvae; 2)
commercial fisheries-dependent landings; 3) recreational fisheries-dependent landings; 4) First
Nations subsistence fisheries landings; 5) ethnographic studies; 6) anecdotal qualitative
information; and 7) traditional ecological knowledge.

In addition, the BRT reviewed the results of a fuzzy logic expert system developed by
Moody (2008) to estimate a past and present relative abundance status index for eulachon in
several areas of the southern DPS of eulachon. Moody’s (2008) expert system uses catch data to
determine the exploitation status of a fishery and combines this with other data sources such as
spawning stock biomass estimates, CPUE data, test fishery catches, larval survey data, or
anecdotal comments on run size to estimate the relative abundance status index. This index was
produced using designed heuristic rules and by adjusting weighting parameters (Moody 2008).

Although humans have exploited eulachon populations for centuries, the perceived
abundance of the resource and its low commercial value has resulted in limited regulation of past
commercial and recreational fisheries, limited recording of past catches, and until recently a lack of
assessment surveys of spawning abundance. The BRT recognized that the lack of direct estimates
of eulachon abundance based on fishery-independent surveys (spawning stock biomass estimates
or escapement counts) prior to 1993 makes it very difficult to quantify trends in eulachon
abundance. Since the mid-1990s, monitoring of this resource has improved and a handful of data
sets are now available that track eulachon spawning stock abundance and offshore juvenile
abundance or provide an indication of run strength in several subareas of the DPS.
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Data Availability
Fisheries-independent scientific surveys

There are few direct estimates of spawning biomass of eulachon from rivers within the
DPS, although all of these data sets began to be collected after the perceived decline in run sizes
occurred in the early 1990s. Spawner biomass (pounds or metric tons) or total spawner counts
(numbers of adult fish) are available for the Fraser River (1996-2009), Klinaklini River (1995),
Kingcome River (1997), Wannock/Kilbella rivers (2005-2006), Bella Coola River (2001-2004),
Kitimat River (1993-1996, 1998-2005), and Skeena River (1997). Even though the results of
most of these studies are only available in gray literature reports, they were regarded by the BRT
as constituting the best scientific and commercial data available for recent eulachon abundance
in the DPS and were heavily weighted in the BRT’s risk analysis. The BRT was cognizant of the
fact that abundance estimates always contain observational error. These factors were taken into
account when evaluating the data sets.

Offshore juvenile eulachon biomass estimates were available for Queen Charlotte Sound
(1998-2009), West Coast Vancouver Island (1973, 1975-1983, 1985, 1987-2009), and the U.S.
West Coast (1995, 1998, 2001). Data for Queen Charlotte Sound and West Coast Vancouver
Island were collected by DFO as part of offshore shrimp biomass assessments. Eulachon
juvenile biomass data for the U.S. West Coast were available from AFSC triennial groundfish
bottom trawl surveys on the continental shelf (55-500 m) in 1995 (Wilkins 1998), 1998 (Wilkins
and Shaw 2000), and 2001 (Wilkins and Weinberg 2002).

CPUE data for eulachon were also available off the U.S. West Coast in AFSC triennial
groundfish bottom trawl surveys over the continental shelf in depths of 55-366 m (1989, 1992)
or 55-500 m (1995, 1998, 2001) and in certain INPFC statistical areas in AFSC groundfish
bottom trawl surveys over the continental slope in depths of 183—1,280 m (1989-1999).
However, as mentioned previously, these groundfish surveys were designed to sample bottom
dwelling species and capture only a small and erratic portion of the pelagic distribution of
eulachon.

Mean eulachon larval density data were available in the mainstem Columbia River
(1996-2009), Cowlitz River (1986, 1994-2004, 2006-2009), Grays River (1998-2001, 2004—
2006, 2008, 2009), Elochoman River (1997-2001, 2003, 2008), Kalama River (1995-2002),
Lewis River (1997-2003, 2007-2009), and Sandy River (1998-2000, 2003).

Data from a Fraser River test fishery were available for the years 1995-1998 and 2000—
2005 and are reported as number of fish caught. CPUE data were available from the Columbia
River (1988-2008), Kemano River (1988-2006), and Kitimat River (1994-2006).

Commercial fisheries—dependent landings

Commercial fisheries landings in pounds or metric tons of eulachon were available for
the Klamath River (1963), Umpqua River (1967), Columbia River (1888—1892, 1894-1913,
1915-2009), Fraser River (1881-1996), Kitimat River (1969-1971), and Skeena River (1900—
1916, 1919, 1924, 1926-1927, 1929-1932, 1935, 1941).
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In some areas of the southern DPS of eulachon where escapement counts or estimates of
spawning stock biomass are unavailable, catch statistics provide the only available quantitative
data source that defines the relative abundance of eulachon occurrence that may be otherwise
evident only by simple run-strength observation. However, inferring population status or even
trends from yearly changes in catch statistics requires assumptions that are seldom met, including
similar fishing effort and efficiency, assumptions about the relationship of the harvested portion
to the total portion of the stock, and statistical assumptions such as random sampling.

First Nations and Indian tribal subsistence fisheries landings

First Nations subsistence fisheries landings in pounds or metric tons of eulachon were
available for a number of rivers in British Columbia including the Fraser River (1975-1987,
1991), Klinaklini River (1947, 1949, 1950, 1952, 1959-1973, 1977), Kingcome River (1950,
1957, 1960, 1961, 1963, 1966), Wannock River (1967, 1968, 1971), Bella Coola River (1945,
1946, 1948-1989, 1995, 1998), Kemano River (1969—1973, 1988-2006), and Kitimat River
(1969-1972).

Recreational fisheries—dependent landings

Recreational fisheries for eulachon are even more poorly documented that those for
commercial and subsistence purposes. A popular recreational dip net fishery for eulachon has a
long history on the Columbia River, particularly in tributary rivers such as the Cowlitz and on
occasion the Sandy River. Catch records are not maintained for this fishery, although it has been
estimated at times to equal the commercial catch (WDFW and ODFW 2001). A similar
recreational dip net fishery occurred in the past on the Fraser River, and landings data exist for a
portion of this fishery in the vicinity of Mission, British Columbia, for the years 1956, 1963—
1967, and 1970-1980 (Moody 2008, p. 49, her Figure 2.22).

Ethnographic studies

Numerous ethnographic studies emphasize the nutritional and cultural importance of
eulachon to coastal mainland Indian tribes and First Nations. The BRT examined ethnographic
sources that describe historical distributions and relative abundance of eulachon fisheries within
the boundaries of the DPS. Many of the statements in these sources as to the historical
distribution and abundance of eulachon consisted of traditional ecological knowledge or were
anecdotal in nature.

Anecdotal qualitative information

Anecdotal information is defined in the present context as information based on personal
observation, case study reports, or random investigations rather than systematic scientific
evaluation. This category includes memoirs of pioneers, fur trappers, and explorers; newspaper
articles; and interviews with local fishers.

The BRT examined a variety of primary sources (e.g., accounts of early explorers,
surveyors, fur trappers, and settlers and newspaper articles) and secondary sourced (e.g., agency
fisheries reports and journal articles that cite personal communications) that describe historical
distributions and relative abundance of eulachon within the boundaries of the DPS. The BRT
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also examined documents (e.g., Larson and Belchik 1998, Hay and McCarter 2000, Moody
2008) that cited interviews with local fishers or personal communications from local fisheries
managers in their attempt to qualitatively characterize eulachon run strength. Many statements
in these sources as to the historical distribution of eulachon were largely anecdotal in nature.

Traditional ecological knowledge

Although there is a largely untapped store of knowledge on eulachon residing in the
culture and traditions of Native American Indian Tribes and First Nations in Canada, the BRT
did not separately consider traditional ecological knowledge sources in its deliberations;
however, the BRT did examine secondary sources that presented information on eulachon
presence and run size that was gathered from interviews with traditional local fishers.

Summary of Regional Demographic Data

To facilitate evaluation of eulachon distribution and abundance, the BRT analyzed the
available demographic information on a subpopulation basis, arranged geographically into
separate major estuaries, which have been postulated to be the smallest area that likely supports a
biological stock (McCarter and Hay 1999, Hay and McCarter 2000, Hay 2002). These major
areas are 1) Klamath River, 2) Columbia River (Cowlitz, Grays, Lewis, Kalama, Sandy rivers,
etc.) in the United States, 3) Fraser River, 4) Knight Inlet (Klinaklini River), 5) Kingcome Inlet
(Kingcome River), 6) Rivers Inlet (Wannock and Kilbella/Chuckwalla rivers), 7) Dean Channel
(Bella Coola and Kimsquit rivers), 8) Gardner Canal (Kemano, Kowesas, and Kitlope rivers), 9)
Douglas Channel (Kitimat and Kildala rivers), and 10) Skeena River in British Columbia.

Eulachon are periodically noted in small numbers in several rivers and creeks on the
Washington and Oregon coast. Documentation of these irregular occurrences of eulachon is
usually anecdotal and it is uncertain how these fish are related demographically to eulachon in
rivers such as the Fraser and Columbia where consistent annual runs occur. Occasionally large
runs are noticed, usually by the abundance of predatory birds and marine mammals that
accompany these runs, in coastal rivers such as the Queets and Quinault. Usually these large run
events are separated in time by periods greater than the generation time of eulachon. We do not
know enough about the biology of eulachon to know if these eulachon run events represent self-
sustaining populations or are simply stray individuals from larger eulachon systems. It is
possible that these populations may exist at levels of abundance that would not be detected by
the casual observer, only to become noticed in years of high abundance. Further research on the
source and sustainability of eulachon that occasionally appear in these coastal creeks and rivers
is needed to fully assess the status of these eulachon aggregations.

Offshore juvenile abundance estimates

Four fisheries-independent indices of juvenile offshore biomass are available that indicate
status of stock mixtures: 1) a West Coast Vancouver Island eulachon biomass index (Figure 16);
2) a Queen Charlotte Sound eulachon biomass index (Figure 17); 3) estimates of CPUE,
biomass, or number of eulachon reported in a series of groundfish bottom trawl surveys
conducted on the continental shelf and slope of the U.S. West Coast by NMFS’s NWAFC and
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Figure 16. West coast Vancouver Island offshore eulachon biomass index. See Figure 21 for geographic
locations of DFO shrimp management areas 23IN, 230FF, 210FF, 1240FF, and 1250FF. Data
from Hay et al. (2003) and DFO west coast Vancouver Island shrimp survey bulletins (2000—
2009), online at http://www-ops2.pac.dfo-mpo.gc.ca/xnet/content/Shellfish/shrimp/surveys/
surveys.htm?

AFSC and more recently by NWFSC (Table 2 through Table 5, Figure 18, and Figure 19); and 4)
the AFSC Gulf of Alaska bottom trawl biomass estimates for eulachon (Figure 20). The latter
two groundfish surveys were designed to sample bottom-dwelling species and capture only a
small and erratic portion of the pelagic distribution of eulachon. In addition, none of these four
indices provides information on spawning stock biomass and each incorporates juvenile biomass
derived from 2 to 4 broodyears; however, these indices are useful predictors for potential future
run sizes.

DFO (2008a, p. 11) describes the west coast Vancouver Island eulachon biomass index as
follows (Figure 16):

The offshore biomass index is based on an annual trawl survey conducted in late
April or early May by Fisheries and Oceans Canada, Science Branch. The survey
initially was designed to index shrimp abundance but since eulachon also are
caught by this survey, a eulachon index is possible. It is important to note that
this is a biomass index and not a biomass estimate and that eulachon caught in
this survey include stocks from both the Fraser River, and the Columbia River,
and possibly other areas. This survey has been conducted since 1973 and
provides an annual index of offshore abundance for the lower west coast
Vancouver Island (areas 121, 23, 123, 124, and 125) [Figure 21].
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Figure 17. Queen Charlotte Sound offshore eulachon biomass index. Data from DFO Queen Charlotte
Sound shrimp survey bulletins (2000-2009), online at http://www-ops2.pac.dfo-mpo.gc.ca/
xnet/content/Shellfish/shrimp/surveys/surveys.htm?

DFO (2009a, p. 3) stated that “the eulachon biomass indices for 2009 increased in all
SMA s [shrimp management areas] surveyed [off west coast Vancouver Island] compared to
2008 indices” (Figure 16). Biomass increased “from 353.7 t in 2008 to 720.8 t in 2009 in
SMAs 230FF+210FF, “from 697.8 t in 2008 to 1810.1 t in 2009” in SMA 1240FF, and “from
184.9 t in 2008 to 520.0 t in 2009” in SMA 1250FF (DFO 2009a, p. 3) (Figure 21).

In a similar manner, a Queen Charlotte Sound eulachon biomass index (Figure 17) is
derived from eulachon caught in the fishery-independent shrimp survey that is conducted in May
of each year in SMA Queen Charlotte Sound. Data indicate that “the 2008 estimate of 451.5 t is
a significant increase from the record low 137.1 t in 2007 (DFO 2008b, p. 2); however,
“eulachon biomass on the shrimp grounds decreased slightly to 394.8 t in 2009 from 451.5 t in
2008 (DFO 2009b, p. 2). As reported in DFO (2009b, p. 3) “the shrimp trawl fishery in SMA
Queen Charlotte Sound will remain closed due to eulachon conservation concerns in central
British Columbia rivers” (Figure 21).

The history and location of groundfish trawl surveys conducted by the NWAFC, AFSC,
and NWFSC in Alaska and off the U.S. West Coast were described in the above Marine
Distribution subsection. Mean CPUE (kg/ha) data for eulachon in select INPFC statistical areas
(Table 2) were published in various AFSC groundfish bottom trawl surveys conducted between
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Table 2. Mean CPUE (kg/ha) of eulachon in INPFC statistical areas (Figure 4) as reported in AFSC groundfish bottom trawl surveys on the
continental slope in depths of 183 to 1,280 m. ND (for no data) indicates that no survey occurred in a certain area and a dash indicates a
survey occurred but no eulachon were reported.

Canadian uU.S. Total
Year Vancouver Vancouver Vancouver Columbia Eureka Monterey Conception U.S. total Total
1989° ND ND ND 2.296 ND ND ND ND ND
1990° ND ND ND ND 0.487 ND ND ND ND
1991° ND ND ND ND ND ND ND ND ND
1992* ND 0.003 ND 0.032 ND ND ND ND ND
(183-366 m)
1992° ND 0.004 ND 0.002 ND ND ND ND ND
(367-549)
1993* ND ND ND 0.001 ND ND ND ND ND
(183-366 m)
1993° ND ND ND 0.001 ND ND ND ND ND
(367-549 m)
1996° ND — ND — ND ND ND ND ND
(183-366 m)
1996 ND — ND 0.002 ND ND ND ND ND
(367-549 m)
1997¢ ND — ND 0.002 — — — 0.001 ND
(183-366 m)
1997¢ ND — ND 0.003 — — — 0.001 ND
(367-549 m)
1999¢ ND — ND 0.006 0.007 — — 0.003 ND
(183-366 m)

? Lauth et al. 1997
Lauth 1997b

¢ Lauth 1999

41 auth 2000
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Table 3. Mean CPUE (kg/ha) of eulachon in INPFC statistical areas (Figure 4) as reported in AFSC triennial groundfish bottom trawl surveys on

the continental slope in depths of 55 to 366 m (1989 and 1992) or 55 to 500 m (1995-2001). A dash indicates a survey occurred but no
eulachon were reported.

Canadian uU.S. Total
Year Vancouver Vancouver Vancouver Columbia Eureka Monterey Conception U.S. total Total
1989° 0.723 0.259 0.557 0.438 0.458 0.014 0.169 0.295 0.368
1992° 3.115 0.010 1.933 0.188 0.226 — — 0.114 0.604
1995°¢ 1.118 0.094 0.761 0.027 0.001 — — 0.019 0.169
1998¢ 0.127 0.007 0.077 0.009 Trace — — 0.004 0.018
2001° 13.251 0.362 6.888 0.253 0.013 — — 0.135 1.172

* Weinberg et al. 1994, ° Zimmerman 1994, © Wilkins 1998,  Wilkins and Shaw 2000, © Wilkins and Weinberg 2002

Table 4. Estimated biomass (mt) of eulachon in INPFC statistical areas (Figure 4) as reported in AFSC triennial groundfish bottom trawl surveys
on the continental slope in depths of 55 to 500 m. A dash indicates a survey occurred but no eulachon were reported.

Canadian uU.S. Total
Year Vancouver Vancouver Vancouver Columbia Eureka Monterey Conception U.S. total Total
1995° 1,137 85 1,221 59 1 — — 145 1,281
1998° 123 9 132 20 — — — 30 153
2001°¢ 12,186 717 12,903 558 9 — — 1,284 13,470

* Wilkins 1998, ® Wilkins and Shaw 2000, ¢ Wilkins and Weinberg 2002

Table 5. Estimated number of eulachon in INPFC statistical areas (Figure 4) as reported in AFSC triennial groundfish bottom trawl surveys on the
continental slope in depths of 55 to 500 m. A dash indicates a survey occurred but no eulachon were reported.

Canadian uU.S. Total
Year Vancouver Vancouver Vancouver Columbia Eureka Monterey Conception U.S. total Total
1995° 39,912,489 2,475,680 42,579,382 1,552,718 16,787 — — 4,045,185 44,148,887
1998° 7,811,913 595,554 8,407,466 1,150,452 5,297 — — 1,751,303 9,653,216
2001° 340,794,386 22,481,691 363,276,077 22,146,832 808,073 — — 45,436,595 386,230,981

* Wilkins 1998, ® Wilkins and Shaw 2000, ¢ Wilkins and Weinberg 2002
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Figure 18. Mean CPUE (kg/ha) of eulachon in INPFC statistical areas (Figure 4) off the U.S. West Coast,
as reported in AFSC triennial groundfish bottom trawl surveys on the continental shelf in depths
of 55-366 m (1989 and 1992) or 55-500 m (1995-2001) in 1989 (Weinberg et al. 1994), 1992
(Zimmermann 1994), 1995 (Wilkins 1998), 1998 (Wilkins and Shaw 2000), and 2001 (Wilkins
and Weinberg 2002).

1989 and 1999 on the U.S. West Coast continental slope between depths of 183 and 1,280 m
(Lauth et al. 1997, Lauth 1997b, 1999, 2000).

As mentioned previously, this depth range is deeper than preferred by eulachon and it is
likely that these continental slope surveys missed the vast majority of eulachon in the area. The
1977 triennial groundfish survey recorded eulachon in six of nine assemblages on the continental
shelf off the Washington and Oregon coasts, being most abundant within the Nestucca
Intermediate Assemblage (90—-145 m), where they constituted 3.5% of the total biomass and had
a mean CPUE of 28.6 Ib/haul (13 kg/haul) (Gabriel and Tyler 1980). In 1980 eulachon were
recorded as the 15th most common fish encountered (0.69 kg/ km trawled) in the shallow stratum
(55-183 m) in the INPFC Eureka area, but were not recorded within the top 20 species
encountered in the INPFC Vancouver, Columbia, or Monterey areas (Coleman 1986). Triennial
surveys conducted in 1989-2001 provided mean CPUE (kg/ha) data for eulachon (Table 3,
Figure 18) in INPFC statistical areas off the U.S. West Coast (Weinberg et al. 1994b,
Zimmermann 1994, Wilkins 1998, Wilkins and Shaw 2000, Wilkins and Weinberg 2002).

Biomass and total number of fish (Table 5) estimates for eulachon were published for
surveys conducted in 1995 (Wilkins 1998), 1998 (Wilkins and Shaw 2000), and 2001 (Wilkins
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Figure 19. Estimated biomass (mt) of eulachon in INPFC statistical areas (Figure 4) off the U.S. West
Coast as reported in AFSC triennial groundfish bottom trawl surveys on the continental shelf in
depths of 55-500 m in 1995 (Wilkins 1998), 1998 (Wilkins and Shaw 2000), and 2001 (Wilkins
and Weinberg 2002).

and Weinberg 2002). Between 80% and 90% of the eulachon biomass in these surveys occurred
in the Canadian portion of the Vancouver INPFC area (Table 4, Figure 19). As stated
previously, these groundfish surveys were designed to sample bottom-dwelling species and only
capture a small and erratic portion of the pelagic distribution of eulachon.

Although unlikely to include eulachon from the southern DPS, the AFSC Gulf of Alaska
bottom trawl estimates for eulachon (Figure 20) are a useful indicator of fluctuations in
abundance in the Alaska Current for comparison with conditions in the California Current.

Oregon marine recreational fisheries survey data

ODFW (Williams 2009) (Table 6) provided a:

summary for catches of eulachon in the marine sport fishery. The Oregon
Recreational Boat Survey (ORBS) is our ocean boat sampling project. The
survey is responsible for sampling sport catches from boats, focusing on ocean
catches. Estimates of harvest are produced based on this sampling and are used
for in-season management of quota species. Sampling takes place at a lesser
extent in estuaries and that information is catalogued, but not used routinely. The
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Figure 20. AFSC bottom trawl survey biomass estimates for eulachon and fishery incidental catch
(bycatch) of eulachon in the Gulf of Alaska. Data from Ormseth and Vollenweider (2007) and
Ormseth et al. (2008).

Marine Recreational Finfish Statistical Survey (MRFSS) was formed by NMFS
and operated by the Pacific States Marine Fisheries Commission. This survey
was conducted at all saltwater access points including beaches, estuaries, man-
made structures (e.g., jetties), and docks. It was a comprehensive survey that was
intended to produce harvest trends over a number of years. ... Beginning in 1994,
ORBS estimates for ocean boats superseded those generated by the old MRFSS
program because ORBS methodology generates more accurate estimates. In
particular, MRFSS is weak in capturing pulse, or short-term, fisheries like smelt
(the PSE [proportional statistical error] for the annual eulachon estimates range
from 73 to 100). Hence, the summary is best regarded as an indicator of eulachon
presence in the sport fishery, not absolute numbers.

Northern California

There has been no long-term monitoring program for eulachon in California, making the
assessment of historical abundance and abundance trends difficult. Within California, large
spawning aggregations of eulachon were reported to have once regularly occurred in the
Klamath River (Fry 1979, Moyle et al. 1995, Larson and Belchik 1998, Moyle 2002, Hamilton et
al. 2005) and on occasion in the Mad River (Moyle et al. 1995, Moyle 2002) and Redwood
Creek (Moyle et al. 1995) (Table A-1, Figure 2). In addition, Moyle et al. (1995) and Moyle
(2002) stated that small numbers of eulachon have been reported from the Smith River
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Table 6. Marine Recreational Finfish Statistical Survey (MRFSS) and Shore and Estuary Boat Survey (SEBS) eulachon catch data provided by
Williams (2009) for Oregon between 1980 and June 2005. All eulachon were caught from piers or docks in bays. CPUE is fish caught
per fisher interviewed.

South Beach Winchester Bay Bandon

No. fish No. fishers CPUE No. fish No. fishers CPUE No. fish No. fishers CPUE
1983
1987
1993 53 11 4.8 8 4 2.0
1994
1995 18 1 18.0
1999 66 6 11.0
Total 53 11 4.8 26 5 5.2 66 6 11.0

Table 6 continued horizontally. MRFSS and SEBS eulachon catch data provided by Williams (2009) for Oregon between 1980 and June 2005.
All eulachon were caught from piers or docks in bays. CPUE is fish caught per fisher interviewed.

Charleston Brookings Total
No. fish No. fishers CPUE No. fish No. fishers CPUE No. fish No. fishers CPUE
1983 1 2 0.5 1 2 0.5
1987 2 3 0.7 2 3 0.7
1993 61 15 4.1
1994 4 2 2.0 4 2 2.0
1995 18 1 18.0
1999 66 6 11.0

Total 3 5 0.6 4 2 2.0 152 29 5.5




(Table A-1). CDFG’s Status Report on Living Marine Resources (Sweetnam et al. 2001, p. 477—
478) stated that “The principal spawning run [of eulachon] in California is in the Klamath River,
but runs have also been recorded in the Mad and Smith rivers and Redwood Creek.” Allen et al.
(2006) indicated that eulachon usually spawn no further south than the lower Klamath River and
Humboldt Bay tributaries.

Eulachon were of great cultural and subsistence importance to the Yurok Tribe on the
lower Klamath River (Trihey and Associates 1996) and the Yurok people consider eulachon to
be a Tribal Trust Species along with spring and fall Chinook salmon, coho salmon, steelhead,
Pacific lamprey (Lampetra tridentata) , and green sturgeon (Acipenser medirostris) (Trihey and
Associates 1996, Larson and Belchik 1998). Eulachon once supported popular recreational
fisheries in northern California rivers, but were never commercially important in California. The
only reported commercial catch of eulachon in northern California occurred in 1963 when a
combined total of 56,000 1b (25 mt) was landed from the Klamath River, the Mad River, and
Redwood Creek. According to Larson and Belchik (1998, p. 4):

Literature regarding ... [eulachon] specific to the Klamath River Basin is limited
to accounts of mere presence and qualitative descriptions of the species. Though
integral components of Yurok culture, eulachon ... have not been of commercial
importance in the Klamath and are ... totally unstudied as to their run strengths.

Larson and Belchik (1998, p. 6) also reported that according to accounts of Yurok tribal elders:

The last noticeable runs of eulachon were observed [in the Klamath River] in
1988 and 1989 by tribal fishers. Most fishers interviewed perceived a decline in
the mid to late 1970s, while about a fifth thought it was in the 1980s. A minority
of those interviewed noticed declines in the 1950s and 1960s.

Larson and Belchik (1998, p. 7) further stated that:

In December 1988 and May 1989, a total of 44 eulachon were identified in
outmigrant salmonid seining operations in and above the Klamath River estuary
(CDFG unpublished seining data). Though only selected sites are seined and
salmonids are the targeted species, no eulachon have been positively identified
since at least 1991 (M. Wallace, CDFG, pers. commun.).

As detailed in Larson and Belchik (1998), the Yurok Tribal Fisheries Program spent more
than 119 hours of staff time from February 5 to May 6, 1996, sampling for eulachon in the lower
Klamath River at 5 different sites where eulachon had been noted in the past without
encountering a single eulachon. However, one eulachon was captured by a Yurok tribal member
near the mouth of the Klamath River in 1996 (Larson and Belchik 1998). Sweetnam et al. (2001,
p. 478), in the CDFG Status Report on Living Marine Resources, stated that “In recent years,
eulachon numbers seem to have declined drastically, so they are now rare or absent from the
Mad River and Redwood Creek and scarce in the Klamath River.” CDFG (Sweetnam et al.
2001, p. 478) also stated that “the eulachon and its fishery have been largely ignored in the past”
in California, and perhaps the perceived lack of eulachon in the Klamath River, currently and in

100



the recent past, represent a low point in a natural cycle. In January 2007 six eulachon were
reportedly caught by tribal fishermen on the Klamath River.'

The BRT was concerned that there are almost no scientifically obtained abundance data
available for eulachon in the Klamath River or any other basin in northern California.
Ethnographic studies, pioneer diaries, interviews with local fishers, personal communications
from managers, and newspaper accounts are therefore the best information available that provide
documentation of eulachon occurrence in the Klamath River and other rivers on the northern
California coast.

The BRT discussed several possible interpretations of the available information. In
particular, the BRT discussed the possibility that historically runs of eulachon in the Klamath
River were episodic and perhaps only occasionally large enough to be noticed. The BRT also
considered the possibility that eulachon still occur in low but viable numbers in northern
California rivers but are not frequently observed because of the absence of a formal monitoring
program. The BRT also discussed the possibility that some eulachon may spawn in estuarine
environments and are not observed in the riverine environment.

The BRT concluded, however, that explanations that posit the absence of sustained
Klamath River eulachon runs historically are less consistent with the available information than
the hypothesis that Klamath River eulachon runs used to be regular and large enough to be
readily noticeable and now are at most small and sporadic. In particular, various accounts
written by CDFG personnel (Fry 1979, Sweetnam et al. 2001, CDFG 2008), Yurok Tribal
Fisheries Department personnel (Larson and Belchik 1998), the National Resource Council’s
Committee on Endangered and Threatened Fishes in the Klamath River Basin (NRC 2004), or
available academic literature (Moyle et al. 1995, Moyle 2002, Hamilton et al. 2005) universally
describe accounts of the past occurrence of eulachon in the Klamath River and their subsequent
decline. Based on the available information, the BRT was therefore unable to estimate the
historical abundance of eulachon in northern California, but the BRT found no reason to discount
the veracity of these anecdotal sources, which span a period of approximately 100 years and are
nearly universal in their description of noticeable runs of eulachon having once ascended the
Klamath River.

Likewise, although the BRT was concerned about the absence of a contemporary
monitoring program for eulachon, the information available strongly indicated that noticeable
runs of eulachon are not currently spawning in Klamath River or other northern California rivers.
In particular, the BRT thought it likely that if eulachon were returning in any substantial
numbers, it would be reported by residents or those engaged in recreation, research, or
management on rivers in northern California. The BRT noted that large eulachon runs tend to
attract the attention of fishermen, and the previous runs on the Klamath River were readily
noticeable (e.g., “the fish moved up in huge swarms, followed by large flocks of feeding
seabirds” [Moyle 2002, p. 240]). The BRT therefore concluded that the available information
was most readily interpreted as indicating that noticeable, regularly returning runs of eulachon
used to be present in the Klamath River, but have been rare or sporadic for a period of several
decades.

2D, Hillemeier, Yurok Tribal Fisheries Department, Klamath, CA. Pers. commun., 23 June 2008.
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Although the BRT was reasonably confident that eulachon have declined substantially in
northern California, it is also clear that they have not been totally absent from this area in recent
years. In particular, recent reports from Yurok tribal fisheries biologists of a few eulachon being
caught incidentally in other fisheries on the Klamath in 2007 indicates eulachon still on occasion
enter the Klamath River in low numbers.

Columbia River

The Columbia River and its tributaries support the largest eulachon run in the world (Hay
et al. 2002). Despite its size and the importance of the fishery (Appendix B and Appendix D),
estimates of adult spawning stock abundance are unavailable and the primary information
sources on trends in Columbia River eulachon abundance are catch records. In addition to
regular returns to mainstem spawning locations in the Columbia River and on the Cowlitz River
(most years), eulachon are known to spawn in the following lower Columbia River tributaries:
Grays River (common use), Skamokawa Creek (infrequent use), Elochoman River (periodic
use), Kalama River (common use), Lewis River (common use), and Sandy River (common use
in large run years) (Table A-1, Figure 2) (WDFW and ODFW 2008).

Commercial fishery records begin in 1888 (Table 7 through Table 9, Figure 22) and local
newspapers record catches in the Columbia River as early as 1867 (see Appendix B). A large
recreational dip net fishery for which catch records are unavailable has existed in concert with
commercial fisheries, and the importance of the eulachon run to local Indian tribes was
documented as early as the Lewis and Clark Expedition (Burroughs 1961, WDFW and ODFW
2001). The Joint Columbia River Management Staff (JCRMS 2007) stated that “limited past
creel census information suggest that the recreational catch may equal the commercial landings
in some years when smelt are abundant for a long period of time.”

The BRT did not have confidence in the fishery landings, particularly prior to 2001 in the
Columbia River as an accurate index of the actual abundance of the species. Landings are
influenced by market conditions, fishing effort, weather, and many other factors other than actual
fish abundance (WDFW and ODFW 2008). After implementation in 2000 of the interim Joint
State Eulachon Management Plan (WDFW and ODFW 2001), the commercial fishery landings
have become a relatively accurate index of the trend in the run size of eulachon returning to the
Columbia River. For instance, eulachon returns increased during 2001-2003, dropped slightly in
2004, then dropped dramatically in 2005, which is reflected in both the commercial landings and
CPUE data collected during 2001-2007. This pattern was also essentially identical to that seen
in offshore eulachon abundance indices (Figure 16 and Figure 17) and in abundance and catch
records in several other rivers (e.g., Fraser and Klinaklini rivers) in the DPS. JCRMS (2007) has
concluded that recent commercial landings “do provide a useful measure of the relative annual
run strength.” In particular, state fisheries managers of Columbia River eulachon use

commercial landings to judge whether population trends are upward, neutral, or downward
(JCRMS 2007).

Although not useful for estimating an accurate trend, the long-term landings data do
indicate that commercial catch levels were consistently high (>500 mt and often >1,000 mt) for
the three-quarters of a century period from about 1915 to 1992 (Table 9, Figure 22). Catches
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Table 7. Eulachon (aka Columbia River smelt) landings (pounds) from the Columbia River and tributary commercial fisheries. Prior to 1936, data
were commonly reported by state; after that time data were reported by river basin, but not by individual state.

Columbia  Grays Cowlitz Kalama Lewis Sandy Oregon Washington

Year River River River River River River only? only Total Source

1888 150,000 150,000  Collins 1892 (p. 231)

1889 60,000 60,000 Reedetal. 1891 (p. 39)

1890 1,000 1,000  Crawford 1890 (p. 8)

1891 150,000 150,000  Reed et al. 1892 (p. 9)

1892 125,000 500,000 625,000 Reed et al. 1892 (p. 42), Crawford
1892 (p. 9-10)

1893 Unknown”

1894 300,000° 300,000 Crawford 1894 (p.5)

1895 31,125 20,625 230,500 282,250  Wilcox 1898 (p. 604, 607, 629)

1896 338,675 338,675 677,350  McGuire 1896 (p. 77), Crawford 1896
-9

1897 677,480 344,000 1,021,480  McGuire 1898 (p. 35), Little 1898 (p.
88)

1898 450,000 287,000 737,000  McGuire 1898 (p. 118), Little 1898 (p.
15)

1899 280,500 280,420 560,920  Reed 1900 (p. 19), Little 1901 (p. 72)

1900 260,200 227,400 487,600  Reed 1900 (p. 69), Little 1901 (p. 82)

1901 265,380 265,380  Van Dusen 1903 (p. 52)

1902 122,454 450,000 572,454  Van Dusen 1903 (p. 135), Kershaw
1902 (p. 82)

1903 102,000 300,000 402,000  Van Dusen 1904 (p. 69), Kershaw
1904 (p. 81)

1904 15,138 425,322 440,460  Wilcox 1907 (p. 33-34, p. 45)

1905 143,015 340,000 483,015  Van Dusen 1907 (p. 111), Riseland
1907 (p. 81)

1906 163,000 340,000 503,000  Van Dusen 1907 (p. 190), Riseland
1907 (p. 56)

1907 169,804 169,804  Van Dusen and McCallister 1908 (p.
110)

1908 262,022 340,000 602,022  Van Dusen and McCallister 1906 (p.
150), Riseland 1909 (p. 25)

1909 209,608 340,000 549,608  Van Dusen and McCallister 1911 (p.

36), Riseland 1909 (p. 37)
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Table 7 continued. Eulachon (aka Columbia River smelt) landings (pounds) from the Columbia River and tributary commercial fisheries. Prior to
1936, data were commonly reported by state; after that time data were reported by river basin, but not by individual state.

Columbia  Grays Cowlitz Kalama Lewis Sandy Oregon Washington

Year River River River River River River only? only Total Source

1910 272,478 350,000 622,478  McCallister and Clanton 1911 (p. 44),
Riseland 1911 (p. 46)

1911 174,639 175,000 349,639  Clanton 1913 (p. 112), Riseland 1911
(p- 58)

1912 320,336 175,000 495,336  Clanton 1913 (p. 112), Riseland 1911
(p. 48)

1913 200,000 200,000  Riseland 1913 (p. 63)

1914 Unknown®

1915 1,609,500 1,609,500  Radcliffe 1920 (p. 64-65)

1916 641,595 641,595  Darwin 1917 (p. 103)

1917 2,806,129 2,806,129  Darwin 1917 (p. 173)

1918 1,633,700 1,633,700  Darwin 1920 (p. 64)

1919 2,405,360 2,405,360  Darwin 1920 (p. 121)

1920 977,084 977,084  Darwin 1920 (p. 162)

1921 1,051,283 1,051,283  Darwin 1921 (p. 236)

1922 215,000 1,156,180 1,371,180  Sette 1926 (p. 306), Brennan 1936 (p.
100)

1923 277,195 752,223 1,029,418 Sette 1926 (p. 346—347), Brennan
1936 (p. 100)

1924 226,800 779,422 1,006,222  Sette 1928 (p. 409), Pollock 1925 (p.
44)

1925 308,676 1,092,028 1,400,704  Sette 1928 (p. 445), Pollock 1925 (p.
97)

1926 72,900 1,194,314 1,267,214  Sette and Fiedler 1929 (p. 514),
Pollock 1928 (p. 104)

1927 411,732 881,314 1,293,046  Fiedler 1930 (p. 570), Pollock 1928
(p. 168)

1928 19,148 1,149,670 1,168,818  Maybury 1930 (p. 33), Cleaver 1951
(p- 80)

1929 50,061 1,158,419 1,208,480  Maybury 1930 (p. 84), Cleaver 1951
(p- 80)

1930 194,172 1,260,314 1,454,486  Pollock 1932 (p. 14, 49), Cleaver
1951 (p. 80)

1931 435306 1,521,966 1,957,272  Pollock 1932 (p. 14, 103), Cleaver

1951 (p. 80)
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Table 7 continued. Eulachon (aka Columbia River smelt) landings (pounds) from the Columbia River and tributary commercial fisheries. Prior to
1936, data were commonly reported by state; after that time data were reported by river basin, but not by individual state.

Columbia  Grays Cowlitz Kalama Lewis Sandy Oregon Washington

Year River River River River River River only? only Total Source

1932 233,993 1,349,955 1,583,948  Brennan 1936 (p. 100), Cleaver 1951
(p- 80)

1933 520,418 872,172 1,392,590  Brennan 1936 (p. 100), Cleaver 1951
(p- 80)

1934 536,036 957,120 1,520,156  Brennan 1936 (p. 100), Cleaver 1951
(p. 80)

1935 132,773 2,199,185 2,331,958  Brennan 1936 (p. 100), Cleaver 1951
(p- 80)

1936 194,705 27,200 2,583,525 0 144325 134,102 3,083,857  Cleaver 1951 (p. 154)

1937 432,063 7,350 1,999,030 0 0 0 2,438,443  Cleaver 1951 (p. 154)

1938 866,700 2,100 33,100 76,600 63,100 0 1,041,600 WDFW and ODFW 2002

1939 721,600 35,700 996,400 0 1,342,700 0 3,096,400 WDFW and ODFW 2002

1940 820,200 53,700 736,800 3,000 1,341,300 127,500 3,082,500 WDFW and ODFW 2002

1941 193,200 0 1,793,000 0 377,000 168,600 2,531,800 WDFW and ODFW 2002

1942 318,600 51,800 1,555,300 0 0 760,300 2,686,000 WDFW and ODFW 2002

1943 643,000 3,700 2,972,500 0 273,200 84,900 3,977,300 WDFW and ODFW 2002

1944 572,700 10,900 1,126,400 44,300 514,200 0 2,268,500 WDFW and ODFW 2002

1945 633,300 59,200 2,048,400 32,500 1,552,800 1,393,100 5,719,300  'WDFW and ODFW 2002

1946 253,200 300 2,674,000 0 0 348,500 3,276,000 WDFW and ODFW 2002

1947 352,300 0 1,192,600 0 0 0 1,544,900 WDFW and ODFW 2002

1948 1,015,800 0 2,197,300 0 547,600 212,900 3,974,100 'WDFW and ODFW 2002

1949 919,100 300 800 0 1,940,900 472,500 3,333,600 WDFW and ODFW 2002

1950 912,700 11,600 0 1,000 557,200 0 1,482,500 WDFW and ODFW 2002

1951 1,337,600 0 0 0 0 179,300 1,516,900 WDFW and ODFW 2002

1952 867,100 0 380,600 17,300 8,100 1,300 1,274,900 WDFW and ODFW 2002

1953 439,300 15,600 795,400 2,800 0 457,900 1,711,000  WDFW and ODFW 2002

1954 673,900 0 792,900 16,200 360,900 40,400 1,884,300 WDFW and ODFW 2002

1955 887,500 0 1,349,600 0 0 0 2,237,100 'WDFW and ODFW 2002

1956 877,400 0 575,100 32,600 0 198,800 1,683,900 WDFW and ODFW 2002

1957 377,500 2,200 987,800 0 0 211,500 1,579,000 WDFW and ODFW 2002

1958 373,300 0 2,243,100 0 0 0 2,616,400 WDFW and ODFW 2002

1959 760,000 0 62,300 44,100 889,700 0 1,756,100 WDFW and ODFW 2002

1960 185,700 700 985,300 0 0 0 1,172,200 WDFW and ODFW 2002

1961 466,400 0 585,900 0 0 0 1,052,300 WDFW and ODFW 2002

1962 690,300 0 783,300 0 0 0 1,473,600  WDFW and ODFW 2002
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Table 7 continued. Eulachon (aka Columbia River smelt) landings (pounds) from the Columbia River and tributary commercial fisheries. Prior to
1936, data were commonly reported by state; after that time data were reported by river basin, but not by individual state.

Columbia  Grays Cowlitz Kalama Lewis Sandy Oregon Washington

Year River River River River River River only? only Total Source
1963 222,300 21,300 833,500 0 0 0 1,077,100 WDFW and ODFW 2002
1964 452,900 0 388,900 0 0 0 841,800 WDFW and ODFW 2002
1965 828,700 0 0 0 82,000 0 910,700 WDFW and ODFW 2002
1966 712,200 0 316,100 0 0 0 1,028,300 WDFW and ODFW 2002
1967 357,100 23,200 620,500 0 0 0 1,000,800  WDFW and ODFW 2002
1968 133,300 1,200 813,000 0 0 0 947,500 WDFW and ODFW 2002
1969 113,700 52,800 917,200 0 0 0 1,083,700 'WDFW and ODFW 2002
1970 238,200 4,500 559,700 55,900 325,600 0 1,183,900 WDFW and ODFW 2002
1971 364,500 0 509,400 0 902,300 0 1,776,700  WDFW and ODFW 2002
1972 304,100 0 1,339,400 0 0 0 1,643,500 WDFW and ODFW 2002
1973 132,000 0 2,302,400 0 0 0 2,434,400 WDFW and ODFW 2002
1974 868,400 6,200 1,474,700 0 500 12,000 2,361,800 WDFW and ODFW 2002
1975 28,300 0 2,049,300 0 0 0 2,077,600  WDFW and ODFW 2002
1976 9,400 0 3,055,300 0 0 10,400 3,075,100  WDFW and ODFW 2002
1977 662,700 0 0 326,200 0 764,100 1,753,000 WDFW and ODFW 2002
1978 16,600 0 2,642,700 0 21,000 0 2,680,300 WDFW and ODFW 2002
1979 313,600 0 18,200 0 233,300 591,600 1,156,700 ' WDFW and ODFW 2002
1980 160,100 8,800 116,500 700 2,651,600 273,300 3,211,500 'WDFW and ODFW 2002
1981 158,200 0 932,500 0 567,100 14,500 1,672,300  WDFW and ODFW 2002
1982 304,200 0 1,343,200 8,200 554,400 0 2,210,000 WDFW and ODFW 2002
1983 58,700 0 1,307,300 0 1,364,400 0 2,730,400 WDFW and ODFW 2002
1984 120,400 0 377,600 0 0 0 498,000 WDFW and ODFW 2002
1985 537,300 34,900 1,160,800 0 0 304,500 2,038,000 WDFW and ODFW 2002
1986 53,000 0 3,736,100 0 49,700 0 3,838,800 WDFW and ODFW 2002
1987 73,600 0 1,321,000 700 500,400 0 1,895,700 WDFW and ODFW 2002
1988 72,800 0 2,244,300 0 549,600 1,000 2,867,700  WDFW and ODFW 2002
1989 65,200 0 3,001,600 0 0 0 3,066,800 WDFW and ODFW 2002
1990 6,400 0 2,756,200 0 21,600 0 2,784,200  JCRMS 2007

1991 5,800 0 2,944,600 0 0 0 2,950,400  JCRMS 2007

1992 800 0 3,673,000 0 0 0 3,673,800  JCRMS 2007

1993 33,200 0 413,900 66,300 0 0 513,900  JCRMS 2007

1994 200 0 43,200 0 0 0 43,400  JCRMS 2007

1995 7,700 0 431,400 900 0 0 440,000 JCRMS 2007

1996 7,100 0 2,000 0 0 0 9,100  JCRMS 2007

1997 37,100 0 21,500 0 0 0 58,600  JCRMS 2007
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Table 7 continued. Eulachon (aka Columbia River smelt) landings (pounds) from the Columbia River and tributary commercial fisheries. Prior to
1936, data were commonly reported by state; after that time data were reported by river basin, but not by individual state.

Columbia  Grays Cowlitz Kalama Lewis Sandy Oregon Washington
Year River River River River River River only? only Total Source

1998 11,900 0 200 0 0 0 12,100  JCRMS 2007
1999 20,900 0 0 0 0 0 20,900  JCRMS 2007
2000 31,000 0 0 0 0 0 31,000  JCRMS 2007
2001 158,800 0 154,300 0 0 0 313,100  JCRMS 2007
2002 58,000 0 169,600 0 493,600 0 721,200  JCRMS 2007
2003 66,900 0 464,400 0 529,100 23,000 1,083,400  JCRMS 2007
2004 15,400 0 216,200 0 0 0 231,600  JCRMS 2007
2005 100 0 100 0 0 0 200  JCRMS 2007
2006 13,100 0 0 0 0 0 13,100  JCRMS 2007
2007 7,100 0 1,200 0 0 0 8,300  JCRMS 2007
2008 11,400 0 5,900 0 0 0 17,300  JCRMS 2008
2009 5,551 0 12,093 0 0 0 17,644  WDFW 2009

*Some Oregon commercial smelt catch values may be statewide smelt catch and may include an unknown number of noneulachon smelt caught in coastal
streams.

°Official landings data were not located for 1893 and 1914; however, newspapers (Appendix B) and local periodicals (Appendix D) recorded that substantial
eulachon landings did occur in the Columbia River basin in those years.

“Crawford (1894, p. 5) reported landings that equated to a monetary value of $3,000. At an average of one cent per pound, this equates to approximately 300,000
pounds of eulachon.



Table 8. Eulachon landings from the Columbia River and tributary commercial fishery and total numbers
of fish in the catch, assuming a range of 10.8 to 12.3 eulachon per pound, based on the mean
reported weight of eulachon in the Columbia River of 37 to 42 g. Landings data from sources
listed in Table 7.

Total landings Number of fish at Number of fish at

Year (pounds) 10.8 per pound 12.3 per pound
1888 150,000 1,620,000 1,845,000
1889 60,000 648,000 738,000
1890 1,000 10,800 12,300
1891 150,000 1,620,000 1,845,000
1892 625,000 6,750,000 7,687,500
1893 Unknown* — —
1894 300,000 3,240,000 3,690,000
1895 313,375 3,384,450 3,854,513
1896 677,350 7,315,380 8,331,405
1897 1,021,480 11,031,984 12,564,204
1898 737,000 7,959,600 9,065,100
1899 560,920 6,057,936 6,899,316
1900 487,600 5,266,080 5,997,480
1901 265,380 2,866,104 3,264,174
1902 572,454 6,182,503 7,041,184
1903 402,000 4,341,600 4,944,600
1904 440,460 4,756,968 5,417,658
1905 483,015 5,216,562 5,941,085
1906 503,000 5,432,400 6,186,900
1907 169,804 1,833,883 2,088,589
1908 602,022 6,501,838 7,404,871
1909 549,608 5,935,766 6,760,178
1910 622,478 6,722,762 7,656,479
1911 349,639 3,776,101 4,300,560
1912 495,336 5,349,629 6,092,633
1913 200,000 2,160,000 2,460,000
1914 Unknown* — —
1915 1,609,500 17,382,600 19,796,850
1916 641,595 6,929,226 7,891,619
1917 2,806,129 30,306,193 34,515,387
1918 1,633,700 17,643,960 20,094,510
1919 2,405,360 25,977,888 29,585,928
1920 977,084 10,552,507 12,018,133
1921 1,051,283 11,353,856 12,930,781
1922 1,371,180 14,808,744 16,865,514
1923 1,029,418 11,117,714 12,661,841
1924 1,006,222 10,867,198 12,376,531
1925 1,400,704 15,127,603 17,228,659
1926 1,267,214 13,685,911 15,586,732
1927 1,293,046 13,964,897 15,904,466
1928 1,168,818 12,623,234 14,376,461
1929 1,208,480 13,051,584 14,864,304
1930 1,454,486 15,708,449 17,890,178
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Table 8 continued. Eulachon landings from the Columbia River and tributary commercial fishery and
total numbers of fish in the catch, assuming a range of 10.8 to 12.3 eulachon per pound, based on
the mean reported weight of eulachon in the Columbia River of 37 to 42 g. Landings data from
sources listed in Table 7.

Total landings Number of fish at Number of fish at

Year (pounds) 10.8 per pound 12.3 per pound
1931 1,957,272 21,138,538 24,074,446
1932 1,583,948 17,106,638 19,482,560
1933 1,392,590 15,039,972 17,128,857
1934 1,520,156 16,417,685 18,697,919
1935 2,331,958 25,185,146 28,683,083
1936 3,083,857 33,305,656 37,931,441
1937 2,438,443 26,335,184 29,992,849
1938 1,041,600 11,249,280 12,811,680
1939 3,096,400 33,441,120 38,085,720
1940 3,082,500 33,291,000 37,914,750
1941 2,531,800 27,343,440 31,141,140
1942 2,686,000 29,008,800 33,037,800
1943 3,977,300 42,954,840 48,920,790
1944 2,268,500 24,499,800 27,902,550
1945 5,719,300 61,768,440 70,347,390
1946 3,276,000 35,380,800 40,294,800
1947 1,544,900 16,684,920 19,002,270
1948 3,974,100 42,920,280 48,881,430
1949 3,333,600 36,002,880 41,003,280
1950 1,482,500 16,011,000 18,234,750
1951 1,516,900 16,382,520 18,657,870
1952 1,274,900 13,768,920 15,681,270
1953 1,711,000 18,478,800 21,045,300
1954 1,884,300 20,350,440 23,176,890
1955 2,237,100 24,160,680 27,516,330
1956 1,683,900 18,186,120 20,711,970
1957 1,579,000 17,053,200 19,421,700
1958 2,616,400 28,257,120 32,181,720
1959 1,756,100 18,965,880 21,600,030
1960 1,172,200 12,659,760 14,418,060
1961 1,052,300 11,364,840 12,943,290
1962 1,473,600 15,914,880 18,125,280
1963 1,077,100 11,632,680 13,248,330
1964 841,800 9,091,440 10,354,140
1965 910,700 9,835,560 11,201,610
1966 1,028,300 11,105,640 12,648,090
1967 1,000,800 10,808,640 12,309,840
1968 947,500 10,233,000 11,654,250
1969 1,083,700 11,703,960 13,329,510
1970 1,183,900 12,786,120 14,561,970
1971 1,776,700 19,188,360 21,853,410
1972 1,643,500 17,749,800 20,215,050
1973 2,434,400 26,291,520 29,943,120
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Table 8 continued. Eulachon landings from the Columbia River and tributary commercial fishery and
total numbers of fish in the catch, assuming a range of 10.8 to 12.3 eulachon per pound, based on
the mean reported weight of eulachon in the Columbia River of 37 to 42 g. Landings data from
sources listed in Table 7.

Total landings Number of fish at Number of fish at

Year (pounds) 10.8 per pound 12.3 per pound
1974 2,361,800 25,507,440 29,050,140
1975 2,077,600 22,438,080 25,554,480
1976 3,075,100 33,211,080 37,823,730
1977 1,753,000 18,932,400 21,561,900
1978 2,680,300 28,947,240 32,967,690
1979 1,156,700 12,492,360 14,227,410
1980 3,211,500 34,684,200 39,501,450
1981 1,672,300 18,060,840 20,569,290
1982 2,210,000 23,868,000 27,183,000
1983 2,730,400 29,488,320 33,583,920
1984 498,000 5,378,400 6,125,400
1985 2,038,000 22,010,400 25,067,400
1986 3,838,800 41,459,040 47,217,240
1987 1,895,700 20,473,560 23,317,110
1988 2,867,700 30,971,160 35,272,710
1989 3,066,300 33,121,440 37,721,640
1990 2,784,200 30,069,360 34,245,660
1991 2,950,400 31,864,320 36,289,920
1992 3,673,800 39,677,040 45,187,740
1993 513,900 5,550,120 6,320,970
1994 43,400 468,720 533,820
1995 440,000 4,752,000 5,412,000
1996 9,100 98,280 111,930
1997 58,600 632,880 720,780
1998 12,100 130,680 148,830
1999 20,900 225,720 257,070
2000 31,000 334,800 381,300
2001 313,100 3,381,480 3,851,130
2002 721,200 7,788,960 8,870,760
2003 1,083,400 11,700,720 13,325,820
2004 231,600 2,501,280 2,848,680
2005 200 2,160 2,460
2006 13,100 141,480 161,130
2007 8,310 89,748 102,213
2008 17,300 186,840 212,790
2009 17,644 190,555 217,021

*Official landings data were not located for 1893 and 1914; however, newspapers (Appendix B) and local
periodicals (Appendix D) recorded that substantial eulachon landings did occur in the Columbia River

basin in those years.
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Table 9. Estimated eulachon fishery landings (mt) for available subsets of the southern DPS. Data from
sources listed in Table 7, Hay (2002), Lewis et al. (2002), Moody (2008), Parliament of Canada
(1900-1916), and Canadian Bureau of Statistics (1917-1941). Fraser and Skeena river data
reported in cwt (hundredweight) were assumed to be short hundredweight and were converted
using 100 Ib = 1 cwt, the conversion currently used by Statistics Canada.

Knight Inlet
Columbia Fraser (Klinaklini ~ Bella Coola Kemano Skeena

Year River River River) River River River
1888 68.04

1889 27.22

1890 0.45

1891 68.04

1892 283.50

1893 Unknown®

1894 136.08

1895 142.14

1896 307.24

1897 463.34

1898 334.30

1899 254.43

1900 221.17 113.40 27.2
1901 120.37 108.86 27.2
1902 259.66 90.72 22.7
1903 182.34 128.97 22.7
1904 199.79 129.27 18.1
1905 219.09 22.68 4.5
1906 228.16 13.61 5.4
1907 77.02 6.80 4.5
1908 273.07 10.21 4.1
1909 249.30 31.75 4.5
1910 282.35 42.50 136.1
1911 158.59 32.66 113.4
1912 224.68 36.29 90.7
1913 90.72 10.52 68.0
1914 Unknown® 6.44 54.4
1915 730.06 12.34 45.4
1916 291.02 12.52 45.4
1917 1,272.84 17.28

1918 741.03 15.20

1919 1,091.05 5.94 1.9
1920 443.20 5.22

1921 476.85 8.53

1922 621.96 7.98

1923 466.94 19.87

1924 456.41 36.51 154
1925 635.35 16.19
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Table 9 continued. Estimated eulachon fishery landings (mt) for available subsets of the southern DPS.
Data from sources listed in Table 7, Hay (2002), Lewis et al. (2002), Moody (2008), Parliament
of Canada (1900-1916), and Canadian Bureau of Statistics (1917—1941). Fraser and Skeena river
data reported in cwt (hundredweight) were assumed to be short hundredweight and were
converted using 100 Ib = 1 cwt, the conversion currently used by Statistics Canada.

Knight Inlet

Columbia Fraser (Klinaklini  Bella Coola Kemano Skeena
Year River River River) River River River
1926 574.80 17.24 1.1
1927 586.52 12.97 9.1
1928 530.17 18.73
1929 548.16 9.71 6.6
1930 659.74 35.33 5.4
1931 887.80 6.30 2.7
1932 718.47 5.03 33
1933 631.67 6.94
1934 689.53 10.25
1935 1,057.76 15.47 0.9
1936 1,398.81 10.07
1937 1,106.06 4.08
1938 472.46 7.67
1939 1,404.50 20.59
1940 1,398.20 34.16
1941 1,148.41 50.1 1.0
1942 1,218.35 152.7
1943 1,804.07 154.8
1944 1,028.97 65.7 Unknown”
1945 2,594.23 73.87 8.0
1946 1,485.97 115.7 10.0
1947 700.75 231.1 135.0 Unknown®
1948 1,802.62 112.8 20.0
1949 1,512.10 102.7 70.0 8.5
1950 672.45 36.2 100.0 44.0
1951 688.05 189.3 20.0 10.0
1952 578.28 421.0 27.5 12.3
1953 776.10 158.6 41.7
1954 854.70 151.6 69.4
1955 1,014.73 238.8 7.6
1956 763.80 235.5 6.2
1957 716.22 33.2 5.6
1958 1,186.78 92.1 8.4
1959 796.55 132.0 45.0 7.0
1960 531.70 84.0 60.0 0.3
1961 477.32 216.9 2.0
1962 668.41 178.2 70.0 2.8
1963 488.56 159.3 8.4
1964 381.83 105.5 22.4
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Table 9 continued. Estimated eulachon fishery landings (mt) for available subsets of the southern DPS.
Data from sources listed in Table 7, Hay (2002), Lewis et al. (2002), Moody (2008), Parliament
of Canada (1900-1916), and Canadian Bureau of Statistics (1917—1941). Fraser and Skeena river
data reported in cwt (hundredweight) were assumed to be short hundredweight and were
converted using 100 Ib = 1 cwt, the conversion currently used by Statistics Canada.

Knight Inlet

Columbia Fraser (Klinaklini  Bella Coola Kemano Skeena
Year River River River) River River River
1965 413.09 87.8 100.0 11.8
1966 466.43 101.9 9.2
1967 453.96 86.8 100.0 11.5
1968 429.78 46.0 100.0 10.6
1969 491.56 29.8 80.0 7.8
1970 537.01 71.7 40.0 9.2
1971 805.90 34.5 20.0 16.8
1972 745.48 53.2 50.0 6.7
1973 1,104.23 53.1 40.0 12.3
1974 1,071.29 75.3 10.6
1975 942.38 27.7 12.0
1976 1,394.84 36.7 50.0
1977 795.15 32.2 50.0 35.0
1978 1,215.76 38.6 25.0
1979 524.67 223 19.8
1980 1,456.71 24.4 33.0
1981 758.54 21.2 38.5
1982 1,002.44 13.7 22.0
1983 1,238.49 10.8 30.5
1984 225.89 11.8 30.0
1985 924.42 29.2 Unknown”
1986 1,741.25 49.6 Unknown”
1987 859.88 19.3 Unknown”
1988 1,300.77 39.5 Unknown” 432
1989 1,391.08 18.7 Unknown” 50.2
1990 1,262.89 19.9 Unknown” 44.1
1991 1,338.28 12.3 Unknown” 57.2
1992 1,666.41 19.6 Unknown” 65.4
1993 233.10 8.7 Unknown” 93.0
1994 19.69 6.1 20.0 20.6
1995 199.58 15.5 22.0 69.2
1996 4.13 63.2 Unknown” 81.0
1997 26.58 Closed Unknown” 41.9
1998 5.49 Closed Unknown” 61.7
1999 9.48 Closed 0.0
2000 14.06 Closed 0.0
2001 142.02 Closed
2002 327.13 5.8
2003 491.42 Closed
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Table 9 continued. Estimated eulachon fishery landings (mt) for available subsets of the southern DPS.
Data from sources listed in Table 7, Hay (2002), Lewis et al. (2002), Moody (2008), Parliament
of Canada (1900-1916), and Canadian Bureau of Statistics (1917—1941). Fraser and Skeena river
data reported in cwt (hundredweight) were assumed to be short hundredweight and were
converted using 100 Ib = 1 cwt, the conversion currently used by Statistics Canada.

Knight Inlet
Columbia Fraser (Klinaklini  Bella Coola Kemano Skeena
Year River River River) River River River
2004 105.05 0.4
2005 0.09 Closed
2006 5.94 Closed
2007 3.77 Closed
2008 7.85 Closed
2009 8.00 Closed

*Official landings data were not located for 1893 and 1914; however, newspapers (Appendix B) and local
periodicals (Appendix D) recorded that substantial eulachon landings did occur in the Columbia River basin in those
years.

"Landings of unknown size occurred but data were not recorded (Hay 2002).

declined greatly to 233 mt in 1993 and to an average of less than 40 mt between 1994 and 2000.
From 2001 to 2004, the catches increased to an average of 266 mt, before falling to less than 5
mt from 2005 to 2008. Fishing restrictions were instituted in 1995, so the low catches after that
time are in part due to these restrictions (Figure 23 and Figure 24). Nonetheless, the steep
decline in 1993 and subsequent low abundance as indexed by the fishery is generally accepted by
fishery managers as indicating a marked decline in the abundance of the stock (Bargmann et al.
2005). The WDFW and ODFW Joint Columbia River Management Staff (JCRMS 2007)
concluded that “run sizes [of Columbia River eulachon], as indexed by commercial landings,
remained relatively stable for several decades until landings dropped suddenly in 1993 and
remained low for several years thereafter.” Following this period of time, “Due to reduced
seasons during 1995-2000, landings are not completely comparable with previous years;
however, it is apparent that the abundance of smelt in the Columbia River Basin was much
reduced during 1993-2000” (JCRMS 2005) (Table 7, Figure 22 through Figure 25).

A previous petition (Wright 1999) and NMFS finding on this petition (NMFS 1999)
mentioned years where zero catches were reported for eulachon in the Columbia River. The
present status review uncovered additional published Columbia River commercial fishery
landings data in annual reports of state and federal fisheries agencies that fill in most of these
gaps in the catch record (Table 7, Figure 22), with the exception of 1893 and 1914. In both
cases, a survey of periodicals (Appendix D) and available online digital newspaper resources
(see Appendix B) found articles describing the presence of eulachon in the Columbia River in
those years.

The Columbia River eulachon commercial fishery has been managed according to the
Joint State Eulachon Management Plan since 2001 (with an interim plan in effect in 2000),
which provides for three levels of fishing based on parental run strength, juvenile production,
and ocean productivity (WDFW and ODFW 2001, Bargmann et al. 2005). Effort in this fishery
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Figure 22. Commercial eulachon fishery landings in the Columbia River and tributaries from 1888 to 2009. Landings occurred in 1890 and in the

Grays and Kalama rivers in many years; however, values are too small to be evident on the graph. Landings occurred in 1893 and 1914,
based on newspaper and periodical sources (see Appendix B and Appendix D), but official records have not been located. Data sources

listed in Table 7.
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Figure 23. Commercial landings of eulachon and estimated total number of days the fishery was open in

the Columbia River from 1935 to 2009.
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Figure 24. Commercial landings of eulachon and estimated total number of days the fishery was open in

the Cowlitz River from 1960 to 2009.
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Figure 25. Columbia River commercial eulachon landings (season total may include landings during the
previous December) and CPUE as pounds per delivery. Data from JCRMS (2009, their Table
17).

typically involves fewer than 10 vessels. WDFW and ODFW (2008) described these three levels
of fishing: 1) Level One fisheries are the most conservative (commercial and recreational
openings of 12-24 hours per week for Columbia and Cowlitz rivers) and are designed to act as a
test fishery when there are indications of a poor return or great uncertainty in potential run
strength, 2) Level Two fisheries (commercial and recreational openings of 2—3 days per week
and potential of expansion to other tributaries) are indicated when fishery data suggest a
moderate or strong run size, and 3) Level Three fisheries (commercial openings up to 4 days per
week in all areas and all tributaries open to recreational fishing 47 days per week) may occur
when abundance and productivity indicators are very strong.

The Columbia River eulachon fishery operated as a Level One test fishery in 2001; began
as a Level Two fishery in 2002, switching to Level Three on February 1; operated at Level Three
in 2003; started off as Level Three in 2004, with some later tributary commercial fishery
restrictions; operated at Level Two in 2005 until February 23 when it was reduced to a Level
One fishery; and has operated as a Level One test fishery in 2006 through 2009 (JCRMS 2005,
2006, 2007, 2008, 2009). The ability to adjust in-season fishery levels based on observed returns
to the fishery, and its accurate tracking of past fluctuations in run strength, illustrates the utility
of the Columbia River eulachon fishery statistics as an index of relative annual abundance
(JCRMS 2007) (Figure 23 and Figure 24).
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There is some information indicating that there have been periods of relatively low
eulachon abundance in the past in the Columbia River. In particular, several anecdotal sources
reported on a decline in the 1830s to 1860s (Suckley 1860, Lord 1866, Anderson 1872, 1877,
Crawford 1878, Huntington 1963, Hinrichsen 1998, Martin 2008). Eulachon were once again
seen in large numbers in the early to mid 1860s (Anderson 1872, 1877, Huntington 1963,
Summers 1982, Urrutia 1998, Hinrichsen 1998, Martin 2008). Based on the available
information, the BRT concluded that this information was probably accurate and likely indicated
that a true and severe decline in eulachon returns and subsequent recovery occurred during that
time period.

Subsequent to the decline in 1993, state and tribal fishery agencies have instituted
additional monitoring efforts for Columbia River eulachon. For example, Figure 26 presents
data from a larval sampling program that measures larval densities (averaged across stations and
depths at selected index sites) that was initiated in 1994 for the Cowlitz River and expanded to
include the Kalama River in 1995, the mainstem Columbia River in 1996, Elochoman and Lewis
rivers in 1997, and Grays and Sandy rivers in 1998 (JCRMS 2005). Interannual comparison of
larval densities prior to about 2003 is unreliable because “larval sampling techniques ... did not
include repeat sampling of the same area over the duration of the out migration period” (JCRMS
2007, p. 23), but since that time multiple surveys have been conducted each season at mainstem
Columbia River sites that sample downstream of all the potential spawning locations, with the
exception of Grays River. Notably, the larval densities show a peak in 2001-2002 that
corresponds to a similar peak in catches (Figure 22) and offshore juvenile abundance (Figure 16
and Figure 17). Although spawning stock abundance has not been estimated using these larval
surveys, the combination of data from the larval density survey and commercial and recreational
landings “provides an indication of the relative run strength of eulachon in the Columbia River”
(JCRMS 2007, p. 23).

The BRT had concerns about the absence of fishery-independent abundance data for
Columbia River eulachon prior to the mid-1990s. The BRT agreed with state fishery managers,
however, that the available catch and effort information indicate an abrupt decline in abundance
in the early 1990s, and there is no evidence that the population has returned to its former level.
The decline in the early 1990s appeared to coincide with a decline of eulachon in British
Columbia, suggesting that a common cause, such as changing ocean conditions, was responsible
for declines in both areas.

Fraser River

Eulachon return on a regular basis to the Fraser River and on an irregular basis to the
Squamish River in Howe Sound to the north (Table A-1, Figure 3) (Hay and McCarter 2000,
Moody 2008). Eulachon usually begin to ascend the Fraser River at the end of March and
spawning occurs in April until the middle of May. Eulachon are no longer seen spawning in
some areas of the Fraser River where they used to occur. Historically, spawning occurred
“primarily between Chilliwack and Mission in areas of coarse sand but also in localized areas of
the North and South Arms as well as in the vicinity of the Pitt and Alouette rivers” (Higgins et al.
1987). Currently spawning is confined to areas downstream of Mission.
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Figure 26. Columbia River larval eulachon sampling. Interannual comparisons are problematic due to
inconsistent effort and methods from year to year. Larvae were encountered in the Sandy River
in 1998-2000 and 2003; however, values are too small (0.1 per cubic meter) to be evident on the
graph. Data from JCRMS (2008, 2009, its Table 18).

In the past, Fraser River eulachon runs supported First Nations subsistence fisheries and
large commercial and recreational fisheries. Between 1941 and 1996, commercial landings
averaged about 83 mt (Table 9, Table 10, and Figure 27). For much of this period, the
commercial fishery landings are not a good indicator of relative abundance, since landings were
largely driven by market demand (Moody 2008). In 1997 the commercial eulachon fishery was
closed and commercial landings have occurred in only 2 of the last 10 years; 2002 and 2004,
when 5.76 and 0.44 mt were landed, respectively (Table 9, Figure 27) (DFO 2006a). Hay et al.
(2003) estimated that First Nations and recreational fisheries historically landed about 10 mt
annually. Estimates of recreational fishery landings were presented in graphical form in Moody
(2008, her Figure 2.22) for a portion of the Fraser River (1956, 1963—1967, 1970-1980, closed
since 2005).

Moody (2008) stated that the First Nation catch amounted to 2.57 mt in 2003. However,
by 2005 all First Nation, commercial, and recreational fisheries were closed due to conservation
concerns (DFO 2006a). A eulachon test fishery operated on the Fraser River near New
Westminster from 1995 to 2005 (with the exception of 1999) (Figure 27); however, this fishery
has not operated since 2005 (DFO 2008a). This test fishery was meant to be an in-season
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Table 10. Estimated eulachon spawner biomass (mt) in the north arm and south arm of the Fraser River
and total number of eulachon, assuming a range of 9.9 to 13.3 eulachon per pound, based on the
mean reported weight of eulachon in the Fraser River of 34 to 46 g. Biomass data online at
http://www.pac.dfo-mpo.gc.ca/sci/herring/herspawn/pages/riverl _e.htm.

South North Total Total biomass Number of fish at Number of fish

Year arm arm biomass (mt) (pounds) 9.9 per pound  at 13.3 per pound
1995 258 44 302 665,796 6,591,381 8,855,087
1996 1,582 329 1,911 4,213,034 41,709,035 56,033,350
1997 57 17 74 163,142 1,615,107 2,169,790
1998 107 29 136 299,829 2,968,304 3,987,721
1999 392 26 418 921,532 9,123,169 12,256,379
2000 76 54 130 286,601 2,837,349 3,811,793
2001 422 187 609 1,342,615 13,291,890 17,856,782
2002 354 140 494 1,089,084 10,781,927 14,484,812
2003 200 66 266 586,430 5,805,653 7,799,514
2004 24 9 33 72,753 720,250 967,609
2005 14 2 16 35,274 349,212 469,144
2006 24 5 29 63,934 632,947 850,323
2007 34 7 41 90,390 894,856 1,202,181
2008 8 2 10 22,046 218,258 293,215
2009 12 2 14 30,865 305,561 410,501
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Figure 27. Eulachon landings in Fraser River commercial fishery (1940-2009) and total fish caught in

Year

Fraser River test fishery (1995-2005). Commercial fishery was closed in 1997-2001, 2003, and
2005-2009. Data from Hay (2002) and DFO (2008a).
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measure of eulachon run strength and resulting data consisted of the total number of eulachon
caught daily at the same site, with the same gear, over the same time period, and at similar tidal
conditions (Therriault and McCarter 2005, DFO 2008a). When in operation, a catch of less than
5,000 in this test fishery was considered a conservation concern (DFO 2006a).

Table 10, Table 11, and Figure 28 present spawning stock biomass data (DFO 2008a,
p. 11) that is derived from:

an intensive sampling process [that] takes place in the Fraser River during the
seven to eight weeks following spawning (April/May). This survey uses towed,
small mesh nets to gather samples of eulachon eggs and larvae. The number of
eggs and larvae gathered in each tow are hand counted at the Pacific Biological
Station. The egg and larval count is then combined with data on the daily Fraser
River discharge and historical data on eulachon fecundity (eggs produced per
female) to generate an estimate of spawning stock biomass.

DFO (2008a, p. 11) stated that:

A low spawning stock biomass for one year is cause for caution and a low
spawning stock biomass for two consecutive years indicates a conservation
concern. A low spawning stock biomass has been defined as less than 150 mt.

A recent population assessment of Fraser River eulachon by DFO (2007a, p. 3) stated that:

Despite limited directed fisheries in recent years, the Fraser River eulachon stock
remains at a precariously low level. This stock has failed to recover from its
collapse. SSB [spawning stock biomass] estimated from the egg and larval
survey conducted in 2006 was 29 tonnes. The framework documents suggest that
a low SSB (<150 tonnes) for one year is cause for concern and a restriction on
removals should be activated, while a low SSB for two (or more) consecutive
years is more cause for alarm and should signal a halt to all removals (Hay et al.
2003, 2005). Since 2007 is the fourth consecutive year where Fraser River
eulachon SSB has been below 150 tonnes, unprecedented in this short time series,
no removals should be allowed in 2008.

Subsequent to this statement, spawner biomass for the 2008 and 2009 eulachon run in the
Fraser River has been estimated at 10 and 14 mt, respectively (data online at http://www.pac.dfo-
mpo.gc.ca/sci/herring/herspawn/pages/riverl _e.htm). Figure 29 presents the Fraser River
eulachon spawner abundance trend over the time period of the available data (1995-2009). A
trend of 0.76 (95% CI, 0.67—0.88) for Fraser River eulachon was calculated from these data.
Over the three-generation time of approximately 10 years, the overall biomass of the Fraser
River eulachon population has undergone a 96.6% decline (1999, 418 mt; 2009, 14 mt). Under
the International Union for the Conservation of Nature (IUCN) decline criteria (A1), a reduction
in population size of this magnitude, “where the reduction or its causes may not have ceased or
may not be understood or may not be reversible” (IUCN 2006), would place Fraser River
eulachon in the IUCN critically endangered category (IUCN 2001, 2006).

The methodology on the Fraser River of utilizing mean egg and larval plankton density
and river discharge rates (gathered throughout a seven-week outmigrant period at five locations)
in combination with known relative fecundity (egg production per gram of female) and sex ratio
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Table 11. Available estimated eulachon spawner biomass (mt) or estimated total number of spawners in British Columbia rivers in the DPS.

Fraser Klinaklini Kingcome Wannock/Kilbella  Bella Coola Kitimat River  Skeena River
Year  River (mt)® River (mt)®  River (mt)® rivers (no. of fish)°  River (mt)°  (no. of fish)* (mt)°
1993 — 514,000
1994 — 527,000
1995 302 40
1996 1,911 440,000
1997 74 14.4 3.0
1998 136
1999 418
2000 130
2001 609 0.039
2002 494 ~0.050
2003 266 0.016
2004 33 0.007
2005 16 2,700
2006 29 23,000 <1,000
2007 41
2008 10
2009 14

"Data online at http://www.pac.dfo-mpo.gc.ca/sci/herring/herspawn/pages/riverl _e.htm.
"Berry and Jacob 1998 (as cited in Moody 2008).

‘Moody 2008.

4pederson et al. 1995 and Ecometrix 2006 (as cited in Moody 2008).

‘Lewis 1997.
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Figure 28. Fraser River eulachon spawning stock biomass from 1995 to 2009 (estimated from egg and

larval surveys). Data online at http://www.pac.dfo-mpo.gc.ca/sci/herring/herspawn/pages/
river]l _e.htm.

to estimate spawning stock biomass has passed rigorous scientific review in Canada (Hay et al.
2002, 2003, 2005, McCarter and Hay 2003, Therriault and McCarter 2005). This methodology
is similar to methods used since the early 1970s by many fisheries agencies (WDFW, DFO,
CDFQG, and Alaska Department of Fish and Game) to calculate Pacific herring spawning stock
abundance based on estimates of intertidal and subtidal egg deposition and relative fecundity.
The BRT therefore was confident that observed trends in the Fraser River spawning stock
abundance data represented a true picture of the status of Fraser River eulachon.

According to Therriault and McCarter (2005), the Fraser River test fishery data did not
correspond well with the spawning stock estimates that were based on the egg and larval survey
and this may have resulted from variation in the catchability of adults. Eulachon abundance can
be inflated when they form dense schools, which can lead to an overestimate of abundance. On
the other hand, eulachon may avoid the test fishery gear, leading to an underestimate of the run
size. Due to these and other problems with the test fishery methodology (Therriault and
McCarter 2005), the BRT did not put a lot of confidence in these data.

The BRT did not formally analyze commercial, recreational, or subsistence fishery

landings between 1881 and the present in the Fraser River, as it is believed that for much of this
period the commercial fishery landings were largely driven by market demand (Hay et al. 2002,
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Figure 29. Trend of Fraser River eulachon spawner abundance (mt) from 1995 to 2009. Trend calculated
from data in Figure 28.

Moody 2008). However, these data do indicate that eulachon were generally present at
harvestable abundance levels in the Fraser River during this time period.

Knight Inlet

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Klinaklini River at the head of Knight Inlet on the British Columbia coast (Table
A-1, Figure 3). Irregular eulachon runs in the Johnstone Strait Region include the Kakweiken
River, Homathko River (Bute Inlet), and Stafford and Apple rivers (Loughborough Inlet). Peak
spawn timing in the area occurs about the middle of April (Hay and McCarter 2000, Hay 2002,
Moody 2008).

There is only a single year’s estimate of spawning stock biomass for the Klinaklini River
(1995) (Table 11). Records of a commercial fishery are available for 1943—1945 and 1947. First
Nations fisheries landings on the Klinaklini River are available for 1947, 1949—-1950, 1952,
1959-1973, and 1977 (Table 9); however, after 1977 there is very limited documentation of run
sizes of eulachon on the Klinaklini River and these are all anecdotal in nature. These anecdotal
qualitative run size comments are listed in Table 12 and indicate an improvement in recent run
size estimates.

Prior to 1943 when fisheries-dependent catch records begin, our information for run size
of the Klinaklini River is either anecdotal or comes from ethnographic studies. Numerous
ethnographic studies describe a large First Nations eulachon fishery on the Klinaklini River that
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Table 12. Qualitative assessments of eulachon run strength for rivers north of the Fraser River, 1991-2007.

Year Klinaklini River Kingcome River  Bella Coola River Rivers Inlet Kemano River Kitimat River Skeena River
1991 Last strong run®
1992
1993
1994
1995 =15% of the
historic run size®
1996 Last large run®
1997
1998 Average run® Nonexistent” Very few*
1999 No run® No run® Negligible® Nonexistent” Very few”
Small run® Run failed®
2000 None or poor” No run® No run® No run® Kowesas—low” Very low in 2000°  Little activity
Very low* Kemano—low” observed®
Kitlope—low”
2001 Improved run® No catch® Low catch®
2002 Good run® No catch® Low catch®
2003 Poor run* No catch® Good*
2004 Low returns® Poor run® Run virtually No catch® Good spawning
gone* success*
2005 Low returns® Average run® Run size of 2,700°  Almost no Good run®
eulachon returned®
2006 Run absent® Run virtually Run size of No significant Lowest on record,  Virtually no run®
gone’ 23,000° eulachon returns”  <1,000 spawners®
2007 Very good run® Small returns® In estuary but did ~ Small run of short
not ascend the duration®
river®
*Moody 2008
Hay and McCarter 2000
“Appendix C in Pickard and Marmorek 2007
Alcan 2005
Alcan 2006
"Alcan 2007

#Kitamaat Village Council 2007



attracted up to 2,000 Kwakiutl First Nation members in the late nineteenth century (Macnair
1971), some from as far as 250 miles away by canoe (Codere 1990).

There were commercial eulachon fisheries in Knight Inlet in the 1940s that primarily
supplied food for the fur farm industry. Combined commercial and First Nations subsistence
fisheries landed between 18 and 90 mt annually from 1943 and 1977 in Knight Inlet (Moody
2008), although landings reported by Hay and McCarter (2000) and reported in Table 9 were
somewhat higher. At times, eulachon landings from Kingcome and Knight Inlet may have been
reported as Knight Inlet landings, which may explain some of this discrepancy (Moody 2008).
Berry and Jacob (1998, as cited in Moody 2008) “estimated spawning biomass at approximately
40 mt in the Klinaklini River in 1995” with a larval-based assessment (Hay and McCarter 2000).
This value was “thought to be approximately 15% of the historic run size” (Berry and Jacob
1998, as cited in Moody 2008). Based on anecdotal information, Moody (2008) stated that
eulachon returns to the Klinaklini River were said to be low “during the 2004 and 2005 seasons
... but in 2007, the Klinaklini returns improved and, overall, it appeared to be a very good run”
(Table 12).

The BRT was concerned that there are few scientifically obtained abundance data
available for eulachon in Knight Inlet, about the absence of a contemporary monitoring program
for eulachon, and about the anecdotal nature of the available information. However, the BRT
concluded that available catch records, the extensive ethnographic literature, and anecdotal
information indicates that Klinaklini River eulachon were probably present in larger annual runs
in the past and that current run sizes of eulachon appear inconsistent with the historic level of
grease production extensively documented in the ethnographic literature (summaries in Macnair
1971, Codere 1990). However, anecdotal information indicates that recent returns of eulachon to
the Klinaklini River have improved from a low point in 2004-2005, so the status of this
population is not entirely clear.

Kingcome Inlet

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Kingcome River at the head of Kingcome Inlet on the British Columbia central coast
(Table A-1, Figure 3). Peak spawn timing in the area occurs about the middle of April (Moody
2008). Berry and Jacob (1998, p. 4) reported that “there were at least four waves of spawning
with peaks on April 2, April 15, April 21, and May 2, 1997, with the largest occurring around
April 15” in the Kingcome River. Berry and Jacob (1998) also reported that there was a spawn
in the Kingcome River prior to March 16 and again in early June as indicated by the presence of
eggs in the water column.

There is only a single year’s estimate of spawning stock biomass for the Kingcome River
(1997) (Table 11). First Nations fisheries landings on the Kingcome River are available for
1950, 1957, 1960, 1961, 1963, and 1966 (Moody 2008, her Figure 2.20); however, after 1977
there is very limited documentation of run sizes of eulachon on the Kingcome River and these
are all anecdotal in nature. These qualitative run-size comments are listed in Table 12 and
indicate a decline in recent run-size estimates.
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When Kingcome Inlet First Nation fisheries landings have been reported separately from
Knight Inlet, the estimates have averaged around an annual catch of 9 mt (Moody 2008). Moody
(2008) reported that the eulachon run in the Kingcome River in 1971 was very small and light
catches were reported in 1972. Berry and Jacob (1998) stated that a minimum estimated 14.35
mt of eulachon spawned in the Kingcome River from March 16 to June 3, 1997. Based on
anecdotal information, Moody (2008) reported that “In 2001 the Kingcome run improved and
was considered good in 2002, with approximately 330 gallons of grease produced.” The
eulachon run to the Kingcome River was considered to be poor in 2003 and 2004 and of average
size in 2005 (Moody 2008). However, eulachon were reportedly absent from the Kingcome
River in 2006 “and only small returns were seen in 2007” (Table 12) (Moody 2008).

The BRT was concerned that there are few scientifically obtained abundance data
available for eulachon in Kingcome Inlet, about the absence of a contemporary monitoring
program for eulachon, and about the anecdotal nature of the evidence. However, the BRT
believed that available catch records and anecdotal information indicates that Kingcome River
eulachon were probably present in larger annual runs in the past.

Rivers Inlet

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Wannock, Chuckwalla, and Kilbella rivers in Rivers Inlet on the central coast of
British Columbia (Table A-1, Figure 3). The spawning stock biomass of eulachon in Rivers Inlet
was estimated using scientific survey methods in 2005 and 2006. First Nations fisheries landings
on the Wannock River are available for 1967, 1968, and 1971; however, after 1971 there is very
limited documentation of run sizes of eulachon in Rivers Inlet and (with the exception of the
information available for 2005 and 2006) these are anecdotal in nature. These anecdotal
qualitative run-size comments are listed in Table 12 and indicate a decline in recent run-size
estimates.

First Nation fishery landings data for the Wannock River were limited to the years 1967,
1968, and 1971 when catches were 1.81, 2.27, and 4.54 mt, respectively (Moody 2008). Moody
(2008) stated that eulachon in “the Wannock River had been gradually declining since the
1970s” and that no eulachon have been caught in First Nations fisheries in the Rivers Inlet area
since 1997, when about 150 kg of eulachon were landed from the Kilbella and Chuckwalla rivers
(Berry and Jacob 1998). Berry and Jacob (1998, p. 3—4) further reported that “Virtually no
eulachon eggs or larvae were found in any of the 376 samples from the Wannock River in 1997~
and “this observation is consistent with in-field observations of eulachon entering the river
mouth only to exit and possibly go to the nearby Chukwalla or Kilbella rivers to spawn.” In
2005 an estimated 2,700 adults returned to the Wannock River, based on the capture of only 11
adults during spawner abundance surveys (Moody 2008) (Table 11). An additional three adult
eulachon were taken on the Kilbella River in 2005 (Moody 2008). Moody (2008) stated that this
adult spawner survey was repeated in 2006 and although “no adults [were] captured ... an
estimate of 23,000 adult spawners was calculated” (Table 11 and Table 12).

The BRT was concerned that there are few scientifically obtained abundance data
available for eulachon in Rivers Inlet, about the absence of a contemporary monitoring program
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for eulachon, and about the anecdotal nature of the evidence. The BRT was also concerned that
the incomplete record of eulachon catch and spawn biomass in Rivers Inlet does not establish
whether eulachon returned on an annual basis to this system in the past. However, the BRT
believed that available recent estimates of spawning stock abundance, catch records,
ethnographic literature (Hilton 1990), and anecdotal information indicates that Rivers Inlet
eulachon were present in larger annual runs in the past. The BRT also believed that the recent
spawning stock estimates of 2,700 to 23,000 individual spawners is cause for concern, as these
numbers indicate that this subpopulation may be at risk from small population concerns, such as
Allee effects and random genetic and demographic effects.

Dean Channel

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Bella Coola, Dean, and Kimsquit rivers in Dean Channel (Table A-1, Figure 3).
Kennedy and Bouchard (1990, p. 325) summarized ethnographic studies on the Nuxalk (Bella
Coola) First Nation and stated that “because of their abundance and their value as a trade item,
eulachons (particularly when rendered into highly valued grease) were second only to salmon in
importance to the Bella Coola.” Moody (2008) indicated that historically, peak run timing of
eulachon in the Bella Coola River occurred in late March or early April (Table A-9). Moody
(2007) also reported that recent run timing of eulachon to the Bella Coola River occurs earlier in
the season than it did historically.

Spawning stock biomass data for the Bella Coola River were available for 2001-2004
(Table 11). Records of the Nuxalk First Nation eulachon fishery on the Bella Coola River are
available for 1945 and 1946, 1948—-1989, 1995, and 1998 (Moody 2008, her Figure 3.13).
Moody (2008) also provided estimated First Nations eulachon catch based on a model of
eulachon grease production from 1980 to 1998. Anecdotal qualitative run-size comments are
listed in Table 12.

Moody (2007) reports relative abundance estimates, based on egg and larval surveys
similar to those used on the Fraser River, for the Bella Coola River in 2001 (0.039 mt), 2002
(0.045-0.050 mt), 2003 (0.016 mt), and 2004 (0.0072 mt) (Table 11). Nuxalk First Nation
subsistence fishery landings of eulachon from the Bella Coola River show an average catch of 18
mt between 1948 and 1984 (Table 9, Figure 30), with a low of 0.3 mt in 1960 and a high of
nearly 70 mt in 1954, based on data available in Hay (2002). These data suggest that recent
(2001-2004) spawner biomass in the Bella Coola River is approximately two orders of
magnitude less than the average First Nations eulachon landings were between 1948 and 1984.
According to Moody (2007), it has been 9 years since the last First Nations fishery occurred on
the Bella Coola River.

Anecdotal information indicated that only a very few eulachon are currently found in
other rivers in Dean Channel such as the Kimsquit River and the Taleomy, Assek, and Noeick
rivers in South Bentnick Arm off Dean Channel (Moody 2008). Moody (2007, 2008) also stated
that “it appears that 1996 was the last large run of eulachon to the Bella Coola River” and
noticeable runs have not returned to the Dean Channel/Bella Coola area since 1999 (Table 12).
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Figure 30. Estimated eulachon First Nations fishery landings on the Bella Coola River (data from Hay
2002). Landings of unknown size occurred from 1985 to 1993 and from 1996 to 1998 (Hay
2002). No fishery has occurred on the Bella Coola River since 1999.

The BRT believed that available spawning stock biomass data collected since 2001, catch
records, extensive ethnographic literature, and anecdotal information indicate that Bella Coola
River and Dean Channel eulachon in general were present in much larger annual runs in the past.
The present run sizes of eulachon appear inconsistent with the historic level of grease production
that is extensively documented in the ethnographic literature on the Nuxalk First Nations Peoples
(Kennedy and Bouchard 1990, Moody 2008). The BRT was concerned that this information and
available data indicate that eulachon in Dean Channel may be at risk from small population
concerns, such as Allee effects and random genetic and demographic effects.

Gardner Canal

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Kemano, Kowesas, and Kitlope rivers in Gardner Canal (Table A-1, Figure 3).
Eulachon spawn in late March and early April on the Kemano River, which is unusual in that it

is a clear, nonturbid system in a region that is dominated by glacially turbid rivers (Moody
2008).

First Nations fisheries landings on the Kemano River are available for 1969-1973 and
1988-2007. CPUE data in this fishery from 1988-2007 (reported as metric tons caught per set)
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were presented in graphical form in Moody (2008, her Figure 2.16). A summary of ethnographic
studies of the Haisla First Nation indicates that “eulachon were especially important with runs in
the ... Kemano and Kitlope rivers ... in such numbers that they were an important export”
(Hamori-Torok 1990, p. 306). Anecdotal qualitative run-size comments on Kemano River
eulachon are listed in Table 12 and indicate a decline in recent run-size estimates.

First Nation fisheries landings on the Kemano River ranged from 18.1 to 81.7 mt from
1969 to 1973 (average of 44.3 mt) (Moody 2008, her Figure 2.16). Rio Tinto Alcan Inc. operates
a hydroelectric generation facility on the Kemano River and, as part of an environmental
management plan, has funded monitoring of eulachon since 1988 (Lewis et al. 2002). From
1988 to 1998, landings ranged from 20.6 to 93.0 mt (average of 57 mt) (Lewis et al. 2002,
Moody 2008) (Table 9). However, according to Moody (2008), no run occurred in 1999.

First Nations landings in the Kemano River were low from 2000 to 2002, but improved to
between 60 and 80 mt in 2003 and 2004 (Alcan 2005, Moody 2008, her Figure 2.16); however,
anecdotal information indicated that eulachon returns were not detected in the Kemano River in
2005 and 2006 (Table 12) (Alcan 2006, 2007, EcoMetrix 2006, as cited in Moody 2008). Based
on anecdotal information, Moody (2008) reported that “eulachon were seen in the Kemano
estuary in 2007. However, they did not ascend the river.” CPUE data showed similar trends to
First Nation fishery landings, with a sharp drop from about 2.5 mt per set in 1998 to less than 0.5
mt per set from 1999 to 2002, a rebound to between 0.5 and 1 mt per set in 2003—2004, and no
fish caught in 2005-2007 (Lewis et al. 2002, Moody 2008, her Figure 2.16).

It was the BRT’s best professional judgment that available CPUE data collected since
1988, First Nations catch records, extensive ethnographic literature, and anecdotal information
indicate that Kemano River, and Gardner Canal eulachon in general, were present in larger
annual runs in the past and that present run sizes of eulachon appear inconsistent with the historic
level of grease production that is well documented for this region in the ethnographic literature
(Hamori-Torok 1990).

In addition, the BRT believed that the inability to detect eulachon in the Kemano River
since 2004 using the same monitoring methods that have been in place since 1988 (Lewis et al.
2002, Moody 2008, her Figure 2.16) and anecdotal information from Rio Tinto Alcan biological
surveys that eulachon have failed to return to the Kemano River in 2005-2007 (Alcan 2005,
2006, 2007) is cause for concern, as this information indicates that this subpopulation may be at
risk from small population concerns, such as Allee effects and random genetic and demographic
effects.

Douglas Channel

Hay and McCarter (2000) reported that an annual run of eulachon return on a regular
basis to the Kitimat and Kildala rivers in Douglas Channel (Table A-1, Figure 3). Spawning in
the Kitimat River reportedly peaks in mid to late March (Moody 2008).

The spawning stock biomass of eulachon in the Kitimat River was estimated using
scientific survey methods in 1993 (Table 11). First Nations fisheries landings on the Kitimat
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River are available for 1969 to 1972. CPUE in this fishery, reported as number of fish caught in
a 24-hour period, and estimated spawner abundance are available for 1994—1996 and 1998-2007.
A summary of ethnographic studies of the Haisla First Nation indicates that “eulachon were
especially important with runs in the Kitimat [and] Kildala ... rivers in such numbers that they
were an important export” (Hamori-Torok 1990, p. 308). Anecdotal qualitative run-size
comments on Kitimat River eulachon are listed in Table 12 and indicate a decline in recent run-
size estimates.

Between 1969 and 1972, Kitimat River First Nations fisheries landings of eulachon
ranged from 27.2 to 81.6 mt (Moody 2008, her Figure 2.14). The Kitimat River First Nations
eulachon fishery reportedly came to an end in 1972 as pollution by industrial (pulp mill) and
municipal effluent discharges made the eulachon unpalatable (Pederson et al. 1995, Moody
2008). Pederson et al. (1995) estimated a total spawning biomass in the Kitimat River of 22.6 mt
or about 514,000 individual eulachon in 1993. According to Moody (2008, p. 34), CPUE of
eulachon on the Kitimat River, as presented in EcoMetrix (2006), declined from 50—60 fish per
24-hour gill net set in 1994—1996 to less than 2 eulachon per gill net set since 1998. According
to EcoMetrix (2006, as cited in Moody 2008), abundance of eulachon from 1994 to 1996 ranged
between 527,000 and 440,000 individual spawners and from 1998 to 2005 ranged between
13,600 and less than 1,000 (Table 11). Based on anecdotal information, Moody (2008, p. 34)
stated that “the last strong run returned to the Kitimat River in 1991 and runs from 1992 to 1996
were estimated at half the size of 19917 (Table 12).

The BRT believed that the available spawning stock biomass data available for 1993,
CPUE data since 1994, First Nations landing records, extensive ethnographic literature, and
anecdotal information indicate that Kitimat River and Douglas Channel eulachon in general were
present in larger annual runs in the past and that present run-size estimates of eulachon appear
inconsistent with the historic level of grease production extensively documented in the
ethnographic literature (Hamori-Torok 1990). The BRT believed that the decline in estimated
spawning stock on the Kitimat River from an annual run size of more than 500,000 eulachon in
the mid-1990s to levels of less than 1,000 individual eulachon in 2005 (EcoMetrix 2006, Moody
2008) is cause for concern, as these numbers indicate that this subpopulation may be at risk from
small population concerns, such as Allee effects and random genetic and demographic effects.

Skeena River

Hay and McCarter (2000) and Moody (2008) reported that an annual run of eulachon
return on a regular basis to the Skeena River and its tributaries (particularly the Ecstall and
Khyex rivers) (Table A-1, Figure 3). The Skeena River run was reportedly small, of short
duration, and difficult to harvest because of the large size of the mainstem Skeena River (Stoffels
2001, Moody 2008). Based on anecdotal information, eulachon historically returned to the
Skeena River around the first week of March, but in the past decade returns have occasionally
returned as early as mid-February (Moody 2008).

The spawning stock biomass of eulachon in the Skeena River was estimated using
scientific survey methods in 1997 (Table 11). Combined commercial and First Nations fisheries
landings on the Skeena River are available for 1900-1916, 1919, 1924, 1926, 1927, 1929-1932,
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1935, and 1941 (Table 9). Qualitative run-size comments on Kitimat River eulachon are listed in
Table 12 and indicate a decline in recent run-size estimates.

Lewis (1997) estimated the total spawning stock abundance of the Skeena River eulachon
at only 3.0 mt in 1997. A small commercial eulachon fishery operated between 1924 and 1946
(landings ranged from 15.4 mt in 1924 to 0.9 mt in 1935) (Moody 2008). However, total
landings records were as high as 100 mt at one time and averaged 27.5 mt from 1900 to 1941
(Table 9). It is likely that local market demands have driven subsistence and past commercial
fisheries statistics on the Skeena River and the BRT did not believe that these data were a good
index of abundance. Moody (2008) reported anecdotal information indicating that very few
Skeena River eulachon were observed between 1997 and 1999, a good run occurred in 2005, and
virtually no eulachon were observed in 2006 (Table 12).

The BRT was concerned that there are few scientifically obtained abundance data
available for eulachon in the Skeena River, about the absence of a contemporary monitoring
program for eulachon, and about the anecdotal nature of the evidence. However, the BRT
believed that available catch records and anecdotal information indicate that Skeena River
eulachon were present in larger annual runs in the past that at one time supported a large fishery.
Although the current status of this subpopulation is unknown, the BRT believed that anecdotal
information indicates declines in abundance have occurred.

Assessment of Demographic Risk and the Risk Matrix Approach

In previous NMFS status reviews, BRTs have used a risk matrix as a method to organize
and summarize the professional judgment of a panel of knowledgeable scientists. This approach
is described in detail by Wainright and Kope (1999) and has been used for more than 10 years in
Pacific salmonid status reviews (e.g., Good et al. 2005, Hard et al. 2007), as well as in reviews of
Pacific hake, walleye pollock, Pacific cod (Gustafson et al. 2000), Puget Sound rockfishes (Stout
et al. 2001b), Pacific herring (Stout et al. 2001a, Gustafson et al. 2006), and black abalone
(Haliotis cracherodi) (VanBlaricom et al. 2009). In this risk matrix approach, the collective
condition of individual populations is summarized at the DPS level according to four
demographic risk criteria: abundance, growth rate/productivity, spatial structure/connectivity,
and diversity (Table 13). These viability criteria, outlined in McElhany et al. (2000), reflect
concepts that are well founded in conservation biology and generally applicable to a wide variety
of species. These criteria describe demographic risks that individually and collectively provide
strong indicators of extinction risk. The summary of demographic risks and other pertinent
information obtained by this approach is then considered by the BRT in determining the species’
overall level of extinction risk.

After reviewing all relevant biological information for the species, each BRT member
assigns a risk score (see below) to each of the four demographic criteria. The scores are tallied
(means, modes, and range of scores), reviewed, and the range of perspectives discussed by the
BRT before making its overall risk determination (see Table 13 for a summary of demographic
risk scores). Although this process helps to integrate and summarize a large amount of diverse
information, there is no simple way to translate the risk matrix scores directly into a
determination of overall extinction risk. For example, a DPS with a single extant subpopulation

132



Table 13. Template for the risk matrix used in BRT deliberations. The matrix is divided into five
sections that correspond to the four viable salmonid population parameters (McElhany et al.
2000) plus a recent events category.

Mean (£ SD) and

Risk category modal score
Abundance” 4.3 (£0.48)
Comments: 4
Growth rate/productivity” 3.0 (£1.05)
Comments: o)
Spatial structure and connectivity” 3.7 (£0.67)
Comments: 4
Diversity” 2.6 (£0.52)
Comments: 3

b
Recent events

“Rate overall risk to the DPS on 5-point scale (1-very low risk, 2-low risk, 3-moderate risk, 4-high risk, 5—very
high risk).
PRate recent events from double plus (++) strong benefit to double minus (— —) strong detriment.

might be at a high level of extinction risk because of high risk to spatial structure/connectivity,
even if it exhibited low risk for the other demographic criteria. Another species might be at risk
of extinction because of moderate risks to several demographic criteria.

For scoring population viability criteria, risks for each demographic criterion are ranked
on a scale of 1 (very low risk) to 5 (very high risk):

1. Very low risk. Unlikely that this factor contributes significantly to risk of extinction, either by
itself or in combination with other factors.
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2. Low risk. Unlikely that this factor contributes significantly to risk of extinction by itself, but
some concern that it may, in combination with other factors.

3. Moderate risk. This factor contributes significantly to long-term risk of extinction, but does
not in itself constitute a danger of extinction in the near future.

4. High risk. This factor contributes significantly to long-term risk of extinction and is likely to
contribute to short-term risk of extinction in the foreseeable future.

5. Very high risk. This factor by itself indicates danger of extinction in the near future.

Recent events: The recent events category considers events that have predictable
consequences for DPS status in the foreseeable future but have occurred too recently to be
reflected in the demographic data. Examples include a climatic regime shift or El Nifio that may
be anticipated to result in increased or decreased predation in subsequent years. This category is
scored as follows:

++ expect a strong improvement in status of the DPS,
+ expect some improvement in status,

0 neutral effect on status,

- expect some decline in status, and

——  expect strong decline in status.

Threats Analysis

According to Section 4 of the ESA, the Secretary of Commerce or the Interior shall
determine whether a species is threatened or endangered as a result of any (or a combination) of
the following factors: 1) destruction or modification of habitat; 2) overutilization for commercial,
recreational, scientific, or educational purposes; 3) disease or predation; 4) inadequacy of
existing regulatory mechanisms; or 5) other natural or human factors. Collectively, these are
often referred to as factors for decline. Herein we examine four of these five factors for their
historical, current, or potential impact on eulachon. The consideration of the inadequacy of
existing regulatory mechanisms (section 4(a)(1)(D)) will be conducted by the regional office or
offices in concert with the evaluation of efforts being made to protect the species. Current and
potential threats, along with current species distribution and abundance, help determine the
species’ present vulnerability to extinction. We include information regarding historic threats to
assist in interpretation of population trends. The relationship between historic threats and
population trends also provides insights that may help project future population changes in
response to current and potential threats.

Destruction or Modification of Habitat
Dams and water diversions

Dams and water diversions can change downstream flow intensity and flow timing,
reduce transport of fine sediments, and cut off the source of larger sediments like sand and gravel
for downstream habitats. Reduced peak flows as a result of upstream dams can also lead to less
scouring of the streambed, less erosion, and less deposition of sediments. The streambed
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downstream of dams may become progressively coarser and become dominated by cobbles and
large gravels as smaller gravels and sand are transported downstream without being replaced by
transport from upstream sources.

Klamath River—There are six hydroelectric dams on the Klamath River (Link River,
Keno, J.C. Boyle, Copco 1, Copco 2, and Iron Gate) (NRC 2008). The impact of these dams,
and others on the tributary Trinity River (Lewiston and Trinity dams), as well as associated
irrigation withdrawals in the upper Klamath River basin, have shifted the spring peak flow of the
lower Klamath River from its historical peak in April to its current peak in March, one full
month earlier (NRC 2004).

Columbia River—Operation of 28 mainstem and about 300 tributary dams and water
withdrawals for irrigation have significantly altered the natural hydrologic pattern of the
Columbia River (Sherwood et al. 1990, Bottom et al. 2005). According to Bottom et al. (2005,
p. XXix):

the magnitude of maximum spring freshet flow [in the Columbia River] has
decreased more than 40% from the predevelopment period (1859—-1899) to the
present. Flow regulation is responsible for approximately 75% of this loss,
irrigation withdrawal for approximately 20%, and climate change for
approximately 5% ... The timing of maximum spring freshet flow also has
changed, primarily because of hydropower and irrigation development upriver,
resulting in an approximate two-week shift earlier in the year (mean
predevelopment date of 12 June compared to modern mean date of 29 May).

Bottom et al. (2005, p. xx) also stated that:

Riverine sediment transport to the estuary, an important process affecting the
quantity and quality of estuarine habitat for salmon [and other fishes], is
correlated with peak river flows ... [It] is estimated that the ... change in annual
average sediment transport (at Vancouver, Washington) for 1945-1999 flows has
been about 50-60% of the nineteenth century (1858—1899) virgin sediment
transport. The reduction in sands and gravels is higher (>70% of
predevelopment) than for silts and clays.

Bonneville Dam on the mainstem Columbia at RKM 235 also impedes migration of
eulachon to historical spawning habitat above the dam in the Hood River and possibly the
Klickitat River (Smith and Saalfeld 1955, WDFW and ODFW 2008). Eulachon reportedly are
unable to ascend fish ladders designed for Pacific salmon (LCFRB 2004a).

Columbia River tributaries—In the mid 2000s, Sandy River Basin Partners (2005, p. 2-
30) stated that:

Natural discharge patterns in the Sandy River Basin are primarily altered by 1)
storage and diversion of water on the Sandy River (Marmot Dam at RM 30 [RKM
48.3]) and Little Sandy River (Little Sandy Diversion Dam at RM 1.7 [RKM
2.7]), 2) storage and diversion of water from the Bull Run River since 1891 to
supply the City of Portland’s municipal water needs (the Headworks Dam at RM
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6 [RKM 9.6]), and 3) diversion of water from the Sandy Hatchery weir on Cedar
Creek at RM 0.05 (RKM 0.8), as well as withdrawal of water from Alder Creek to
partially supply the City of Sandy’s municipal requirements.

Subsequently, Marmot Dam was removed in 2007 and the Little Sandy Dam was taken
down in 2008, which should restore much of the river’s natural hydrology and result in
significant sediment transport into the lower Sandy River where eulachon have spawned in the
past.

There are two major dams on the mainstem Cowlitz River: Mayfield Dam at RKM 83.7
forms Mayfield Lake and Mossyrock Dam at RKM 104.6 forms Riffe Lake (Wade 2000b).
These dams and other run-of-river dams in the hydropower system largely control flow in the
mainstem Cowlitz River. Following the eruption of Mount St. Helens in 1980, the USACE
constructed an SRS on the North Fork Toutle “to prevent the continuation of severe downstream
sedimentation of stream channels, which created flood conveyance, transportation, and habitat
degradation concerns” (LCFRB 2004a, p. E-374). The SRS was constructed in 1989 about 49
km above the confluence of the Toutle and Cowlitz rivers, is approximately 50 m in height, and
extends 600 m across the valley of the North Fork Toutle River. The SRS continues to be a
source of fine sediment to the lower Cowlitz River (LCFRB 2004a). Anderson (2009, p. 5)
stated that:

The SRS [on the Toutle River], constructed by the USACE, has become
ineffective at trapping sediments. Lower Cowlitz River eulachon spawning
habitat is considered degraded while the Toutle River is assumed absent of
spawning habitat due to this fine sediment inundation. ... WDFW considers past
and continued fine sediment deposition in the Toutle and Cowlitz rivers as a
moderate to high risk for eulachon.

There are three major dams on the mainstem Lewis River, also known as the North Fork
Lewis River: Merwin Dam (aka Ariel Dam) at RKM 31.4, built in 1931, forms Lake Merwin,;
Yale Dam at RKM 55, built in 1953, forms Yale Lake; and Swift Dam at RKM 77.1, built in
1958, forms Swift Creek Reservoir (Wade 2000a). The Lower Columbia Fish Recovery Board
(LCFRB 2004a, p. G-35) stated that:

Hydropower regulation has altered the hydrograph of the lower mainstem [of the
Lewis River].... Predam data reveals peaks due to fall/winter rains, winter rain-
on-snow, and spring snowmelt. Postdam data shows less overall flow variation,
with a general increase in winter flows due to power needs. Postdam data shows
a decrease in spring snowmelt flows due to reservoir filling in preparation for dry
summer conditions.... The risk of extreme winter peaks has also been reduced,
with the trade-off being the reduction of potentially beneficial large magnitude
channel-forming flows. ... The long-term effects on channel morphology and
sediment supply have not been thoroughly investigated.

British Columbia—In the mid-1980s there were an estimated 802 licensed dams in the
Fraser River basin, mostly for irrigation purposes in the dryer areas above Hope (Birtwell et al.
1988). The impact on eulachon of water withdrawals associated with reservoirs in the Fraser
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River has not been studied. The other eulachon river in British Columbia where hydrology has
been significantly altered by water diversions is the Kemano River. A hydroelectric plant began
operating on the Kemano River in 1954 (Lewis et al. 2002, p. 1), that is powered by:

water from the Nechako Reservoir [in the Fraser River basin] [that] passes
through a 16-km-long diversion tunnel, past the turbines at the Kemano
Powerhouse, and into the Kemano River, dropping a total of 850 m. ... The
powerhouse outflow combines with the natural flow of the Kemano River and
tributaries and flows 16 km to saltwater at Kemano Bay on Gardner Canal.

Lewis et al. (2002, p. 22) further stated that:

Flow at the Kemano/Wahoo confluence is composed of Kemano Powerhouse
discharge and the natural flow from the Kemano River and tributaries. On
average, the Kemano powerhouse contributes 57% of the flow at the
Kemano/Wahoo confluence. Within the period of eulachon spawning, when
natural flows are near the seasonal minimum, discharge from the powerhouse
accounts for 80% of the flow at the Kemano/Wahoo confluence. The relative
contribution of powerhouse discharge declines to 64% during eulachon incubation
and later, during larval migration, to 38% as natural discharges increase.

According to DFO and Transport Canada (2008):

Kleana Power Corporation proposes to develop a run-of-river hydroelectric power
project on the Klinaklini River. ... The project consists of: head pond, diversion
weir and intake, 18 km penstock/tunnel, powerhouse, tailrace, waste rock
disposal, upgrading of the existing logging roads and new road extension where
necessary, upgrade to the existing barge landing facility, construction camp,
concrete batch plant, and a 180 km twinned aerial transmission line from the
powerhouse to Campbell River.

Sediment dredging

Potential dredging impacts on eulachon consist of direct effects of entrainment of adults
and eggs and potential for smothering of eggs with sediment (Howell and Uusitalo 2000, Howell
et al. 2001). Indirect effects may consist of altering the freshwater spawning habitat and
estuarine nursery habitat. Larson and Moehl (1990) documented direct entrainment of small
amounts of eulachon by hopper dredge at the mouth of the Columbia River during May-October
1985—-1988. Johnston (1981, p. 427) reviewed dredging activities in estuarine environments and
listed “increased turbidity; altered tidal exchange, mixing, and circulation; reduced nutrient
outflow from marshes and swamps; increased saltwater intrusion; and creation of an environment
highly susceptible to recurrent low dissolved oxygen levels” as negative impacts. In addition,
dredging can resuspend harmful contaminants contained in sediments where they may be more
available to estuarine biota in the water column. Lasalle (1990, p. 1) also reviewed the potential
physical effects of dredging and listed mobilization of sediment-associated chemical compounds
and increased turbidity, as well as the potential “reduction in dissolved oxygen (resulting from
the oxidation of anoxic sediment compounds)” as generally expected alterations.
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Hay and McCarter (2000) indicated that dredging during the eulachon spawning season
in the Fraser River continued until the late 1990s. Tutty and Morrison (1976) estimated about
0.9 mt of adult eulachon were directly entrained during hopper dredging activities between
March 15 and June 4, 1976, on the lower Fraser River. Hay and McCarter (2000, p. 38) stated
that “the direct loss of about 1 tonne of eulachons may have been small relative to potential
deleterious impacts on survival of eulachons eggs—either from the direct effect of entrainment
of spawned eggs, or the silt-induced smothering of eggs deposition [sic] in waters downstream of
the dredging operations.” Hay and McCarter (2000) suggested dredging should be confined to
periods outside of the spawning season to minimize impacts on eulachon and that the effects of
sediment removal on eulachon spawning habitats should be a topic of research.

FREMP (2007) estimated that from 0.76 to 3.22 million cubic meters of sediment were
dredged annually from the lower Fraser River during the years 1997-2007 to prevent grounding
of commercial shipping. Increases in vessel size have required deepening of the shipping
channel in recent years (FREMP 2007). As mentioned in Pickard and Marmorek (2007), suction
dredging is currently restricted to months when eulachon are not spawning in the Fraser and
Kitimat rivers. According to FREMP (2006, p. 40), “hydraulic suction dredging and large-scale
clamshell dredging undertaken in the Fraser River estuary is restricted so that there is no
dredging conducted from March 1 to June 15 of any given year.”

It has been suggested that eulachon spawning distribution in the Fraser River has changed
in response to dredging and channelization and that dredging, even outside of the spawning
period, affects eulachon by destabilization of substrates (Pickard and Marmorek 2007). Pickard
and Marmorek (2007, p. 8) reported in their summary of findings of a DFO workshop to
determine research priorities for eulachon that “there is consensus that dredging is not the cause
of the coastwide decline in eulachon, but there is disagreement about the importance of dredging
impacts on eulachon resilience in rivers where it occurs.”

The Cowlitz Indian Tribe (2007, p. 15-16) observed that:

the Cowlitz River and in particular the Toutle River has been greatly impacted by
the eruption of Mount St. Helens in 1980 and the resulting SRS built by the U.S.
Army Corps of Engineers. Releases of fine sediment from behind the SRS during
the spring, when normally the river is clear, have been negatively correlated with
Cowlitz River eulachon returns 3 to 4 years later (Lou Reebs, personal
communication).

USACE (2007) stated that:

as much as 414 million cubic yards (mcy) of material will erode from the Mount
St. Helens sediment avalanche through year 2035. In addition, it was estimated
that over the period from 2000 to 2035 as much as 27 mcy of this material would
be deposited in the lower Cowlitz River and will need to be removed in order to
maintain flood protection levels in Kelso, Longview, Castle Rock, and Lexington.
... This trend is a result of increased sedimentation from the Toutle River
watershed from sediments being passed through the SRS in greater amounts. The
ability of the SRS to trap sand has decreased since 1998 when the sediment
reservoir behind the dam filled in. All flow now passes through the spillway as
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designed, carrying sediment downstream. ... Significant sand deposition ...
continues to occur at the mouth of the Cowlitz River, which has severely reduced
the capacity of the river channel to transport sand. ... Channel capacity and the
authorized levels of flood protection for Kelso, Longview, Lexington, and Castle
Rock have been reduced below authorized levels due to sediment deposition in
the lower Cowlitz River. ... In addition to the initial dredging effort, annual
follow-on dredging from the transition area to Cowlitz RM 2.5 [RKM 4.0] to
maintain the dredged channel depths and bottom widths will be needed to
maintain flood protection levels for the next 5 years. The Corps is also
investigating long-term dredging and nondredging alternatives that would
maintain the authorized levels of flood protection for the communities on the
lower Cowlitz River through the year 2035.

Furthermore, USACE’s environmental assessment of interim dredging activities on the Cowlitz
River (USACE 2007, p. 33) indicated that:

The proposed ... dredging action may affect spawning adults, outmigrating
juveniles, and larvae [of eulachon] in the water column by entrainment. Eggs
may be affected by removing substrate needed to allow egg adhesion for
incubation and by covering of incubating eggs by increasing suspended sediment.

Sherwood et al. (1990) provided a detailed analysis of historical dredging activities in the
Columbia River estuary through the 1980s. They estimated that about 300 million cubic meters
of largely sand-sized material were removed from the estuary and river channels between 1909,
when substantial dredging started, and 1982. Currently, USACE routinely dredges the mainstem
Columbia River shipping channel. The Washington and Oregon Eulachon Management Plan
(WDFW and ODFW 2001, p. 25) stated that this “Dredging should not be conducted in winter
and early spring to avoid entrainment of eulachon adults or larvae.” Romano et al. (2002)
suggested that the dynamic nature of sand sediments in areas proposed for channel deepening in
the Columbia River were unlikely to support eulachon egg incubation and that direct effects of
dredging in these areas on eulachon would be minimal. However, “[eulachon] eggs incubating
in near-shore areas in the proximity of dredging activities might be affected if these activities
alter flow patterns or increase sedimentation” (Romano et al. 2002, p. 8).

In response to an earlier draft of the present status review document, Anderson (2009, p.
4-5) stated that:

Risks dependent on timing, location, and life history stage in relation to dredging
and in-water dredge material disposal pose a low to moderate threat for adult
eulachon and a high risk for incubating eggs. ... WDFW considers dredging
effects on adult eulachon as a low risk in the mainstem Columbia River and a low
to moderate risk in the tributaries. ... The risk to larval eulachon from mainstem
Columbia River dredging activities is low and in the tributaries is moderate. ...
Dredging activities can affect egg survival through direct entrainment and from
suffocation through burial. The risk to eulachon eggs from dredging and in-water
dredge material disposal in eulachon spawning habitat is high.
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Shoreline construction

Columbia River—Estuarine habitat in the Columbia River has been modified through
“shoreline armoring and construction of structures over water, channel dredging and removal of
large woody debris, channelization by pile dikes, and other structures” (Bottom et al. 2005, p.
18). Thomas (1983) estimated that estuarine acreage at the time of his study was only about 76%
of the acreage of the estuary in 1870. This reduction was largely the result of dike and levee
construction. Approximately 43% of tidal marshes and 77% of tidal swamps in the Columbia
River estuary were estimated to have been lost since 1870 (Thomas 1983). Sherwood et al.
(1990, p. 299) also reviewed historical changes in the Columbia River estuary and found that
“large changes in the morphology of the estuary have been caused by navigational improvements
(jetties, dredged channels, and pile dikes) and by the diking and filling of much of the wetland
area.” Sherwood et al. (1990) suggested that the greatest cause of change in the morphology of
the Columbia River estuary was due to construction of permeable pile dikes and jetties,
particularly jetties at the mouth of the river. LCFRB (2004a, p. A-157) reported that:

Artificial channel confinement has altered river discharge and hydrology, as well
as disconnected the [Columbia] river from much of its floodplain. ...
Additionally, channel manipulations for transportation or development have also
had substantial influence on river discharge and hydrologic processes in the river.

Bottom et al. (2005, p. xxii) provided a chronology of changes in the Columbia River
estuary and stated that:

The productive capacity of the estuary has likely declined over the past
century through the combined effects of diking and filling of shallow-water
habitats.... Loss of approximately 65% of the tidal marshes and swamps that
existed in the estuary prior to 1870, combined with the loss of 12% of deepwater
area, has contributed to a 12-20% reduction in the estuary’s tidal prism.

Columbia River tributaries—The LCFRB (2004a, p. E-89) observed that “the
mainstem Cowlitz below Mayfield Dam has been heavily altered due to adjacent land uses
including agriculture, rural residential development, transportation corridors, urbanization, and
industry.” The LCFRB (2004a, p. E-30) also reported that “the lower 20 miles of the Cowlitz
has experienced severe loss of floodplain connectivity due to dikes, riprap, or deposited dredge
spoils originating from the Mount St. Helens eruption” (see also Wade 2000b). Major
population centers in the lower Cowlitz River basin with their associated industrial and
residential development include the towns of Castle Rock, Longview, and Kelso (LCFRB
2004a).

The only urban area in the Kalama River basin is the City of Kalama, located near the
river’s mouth where dikes have been constructed in the historical floodplain to protect nearby
roads and industrial developments (Wade 2000a, LCFRB 2004a). Future development is likely
to be concentrated along the lower mainstem Kalama River, where increasing residential
development has also occurred in recent years (LCFRB 2004a).
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Much of the lower mainstem Lewis River is also “disconnected from its floodplain by
dikes and levees” (LCFRB 2004a, p. G-55) and “the largest urban population center, the City of
Woodland, lies near the mouth of the river” (Wade 2000a, p. 23). According to (LCFRB 2004a,
p. G-87), “the mainstem Lewis below Merwin Dam has been heavily altered due to adjacent land
uses including agriculture, residential development, transportation corridors, and industry.”

British Columbia—Pickard and Marmorek (2007) reported that results of a DFO
workshop to determine research priorities for eulachon indicated that shoreline construction in
the form of roads, bridges, dikes, piers, wharfs, and so forth may have an impact on eulachon in

the Skeena, Kitimat, Kemano, Fraser, and Columbia rivers. According to Pickard and Marmorek
(2007, p. 14):

There is evidence of change in the habitat in developed rivers such as the Fraser
and Kitimat. These changes include the loss of side channels, loss of habitat
complexity/diversity, and increase in velocity. These habitat changes are thought
to affect eulachon, however the magnitude of the effect is not clear.

Pickard and Marmorek (2007) also suggested that an increase in river velocities likely would
result in eggs and larvae being rapidly washed downstream, where they may encounter high
salinities at an early age. The fate of eggs and larvae that may be prematurely washed out to sea
is unknown.

The largest city in British Columbia, Vancouver, together with all of its associated
industrial and urban development, abuts the Fraser River estuary (Birtwell et al. 1988). Moody
(2008) indicated that an extensive system of dikes was constructed in the lower Fraser River
following the 1948 flood. According to Plate (2009, p. 3 and p. iii), recent plans to construct “a
new 10-lane Port Mann Bridge [over the Fraser River] represents a major addition to shoreline
and in-river construction on the lower Fraser River” and is of concern because “eulachon spawn
directly beneath the [current] Port Mann Bridge pillars and in the close upstream vicinity of the
bridge, and as expected eulachon use all channels under the bridge for migration to upstream
areas.”

Climate change impacts on freshwater habitat

Analyses of temperature trends for the U.S. Pacific Northwest (Mote et al. 1999); the
maritime portions of Oregon, Washington, and British Columbia (Mote 2003a); and the Puget
Sound—Georgia Basin region (Mote 2003b) have shown that air temperature increased 0.8°C,
0.9°C, and 1.5°C in these respective regions during the twentieth century. Warming in each of
these areas was substantially greater than the global average of 0.76 + 0.19°C (IPCC 2007).
During the next century, warming in the Pacific Northwest is predicted to range from 0.1°C to
0.6°C per decade with a mean estimate of 0.3°C per decade, compared to an approximate 0.1°C
per decade warming that occurred during the twentieth century (Mote et al. 2005b). Although
fluctuations in climate related indices like the PDO and El Nifio Southern Oscillation (ENSO)
may explain about a third of this temperature rise, “the widespread and fairly monotonic
increases in temperature exceed what can be explained by Pacific climate variability and are
consistent with the global pattern of anthropogenic temperature increases” (Mote et al. 2005a, p.
47). Results from 10 different climate model simulations that assume two different greenhouse
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gas emission scenarios predict a 1°C to 6°C increase in air temperature for the Pacific Northwest
by 2100 (ISAB 2007).

These higher temperatures have led to declines in snowpack, measured as springtime
snow water equivalent, in much of the North American west, with the Oregon (Mote et al.
2005a) and Washington (Mote 2006) Cascade Mountains having the largest losses in snow water
equivalent. Projected milder wintertime temperatures in much of the North American west
suggest that “losses in snowpack observed to date will continue and even accelerate” (Mote et al.
2005a, p. 48). Additional hydrological changes that have occurred in the North American west
over the past 50—70 years include more precipitation falling as rain rather than snow (Knowles et
al. 2006) and an earlier onset of snowmelt (Groisman et al. 2004, Knowles et al. 2006), resulting
in “increased fractions of annual flow occurring earlier in the water year by 1-4 weeks” relative
to conditions during the 1950s to 1970s (Stewart et al. 2005, p. 1,136). Trends toward earlier
flows “are strongest for midelevation gauges in the interior Northwest, western Canada, and
coastal Alaska” (Stewart et al. 2005, p. 1,152).

It is expected that snowmelt dominated systems at low to moderate elevations (Regonda
et al. 2005, Knowles et al. 2006) and near-coastal mountains in the Pacific Northwest and
California (Hamlet et al. 2005, p. 4,560) will be particularly impacted by declines in the fraction
of precipitation falling as snow and thus may experience the greatest changes in river hydrology.
Some systems are expected to change from a pattern of steady snow accumulation to a pattern of
repeated snow accumulation and loss during the winter season. The Independent Scientific
Advisory Board (ISAB 2007, p. iii) summarized projected changes associated with climate
change in the Columbia Basin and stated that “Warmer temperatures will result in more
precipitation falling as rain rather than snow; snow pack will diminish, and stream flow timing
will be altered; and peak river flows will likely increase.”

Pickard and Marmorek (2007) summarized similar findings, reported by participants at a
DFO workshop to determine research priorities for eulachon, relative to climate-driven changes
in freshwater hydrology that are occurring in coastal British Columbia. This report presented
evidence that “snowpack accumulations have been declining in many watersheds (e.g., Kitimat,
Fraser)” (Pickard and Marmorek 2007, p. 20). Spring freshets throughout British Columbia are
also reported to be occurring earlier in the year and more precipitation at lower elevations is
reported to be coming as rain than in snow (Pickard and Marmorek 2007, p. 20). Glaciers in
British Columbia are also reported to be melting at a faster rate, although “overall runoff from
B.C. glaciers is declining due to their reduced size” (Pickard and Marmorek 2007, p. 20).

Foreman et al. (2001) and Morrison et al. (2002) examined historical temperatures and
flows in the Fraser River over the past 100 years. Foreman et al. (2001) found that the date at
which one-half of the Fraser River yearly discharge is reached occurred at a rate of 0.09 days
earlier each year between 1913 and 2000, and that average summer temperatures at Hell’s Gate
on the Fraser River increased at a rate of 0.022°C per year (0.2°C per decade) from 1953 to
1998. Morrison et al. (2002) developed a flow model based on these trends and predicted that by
2070-2090 spring freshets in the Fraser River would occur on average 24 days earlier in the year
and mean summer water temperatures would likely increase by 1.9°C. DFO (2008d) also
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predicted that peak flows will come earlier in the year and peak flows will be lower over the
coming century in the Fraser River.

Meier et al. (2003) and Barry (2006) summarized data on the worldwide status of
glaciers, which shows that pervasive glacial retreat has occurred over the past 100 years and
suggests that glacial wastage has accelerated in the last several decades. Meier et al. (2003, p.
133) stated that “the retreats of the last century exceed any seen in the last several millennia and
are out of the range of normal climate variability for this time period.” ISAB (2007, p. 12), in
reference to the Pacific Northwest stated that:

Most glaciers in the region reached their recent maximum extent in the mid-
1800s and since that time have been in rapid retreat. Recent studies indicate that
the retreat of the past approximately 150 years has now brought many Northwest
glaciers back to levels last seen approximately 6,000 years ago.

Since the majority of eulachon rivers are fed by extensive snowmelt or glacial runoff,
elevated temperatures, changes in snow pack, and changes in the timing and intensity of stream
flows will likely have impacts on eulachon. In most rivers, eulachon typically spawn well before
the spring freshet, near the seasonal flow minimum, and this strategy typically results in egg
hatch coinciding with peak spring river discharge. The expected alteration in stream flow timing
may cause eulachon to spawn earlier or be flushed out of spawning rivers at an earlier date.
Early emigration, together with the anticipated delay in the onset of coastal upwelling (see
Climate Change Impacts on Ocean Conditions subsection below), may result in a mismatch
between entry of larval eulachon into the ocean and coastal upwelling, which could have a
negative impact on marine survival of eulachon during this critical transition period.

There are already indications, perhaps in response to warming conditions or altered
stream flow timing, that adult eulachon are returning earlier in the season to several rivers within
the southern DPS (Moody 2008). Based on accounts in Portland, Oregon, newspapers between
1867 and 1923, the mean date of initial appearance of eulachon in the Columbia River during
that time was February 12 (Figure 6, Appendix B). Documented initial landings in the Columbia
River commercial eulachon fishery for the years 1949 to 2008 were more than a month earlier,
averaging around January 8, based on data supplied by WDFW."? Similarly, Lewis et al. (2002,
p. 68) noticed a trend for the eulachon run in the Kemano River, British Columbia, to begin and
end earlier over the 11-year period from 1988 to 1998. Pickard and Marmorek (2007, p. 20) also
reported that “run timing has been getting earlier since 1988—2003 in [the] Kemano [River].”

Climate change impacts on ocean conditions

Evidence has accumulated over the last decade to demonstrate that there are natural
decadal-scale oscillations in North Pacific climatic and oceanic conditions (Mantua et al. 1997,
Zhang et al. 1997). One indicator of the ocean-atmosphere variation for the North Pacific is the
PDO index whose opposite regimes, characterized by a positive and negative PDO, typically last
for 20-30 years (Mantua and Hare 2002) (Figure 15). Negative PDO values are associated with
relatively cool ocean temperatures off the Pacific Northwest, and positive values are associated

13 B. James, Statewide Eulachon Landings database, WDFW, Vancouver, WA. Pers. commun., 20 June 2008.
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with warmer, less productive conditions. Warmer, less productive conditions off the Pacific
Northwest are also associated with the ENSO, which is unrelated to the PDO and occurs on
average every 2 to 7 years and may last from 6 to 18 months.

Changes in regional patterns of the PDO and ENSO have been associated with variation
in the abundance of Pacific salmon, forage fish, and species such as Pacific hake in the ocean off
the Pacific Northwest (McFarlane et al. 2000, ISAB 2007). ISAB (2007, p. 57-58) suggested
that conditions that occur during a positive PDO or an El Nifio period may represent possible
analogs for future impacts of global warming in the North Pacific and Pacific Northwest.
However, as the Intergovernmental Panel on Climate Change (IPCC) stated in its fourth
assessment report (IPCC 2007, p. 399), “Long-term trends [in temperature] are rather difficult to
discern in the upper Pacific Ocean because of the strong interannual and decadal variability
(ENSO and the PDO) and the relatively short length of the observational records.”

According to ISAB (2007, p. v):

Scientific evidence strongly suggests that global climate change is already altering
marine ecosystems from the tropics to polar seas. Physical changes associated
with warming include increases in ocean temperature, increased stratification of
the water column, and changes in the intensity and timing of coastal upwelling.
These changes will alter primary and secondary productivity ... [and] the
structure of marine communities.

Warmer ocean temperatures—Levitus et al. (2000, 2005) documented warming of the
world’s oceans that corresponds to a mean temperature increase of 0.037°C from 1955 to 1998
(Levitus et al. 2005, p. 1). Most of this warming has occurred in the upper 700 m of the ocean
over the past 50 years (Levitus et al. 2005). Relatively smaller temperature increases in the
world ocean over the past 50 years, compared to the mean worldwide terrestrial air temperature
increase of 0.76 = 0.19°C (IPCC 2007) over the past 100 years, illustrates the ocean’s enormous
heat capacity compared to the atmosphere (Levitus et al. 2005). According to the IPCC (2007,
p. 387):

The oceans are warming. Over the period 1961 to 2003, global ocean temperature
has risen