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EXECUTIVE SUMMARY

This status review examines coastal cutthroat t@at¢rhynchus clarki clarkiin
California, Oregon, and Washington to determine whether they face a risk of extinction if present
conditions continue. The National Marine Fisheries Service (NMFS) initiated this status review,
which was also requested by a 1997 petition seeking listing Of all clarkiin those three states
as threatened or endangered under the federal Endangered Species Act (ESA). The NMFS
decision to conduct this status review follows the agency’s announcement, in response to earlier
petitions and to general concerns about the status of Pacific salmon throughout the region, to
initiate ESA status reviews for all species and populations of anadromous salmonids, including
coastal cutthroat trout, in Washington, ldaho, Oregon, and California.

The ESA allows listing “distinct population segments” of vertebrates and named species
and subspecies. The policy of the NMFS on this issue for anadromous Pacific salmonids is that a
population will be considered “distinct” for purposes of the ESA if it represents an evolutionarily
significant unit (ESU) of the species as a whole. To be considered an ESU, a population or
group of populations must 1) be substantially reproductively isolated from other populations, and
2) contribute substantially to the ecological or genetic diversity of the biological species. Once
an ESU is identified, a variety of factors related to population abundance are considered in
determining whether a listing is warranted.

A team of NMFS scientists conducted this status review, which the ESA stipulates be
based on the best available scientific and commercial information. This Biological Review
Team (BRT) reviewed and evaluated information from federal, state, and tribal fisheries
agencies, as well as individuals.

The BRT did not as part of this review evaluate likely or possible effects of conservation
measures, and therefore did not make recommendations as to whether identified ESUs should be
listed as threatened or endangered. The BRT did, however, draw conclusions about the risk of
extinction faced by ESUs under the assumption that present conditions will continue.

Umpqua River Coastal Cutthroat Trout

A status review of coastal cutthroat trout from the Umpqua River basin in southern
Oregon was conducted by the NMFS in 1994. The BRT for that review concluded that all life-
history forms in the Umpqua River were part of the same ESU but was unable to reach a
conclusion on the ESU’s geographic extent. The BRT also concluded that the anadromous
portion of the ESU was precarious and that its loss would be an ESA concern; anadromy is based
(at least in part) on genetics and contributes substantially to the ESU’s ecological/genetic
diversity.

In July 1996, the NMFS published a final rule listing Umpqua River cutthroat trout as an
endangered species. However, in doing so, NMFS committed to reevaluate the status of the
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species within 2 years. This current coastwide review of coastal cutthroat trout reevaluates
biological data on the status of the Umpqua River species and identifies Umpqua River coastal
cutthroat trout as part of a larger Oregon Coast ESU, which is evaluated as part of this review.
This review, however, does not completely resolve the Umpqua River ESU boundary question,
and the possibility that smaller ESUs should be recognized has not been excluded.

Difficulties in Reviewing Coastal Cutthroat Trout Status

Reviewing the status of coastal cutthroat trout was difficult because they are one of the
most biologically diverse and least-studied groups of West Coast salmonids. Two factors made
ESU determination and risk assessment for this group especially challenging:

» Relevant biological information on the subspecies is meager compared to data collected for
Pacific salmon because, as cutthroat trout are not a commercial species, much of the
information useful for their management and conservation is obtained only incidentally
during biological surveys for commercially caught Pacific salmon species.

» Coastal cutthroat trout express a wide diversity of life-history attributes. This diversity
includes several migratory pathways: They may migrate to estuaries and other marine
environments (a form known either as “anadromous” or “sea run”); they may remain in fresh
water (freshwater forms) as river/lake migrants or in upper headwater tributaries as
nonmigrants; or they may follow migratory pathways that combine these behaviors. Genetic
and environmental influences on these migratory pathways and life-history attributes are
poorly understood.

The BRT felt strongly that life-history forms in each ESU represent diverse genetic and
phenotypic resources important to its evolutionary ecology, and the BRT unanimously concluded
that each ESU include all of these life-history forms. Team members concurred that loss of any
individual life-history form could increase risk to the ESU as a whole.

Another challenging problem for the BRT was to evaluate the significance of various
migration barriers that separate the different life-history forms of coastal cutthroat trout in some
watersheds. The BRT was divided on whether populations above long-standing barriers (i.e.,
those that effectively preclude migration for hundreds or even thousands of years) should be
included in ESUs. The primary argument for inclusion centered on the fact that populations
above barriers are often most closely related to those below them; this close relationship makes it
unclear to which ESU above-barrier populations would belong if not to the ESU including
below-barrier populations. The argument for exclusion focused on the complete reproductive
isolation between the above- and below-barrier populations and, consequently, the different
evolutionary trajectories followed by these groups of populations. Only under very special
circumstances would the above-barrier populations be useful in recovery of the below-barrier
populations.

This problem also involved barriers that permit some one-way migration (i.e.,
downstream migration of smolts but not upstream passage of adults). The majority of BRT



XV

members believed that populations above these barriers should be included in ESUs. The basis
for this conclusion is two-fold: 1) populations above barriers may contribute demographically

and genetically to populations below them, even if the frequency of successful one-way migrants
per generation is low, and 2) populations above barriers may represent genetic resources shared
by populations below them (and thus may be a significant component of diversity for an ESU).

Coastal Cutthroat Trout ESUs

The BRT considered several possible ESU configurations for this subspecies based on
biogeographic, life history, and genetic information. After considerable discussion, a majority of
BRT members supported a scenario involving six ESUs: Puget Sound, Olympic Peninsula,
Southwestern Washington/Columbia River, upper Willamette River, Oregon Coast, and Southern
Oregon/California Coasts. Alternative scenarios considered at length by the BRT were 1) a
single ESU corresponding with the range of coastal cutthroat trout and 2) multiple ESUs
corresponding to small geographic units, such as major river basins. However, the BRT
ultimately concluded that available information best supported the scenario of six ESUs. These
six ESUs show strong similarities to ESUs designated for other species, especially coho
(O. kisutch and chinook@. tshawytschesalmon, and steelhead.(mykis} however, there are
significant dissimilarities that reflect species differences in genetic structure and life-history
variation.

Figure ES-1 shows the six ESUs; descriptions follow.

1) Puget Sound ESU

This proposed ESU includes populations of coastal cutthroat trout that enter protected
marine waters in northwestern Washington; its boundaries correspond roughly with the Puget
Lowland ecoregion.

Life-history data indicate that coastal cutthroat trout from Puget Sound generally smolt at
a smaller size and younger age than those entering coastal marine waters. Genetic data indicate
that these populations are separated from those in southwestern Washington and farther south.
Populations in Puget Sound and Hood Canal and on the Olympic Peninsula are highly
heterogeneous genetically; nevertheless, some evidence exists for coherent genetic separation of
Olympic Peninsula populations from those in the eastern Strait of Juan de Fuca, northern Puget
Sound, and Hood Canal. Populations in Hood Canal and along the Strait of Juan de Fuca are
distinctive but show no clear evidence of a transition zone between Puget Sound and
southwestern Washington. There are genetic distinctions between populations from the upper
Nisqually River (a system in southern Puget Sound with strong glacial influences) and other
southern Puget Sound populations. Based primarily on these life-history and genetic patterns, the
BRT concluded that this ESU includes all streams in Puget Sound and the Strait of Juan de Fuca
west to, and including, the Elwha River. The northern boundary for this ESU is unclear, but
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unpublished data lend support to the hypothesis that this ESU extends into southern British
Columbia, including populations along eastern Georgia Strait north of Vancouver.

In general, this ESU’s boundaries reflect an ecoregion in which river drainages have
relatively high flows due largely to high precipitation, snow melt, and temperatures moderated
by the marine environment. The southern and western boundaries are similar to those previously
identified for chinook, coho, chun®( ketg, and pink Q. gorbuschasalmon, and steelhead.
The northern boundary differs from the one for chinook and coho salmon (which does not extend
into Canada) and for pink, chum, and coho salmon (which does not include eastern Vancouver
Island).

2) Olympic Peninsula ESU

This proposed ESU includes coastal cutthroat trout in populations from the Strait of Juan
de Fuca west of the Elwha River and coastal streams south to, but not including, streams that
drain into Grays Harbor. The proposed boundaries of this ESU are similar to those for steelhead
and coho salmon. Support for this ESU relies primarily on the ecological distinctiveness of this
area, which is characterized by high precipitation, cool water temperatures, and relatively short
high-gradient streams entering directly into the open ocean.

Coastal cutthroat trout from this area are relatively large as smolts, and a higher
proportion appears to mature at first return from seawater than is the case in most Puget Sound
populations. Olympic Peninsula populations are genetically distinctive, but show a greater
similarity to populations in Puget Sound and Hood Canal than to those along the Strait of Juan de
Fuca east of the Elwha River.

Based primarily on these genetic data, a minority of the BRT concluded that populations
from the Olympic Peninsula should be considered part of a combined Puget Sound-Olympic
Peninsula ESU. Other BRT members pointed out that the Olympic Peninsula ESU may
represent a genetic transition zone between the Puget Sound and Southwestern Washington/
Columbia River ESUs.

3) Southwestern Washington/Columbia River ESU

The proposed boundaries of this ESU are similar to the Southwestern Washington/Lower
Columbia River ESU for coho salmon and extend upstream in the Columbia River to Celilo
Falls. Support for this ESU designation comes primarily from ecological and genetic
information. Ecological characteristics of this region include the presence of extensive intertidal
mud and sandflats, similarities in freshwater and estuarine fish faunas, and substantial
differences from estuaries north of Grays Harbor and south of the Columbia River. The coastal
cutthroat trout samples from southwestern Washington show a relatively close genetic similarity
to samples from the Columbia River.
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A minority of the BRT supported a split of Columbia River from southwestern
Washington coastal cutthroat trout populations. Tagging and recovery data for chinook, coho,
and chum salmon indicate different marine distributions for fish from the two areas. The limited
dispersal ability of anadromous cutthroat trout may restrict genetic exchange among populations
in the two areas, which exhibit different physical estuarine characteristics. Also, an important
salmonid parasité;eratomyxa shastaccurs in the Columbia River but has not been observed
in Willapa Bay or Grays Harbor. However, the majority of BRT members concluded that
available data did not provide compelling evidence for splitting populations along the
southwestern Washington coast from those in the Columbia River.

4) Upper Willamette River ESU

Cutthroat trout are one of only three species of anadromous Pacific salmonids that
historically occurred above Willamette Falls. Upper Willamette River populations of the other
two species (spring chinook salmon and winter steelhead) have been identified as separate ESUs
in previous status reviews, based on ecological factors, substantial genetic differences from other
Columbia River populations, and physical and hydrological conditions.

The upper Willamette River above the falls encompasses a large area with considerable
habitat complexity that evidently supports several different populations of coastal cutthroat trout.
Based on information provided by the Oregon Department of Fish and Wildlife, Willamette Falls
in its present configuration is a nearly complete barrier upstream and downstream in summer and
early fall to anadromous fish, including summer steelhead as well as coastal cutthroat trout. The
BRT concluded that the upper Willamette River has probably never supported a substantial
anadromous population of cutthroat trout, although freshwater forms are common. Upper
Willamette River coastal cutthroat trout exhibit a genetic structure consistent with the hypothesis
that the falls is a strong reproductive barrier between populations above and below it.
Ceratomyxa shasta the Willamette River below the Marys River and high temperatures in the
lower Willamette River in summer and fall probably limit the survival of the very few migrants
known to drop over the falls. Although the populations above the falls are highly heterogeneous
genetically with several outlier populations, they form a somewhat coherent cluster of
apparently isolated and semi-isolated populations.

A number of factors—physical and genetic evidence of a migration barrier, habitat and
ecological differences above and below Willamette Falls, and the lack of anadromous
populations and prevalence of freshwater migratory forms above the falls—led the majority of
the BRT to conclude that coastal cutthroat trout above Willamette Falls should be considered a
separate ESU.

5) Oregon Coast ESU

Genetic data indicate marked genetic differences between coastal cutthroat trout from
coastal Oregon and those in the Columbia River and along the Washington coast. Samples of
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coastal cutthroat trout south of the Columbia River indicate a large heterogeneous group of
populations along the Oregon coast. Furthermore, several ecological differences exist between
rivers along the Oregon coast and those farther north. The Oregon coast is characterized by
relatively high precipitation, moderate temperatures, and short low-gradient streams with few
migration barriers. Tagging studies in Alaska and elsewhere indicate that anadromous cutthroat
trout follow shorelines when in seawater; thus, the known migratory patterns of this species are
consistent with the hypothesis that the Columbia River, which is several miles winkdatiaely

deep at its mouth, is a migratory barrier between coastal populations in Oregon and Washington.

The proposed boundaries of this ESU are similar to the ESUs identified for coho and
chinook salmon and steelhead. The southern boundary of this proposed ESU is at Cape Blanco,
Oregon. Genetic data provide only weak evidence for a split between populations north or south
of Cape Blanco, but ecological data support it. The Cape Blanco area is a major biogeographic
boundary for many marine and terrestrial species and has been identified as an ESU boundary for
chinook and coho salmon and steelhead on the basis of strong genetic, life-history, ecological,
and habitat differences north and south of this landmark. Also, unpublished meristic data point
to a difference between coastal cutthroat trout populations north and south of Cape Blanco
(Williams unpubl. data).

6) Southern Oregon/California Coasts ESU

A majority of the BRT members concluded that populations of coastal cutthroat trout
from Cape Blanco south to the southern extent of the subspecies’ range represent a separate ESU.
Several members did not consider the genetic and ecological data strong enough to support this
split. However, as described above, meristic (and, to some extent, genetic) information lends
support for a separate coastal cutthroat trout ESU south of the major biogeographic boundary at
Cape Blanco. In addition, the limited dispersal capability of coastal cutthroat trout and anecdotal
evidence for marked differences in population dynamics for populations north and south of Cape
Blanco support a split at that landmark. Finally, the majority of river systems in this ESU are
relatively small with limited estuaries and heavily influenced by a maritime climate. Many of
these systems are characterized by physical and thermal barriers to movement by anadromous
fish; notable systems that lack such barriers are the Eel, Klamath, Rogue, and Trinity rivers.

Assessment of Extinction Risk

The ESA defines “endangered species” as “any species which is in danger of extinction
throughout all or a significant portion of its range.” “Threatened species” is defined as “any
species which is likely to become an endangered species within the foreseeable future throughout
all or a significant portion of its range.” According to the ESA, the determination of whether a
species is threatened or endangered should be made on the basis of the best scientific information
available regarding the species’ status, after taking into consideration conservation measures
proposed or in place.
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One of the most challenging aspects of risk assessments for coastal cutthroat trout is the
scarcity of available information. This lack of data is far more pervasive than for other species of
Pacific salmonids. Current or historical abundance information, especially for adult coastal
cutthroat trout, is available for only a very small proportion of the known populations within any
ESU. In contrast to status reviews of the other species of Pacific salmonids, the BRT for coastal
cutthroat trout had to base its risk evaluations more heavily on abundance estimates for a small
number of populations spanning only a few years, on presence/absence data, and on professional
judgements by biologists familiar with coastal cutthroat trout in specific geographic regions.
Information on risks from hatchery-origin fish and on hybridization with steelhead and rainbow
(the freshwater form dD. mykisytrout also is very limited for coastal cutthroat trout.

The BRT wrestled with a fundamental dilemma stemming from the lack of data, which
can result in two alternative conclusions:

» There is insufficient evidence to demonstrate that coastal cutthroat trout are at significant risk
of extinction

* There is insufficient evidence to demonstrate that coastal cutthroat trawat atesignificant
risk of extinction

This dilemma existed for many of the coastal cutthroat trout ESUs. For some BRT
members, uncertainty about a given ESU’s status stemming from insufficient information and
from a collective sense among many local biologists that coastal cutthroat trout were in decline
led to a conclusion that there is a risk of extinction. For other BRT members, insufficient
information led to a conclusion that therenct significant risk. The BRT stressed that the latter
conclusion does not necessarily indicate that an ESU is healthy; rather, it may simply indicate
that there is insufficient information to demonstrate thatnbthealthy.

Summary of BRT Risk Conclusions

* A majority of BRT members concluded the Puget Sound, Olympic Peninsula, and Southern
Oregon/California Coast ESUs are not presently in danger of extinction, nor are they likely to
become so in the foreseeable future. For each of these three ESUs, a minority of the BRT
believed there is a likelihood of endangerment in the foreseeable future.

» All BRT members agreed that the Oregon Coast ESU is not presently at risk of extinction,
but the team was evenly split on whether the ESU is likely to become endangered in the
foreseeable future.

* The BRT unanimously concluded that the Southwestern Washington/Columbia River ESU is
likely to become endangered in the foreseeable future. The conservation status of the ESU in
the upper Willamette River, a tributary of the Lower Columbia River, was not formally
evaluated by the BRT because available evidence indicates that few if any anadromous
coastal cutthroat trout are produced in this ESU.

A summary of the rationale for risk conclusions for each ESU follows.
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Puget Sound ESU

The BRT noted with concern that there are few existing data relative to those for
steelhead and Pacific salmon concerning historical and present abundance of coastal cutthroat
trout in the Puget Sound ESU region. Anecdotal reports suggest relatively high abundance of
coastal cutthroat trout in northern Puget Sound and low abundance in southwestern Puget Sound
streams. There are some data indicating that juvenile coastal cutthroat trout are relatively well
distributed in the Skagit and Stillaguamish river basins and along the Strait of Juan de Fuca. The
BRT acknowledged that widespread habitat degradation and loss has occurred in the Puget
Sound region. This reduction in habitat capacity constitutes an important and ongoing risk to
coastal cutthroat trout that has not been well quantified.

Trend data for this ESU available to the BRT were from downstream migrant and adult
counts for a few streams. Apparent declines in downstream migrants in the Skagit River basin
may not accurately depict coastal cutthroat trout abundance—but may at best be rough indicators
of true trends—because the trap locations and dates trapped were designed to estimate coho
salmon smolt numbers. Increases in coastal cutthroat trout smolt numbers in some eastern Hood
Canal streams coincided with declines in coho salmon abundance, suggesting to the BRT that
interactions between these two species may be reducing the abundances of coastal cutthroat trout
in some streams. Historical estimates of smolt abundance were not available, so no definitive
conclusions about the risks to coastal cutthroat trout populations could be made from smolt count
data.

In addition to information about population sizes and trends in abundance for coastal
cutthroat trout in this ESU, the BRT considered another important risk factor—the potential loss
of life-history diversity. The anadromous life-history type in particular appears to be declining in
some streams. However, the BRT believed that risks to the ESU’s integrity and long-term
sustainability due to loss of life-history diversity were relatively low compared to those of the
other five coastal cutthroat trout ESUs, which have more streams with documented declines in
anadromous life-history types. The influence of hatchery coastal cutthroat trout in the Puget
Sound ESU is probably low compared to the scale of hatchery propagation of other Pacific
salmon.

A majority of the BRT members believed the Puget Sound ESU is not presently in danger
of extinction, nor is it likely to become so in the foreseeable future. A minority believed that the
ESU is likely to become endangered in the foreseeable future. The uncertainty underlying these
assessments was high: most BRT members reported certainty scores of 2 or 3 for their risk
evaluations. The BRT concluded that widespread, often irreversible, degradation of freshwater
and estuarine habitat has occurred, due to effects of development, logging, and agriculture.
Thus, extant habitat capacity is clearly lower than historical levels. A number of biologists
familiar with coastal cutthroat trout believe fishing mortality on cutthroat trout is an important
source of risk. The BRT expressed concern that historical and continuing reduction in habitat
quality, combined with very little information with which to assess status, led to great
uncertainty in evaluating risk for Puget Sound coastal cutthroat trout.
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Olympic Peninsula ESU

The BRT had very little information to estimate population abundances for coastal
cutthroat trout in this ESU. The general impression from state and tribal fisheries biologists is
that juvenile coastal cutthroat trout are widely distributed in streams along the western Strait of
Juan de Fuca and northern Washington coast, and the BRT believed there are probably some
highly productive coastal cutthroat trout streams in this region. On the other hand, the BRT
acknowledged that ongoing habitat destruction, primarily from logging and associated activities
continue to be a source of risk to coastal cutthroat trout in many Olympic Peninsula streams.

The only quantitative data available to the BRT for this ESU were counts of downstream
migrants on tributaries of the Clearwater (1978-present), Dickey (1992-1994), and Hoko (1986-
1989) rivers and in Salt Creek along the Strait of Juan de Fuca (1998). The trends among
Clearwater tributaries were mixed. The BRT did not weigh increasing trends from the Hoko
River heavily in its risk determinations because these data are not current; the Dickey River
trends were also not weighed heavily because they are based on only 3 years of trapping
designed to estimate coho salmon production. It was difficult to interpret outmigrant data
because of a lack of smolt-to-adult survival estimates and because production declines may have
occurred before 1981, when earliest data collection began.

The BRT indicated that the risks to the Olympic Peninsula ESU from loss of life-history
diversity were relatively low. This ESU received a lower risk score for this source of risk than
did any other ESU. Risks associated with hatchery coastal cutthroat trout also are considered
low in this ESU.

A majority of the BRT concluded that the Olympic Peninsula ESU is not presently in
danger of extinction, nor is it likely to become so in the foreseeable future. One member
considered the ESU likely to become endangered in the foreseeable future. These risk
evaluations, however, must be considered in light of the very high uncertainty expressed by the
BRT. Certainty scores for this risk assessment were the lowest of all of the cutthroat trout ESUS,
with most of them 1 or 2. The BRT believed that there are indications of productive cutthroat
trout habitat to support this ESU, but information was not available to confirm such a possibility.
Continuing habitat degradation throughout the region was a significant source of concern to the
BRT.

Southwestern Washington/Columbia River ESU

According to the Washington Department of Fish and Wildlife, the southwestern
Washington-Lower Columbia River region historically supported healthy and highly productive
coastal cutthroat trout populations. Coastal cutthroat trout, especially the freshwater forms, may
still be widely distributed in most river basins in this region, although probably in numbers lower
than historical population sizes. Severe habitat degradation throughout the Lower Columbia
River area has contributed to dramatic declines in anadromous coastal cutthroat trout populations
and two near extinctions of anadromous runs in the Hood and Sandy rivers. The BRT was
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concerned about the extremely low population sizes of anadromous cutthroat trout in Lower
Columbia River streams indicated by low incidental catch in salmon and steelhead recreational
fisheries and low trap counts in a number of tributaries throughout the region. In contrast, local
biologists told the BRT that freshwater forms of coastal cutthroat trout are widespread in streams
throughout the region.

In the southwestern Washington portion of this ESU, trends in anadromous adults and
outmigrating smolts are all declining. Returns of both naturally- and hatchery-produced coastal
cutthroat trout in almost all Lower Columbia River streams have been declining markedly for the
last 10 to 15 years.

A significant risk factor for coastal cutthroat trout in this ESU is reduction in life-history
diversity. The limited information available suggests that, in many streams, freshwater forms of
coastal cutthroat trout are widely distributed and in high abundances relative to anadromous
cutthroat trout in the same stream. The BRT believed that smolt production by freshwater forms
does occur, but that it has not resulted in demonstrably successful reestablishment of anadromous
forms. Habitat degradation in stream reaches accessible to anadromous cutthroat trout and poor
ocean and estuarine conditions probably have combined to severely deplete this life-history form
throughout the Lower Columbia River Basin. Without the appropriate freshwater and estuarine
habitat for expression of the anadromous life history, a greater risk of extinction may occur. The
significance of this reduction in life-history diversity to the integrity of the ESU and the
likelihood of its long-term persistence were major sources of concern to the BRT.

Negative effects of hatchery coastal cutthroat trout may be contributing to the risks facing
natural coastal cutthroat trout in this ESU. The Lower Columbia River tributaries are the only
streams in Washington still receiving hatchery-origin coastal cutthroat trout, although the total
numbers of released hatchery fish have been substantially curtailed recently. The BRT
emphasized that the ultimate effects of hatchery fish depend on the relative sizes of hatchery and
natural populations, the spatial and temporal overlap of hatchery and natural fish throughout their
life cycles, and the actual extent to which hatchery fish spawn naturally and interbreed with
naturally produced fish. In addition, the extent to which natural coastal cutthroat trout are
incidentally harvested in fisheries targeting hatchery coastal cutthroat trout and other salmonids
also affect the magnitude of the risks to coastal cutthroat trout due to hatchery fish.

The BRT was unanimous in concluding that the Southwestern Washington/Columbia
River ESU was likely to become endangered in the foreseeable future. Certainty scores ranged
from 2 to 4; although these scores reflect only a moderate degree of certainty regarding the risk
assessment, they were on average higher than for any other ESU. The BRT was especially
concerned about the widespread declines in abundance and small population sizes of anadromous
cutthroat trout throughout the Lower Columbia River. The severe reductions in abundance of
this life-history form could have deleterious effects on the ability of this ESU to recover from
widespread declines. Reductions in the quantity and quality of nearshore ocean, estuarine, and
riverine habitat have probably contributed to declines, but the relative importance of these risk
factors is not well understood. The BRT was encouraged by recent steps taken by the states of
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Washington and Oregon to reduce mortality in this ESU due to directed and incidental harvest of
coastal cutthroat trout.

Upper Willamette River ESU

The conservation status of this ESU was not formally evaluated by the BRT. Since few
anadromous cutthroat trout are produced in this ESU, the U.S. Fish and Wildlife Service has
jurisdiction for these populations.

Oregon Coast ESU

Coastal cutthroat trout in the Oregon coastal region occur mostly in small populations
that are relatively widely distributed. Most of the abundance information considered by the BRT
for this ESU was for juveniles and smolts, with the prominent exception of adult counts at
Winchester Dam on the North Umpqua River. In general, the BRT was encouraged by the
numbers of juveniles in coastal streams with relatively large basins. These data are available for
only the last 2 years, however, so it is not known how well these juvenile counts translate into
adult abundances or longer-term population trends.

Conflicting information about the abundance and distribution of coastal cutthroat trout in
the South Umpqua River basin suggested to the BRT that there is insufficient information to
determine the status of coastal cutthroat trout in that drainage. The numbers of adults returning
to the North Umpqua River have been critically low in recent years (5-year geometric mean = 18
fish), although the last 3 years have produced counts of 79, 81, and 135 (through November 15,
1998) at Winchester Dam on the North Umpqua River. The BRT noted that widespread habitat
degradation due to logging, road construction, and development along coastal streams probably
constitutes a significant reduction in habitat capacity relative to historical conditions.

Smolt production in two small drainages (Cummins and Tenmile creeks) in central
Oregon has shown an increasing trend over the past 7 years. All other streams on the Oregon
coast for which data were available are experiencing moderate declines in adults and juveniles.
In some areas, declines may have occurred primarily in anadromous cutthroat trout populations,
and the BRT was concerned about such reductions throughout this ESU. The BRT believed risks
associated with possible reductions in historical connections among streams by migratory coastal
cutthroat trout could be a significant threat to the ESU.

Risks due to interactions with hatchery coastal cutthroat trout are probably moderately
low in this ESU. Nevertheless, widespread releases of Alsea River hatchery broodstock in
Oregon coastal streams have stopped only recently. Hybrids between coastal cutthroat trout and
O. mykissvere detected in genetic samples from the Coquille River Basin and a few other
streams in this ESU. Some degree of hybridization bet@eemykissand coastal cutthroat trout
may occur naturally without the direct influence of hatchery-origin fish. However, risks to
coastal cutthroat trout populations due to hybridization may increase if either changes in habitat
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conditions or an increase in the abundance of hatchery-@igmykissncrease the frequency of
natural hybridization or change its fithess consequences.

All BRT members agreed the Oregon Coast ESU is not presently at risk of extinction.
However, the BRT was evenly split in determining whether or not the ESU is likely to become
endangered in the foreseeable future. The certainty in this assessment was fairly low: the
certainty scores were mostly 2 or 3. The BRT was concerned about habitat degradation that
continues within this region, and the scarcity of abundance information for major drainages
limited the BRT's efforts to conduct a risk evaluation. Hatchery records indicate that the Alsea
River coastal cutthroat trout stock was released widely in streams throughout the Oregon coastal
region. Recent reductions in releases of hatchery-origin coastal cutthroat trout and coho salmon
fry, coupled with a statewide catch-and-release recreational fishery policy for “wild” coastal
cutthroat trout, may have reduced risks associated with those factors. The BRT noted that
reduced nearshore ocean habitat quality is probably a significant threat to coastal cutthroat trout
in this region, but quantifying those effects on coastal cutthroat trout abundance is very difficult.
Finally, the BRT was concerned about incidental mortality of coastal cutthroat trout in this ESU
due to fishing pressure on Pacific salmon and steelhead.

Southern Oregon/California Coasts ESU

Coastal cutthroat trout in this ESU are thought to be widely distributed in many small
populations. Two possible exceptions are populations in the Rogue and Smith river basins,
where abundance may be comparatively large. Population sizes are thought to be relatively
small in other streams throughout this region, in part because it is the southern limit of this
subspecies. The BRT believes that severe habitat degradation has occurred in this region,
primarily due to activities associated with agriculture, flood control, logging, road construction,
and some local development that have contributed to a reduction in habitat capacity relative to
historical levels. In addition, seasonal dewatering of stream mouths occurs naturally in Northern
California, sporadically blocking access to the sea for anadromous fish in those streams. Also,
large water withdrawals in several of the larger coastal river basins (e.g., the Rogue, Klamath/
Trinity, and Eel rivers) and several of the smaller coastal rivers have reduced the quantity and
guality of the remaining riverine and estuarine environments in this ESU.

Biologists familiar with this region believe, and anecdotal evidence suggests, that major
declines in coastal cutthroat trout populations have occurred since historical times, but that some
populations appear to have been relatively stable or increasing. The data available to the BRT
indicate increasing short-term trends in smolt abundance in Mill Creek as well as increasing
short-term trends in adult abundance in the lower Klamath River tributaries and its estuary and in
the Smith River Basin. Exceptions include recent declines in the incidence of coastal cutthroat
trout in Redwood Creek.

Reductions in the anadromous form of coastal cutthroat trout are not thought to be a
significant source of risk to the overall ESU. Although declines in some anadromous runs have
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occurred, there was no evidence presented to the BRT that these declines have occurred
throughout a significant portion of the ESU.

Risks due to interactions with hatchery coastal cutthroat trout are probably low in this
ESU. Other risks the BRT noted for coastal cutthroat trout in this region were possible
deleterious interactions with naturally occurring or hatchery-derived coho salmon and steelhead,
and incidental catch of coastal cutthroat trout in sport fisheries targeting steelhead and coho
salmon. The BRT was encouraged by recent changes in harvest regulations aimed at reducing
risks to natural trout from direct and indirect harvest mortality.

A majority of the BRT believed that the Southern Oregon/California Coasts ESU is not
presently in danger of extinction, nor is it likely to become so in the foreseeable future. A
minority concluded that the ESU was likely to become endangered in the foreseeable future.
Most BRT members indicated their risk evaluations were associated with a low level of certainty
(scores ranged from 1 to 4, but most members indicated a score of 2). As in considerations of
many other ESUs for coastal cutthroat trout, the BRT was hindered here by the scarcity of
abundance information for this ESU. The BRT emphasized that continuing threats to the quality
of freshwater and estuarine habitat for coastal cutthroat trout in this region are sources of
concern.
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INTRODUCTION

The U.S. Endangered Species Act (ESA) is intended to conserve threatened and endan-
gered species in their native habitats. The ESA allows listing of named species, subspecies, and
distinct vertebrate populations segments. According to National Marine Fisheries Service
(NMFES) policy, a salmonid population or group of populations is considered “distinct” and a
“species” under the ESA if it represents an evolutionarily significant unit (ESU) of the biological
species.

In response to earlier petitions for ESA listing of a variety of salmonid species and to
more general concerns about the status of Pacific salmon throughout the Pacific coast, NMFS
(1994) announced that it would initiate ESA comprehensive status reviews for all species of
anadromous salmonids in the Pacific Northwest. This proactive approach was intended to facili-
tate more timely, consistent, and comprehensive evaluation of the ESA status of Pacific salmo-
nids than would be possible in a series of reviews of individual populations. Since 1994, the
Northwest Fisheries Science Center (NWFSC) has conducted a series of status reviews to iden-
tify ESUs in these species and evaluate their risk of extinction. These status reviews include coho
salmon Oncorhynchugisutch (Weitkamp et. al. 1995), pink salmo@.(gorbuscha(Hard et
al. 1996), steelhead (the sea-run forndomykis} (Busby et al. 1996), chum salmad. (ketg
(Johnson et al. 1997), sockeye salmOnrferkg (Gustafson et al. 1997), and chinook salmon
(O. tshawytscha(Myers et al. 1998). This review of coastal cutthroat tr@utc{arki clarki) is
the final coastwide review in this series.

This status review also addresses a petition received by NMFS on December 5, 1997,
from the Oregon Natural Resources Council (ONRC) and others (listed in “Summary of Coastal
Cutthroat Trout Petition,” p. 5) to “list the sea-run cutthroat trout as threatened or endangered
throughout its range in the states of California, Oregon, and Washington” (ONRC 1997, p. 2).

A third purpose of this status review is to update information gathered for an earlier status
review of Oregon’s Umpqua River coastal cutthroat trout (Johnson et al. 1994), which was
initiated in response to a petition to NMFS by the ONRC, the Wilderness Society, and the
Umpqua Valley Audubon Society (ONRC et al. 1993) to list the North and South Umpqua River
sea-run cutthroat trout as a threatened or endangered species under the ESA. NMFS accepted the
petition and conducted a status review, concluding that coastal cutthroat trout in the Umpqua
River basin did constitute an ESU (Johnson et al. 1994). On August 9, 1996, NMFS issued a
final ruling that listed the Umpqua River coastal cutthroat trout as an endangered species under
the ESA (61 Fed. Reg. 41514). However, at the time of this determination, NMFS indicated that
it would reconsider this determination in 2 years or as new scientific information became avail-
able (61 Fed. Reg. 41521). Consequently, the portion of this status review that pertains to

1*Sea-run cutthroat trout,” one of several common name® far. clarkiand the name used in the

petition, refers only to one life-history form in the subspecies (fish that migrate to seawater). This report
uses coastal cutthroat trout (or cutthroat trout) as the common name for this subspecies (see
“Terminology,” p. 6).



Umpqua River coastal cutthroat trout will focus on new information developed for this ESU
since the 1994 status review.

Scope and Intent of the Present Document

This document reports results of the comprehensive ESA status review of all life-history
forms (both anadromous and nonanadromous) of coastal cutthroat trout from Washington,
Oregon, and California. To provide a context for evaluating U.S. populations of coastal cutthroat
trout, biological and ecological information for coastal cutthroat trout in British Columbia and
Alaska were also considered. Therefore this review encompasses, but is not restricted to, con-
tiguous U.S. sea-run populations identified in petitions for coastal cutthroat trout received by
NMFS in 1997.

Because the ESA stipulates that listing determinations should be made on the basis of the
best available scientific and commercial information, NMFS formed a team of scientists with
diverse backgrounds in salmonid biology to conduct this review. This Biological Review Team
(BRT) reviewed and evaluated scientific information compiled by NMFS staff from published
and unpublished literature. Information was also considered that was presented at a series of
public meetings in 1997 and 1998 in Arcata, California; Gleneden Beach, Corvallis, Portland,
and Roseburg, Oregon; and Seattle and Olympia, Washington. In addition, the BRT reviewed
technical information submitted to the ESA administrative record.

Key Questions in ESA Evaluations

In determining whether a listing under the ESA is warranted, two key questions must be
addressed:

1. Is the entity in question a “species” as defined by the ESA?
2. If so, is the species threatened or endangered?

These two questions are addressed in “Information Relating to the Species Question”
(p- 21) and “Assessment of Extinction Risk” (p. 135). If it is determined that a listing(s) is
warranted, then NMFS is required by law (1973 ESA Sec. 4(a)(1)) to identify one or more of the
following factors responsible for the species’ threatened or endangered status: 1) destruction or
modification of habitat; 2) overutilization by humans; 3) disease or predation; 4) inadequacy of
existing regulatory mechanisms; or 5) other natural or human factors. This status review does
not formally address factors for decline, except insofar as they provide information about the
degree of risk faced by the species in the future.



The “Species” Question

As amended in 1978, the ESA allows listing of “distinct population segments” of
vertebrates as well as named species and subspecies. However, the ESA provides no specific
guidance for determining what constitutes a distinct population, and the resulting ambiguity has
led to the use of a variety of approaches for considering vertebrate populations. To clarify the
issue for Pacific salmon, NMFS published a policy describing how the agency will apply the
definition of “species” in the ESA to anadromous salmonid species, including coastal cutthroat
trout and steelhead (NMFS 1991). A more detailed discussion of this topic appeared in the
NMFES “Definition of Species” paper (Waples 1991a,b). NMFES policy stipulates that a salmon
population (or group of populations) will be considered “distinct” for purposes of the ESA if it
represents an ESU of the biological species. An ESU is defined as a population that 1) is
substantially reproductively isolated from nonspecific populations, and 2) represents an
important component of the evolutionary legacy of the species.

The term “evolutionary legacy” is used in the sense of inheritance—something received
from the past and carried forward into the future. Specifically, the evolutionary legacy of a
species is the genetic variability that is a product of past evolutionary events and that represents
the reservoir upon which future evolutionary potential depends. Conservation of these genetic
resources should help to ensure that the dynamic process of evolution will not be unduly
constrained in the future.

For each of the two criteria (reproductive isolation and evolutionary legacy), NMFS
policy advocates a holistic approach that considers all types of available information as well as
their strengths and limitations. Important types of information to consider for reproductive
isolation include natural rates of straying and recolonization, evaluations of the efficacy of
natural barriers, and measurements of genetic differences between populations. Data from
protein electrophoresis or DNA analyses can be particularly useful for this criterion because they
reflect levels of gene flow that have occurred over evolutionary time scales. Isolation does not
have to be absolute, but it must be strong enough to permit evolutionarily important differences
to accrue in different population units.

The key question with respect to the evolutionary legacy criterion is this: Would
extinction of the population represent a significant loss to the ecological/genetic diversity of the
species? Again, a variety of types of information should be considered. Phenotypic and life-
history traits such as size, fecundity, migration patterns, and age and time of spawning may
reflect local adaptations of evolutionary importance, but interpretation of these traits is
complicated by their sensitivity to environmental conditions. Data from protein electrophoresis
or DNA analyses provide valuable insight into the process of genetic differentiation among
populations but little direct information regarding the extent of adaptive genetic differences.
Habitat differences suggest the possibility for local adaptations, but do not prove that such
adaptations exist.



Artificial Propagation

NMFS policy (Hard et al. 1992, NMFS 1993) stipulates that in determining 1) whether a
population is distinct for purposes of the ESA, and 2) whether an ESA species is threatened or
endangered, attention should focus on “natural” fish, which are defined as the progeny of
naturally spawning fish (Waples 1991a,b). This approach directs attention to fish that spend
their entire life cycle in natural habitat and is consistent with the mandate of the ESA to conserve
threatened and endangered species in their native ecosystems. Implicit in this approach is the
recognition that fish hatcheries are not a substitute for natural ecosystems.

Nevertheless, artificial propagation is important to consider in ESA evaluations of
anadromous Pacific salmonids for several reasons. First, although natural fish are the focus of
ESU determinations, possible effects of artificial propagation on natural populations must also be
evaluated. For example, transfers of fish from one area to another might change the genetic or
life-history characteristics of a natural population in such a way that the population might seem
either less or more distinctive than it was historically. Artificial propagation can also alter life-
history characteristics such as smolt age, migration, and spawn timing. Second, artificial
propagation poses risks to natural populations that may affect their risk of extinction or
endangerment (see “Assessment of Extinction Risk,” p. 135). In contrast to most other types of
risk for salmon populations, those arising from artificial propagation are often not reflected in
traditional indices of population abundance. For example, to the extent that habitat degradation,
overharvest, or hydropower development have contributed to a population’s decline, these
factors will already, for the most part, be reflected in population abundance data and accounted
for in the risk analysis. The same is not true of artificial propagation. Hatchery production may
mask declines in natural populations that will be missed if only raw population abundance data
are considered. Therefore, a true assessment of the viability of natural populations cannot be
attained without information about the contribution of naturally spawning hatchery fish.
Furthermore, even if such data are available, they will not in themselves provide direct
information about possibly deleterious effects of fish culture. Such an evaluation requires
consideration of the genetic and demographic risks of artificial propagation for natural
populations. The sections on artificial propagation in this report are intended to address these
concerns.

Finally, if any natural populations are listed under the ESA, then it will be necessary to
determine the ESA status of all associated hatchery populations. This latter determination would
be made following a proposed listing and is not considered further in this document.

The “Extinction Risk” Question

The ESA (Section 3) defines the term “endangered species” as “any species which is in
danger of extinction throughout all or a significant portion of its range.” The term “threatened
species” is defined as “any species which is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range.” NMFS considered a



variety of information in evaluating the level of risk faced by an ESU. Important considerations
included: 1) absolute numbers of fish and their spatial and temporal distribution; 2) current
abundance in relation to historical abundance and carrying capacity of the habitat; 3) trends in
abundance, based on indices such as dam or redd counts or on estimates of recruit-to-spawner
ratios; 4) natural and human-influenced factors that cause variability in survival and abundance;
5) possible threats to genetic integrity (e.g., selective fisheries and interactions between hatchery
and natural fish); and 6) recent events (e.g., a drought or a change in management) that have
predictable short-term consequences for abundance of the ESU. Additional risk factors, such as
disease prevalence or changes in life-history traits, may also be considered in evaluating risk to
populations.

According to the ESA, the determination of whether a species is threatened or endangered
should be made on the basis of the best scientific information available regarding its current
status, after taking into consideration conservation measures that are either proposed or currently
in place. In this review, we do not evaluate likely or possible effects of conservation measures.
Therefore, we do not make recommendations as to whether identified ESUs should be listed as
threatened or endangered species because that determination requires evaluation of factors we
did not consider. Rather, we have drawn scientific conclusions about the risk of extinction faced
by identified ESUs under the assumption that present conditions will continue (recognizing, of
course, that natural demographic and environmental variability is an inherent feature of “present
conditions”). Conservation measures will be taken into account by NMFS Northwest and
Southwest Regional Offices in making listing recommendations.

Summary of Coastal Cutthroat Trout Petition

On December 5, 1997, NMFS received a petition to list what petitioners called sea-run
cutthroat trouf{O. c. clarki)along the coasts of California, Oregon, and Washington under the
ESA. The petitioners were the ONRC, Coast Range Association, Native Fish Society, Northwest
Ecosystem Alliance, Save the West, Siskiyou Regional Education Project, Siskiyou Audubon,
Trout Unlimited of California, Western Ancient Forest Campaign, Salmon Defense Association,
Salmon Forever, California Sportfishing Alliance, Oregon Wildlife Federation, Clark-Skamania
Fly Fishermen, and the Washington Rivers Council. A summary of their petition follows.

The biological information in the ONRC et al. (1997) petition consists of two short
sections that summarize an extensive 38-page status revi@wco€larkiwritten by a private
fisheries consultant, Patrick C. Trotter. From data presented in Trotter’s status review, the
petitioners concluded that coastal cutthroat trout abundance was reduced from historic levels
across the subspecies range, especially in the Willamette River and the Lower Columbia River
on both the Oregon and Washington sides. They believe that available data show that abundance
of “wild” populations is “dangerously low” in these two rivers.

The petitions asserted that available data indicate natural coastal cutthroat trout
populations along the California and Oregon coasts are at “seriously low levels” and “in danger



of becoming threatened or endangered.” Exceptions to this scenario are populations in the Smith
and Winchuck rivers on the California-Oregon border, which the petitioners asserted are “more
robust than any of those around them.”

The petitioners also concluded that the only “healthy population®: of clarkialong
the West Coast are north of the Snohomish River in Puget Sound, Washington.

Terminology

Coastal cutthroat trout are the least studied of the 8mearhynchuspecies native to
the Pacific Northwest. Both sport and scientific literature often do not differentiate coastal
cutthroat trout from other species of salmonids (especially steelhead, the sea-run@orm of
mykis$ and simply categorize them as “trout” or “other fish.” Another difficulty is that these
sources of information often refer to coastal cutthroat trout with a variety of confusing local
names, including “harvest” (perhaps most common historically), “blueback,” “salmon,”
“steelhead cutthroat,” and “sea” trout (Schultz 1936, Roth 1937, Clemens and Wilby 1946).
In fresh water, the subspecies has often been simply identified as “trout,” but also as “native,”
“mountain,” “speckled,” or “brook” trout (Behnke 1972, 1992).

Because. clarkiis a polytypic species (Allendorf and Leary 1988; see also the “Life
History” section, p. 38) with different life-history forms that are often difficult or impossible to
distinguish, even the recent biological literature can be confusing. Several life-history forms
have been identified (see Trotter 1989) (Fig. 1), with a variety of regional names. For example,
coastal cutthroat trout observed in rivers have been identified as “resident,” “fluvial,” “adfluvial-
fluvial,” “river-migrating,” and “potamodromous” (Trotter 1989, 1991). However, “resident”
and “fluvial” have also been used to refer only to trout that inhabit upper headwater tributaries
and are considered “nonmigrants.” “Potamodromous” has been used to mean all freshwater
forms (Northcote 1997b) or any of those migrating within river (Tomason 1978). Also, although
all life-history forms of the subspeci€s c. clarkimay possess the ability to go to sea and could
be considered anadromous, “sea-run cutthroat trout” usually refers only to fish in the subspecies
that regularly enter seawater. Coastal cutthroat trout also migrate from sea water to fresh water
not only to spawn but also for winter refuge and perhaps to feed. For this subspecies,
“amphidromous” (Stearley 1992, Williams et al. 1997a) is more scientifically correct than
“anadromous.” However, “anadromous” has broad general acceptance in the scientific
community, and we will use it in this document to describe coastal cutthroat trout migrating
between fresh water and sea water.

This document uses a simplified and consistent terminology for the subspecies and its
life-history forms (Fig. 1). The entire subspecies (all life-history forms) will be referred to as
coastal cutthroat trout (or simply cutthroat trout). Fish that migrate to sea water (estuary or open
ocean) will be termedea runor anadromous Fish that do not enter sea waterfaeshwater
forms,which may bemigrantswithin river systems (riverine) or lake systems (lacustrine), or
nonmigrantamoving only short distances within headwater tributaries. We have avoided the



Life History Forms of Coastal Cutthroat Trout

Saltwater Migrants | Freshwater Forms
(Anadromous or Amphidromous)

Migrate to estuaries and other marine environments Do not migrate to marine environments

Migrants Nonmigrants
Highly mobile fish, includes Reside in headwaters or small
stream- and lake-dwelling fish tributaries, maintain relatively

small home range

Lacustrine Riverine
Fish that primarily live in lakes Fish that migrate within river
and spawn in tributaries systems

Figure 1. Terminology of coastal cutthroat trout life-history forms used in this document and a description of theirajsteggal h
and behaviors (adapted from Garrett 1998).



terms “resident,” “fluvial,” and “potamodromous” due to their ambiguity. Our terminology is

only a general guide as fish from any life-history form may, under the right set of circumstances,
become any other form. (See the “Life History “ section, p. 38, for a detailed description of these
life-history forms).

Another source of confusion from the literature arises from the use of the terms “wild
fish” and “natural fish.” In a number of management contexts, it is useful to distinguish fish
returning to a river based on their origin (e.g., offspring of parents from the local stream, from a
different stream, or from a hatchery) and whether they spawn naturally in available habitat or in a
hatchery. Different state and tribal entities have very different definitions for these terms (WDF
et al. 1993, Kostow 1995), so, to avoid confusion, this document uses a simplified and consistent
terminology for the origin and spawning location of coastal cutthroat trout. Weatisalto
describe those fish produced by parents spawning in a river or lake rather than in a controlled
environment (such as a hatchery). Natural fish may include what are sometimewitéllisti;
wild in that usage usually refers to fish native to a stream and naturally spawning with little or no
hatchery ancestry. However, because local and regional interpretatwits figh vary, we
avoid using the term in this status review. (See “Assessment of Extinction Risk,” p. 135, for
discussion of natural fish in the context of risk evaluations).

General Biology

Coastal cutthroat trout are found in the coastal plains of western North America from
southeastern Alaska to northern California (Trotter 1989) (Fig. 2). They belong to the same
genus as Pacific salmon and steelhead, but are generally smaller, rarely overwinter in the sea, and
do not usually make extensive oceanic migrations. Unlike Pacific salmon, coastal cutthroat trout
are iteroparous rather than semelparous, and adults have been known to spawn each year for
more than 6 years (Trotter 1989).

Various phylogenies or evolutionary histories of coastal cutthroat trout have been
proposed (e.g., Stearley and Smith 1993, Behnke 1992, 1997). Based upon fossil records,
Stearley (1992) and Stearley and Smith (1993) suggested that trout diverged from a common
salmonid ancestor somewhere in eastern Asia, probably more than 6 million years ago. Behnke
(1992, 1997) suggested cutthroat and rainbow trout were native to western North America and
diverged from a common “trout” ancestor somewhere in what is now the Snake/Columbia River
Basin (Fig. 3) at the beginning of the Pleistocene Era, approximately 2 million years ago.
Behnke (1997) argued that in the middle of the Pleistocene Era, approximately 1 million years
ago, the cutthroat trout group diverged again into a coastal group (pré3eatlglark) with a
characteristic 68- or 70-chromosome karyotype set and an interior group (presently the westslope
cutthroat trout group. c. lewis) with a characteristic 66-chromosome set. The coastal group
has essentially remained intact, colonizing coastal rivers from northern California to Prince
William Sound in Alaska. The interior group evidently diverged again into a third component
with a 64-chromosome set. This group contained two isolated groups: the Lahontan cutthroat
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trout in the Lahontan Basin of the western Rocky Mountain rafge. (henshawj and the
Yellowstone cutthroat trout in the Snake River Ba€ing. bouvier).

Based upon this evolutionary scenario, Behnke (1992, 1997) proposed 14 extant
subspecies dD. clarki grouped into what he describes as four “major” subspecies (coastal,
westslope, Lahontan, and Yellowstone cutthroat trout). These subspecies have a genetic
divergence time of more than 500,000 years, while what Behnke calls the 10 “minor” subspecies
were recently derived from the Lahontan or Yellowstone ancestors (Behnke 1992, 1997). The
coastal subspecies occurs in the coastal rainforests of North America and east to the Cascade
crest. The interior subspecies have not successfully penetrated the coastal mountains and
generally remain in the northern river basins of the western Rocky Mountains.

The coastal subspecies differs from other cutthroat trout in a variety of ways. For one,
O. c. clarki has a karyotype (2n) of 68 (Gold et al. 1977) or 70 (Simon 1963, 1964, Simon and
Dollar 1964) that is unique among cutthroat trout subspecies (Simon and Dollar 1964, Gold et al.
1977, Loudenslager and Thorgaard 1979, Thorgaard 1983, Behnke 1992), as well as
several unique alleles detected by protein electrophoresis (Leary et al. 1987, Allendorf and Leary
1988). Phenotypically, coastal cutthroat trout differ from all other trout by their profusion of
small- to medium-sized spots of irregular shape (Behnke 1992). In addition, they do not develop
the coloration associated with interior cutthroat trout. Further, while at sea and during seaward
migrations, this coloration and spotting are obscured by the silvery skin color common to
anadromous salmonids. At maturity, freshwater life-history forms of coastal cutthroat trout tend
to be darker, with a “coppery or brassy” sheen (Behnke 1992).

The life history of coastal cutthroat trout may be the most diverse of any Pacific salmonid
(Northcote 1997a; also see “Life History” section, p. 38). Their populations show a bewildering
diversity in size and age at migration, timing of migrations, age at maturity, and frequency of
repeat spawning. Part of this diversity reflects the way individual fish can move between
feeding, refuge, and spawning areas. Even populations where the vast majority of fish are
anadromous may have members that do not migrate to sea every year. In other populations,
some coastal cutthroat trout simply remain in headwater tributaries, while others may migrate
within rivers or lakes and return to headwater tributaries only to spawn. Some lake forms remain
in the lakes for their entire life cycle, spawning in shallow inlets or outlets (e.g., Crescent Lake,
Washington) (reviewed in Trotter 1989, 1997; Behnke 1992, 1997; Northcote 1997a).

Historically, interior and coastal cutthroat trout subspecies represented one of the most
broadly distributed salmonid species in western North America (Behnke 1979, 1992). Interior
cutthroat trout were often the only salmonid present (sometimes the only fish) in many lakes and
streams throughout the interior American west, and they were far more broadly distributed than
steelhead, rainbow trout, or other salmonids (Behnke 1979, 1992). In recent years these interior
subspecies have been precipitously replaced by rainbow trout or other introduced species in
many parts of their range (Gresswell 1988, Young 1995). Perhaps most destructive was the
widespread release of hatchery rainbow tr@utriykisy throughout the native range of interior
cutthroat trout (Gresswell 1988, Young 1995). The two species readily hybridize, often to the
extreme detriment dD. clarki, and it has been estimated that “just within the last century
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perhaps 99 percent of the unique cutthroat strains of interior drainages have been lost forever”
(Willers 1991, p. 10). Behnke (1988, p. 1) estimated that “in less than 100 years after the first
[United States] settlements in the West, the cutthroat trout vanished from most of its vast range.”
This hybridization with rainbow trout, habitat degradation, and other factors have caused many
of these interior subspecies to decline in numbers to the extent that they are now protected by
state and federal endangered species legislation (Table 1) (Johnson 1987).

Some authors have suggested that coastal cutthroat trout are the healthiest subspecies of
cutthroat trout because they have experienced the least amount of habitat destruction,
hybridization with introduced species, or overfishing (reviewed in Pauley et al. 1989, Trotter
1989, Trotter et al. 1993). Still, the Endangered Species Committee of the American Fisheries
Society (AFS) identified all populations of anadromous coastal cutthroat trout as being at some
risk of extinction and coastal cutthroat trout from all Oregon streams as being at moderate risk of
extinction (Nehlsen et al. 1991 NMFS has listed coastal cutthroat trout in the Umpqua River
basin as an endangered species under the ESA (Johnson et al. 1994, Fed. Register Notice 50 CFR
Part 222).

The incongruity of being considered the “healthiest” cutthroat trout subspecies while
being identified by the AFS as having a moderate risk of extinction across its range reflects in
part a lack of information on the status of the fish. There has never been a coastwide effort to
collect the type of information about coastal cutthroat trout traditionally collected on com-
mercially important species of Pacific salmon and routinely used by management agencies to
manage stocks. Consequently, data on the subspecies are generally collected incidentally, during
studies targeting other salmonids (e.g., smolt traps for coho salmon [Garrett 1998] or dam counts
[Loomis et al. 1993]) and to provide information most pertinent to the recreational angler (e.g.,
creel counts, presence/absence, feeding habitats).

The lack of information about coastal cutthroat trout in the Umpqua River was noted in
1946 by the Oregon State Fish Commission (FCO and OSGC 1946, p. 25) in a comment that is
still apt for much of the subspecies range:

Very little is yet known about these fish and they have been rightly called the “problem
children” of the State Game Commission . . .

Ironically, the Umpqua River Basin is one of the few areas across the radge.afiarki
where long-term counts of migrating coastal cutthroat tnauebeen made. For example,
Pacific salmonids have been counted since 1946 (the same year as the commission report) at
Winchester Dam on the North Umpqua River near Roseburg, Oregon (Table 2, Fig. 4). These
counts revealed two dramatic declines in coastal cutthroat trout passage, in the late 1950s and the
late 1970s (Fig. 5). In fact, more coastal cutthroat trout were counted passing Winchester Dam
in 1946 (1,138) than from 1977-93 combined (fewer than 1,049 in total) (Loomis et al. 1993).

2 The authors of Nehlsen et al. (1991) were members of the AFS Endangered Species Committee and the
paper “states the opinions of the Committee and does not necessarily reflect AFS policy” (p.4)



13

Table 1. Subspecies of cutthroat trout and their federal and state protection status (Johnson 1987,

Allendorf and Leary 1988). The eight major subspecies are endemic to large geographical
areas (Behnke 1979). Subspecies of Special Concern are according to The Natural Heritage
Network (1998). CO = Colorado, ID =Idaho, MT = Montana, NM = New Mexico, NV =
Nevada, US = United States, UT = Utah, and WY = Wyoming.

Common name

Subspecies

Legal protection

Special concern

Major subspecies

Bonneville
Coastal
Colorado
Greenback
Lahontan
Rio Grande
Westslope
Yellowstone

Minor subspecies

Alvord

Bear Lake
Humboldt
Mountain

Paiute

Snake River
Willow/Whitehorse
Yellowfin

Oncorhynchus clarki utah

0. c

clarki

O. c. pleuriticus

O.c
O.c
O.c
O.c
0. c

O.c
O.c
O.c
. alpestris
O.c.
O.c
O.c
. macdonaldi

stomias
henshawi
virginalis
lewisi
bouvieri

alvordensis
subsp.
subsp.

seleniris
subsp.
subsp.

uT

US (Umpqua R.)
uT

uUs, CO

US, OR, UT
NM

extinct

extinct

US, ID, NV, WY
OR
Us, CO, WY

CO
Us, ID, MT
Us, ID, MT
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Table 2. Numbers of returning adult coastal cutthroat trout passing Winchester Dam on the North
Umpqua River, Oregon from 1946 to 1998 (a counting year at Winchester Dam begins in
March) and releases of Alsea River hatchery cutthroat trout immediately below Winchester
Dam from 1961 to 1976, in Smith River from 1975 to 1993, and in Scholfield Creek from
1982 to 1993 (Loomis et al. 1993, D. Loomis®, ODFW 1998, StreamNet 1998). For
locations, see Figure 4.

Number of smolts Number of Number of smolts Number of
released below  smolts released  released in Scholfield returning adults
Year Winchester Dam  in Smith River  Creek
1946 - - , - 1,138
1947 - - - 974
1948 - - - 437
1949 - - - 439
1950 - - - 664
1951 - - - 1,508
1952 - - - 761
1953 - - - 1,838
1954 - - - 706
1955 - - - 960
1956 - - - 982
1957 - - - 87
1958 - - - 108
1959 - - - 48
1960 - - - 106
1961 5,000 - - 306
1962 10,000 - - 308
1963 10,000 ' - - 142
1964 10,000 - - 420
1965 20,000 - - 796
1966 20,000 - - 2,364
1967 20,000 - - 2,200
1968 20,000 - - 1,031
1969 20,000 - - 942
1970 19,000 - - 1,880
1971 20,000 - - 289
1972 19,000 - - 1,094
1973 20,000 - - 1,712
1974 20,000 - - 622
1975 17,000 9,900 - 427
1976 9,000 7,500 - 544
1977 - 10,000 - 123
1978 - 15,100 - 104
1979 - 11,100 - 25
1980 - 12,700 - 74
1981 - 20,100 - 86

*> D. Loomis, District Biologist, Oregon Department of Fish and Wildlife, Roseburg District Office, 4192
North Umpqua Highway, Roseburg, OR 97470. Pers. commun. to O. Johnson. April 1998.
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Table 2. (Continued).

Number of smolts Number of Number of smolts Number of
released below  smolts released released in Scholfield returning adults
Year Winchester Dam  in Smith River  Creek
1982 - 19,100 2,600 156
1983 - 9,100 2,700 43
1984 - 15,300 4,500 104
1985 - 15,800 4,500 88
1986 - 1,200 4,000 53
1987 - 8,100 8,000 35
1988 - 11,900 4,000 47
1989 - 12,000 4,000 38
1990 - 12,000 4,000 34
1991 - 12,000 4,000 10
1992 - 12,000 4,000 0
1993 - 12,000 4,000 29
1994 - - - 1
1995 - - - 79
1996 - - - 81
1997 - - - 91
1998 - - - 135

(by 11/15)
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Figure 5. Yearly counts of adult coastal cutthroat trout passing Winchester Dam on the North Umpqua
River, 1946-98 (ODFW 1998, StreamNet 1998). Alsea River hatchery cutthroat trout were
released into the North Umpqua River Basin immediately below Winchester Dam, 1961-76.
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However, it has been suggested (Cramer 1998, Loomis footnote 3) that fish in some of the earlier
counts may not have been coastal cutthroat trout, but were instead misidentified hatchery
rainbow trout or even coho salmon jacks (Bauer 1998). In the mid-1990s, few to no coastal
cutthroat trout were counted passing Winchester Dam, but more recent data suggests a

relative resurgence, with more than 80 fish per year counted in 1996 and 1997 (Loomis footnote
3). In 1998, 135 fish were counted by November 15 passing Winchester Dam for the highest
count since 1982. On most days only a single coastal cutthroat trout was counted passing the
dam, but 43 coastal cutthroat trout passed the dam over 2 days (30 on 28 July, 13 on 29 July).
These two days also coincided with the warmest water temperatures of the year (24.5°C) up to
that time.

Geographic Distribution

The distribution of coastal cutthroat trout is broader than that of any other cutthroat trout
subspecies. It extends along the Pacific coast of North America from the Eel River in northern
California (DeWitt 1954) to the Prince William Sound area of Alaska, extending to Gore Point
on the Kenai Peninsula (Scott and Crossman 1973, Behnke 1992). The eastern range of the
subspecies rarely extends farther inland than 160 km and usually is less than 100 km. The
eastern range appears to be bounded by the Cascade Mountain Range in California, Oregon, and
Washington, and by the Coast Range in British Columbia and southeastern Alaska (Fig. 2). This
range coincides closely with the coastal temperate rain forest belt defined by Waring and
Franklin (1979). The subspecies appears highly adapted to this region; even when the fish have
access beyond the coastal rainforest, as in the Columbia or Stikine rivers, they penetrate only a
limited distance inland (Sumner 1972; Trotter 1987, 1989).

The distribution of coastal cutthroat trout on the Pacific coast is reviewed in Hall et al.
(1997) by the following authors: for California by Gerstung (1997), for Oregon by Hooton
(1997), for Washington by Leider (1997), for British Columbia by Slaney et al. (1997), and for
Alaska by Schmidt (1997). As reported by Gerstung (1997), California coastal cutthroat trout
have been observed in 182 named streams (approximately 71% of the 252 named streams within
their range in California) and an additional 45 streams (17% of the named streams) likely support
populations. Reproducing populations occur throughout most of the Humboldt Bay tributaries,
the Smith and Little river basins, the lower portions of Redwood Creek and the Klamath, Mad,
and Eel rivers, and numerous small named and unnamed coastal tributaries (Gerstung 1997).
They also occur in five coastal lagoons and ponds—Big, Stone, and Espa lagoons, and the Lake
Earl-Talawa complex—with about 1875 ha of occupied habitat (Gerstung 1997). Gerstung
(1997) also reported that in California almost 46% of coastal cutthroat trout occupied habitats in
the Smith and Klamath river drainages. Historically, coastal cutthroat trout have been distributed
farther south along the northern California coastline down through the Russian River in Sonoma
County. There are still anecdotal reports of coastal cutthroat trout in several streams from the
Mattole River down to the Garcia River (Gerstung 1997); however, there are currently no known
self-sustaining populations south of the Mattole River or Cape Mendocino. Recently, snorkel
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surveys of entire stream drainages throughout the state have been initiated to provide more
complete information on the subspecies distribution in California.

In Washington and Oregon, coastal cutthroat trout are widespread west of the crest of the
Cascade Mountains. Historically, the range of anadror@ous clarkimay have extended past
the Cascade Crest into tributaries of the Columbia River, as far eastward as the Klickitat River at
River Kilometer (Rkm) 290 (Bryant 1949). At present, freshwater forms (migrants and
nonmigrants) oD. c. clarkiare found at least to the Klickitat River on the Washington side of
the Columbia River (WDFW 1998a), and to 15-Mile Creek on the Oregon side (K. Kdstow
Leider (1997) indicated that current distribution of sea-run fish appears to be confined to
tributaries downstream from Bonneville Dam (Rkm 235). At present the Washington
Department of Fish and Wildlife (WDFW) has identified 46 “stock complexes” in Washington
(WDFW 1998a).

In Oregon, two interior subspecies@f clarkiare also present: the Lahontan cutthroat
trout in southeastern Oregon, and the westslope cutthroat trout in the John Day River basin of
northeastern Oregon (Hooton 1997). Both of these interior subspecies live east of the Cascades
and neither has an anadromous component (Hooton 1997). In Washington, westslope cutthroat
trout reportedly occur naturally in the Lake Chelan drainage (Behnke 1988) and perhaps
throughout isolated headwater streams in the upper Columbia River basin (Behnke 1992). A
variety of interior subspecies have also been planted in numerous streams and lakes throughout
the Pacific Northwest.

The apparent lack of coastal cutthroat trout in Asia is puzzling. It seems unlikely that a
fish that thrives in nearshore coastal waters did not successfully invade Asia when the Beringia
land bridge was present during the ice ages. A potential solution to this mystery was uncovered
in 1994 when several specimens of a “new” trout were caught in the Tigil River of western
Kamchatka (in Eastern Russia, off the Bering Sea). These fish had the distinguishing physical
characteristics that separate a cutthroat from a rainbow trout (e.g., basibranchial teeth and nine
pelvic fin rays) (Savvaitova et al. 1995, Behnke 1996). However, analysis of the mitochondrial
DNA in 12 of these presumptive coastal cutthroat trout from the Tigil River, using a set of
markers developed at the NWFSC in Seattle, indicate that these fiShragkissnotO. clarki
(J. Baket).

K. Kostow, ODFW, Fish Division, 2501 SW First Ave., PO Box 59, Portland, OR 97207. Pers.
;commun. to O. Johnson. Oct. 1998.

J. Baker, University of Washington School of Fisheries, Marine Molecular Biotechnology Laboratory,
3707 Brooklyn Ave. NE, Seattle, WA 98195. Pers. commun. to O. Johnson. May 1998.
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INFORMATION RELATING TO THE SPECIES QUESTION

This section summarizes environmental and biological information relevant to
determining the nature and extent of coastal cutthroat trout ESUs in the Pacific Northwest. The
focus of this document is on populations in the contiguous United States; however, information
from Alaska and British Columbia was also considered to provide a broader context for
interpreting results. Furthermore, ESU boundaries are based on biological and environmental
information and do not necessarily conform to state or national boundaries.

Environmental Information

Environmental information was used to indicate possible ESU boundaries. We identified
areas where the physical environment appeared to change based on environmental characteristics
(i.e., river flow patterns, ocean conditions, water temperatures, climate, etc.), and on the
distributions of other organisms. Areas with different habitat types may have different selective
pressures that may lead to local adaptations within specific areas. The distributions of organisms
sympatric with coastal cutthroat trout were considered because the distributions may reflect
environmental, ecological, or historical processes that also affect these trout.

Geological and Climatic Events

The climatic events of the last 20,000 years have provided opportunities for isolation,
colonization, and population interbreeding. In determining ESU boundaries, it is useful to
understand the factors that may have shaped present-day coastal cutthroat trout population
distributions. Much of the present distribution of aquatic and terrestrial species in western North
America is a legacy of the volcanic, tectonic, and glacial forces that shaped this region. Events
such as headwater transfer or stream capture altered the flow of major rivers and the aquatic
species that inhabit them.

The Cordilleran ice sheet was the last major glacial event to affect the distribution of
coastal cutthroat trout and other salmonids in the Pacific Northwest. At its height (10-15,000
years ago), the ice sheet covered vast areas of Alaska, British Columbia, Washington, and Idaho
(McPhail and Lindsey 1970), creating a discontinuous distribution of salmonid populations.

Two major ice-free refugia existed: Beringia, composed of the Bering land bridge connecting
Eastern Siberia and Western Alaska, and Cascadia, composed of the lands south of the mid-
Columbia River drainage (McPhail and Lindsey 1970). An additional ice-free refuge existed on
the coast of the Olympic Peninsula in the area of the Chehalis River. The drop in sea level

during the glacial periods may have created minor refugia along the coast of Vancouver Island or
the present-day Queen Charlotte Islands. As the ice sheet receded, salmonids from the Cascadia and
Beringia refugia began to colonize the newly exposed freshwater habitat (McPhail and Lindsey 1986).
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Coastal cutthroat trout conduct extensive freshwater migrations, which may have allowed
them to quickly colonize the headwaters of new streams emerging from retreating glaciers
(c. 10,000 years ago). This colonization may have occurred in a number of ways. Coastal
cutthroat trout may have entered newly opened rivers on overwintering or feeding migrations.
Ice dams and land expansion after the retreat of glacial ice sheets caused rivers to alter course
and change watersheds. Spawning adults may have strayed into these new habitats by chance or
because their natal streams were inaccessible. As an example, during the last deglaciation, parts
of the Fraser River drainage flowed into the Columbia River via the Okanogan River and
Shuswap Creek (McPhail and Lindsey 1986). Further, several southeastern Alaskan and
northern British Columbia rivers (e.g., the Stikine, Skeena, and Nass) that now flow westerly into
the Gulf of Alaska drained, at various times, easterly into the Fraser River Basin (McPhail and
Lindsey 1986). These watershed exchanges may have allowed a mixture of species among the
Columbia River, Fraser River, coastal Washington and Puget Sound, and southeastern Alaskan
coastal rivers.

Ecoregions

The fidelity with which anadromous salmonids, including coastal cutthroat trout, return
to their natal stream implies a close association between a specific population and its freshwater
environment. The selective pressures of different freshwater environments may be responsible
for differences in life-history strategies among populations. As an example, Miller and Brannon
(1982) hypothesized that local temperature regimes are the major factors influencing variables
such as time of emergence, food availability, growth, and other life-history traits. Gresswell et al.
(1994) suggested that local adaptations in interior cutthroat trout may occur at a river basin or
stream tributary scale. Boundaries of distinct freshwater habitats coinciding with differences in
life histories would suggest a degree of local adaptation. Therefore, identifying distinct
freshwater, terrestrial, and climatic regions may help identify coastal cutthroat trout ESUSs.

The ecoregions used in the document are a compilation of relevant information;
ecoregions for the contiguous United States retain designations assigned by the Environmental
Protection Agency (EPA) to its ecoregion system (Omernik 1987). The EPA system of
ecoregion designations is based on soil content, topography, climate, potential vegetation, and
land use. These ecoregions are similar to the physiographic provinces determined by the Pacific
Northwest River Basins Commission (PNRBC 1969) for the Pacific Northwest. Historically, the
distribution of coastal cutthroat trout in Washington, Oregon, and California included six of the
present-day EPA ecoregions (Fig. 6). Hughes et al. (1987) noted a strong relationship between
ecoregions and freshwater fish assemblages.

The ecoregions for the contiguous United States include physiographic information
presented by PNRBC (1969), present-day water use information (USGS 1993), river flow
information (Hydrosphere Products, Inc. 1993), and climate data from the U.S. Department of
Commerce (1968) into the appropriate ecoregion description (Omernik and Gallant 1986,
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Omernik 1987). Additional information for British Columbia (Environment Canada 1977, 1991)
and Alaska (ADFG 1978, Alaska Geographic Society 1978) is included for comparative
purposes. The ecoregions we use are wholly or partially within the historical natural range of
coastal cutthroat trout in Washington, Oregon, and California.

Ecoregion descriptions follows. As noted earlier, names and associated numbers reflect
the EPA system (Omernik 1987).

Coast Range Ecoregion (#1)

Extending from the Olympic Peninsula through the Coast Range and south to the
Klamath Mountains and San Francisco Bay, the Coast Range ecoregion is influenced by medium
to high rainfall levels due to adiabatic cooling as marine weather systems intercept mountains of
the region. Topographically, the region averages 500 m in elevation, with mountains less than
1,200 m high. These mountains are generally rugged with steep canyons. Between the ocean
and mountains lies a narrow coastal plain composed of sand, silt, and gravel. Tributary streams
are short and have a steep gradient; therefore, surface runoff 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 (up to 380 cm in
the Olympic Mountains) (Fig. 7), with generally lower levels along the southern Oregon coast
and northern California. Average annual river flows for most rivers in this region are among the
highest found on the West Coast when adjusted for watershed area (Fig. 8). River flows peak
during winter rain storms common in December and January (Fig. 9). Snow melt adds to the
surface runoff in the spring, providing a second peak in flows, and there are long periods when
the river flows maintain at least 50% of peak flow (Fig. 10). There is usually very little
precipitation in July or August, a dry period that may expand to 3 months every few years. River
flows are correspondingly at their lowest (Fig. 11) and temperatures at their highest during
August and September (Fig. 12).

This region is heavily forested, primarily with Sitka sprueeéa sitchens)s western
hemlock Tsuga heterophylla Douglas fir Pseudotsuga menzigsiind western red-cedar
(Thuja plicatg. Forest undergrowth is composed of numerous types of shrubs and herbaceous
plants.

Primary land use in this region has been timber harvesting and agricultural development.
Splash dams were common features on many coastal streams throughout Washington and
Oregon at the turn of the century. Extensive stream cleaning and channelization occurred in
many coastal rivers to facilitate log drives (Sedell and Luchessa 1982), and the legacy of these
activities continues to influence conditions in many coastal streams today (Reeves et al. 1997).
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Figure 8. Average annual flow per ared@qeconds(skm?) for selected river basins in Alaska, British
Columbia, Washington, Oregon, California, and Idaho. Values were calculated as the average
annual flow for each gauging station divided by the reported gauged area. Based on United
States Geological Survey (USGS) streamflow data (Hydrosphere Data Products, Inc. 1993) and
Inland Water Directorate streamflow data (Environment Canada 1991) (modified from
Weitkamp et al. 1995).
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Figure 9. Timing of annual peak flow (by month) for selected river basins in Alaska, British Colombia,
Washington, Oregon, California, and Idaho. If two peaks in flow occur, the higher of the two
peaks is represented. Based on United States Geological Survey (USGS) streamflow data
(Hydrosphere Data Products, Inc. 1993) and Inland Water Directorate streamflow data
(Environment Canada 1991) (modified from Weitkamp et al. 1995).
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Figure 10. Duration of high flows (number of months when flow is equal to of exceeds 50% of peak
monthly flow) for selected river basins in Alaska, British Columbia, Washington, Oregon,
California, and Idaho. Based on United States Geological Survey (USGS) streamflow data
(Hydrosphere Data Products, Inc. 1993) and Inland Water Directorate streamflow data
(Environment Canada 1991) (modified from Weitkamp et al. 1995).
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Figure 11. Timing of annual low flow (by month) for selected river basins in Alaska, British Columbia,
Washington, Oregon, California, and Idaho. If two peaks in flow occur, the higher of the two
peaks is represented. Based on United States Geological Survey (USGS) streamflow data
(Hydrosphere Data Products, Inc. 1993) and Inland Water Directorate streamflow data
(Environment Canada 1991) (modified from Weitkamp et al. 1995).
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Figure 12. Annual maximum monthly stream temperatures (°C) for selected rivers in Alaska,
British Columbia, Washington, Oregon, California, and Idaho. Based on United States
Geological Survey (USGS) streamflow data (Hydrosphere Data Products, Inc. 1993) and
Inland Water Directorate streamflow data (Environment Canada 1991) (modified from
Weitkamp et al. 1995).
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Puget Lowland Ecoregion (#2)

Situated between the Coast Range and Cascade Range ecoregions, this region
experiences reduced rainfalls (50-120 cm) from the rain-shadow effect of the Coast Mountains.
The area is generally flat, with high hills (600 m) at the southern margin of the ecoregion. Soils
are alluvial and lacustrine deposits. These deposits are glacial in origin north of Centralia,
Washington. This area tends to have large groundwater resources, with groundwater from the
bordering mountain ranges helping to sustain river flows during drought periods. Peak river flow
varies from December to June, depending on the decadal climate cycle and the contribution of
snowpack to surface runoff for each river system. Rivers tend to have sustained flows
(5 to 8 months of flows at 50% of the peak or more), and low flows are generally 10-20% or
more of the peak flows.

Douglas fir is the primary subclimax forest tree species, with other coniferous species
such as lodgepolé{nus contorty, western whiteR. monticold, and ponderosa pine
(P. ponderosplocally abundant. Prairie, swamp, and oak, birch, and alder woodlands are also
common. The land is heavily forested, and wood-cutting activities (such as building roads and
splash dams) contribute to soil erosion, river siltation, and river flow and temperature alteration.

Because the Puget lowland surrounds one of North America’s largest protected bays with
access to marine shipping, it has been become heavily urbanized, especially along the western
slopes of the Cascade Mountains and the shore of Puget Sound (major cities surrounding Puget
Sound include Everett, Seattle, Tacoma, Olympia, and Bremerton). Domestic and industrial
wastes, urban runoff, and sewage treatment degrade the quality of local water systems.
Exceptions are river systems draining into the Hood Canal region and northern Puget Sound.
However, even here, extensive diking, agricultural use, logging operations, housing
developments, and other changes have altered the physical geography and flows of river systems
(Brody 1991, Ashbaugh 1994). Glacial sediment also influences water quality, especially in the
Skagit, North Fork Nooksack, Nisqually, and Puyallup/White river basins.

Willamette Valley Ecoregion (#3)

The Willamette Valley, which adjoins the southern border of the Puget Lowland
ecoregion at the Lewis River, was not glacially influenced. A rainshadow effect, similar to the
one influencing the Puget Lowland ecoregion, limits rainfall to about 120 cm per year. River
flows peak in December and January and are sustained for 6-7 months of the year. Low flows
occur in August and September, although the volume is generally 20% of the peak flow.

Much of the land has been converted to agricultural use, with Douglas fir and Garry oak
(also known as Oregon white oak [Randall et al. 199Dl)efcus garryanpstands in less-
developed areas. Irrigation is common, and stream flows, especially in the southern portion of
this ecoregion, can be significantly reduced as a result. Agricultural and livestock practices
contribute to soil erosion and fertilizer/manure deposition into stream systems.
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As in the Puget Lowland ecoregion, water quality in the Willamette Valley is degraded
by agricultural, timber, and urban activities, especially near at the mouth of the Willamette River
and along parts of the Lower Columbia River (e.g., Portland, Oregon, and Longview,
Washington). Many water quality problems are exacerbated by low water flows and high
temperatures during the summer. Pulp and paper mill discharges of dioxin into the Columbia
and Willamette rivers are considered another water quality concern, although this situation has
improved (USGS 1993).

Cascades Ecoregion (#4)

The Cascades ecoregion is composed of the Cascade Range in Washington and Oregon
and contains the headwater tributaries of many coastal cutthroat bearing rivers, including the
Skagit, Stillaguamish, Willamette, Umpqua, and Rogue. Mountain peaks above 3,000 m are
distributed throughout the region. The crest of the Cascade Range (averaging 1,500 m) captures
much of the ocean moisture moving eastward and poses a biological barrier to many terrestrial
and aquatic animals. Precipitation can average 280 cm per year, much of it in the form of heavy
snowfall. Intense rainstorms (those depositing more than 2.5 cm per hour) are rare. Rainfall is
generally spread over the year, with most of it between October and March. There is little
capacity for long-term groundwater storage except where porous rock substrate exists. In these
porous areas, streams receive 75-95% of their average discharge as groundwater and are able to
maintain flows during dry periods. Surface water flow originating in the Cascade Range
influences river flows throughout this region.

The area is primarily forested with Douglas, nolbiés procerg and Pacific silver fir
(A. amabilig (all subclimax species), whereas western hemlock and western red-cedar are
common climax species. At higher elevations, these trees are replaced by Engelmann spruce
(Picea engelmannjii whitebark pineR. albicaulig, grand fir @. grandig, and mountain
hemlock Tsuga mertensiana Forest undergrowth tends to be dense on the western slopes of
this region and sparse on the eastern slopes. A combination of heavy rainfall and wood-cutting
activities has increased solil erosion.

Sierra Nevada Ecoregion (#5)

South of the Cascades Ecoregion is a similar ecoregion comprised of portions of the
Klamath, Sierra, Trinity, and Siskiyou mountains. The Sierra Nevada ecoregion includes the
present-day southern extent of coastal cutthroat trout (at the Eel River in California). Annual
rainfall varies considerably, from 40 cm to more than 150 cm, depending on elevation and the
degree of rainshadowing. Most of the rain falls in winter, with summers being hot and dry.
Topographically, the region rises to over 2,000 m, with an average elevation of 1,000 m.

This ecoregion contains the headwaters for the Rogue, Klamath, and Sacramento rivers.
Historically, peak flows occurred in February, with lowest flows in August, September, or
October; however, water diversion and impoundment activities changed this pattern and flows
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are now more evenly distributed throughout the year. This change occurred primarily through
irrigation/flood-mitigation-related reductions in peak flows and less so through increased spillage
during the historical time of minimum flows.

Douglas fir is the predominant tree species, but mixed coniferous/oak stands are
common. Soils tend to be unstable, and timber harvest or livestock grazing can result in severe
erosion. Hydraulic placer mining has had a considerable impact on stream quality and hillslope
stability.

Eastern Cascades Slopes and Foothills Ecoregion (#9)

Anadromous coastal cutthroat trout are believed to have historically inhabited this
ecoregion at least as far east as the Kilickitat River (Bryant 1949), but only freshwater forms are
now believed to be present (Leider 1997). This ecoregion marks the transition between the high
rainfall areas of the Cascades Ecoregion and the drier basin ecoregions to the east. The area
receives 30-60 cm of rainfall per year. Streamflow is intermittent, especially during the summer
dry season. Surface and groundwater contributes to flows in the Yakima, Deschutes, Klickitat,
and White Salmon rivers.

Ponderosa and lodgepole pine are common throughout the region, with little forest
undergrowth. Soils tend to be volcanic, young, and highly prone to erosion. Primary land uses
are timber harvest and mixed grazing/timber areas. Agriculture is limited to valleys and
irrigation is commonly employed.

Coastal British Columbia

The maritime climate of the Olympic Peninsula continues north along the west coast of
Vancouver Island and along the British Columbia mainland north of Vancouver Island. The
Fraser River, which drains into the Strait of Georgia at Vancouver, dominates about one-fourth
of the province of British Columbia and is the largest single river producer of Pacific salmon in
the world (Northcote and Atagi 1996).

Limited hydrographic data (Farley 1979) indicate that river flow patterns in coastal
British Columbia are similar to those on the Olympic Peninsula, with relatively high flows
throughout the year. There is a general decrease in summer air temperatures to the north—the
Olympic Peninsula coast is generally a few degrees warmer than the southwest coast of
Vancouver Island, which is a few degrees warmer than the northwest coast and the mainland
north of Vancouver Island. Annual rainfall and snowfall average 111 cm and 55 cm respectively
in Vancouver and 240 cm and 140 cm respectively in Prince Rupert (Environment Canada 1996).

Anadromous cutthroat trout are found in at least 756 streams throughout the region, but
information was available for only 120 populations in a recent assessment of population status
(Slaney et al. 1997). More than half of the 120 populations were determined to be at some level
of risk, and several populations within the lower Fraser River and Georgia Strait were considered
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extinct. Habitat degradation attributed to urban development was reported as posing the greatest
threat to coastal cutthroat trout populations (Slaney et al. 1997).

Southeastern and southcentral Alaska

A maritime climate dominates the southeastern coast of the Alaska panhandle and
continues north along the coast to the southcentral region of Prince William Sound. This area
marks the northern extent of the distribution of coastal cutthroat trout. Average annual rainfall
and snowfall for Annette Island in southeastern Alaska are 260 cm and 130 cm, respectively,
while Cordova in southcentral Alaska receives an average of 240 cm of rainfall and 300 cm of
snowfall per year (CDC 1961-98).

The crest of the Coast Range in southeastern Alaska forms the Alaska-Yukon-British
Columbia boundary (ADFG 1978). This coastal area is characterized by numerous islands, bays,
and short steep stream channels. The southcentral region includes the drainages that enter the
Gulf of Alaska and is dominated by the Copper River basin. The estuary of the Copper River,
numerous islands, and hundreds of small coastal streams create thousands of miles of habitat in
Prince William Sound for rearing salmonids, including coastal cutthroat trout (ADFG 1978).

Western hemlock and Sitka spruce dominate the forests, with some western red-cedar,
Alaska-cedarChamaecyparis nootkatengisnd red alderAInus rubrg scattered throughout
the region. Natural resources have long dominated the economy including forest products,
mining, fishing, tourism and recreation (Alaska Geographic Society 1978).

Biogeography
Vegetation

Forest communities have specific requirements, which means that dominant vegetation
types are a valuable indicator of relative precipitation, temperature, soil type, solar radiation, and
altitude. Changes in vegetation types indicate changes in the physical environment, which may
affect freshwater coastal cutthroat trout habitat. The following discussion of vegetation was
compiled from Viereck and Little (1972), Franklin and Dyrness (1973), Barbour and Major
(1977), Farley (1979), and Whitney (1985).

Sitka spruce zone

Coastal regions in Oregon, Washington, and British Columbia are forested with a Sitka
spruce-dominated floral community, which includes western hemlock, western red-cedar, red
alder, and Douglas fir as major species. This vegetation type is restricted to coastal regions and
river valleys; only over coastal plains does it extend more than a few kilometers inland, even
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then exceeding elevations of 150 m only in areas immediately adjacent to the ocean. This
vegetation type is typified by a uniformly wet and mild climate. Sitka spruce forests could be
considered a variant of western hemlock forests of higher elevations and inland areas, but are
distinguished by frequent summer fogs, higher moss concentrations, lichen abundance, and
proximity to the ocean (Franklin and Dyrness 1973).

Along the coast, Sitka spruce forests grade into redwood forests in southern Oregon and
northern California, and into western hemlock-dominated forests along the Strait of Juan de Fuca
to the north. Sitka spruce forests also extend up the Columbia River to approximately the
Clatskanie River (RKm 80), beyond which point the vegetation increasingly reflects the drier
climate east of the Coast Range.

Redwood zone

Beginning in the Chetco River basin in southern Oregon (Fig. 3), Sitka spruce and
western hemlock are replaced by redwood forests slightly inland and in river bottoms along the
coast. This forest type forms the dominant coastal vegetation south to Monterey at elevations
between 30 and 800 m. From the redwood zone along the coast, vegetation on the moist western
slopes changes to Douglas fir’/hardwood forests at lower elevations, followed by Shasta red
(A. magnifica shastengiand white fir A. concolo}, and finally mountain hemlock at higher
elevations. Vegetation in the upper basins of the Rogue and northern California rivers is adapted
to a more arid climate than those closer to the coast, and consequently is distinct from upper-
basin vegetation types either north or south. These vegetation types include areas with Garry
oak, mixed evergreen, and Klamath montane, coastal montane, and oak/pine forests and
chaparral. South of the Mattole River, upper basins are not as arid and the vegetation is more
like the coastal type: primarily redwoods with patches of mixed evergreens and mixed
hardwoods, and coastal prairie-scrub around the San Francisco Bay area.

Western hemlock zone

Along the Washington and Oregon coasts, the western hemlock-dominated plant
community replaces Sitka spruce at elevations above 150 m. In the Puget Sound/Strait of
Georgia area, the western hemlock community forms the dominant vegetation from sea level to
700-1,000 m. This vegetation type includes western hemlock, Douglas fir, red alder, and western
red-cedar as major species. The transition point between Sitka spruce and western hemlock
along the Strait of Juan de Fuca appears to be approximately the Elwha River on the U.S. side
and Sooke Inlet on the Canadian side. South of the Columbia River, the western hemlock zone
extends southward along the Coast Range to the Klamath Mountains and southward along the
Cascade Mountains to the Umpqua River (Fig. 3). Forests in the Puget Sound area are often
considered a special type of western hemlock community: the area’s lower precipitation and
glacial soils make drought-stress-tolerant western white, lodgepole, and occasionally ponderosa
pine major species, whereas they are considered minor species elsewhere in the western hemlock
zone.
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Alpine and subalpine zones

The headwaters of rivers draining higher mountains, such as the Olympic and Cascade
mountains and the British Columbia and Oregon Coast ranges, begin in alpine meadows and
subalpine parklands before the change to western hemlock-dominated forests below 700 to
1,000 m. The higher alpine regions are typified by a mosaic of meadows and tree patches with
extensive and deep snow cover. The subalpine zone is dominated by mountain hemlock and
subalpine fir, has less extensive snow cover than higher alpine areas, and is wetter and colder
than areas at lower elevations.

Analyses of vegetation types

In his factor analysis of western U.S. floras based on the distribution of more than 9,000
plant species, McLaughlin (1989) defined three floristic areas within the range of coastal
cutthroat trout: the Vancouverian, Sierra Nevada, and California areas. The Vancouverian area
includes the Sitka spruce zone described above, the western hemlock zone (excluding the central
and southern Oregon Cascade Mountains), and the redwood zone from its northern boundary to
approximately Cape Mendocino. The California floristic area includes the redwood zone south
of Cape Mendocino and lower elevation portions of the Sacramento/San Joaquin Valley, while
the Sierra Nevada area covers the central and south Oregon Cascade Mountains, the interior
Klamath Mountain Province, and the Sierra Nevada Mountains. In a similar analysis based
solely on Pacific coast beach vegetation, Breckon and Barbour (1974) identified a “temperate”
eco-floristic zone from lat. 54° N to lat. 36°30"' N. This zone is subdivided into a northern North
Coastal Zone and a southern Mediterranean Zone with the boundary at lat. 43°30' N (approx-
imately the Coos River, about 70 km north of Cape Blanco).

Zoogeography

Like vegetation types, the distribution patterns of marine and freshwater species indicate
variations in the physical environment these species share with coastal cutthroat trout. These
variations in the physical environment may affect coastal cutthroat trout habitat and put different
selective pressures on coastal cutthroat trout in different zoogeographical areas.

Marine fishes

There are two distinct faunal boundaries for marine fishes within the range considered in
this status review: Point Conception in California (lat. 34°30' N) and the northern tip of
Vancouver Island (approximately lat. 50° N) (Allen and Smith 1988). Marine fishes north of
Vancouver Island are primarily coldwater subarctic species, those between lat. 50° N and lat.
34°30' N primarily temperate species, and those south of Point Conception primarily subtropical.
Although not a distinct faunal boundary, Cape Mendocino represents a southern limit beyond
which many northern species do not routinely occur (Horn and Allen 1978).
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Marine invertebrates

The distribution of marine invertebrates shows transition points between major faunal
communities similar to those for marine fishes (Hall 1964, Valentine 1966, Hayden and Dolan
1976, Brusca and Wallerstein 1979). Invertebrate faunal boundaries along the west coast of
North America occur at approximately Dixon Entrance (directly west of Prince Rupert), the
Strait of Juan de Fuca, and Point Conception, with a minor boundaries at Cape Mendocino and
Monterey Bay (Hall 1964, Valentine 1966). The primary cause of this zonation is attributed to
temperature (Hayden and Dolan 1976), but other abiotic (Valentine 1966) and biotic (Brusca and
Wallerstein 1979) factors may also influence invertebrate distribution patterns.

Freshwater fishes

Freshwater fishes in southern and central British Columbia, Washington, and most of
coastal Oregon are populations of Columbia River origin (McPhail and Lindsey 1986, Minckley
et al. 1986). Variation in the makeup of freshwater fish communities in these areas reflects the
varied dispersal patterns of fishes between river basins. The Stikine River in northern British
Columbia is the point at which freshwater fishes from the north displace the Columbia River fish
fauna (McPhail and Lindsay 1986). The Sixes River in southern Oregon marks the southern
extent of the Columbia River freshwater fish fauna (Snyder 1907, Minckley et al. 1986).
Freshwater fishes in the Klamath-Rogue Ichthyofaunal Region, which includes the Klamath and
Rogue rivers, differ from the Columbia River-dominated assemblages to the north and the
Sacramento/San Joaquin River-dominated faunas to the south (Snyder 1907, Moyle 1976,
Minckley et al. 1986). Freshwater fishes in northern and central California between Redwood
Creek and Carmel River are derived from the Sacramento-San Joaquin River system. However,
many of the smaller basins have no exclusively freshwater fishes, but only species that move
readily through salt water (Moyle 1976).

Estuarine fishes

Estuarine fishes also show regional differences based on presence or absence of species
and can be roughly divided into five groups within Washington, Oregon, and northern and
central California (Monaco et al. 1992). Two large groups with considerable overlap extend
from Willapa Bay in Washington to the Eel River in California. The differences between these
two groups appear related to the size of the estuaries. In Washington, two groups have been
identified: one overlaps to some extent with the two large groups and encompasses Grays
Harbor, Willapa Bay, and the Columbia River estuary; a second group is restricted to Puget
Sound and Hood CandDifferences between these two groups also appear to be related to the
size of the estuaries. A final group extends from Tomales Bay to Morro Bay in California.
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Amphibians

Many amphibian species have very restricted distributions and may serve as indicators of
subtle differences in environmental conditions and historical distributions. The distributions of
many amphibians appear to begin and end at several common geographical areas within the
range of coastal cutthroat trout in Washington, Oregon, and California. For example, the Strait
of Georgia and Vancouver Island is the northern extent of the distributions of many amphibians,
including tailed Ascaphus trugiand red-leggedRana aurord frogs and Pacific giant
(Dicamptodon tenebrosysvestern long-toeddmbystomanacrodactylum macrodactylym
western red-backedP(ethodon vehiculuimOregon Ensatina eschscholtzii oregonensmsnd
brown (A. gracile gracilg salamanders (Cook 1984). The Cape Blanco area of southern Oregon
is the northern extent of southern long-to&drf. sigillatun), Del Norte’s P. elongatuy and
California slenderBatrachoseps attenuafusalamanders, and the southern extent of western
red-backed salamanders (Stebbins 1985, Leonard et al. 1993). Cape Mendocino is the northern
extent of the southern red-legged fr&yg &. draytoni, red-bellied newtTaricharivularis), and
arboreal salamandeAiieides lugubris and the southern extent of the northern red-legged frog
(R. a. aurora and Del Norte’s salamander (Stebbins 1985). Additionally, the Olympic torrent
salamanderRhyacotriton olympicysccurs only on the Olympic Peninsula, while the Pacific
giant and Dunn’sK. dunn) salamanders occur in most areas in western Washington and Oregon
excepthe Peninsula (Leonard et al. 1993).

Life History

Several types of life-history information were considered in evaluating the diversity of
coastal cutthroat trout. Life-history traits examined included smolt size and outmigration timing,
age, river entry timing, size, and frequency of spawning. However, the use of such traits to help
define coastal cutthroat trout ESUs is complicated by several factors.

First, long-term data sets are rare, and data collected from different locations during
different years may obscure regional patterns in life-history traits. Moreover, differences in
collection methods can hinder meaningful comparisons. For example, traits such as age and size
at migration will likely be very different for fish caught by angling and for those caught in rotary
traps or tributary weir traps. Nearly all gear types are selective for size and species (Hayes et al.
1996). For coastal cutthroat trout, tributary weir traps can be more selective than rotary traps for
both size and age of captured fish (Garrett 1998).

Second, the difficulties with aging cutthroat trout by scale analysis may hinder
meaningful comparisons among studies. Coastal cutthroat trout scales are notoriously difficult to
read and interpretations of scale patterns often vary greatly between readers (Knudsen 1980).
Cutthroat trout tend to easily lose their scales and the rate of regeneration has been shown to
increase as the fish gets older. Cooper (1970) examined the proportion of regenerated scales to
nonregenerated scales from cutthroat trout of several size classes. In his study, Cooper found
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that about 40% of the scales collected from yearling fish (40-49 mm FL) were regenerated,
whereas more than 80% of the scales collected from fish larger than 140 mm showed
regeneration. Furthermore, evidence suggests that large spacing between annuli is not a clear
indicator that the fish has spent time in salt water. Highly productive freshwater habitats may
confer scale patterns in cutthroat trout that are indistinguishable from saltwater growth
(Tomasson 1978, D. Saifet In a study in Petersburg Lake, Alaska, Jones (1977) found very
little difference in age and length data between freshwater and sea-run cutthroat trout. This
problem was also discussed by Sumner (1962), who expected that tidewater growth should be
intermediate between stream and saltwater patterns. Rather, Sumner (1962) and Giger (1972)
found that tidewater growth was similar to stream growth patterns. Otolith analysis may provide
a more reliable means of establishing life history patterns and ages, but the technique has not
been widely applied in cutthroat research as it is costly, time consuming, and requires killing the
fish.

Third, fish exhibiting different life histories are often morphologically indistinguishable,
particularly as juveniles (Tomasson 1978, Fuss 1982). Direct comparisons of coastal cutthroat
trout life-history traits between stocks have not been made under controlled conditions.
Differentiating life-history forms is further complicated by a lack of definitive terms in the
literature to distinguish between these forms (see “Terminology,” p. 6).

Fourth, the sensitivity of life-history traits to environmental and genetic influences may
allow their alteration by anthropogenic activities such as land-use practices (Hartman et al. 1984,
Holtby 1987), harvesting (Ricker 1981), or artificial propagation (Steward and Bjornn 1990,
Hard et al. 1992, Campton 1995, Flagg et al. 1995). The effects of anthropogenic activities on
coastal cutthroat trout life-history traits are unclear and consequently difficult to factor out. To
help limit any bias introduced by artificial propagation, life-history trait comparisons in this
status review have focused on naturally spawning populations. Life-history trait information
from hatchery populations was used only when information from naturally spawning populations
was insufficient.

Finally, relatively less is known of the migratory pathways of coastal cutthroat trout than
of pathways for the other species of Pacific salmon. Research into Pacific salmonid migrations
has been dominated for decades by studies on the long-distance transoceanic aspects of the life
cycle. Much of the research into long-distance migrations has focused on the migrational timing
and pathways important to the commercial fishing industry. Coastal cutthroat trout do not make
transoceanic migrations, nor are they a commercial species. For these reasons, minimal attention
has been given to the short-distance estuarine or freshwater migrations of these fish.

6D. Saiget, U.S. Dep. of Agriculture, Forest Service, Zig Zag Ranger District, 70220 E. Hwy 26, Zig Zag,
OR 97049. Pers. commun. to A. Garrett, Aug. 1998.
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Patterns of Life-History Variation

The life history of coastal cutthroat trout is perhaps the most complex of the Pacific
salmonids (Northcote 1997a), with reproductive and migratory behaviors at least as diverse as
those of steelhead and sockeye salmon and perhaps more similar to some species in the genera
Salmo(e.g., Atlantic salmong. salat and brown trout$. truttd), Salvelinuge.g., bull trout
[S. confluentys Dolly Varden 5. malmg and Arctic char$. alpinu$), andHucho(Stearley
and Smith 1993). Unlike many Pacific salmonids where all (e.g., chum or pink salmon) or
almost all (e.g., coho and chinook salmon and steelhead) members are anadromous, coastal
cutthroat trout populations may contain both migratory and nonmigratory individuals within the
same population (reviewed in Hall et al. 1997). Although all coastal cutthroat trout populations
with access to the sea are believed to have an anadromous component, not all members of the
subspecies migrate to the sea (Giger 1972, Sumner 1972, Trotter 1989). Most cutthroat trout that
do enter seawater do so as 2- or 3-year-olds, but some remain in fresh water for up to 5 years
before entering the sea (Giger 1972, Sumner 1972). Other coastal cutthroat trout never
outmigrate at all, but remain in small headwater tributaries. Still others migrate only into rivers
or lakes (Nicholas 1978a, b; Tomasson 1978; Moring et al. 1986; Trotter 1989) even when they
have seawater access (Tomasson 1978). For example, anadromous, freshwater migratory, and
nonmigratory life-history forms of coastal cutthroat trout have all been reported in southern
Oregon’s Umpqua River Basin (Trotter 1989, Loomis and Anglin 1992, Loomis et al. 1993,
Hooton 1997).

Multiple life-history forms frequently coexist within the same watershed and even the
same stream (June 1981, Johnston 1982). Where multiple forms exist together, spatial and
temporal differences in reproductive behaviors may be large enough to promote genetic
differentiation (June 1981, Zimmerman 1995). On the other hand, similar environmental
conditions (such as water temperature and velocity) may facilitate reproductive overlap of life-
history forms. Allelic and meristic variation among coastal cutthroat trout populations in the
Nisqually River’s Muck Creek basin led Zimmerman (1995) to suggest that the expression of
anadromy probably differs among populations within a basin even when no geologic barrier
exists. Thus, some populations may be entirely anadromous some may be entirely freshwater
forms, and some may have multiple life-history forms.

Direct comparisons of coastal cutthroat trout life-history traits among populations or
individuals have not been made under controlled conditions; even so, it is unclear to what extent
such comparisons would be applicable to natural populations. Information from other species
suggests that anadromous forms may occasionally have nonanadromous progeny, and vice versa
(Nordeng 1983, Kaeriyama et al. 1992, Burgner et al. 1992, Mullan et al. 1992). Both of these
relationships may occur in coastal cutthroat trout, according to otolith microchemistry analysis of
fish in Oregon’s Elk River (Griswold 1996). Griswold (1996) found that some sea-run cutthroat
trout had signals in the otolith primodia that indicated their maternal parent was in fresh water at
the time of yolk formation and that they migrated to the marine environment. Other fish had
strontium/calcium signals that indicated their maternal parent was in the marine environment at
the time of yolk formation and that they also migrated to the marine environment.
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Only in a few instances, however, have larger migratory (possibly sea-run) female coastal
trout been observed paired with small “cryptically colored” males during spawning periods
(Northcote 1997a, Saiget et al. in prep). Females observed by Saiget et al. (in prep.) ranged from
300 to 359 mm and males ranged from 100 to 180 mm. It is unclear what the observations of
these five fish might imply for the reproductive behaviors of coastal cutthroat trout. Two
possibilities are that some males in anadromous populations may mature at a young age and
small size (precocious maturation) and perhaps never migrate to sea, or that fish of one life-
history form will readily interbreed with other life-history forms. However, information about
other species suggests that behavioral differences in mate selection would probably promote
some degree of assortative mating between sympatrically spawning anadromous and freshwater
forms (Neave 1944, Foote and Larkin 1988).

The migratory patterns of coastal cutthroat trout suggest that patterns may vary within as
well as among populations. Some populations of coastal cutthroat trout are split into migratory
and nonmigratory individuals, a phenomenon termed “partial migration” by Jonsson and Jonsson
(1993). For example, Heggenes et al. (1991) studied local movements and spatial stability of
413 coastal cutthroat trout in the Musqueam-Cutthroat Creek system, British Columbia. A total
of 587 recaptures were made of marked coastal cutthroat trout between winter and late summer.
Heggenes et al. (1991) found that nearly two-thirds of the marked fish had not moved more than
10 m; only 17.9% moved more than 50 m. The authors acknowledged that within this “resident”
group some proportion was likely to be anadromous, though the correlation (based on 246
observations) between distance moved and fish size was WweaB.Q333, P = 0.0039). These
authors also found that large fish were still in the stream after anadromous spawners typically
would have emigrated, which led them to speculate that a substantial proportion of the mobile
individuals were not anadromous (Heggenes et al. 1991). In other studies describing movements
of presumably freshwater migratory coastal cutthroat trout, Waters (1993) (Table 3) and Moring
et al. (1986) observed that fewer than 10% of the fish moved extensively; Moring et al. (1986)
found that 93% of the recaptured coastal cutthroat trout were recovered in the same pool or riffle.

These studies illustrate that while the vast majority of fish within a population probably
behave similarly, some individuals may exhibit migratory behaviors that differ from their
cohorts. The notion that all fish in a population fit neatly into one category or the other may not
be true (Gowan et al. 1994). In a study on brown trout, Harcup et al. (1984) found no evidence
to suggest that the migratory component of the population was composed of permanently mobile
individuals. Rather, they found that individual brown trout switched between migrating and not
migrating, and migratory fish were no more likely to move in subsequent sampling periods than
nonmigratory fish.

Environmental conditions, particularly those affecting growth rate, have been shown to
markedly alter the degree of residency expressed in some salmonid species (Jonsson 1985,
Hindar et al. 1991, Northcote 1992). In an intensive study on Arctic char, Nordeng (1983) reared
the progeny of experimentally produced crosses of freshwater and anadromous individuals under
different feeding regimes and found that increasing the amount of food significantly increased
the proportion of freshwater individuals to anadromous fish. Not only could each form produce
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Table 3. Mobility of radio-tagged coastal cutthroat trout from a study on the North Umpqua River,
Oregon (Waters 1993).

Number of
different
Number of locations Home Total
Date of Total length Weight detections when range distance
tagging (mm) (2) over 51 days detected (m) moved (m)
McConnas Creek
12/22/92 166 35 3 2 9 9
12/22/92 210 70 22 4 59 188
12/23/92 169 39 22 1 5 0
12/24/92 206 72 22 3 66 98
12/26/92 215 83 22 5 52 120
12/26/92 170 40 22 1 5 0
12/26/92 205 75 22 2 23 46
12/26/92 154 32 22 4 12 69
12/26/92 173 39 22 2 5 33
12/27/92 220 84 22 3 33 66
1/5/93 234 89 10 5 42 55
Kelly Creek
1/18/93 164 38 2 1 5 0
1/19/93 191 53 22 2 8 8
1/26/93 194 52 5 2 68 68
1/26/93 186 46 17 5 152 181
Harrington Creek
2/3/93 165 32 14 4 20 51
2/3/93 191 52 26 14 433 1,305
2/3/93 200 80 25 3 33 41
2/5/93 159 30 2 2 45 45
2/9/93 205 72 23 1 4 0
2/9/93 170 38 14 5 27 63
2/10/93 186 52 4 2 12 12
3/9/93 206 54 12 2 21 21
3/9/93 162 32 12 1 6 0
3/11/93 184 50 11 6 130 288
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progeny of any form, but single individuals could also change forms during their lifetimes. The
age at sexual maturity of the parents, however, influenced the age at sexual maturity of their
offspring. Thus, the offspring of small freshwater fish produced more early maturing
(nonmigratory) offspring and fewer smolts than did the offspring of anadromous parents
(Nordeng 1983).

Some salmonids, as illustrated in the above example, have a behavioral flexibility that
allows them to respond to environmental conditions. There is some empirical evidence to
suggest that coastal cutthroat trout migratory behaviors may be flexible, but the extent to which
such a strategy occurs is unknown. In an ongoing study that began in the spring of 1997, the
Alaska Department of Fish and Game (ADFG) started PIT (passive integrated transponder)
tagging coastal cutthroat trout as they outmigrated to sea from Auke Lake (D.)Jdheasng
the fall of 1997, an upstream migrant trap was operated and all immigrating coastal cutthroat
trout were counted. Previously tagged fish were individually identified and recorded by their
PIT tag number and immigration date. Again, in the spring of 1998 coastal cutthroat trout were
recorded leaving the lake and all unmarked fish were tagged. During the summer of 1998,
ADFG surveyed the lake for freshwater forms of coastal cutthroat trout and found three fish that
had been PIT tagged on their emigration to sea in 1997, returned to the lake in the fall of 1997,
and apparently opted to remain in the lake in 1998.

Other empirical evidence supports the idea that life-history patterns can vary within
individual coastal cutthroat trout over time. For example, some sea-run cutthroat trout may
spawn before their first saltwater migration (Giger 1972, Tomasson 1978, Fuss 1982, Jones
footnote 7), and others may not return to sea after spawning but may instead remain in fresh
water for a year (Tomasson 1978).

Research on other species suggest that even very small individual differences in behavior
and physiology, particularly during the first few weeks of life, can affect life-history patterns
(Metcalfe 1993). Thorpe (1989) proposed that there is a critical period in which some
characteristic of performance, such as a threshold level of growth, will define the direction of
individual development. The role that growth plays in determining life-history patterns is
complex, as residualization may occur in fish that grow either too quickly or too slowly. An
abundant food supply may promote residency (Northcote 1992) and may induce early or
precocious maturation. Furthermore, at any point along the migratory path or even at the
microhabitat level, individuals of a cohort may respond differently to environmental factors (e.qg.,
temperature, food availability, and predation). The ability of an individual to modify its behavior
in response to food abundance, threat of competition, risk of predation, and experience suggests
many fish species possess some degree of adaptive flexibility (Dill 1983).

This diversity in life history may reflect an adaptive generalist strategy that allows coastal
cutthroat trout to exploit habitats not fully utilized by other salmonids (Johnston 1982, Northcote
1997a). For example, their small size at maturity may give coastal cutthroat trout an adaptive

"D. Jones, ADFG, Div. of Sport Fish, Douglas, AK 99824. Pers. commun. to A. Garrett. Oct.
1998.
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advantage for using small streams for spawning and rearing and reduce interspecific competition
with other anadromous spawning salmonids (Pearcy et al. 1990). Conversely, post-spawning
coastal cutthroat trout or those on feeding migrations are larger than outmigrating juveniles of
other Pacific salmon species, which allows coastal cutthroat trout to prey on these fish in a
variety of freshwater and estuarine habitats (Pearcy et al. 1990, Northcote 1997a). For these
reasons, Northcote (1997a) suggested that, historically, coastal cutthroat trout were probably
present year round in a wider variety of climatological conditions and diversity of marine and
freshwater habitats than any other salmonid in the coastal Pacific Northwest (Northcote 1997a).

Life-history forms

The diversity of migratory behaviors in coastal cutthroat trout makes identification of fish
by life-history form particularly challenging. One way to separate coastal cutthroat trout into
population groupings is to classify them by the physical locations where they are caught (e.g.,
Wyatt 1959, Tomasson 1978, June 1981, Moring et al. 1986). These classifications, however,
are somewhat arbitrary as fish may move from one area to another (Northcote 1997a).
Consequently, the location and timing of sampling may affect which life-history category
migratory individuals are chosen to represent (Fausch and Young 1995). For instance, coastal
cutthroat trout believed to be freshwater forms one year may migrate to sea another year (e.qg.,
some fish do not make their initial migration to sea until age 6 (Sumner 1962, Giger 1972) and
some sea-run cutthroat trout may not enter saltwater every year after their initial smolt migration,
but may instead stay in fresh water (Tomasson 1978, Jones footnote 7). For these reasons, we
define the three general life-history forms of coastal cutthroat trout as follows (see also Fig. 1).

Nonmigratory coastal cutthroat trout—This life-history form includes fish generally found in

small streams and headwater tributaries near spawning and rearing areas. These fish typically
undertake only small-scale migrations and maintain relatively small home territories compared to
forms that make more extensive migrations. In general, nonmigratory coastal cutthroat trout
appear to grow more slowly than other life-history forms of trout (Tomasson 1978, Trotter 1989),
are smaller at maturity (seldom larger than 150-200 mm in length), and rarely live longer than 2
to 3 years (Wyatt 1959, Nicholas 1978a, June 1981). However, as June (1981) points out, the
lack of older fish in his study may be due not only to age-dependent mortality, but also to scale-
aging problems or outmigration of older larger fish from the study area.

The proportion of coastal cutthroat trout within a basin that exhibit this nonmigratory life
history is often difficult to determine. As an example, in a study by Wyatt (1959) of presumably
nonmigratory coastal cutthroat trout in Lookout Creek, a small tributary of Oregon’s Willamette
River, only 14% of 1,112 fish originally marked were recovered. Of these 155 recoveries, 150
(97%) had not moved more than 180 m from the original point of marking. No fish marked in
the three upper seining stations were recovered in the lowermost stations, which led Wyatt to
suggest that probably no major downstream movement occurred during the study period of June
1955 to September 1957. The distribution of the remaining marked fish was not determined.
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Freshwater-migratory coastal cutthroat trout—This freshwater or potamodromous (e.qg.,

Myers 1949, Tomasson 1978) life-history form includes fish that migrate entirely within fresh
water. A variety of distinctive population migrations are frequently recognized within this
general classification, including populations that migrate from large tributaries to small
tributaries to spawn (fluvial-adfluvial), populations that inhabit lakes and migrate upstream to
spawn in the lake inlet (lacustrine-adfluvial), and populations that live in lakes and migrate
downstream to spawn in the lake outlet (allucustrine) (Varley and Gresswell 1988, Trotter 1991).

These freshwater-migratory populations are best documented in rivers and lakes with
physical barriers to anadromous fish, such as above Willamette Falls in the Willamette River.
Historically, these falls apparently barred access of anadromous fish to the upper river; above
this barrier, schools of coastal cutthroat trout were found to migrate from natal spawning areas to
mainstem feeding areas and back (Dimick and Merryfield 1945; Nicholas 1978a,b; Moring et al.
1986). River-migrating coastal cutthroat trout have also been reported as schooling in large
streams above migration barriers in southwest Oregon (e.g., upper Chetco River and upper Silver
Creek [lllinois Basin]) (ODFW 1993b).

Only rarely have nonanadromous river-migrating schools of coastal cutthroat trout been
reported below barriers or in locations with access to anadromous fish. The Rogue and Umpqua
rivers are two locations where this behavior has been documented. Tomasson (1978) was first to
identify migratory coastal cutthroat trout in the Rogue River with access to seawater that did not
enter the marine habitat, but moved only within the river. He was also first to identify pota-
modromous fish sympatric with sea-run fish, and to document that at least some sea-run fish in
the Rogue River migrated only to the estuary and did not enter the open ocean. It is unclear how
widely this form occurs in sympatry with anadromous cutthroat trout, partly because the two
forms are indistinguishable at the juvenile stage, and differences in growth and appearance may
not always be apparent in adults (Jones 1977, Tomasson 1978). In his work on the Rogue River,
Tomasson differentiated between the anadromous and nonanadromous fish by chemical analysis
of scale tissue.

Saltwater-migratory coastal cutthroat trout—In most areas, this is the most familiar life-
history form of coastal cutthroat trout, and most of the biological information presented in
“General Biology” (p. 8) and the following sections was derived from studies on saltwater
migratory individuals. The juvenile fish migrate from freshwater natal areas in the late winter
and spring to feed in marine environments (estuarine or nearshore) during the summer. They
then enter fresh water in the winter to feed, seek refuge, or spawn, typically returning to sea
water in the spring.

Trophic migratory model

The classification of coastal cutthroat trout into life-history forms may be based more on
convenience than on true biological categories (e.g., Gross 1987), considering the inherent
difficulty in distinguishing between forms and the wide variability in migratory patterns. One
way to consider migratory movement in coastal cutthroat trout is proposed by Northcote (1997a)
in terms of functional processes in a “migratory/residency spectrum” or cycle (Fig. 13). Not all
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Figure 13. Life-history patterns of cutthroat trout (Oncorhynchus clarki). Trophic migrations can occur
within rivers, lakes, estuaries, and out into the open ocean. All fish overwinter in estuaries or
in freshwater refuges (adapted from Northcote 1997a).
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individuals in a population may be involved in such a cycle, and in some systems two or more
different migratory cycles may be present.

In Northcote’s model (1997a), juveniles migrate from natal rearing areas to feeding
habitats, which may be an ocean, estuary, river, or small headwater tributary. They may then
migrate to a refuge area for overwintering; the migration may be from the sea to the river or from
the river to the headwater tributary. In the spring, the individual may migrate back to a feeding
habitat (and repeat this for several years), or may migrate to the spawning area and begin the
cycle all over again. This individual behavior does not exclude the likelihood that natural
selection has led to adaptations in some populations primarily for anadromous migrations or for
remaining in headwater areas. The migratory cycles suggested for coastal cutthroat trout by
Northcote may be considerably more complex than those proposed for anadromous Dolly Varden
in Alaska by Armstrong and Morrow (1980) and Bernard et al. (1995). Armstrong and Morrow
(1980) hypothesized that Dolly Varden may follow two basic migratory pathways. The first
pathway applies if the fish spawn in a watershed with a lake: they simply move in the spring to
the marine environment and in the fall to a lake in their natal watershed. They feed during the
summer in the marine environment and overwinter (and eventually spawn) in the natal
watershed. The second pathway occurs if the natal watershed lacks a lake. In this case, the fish
follow the first pathway until the fall, when they must find a nonnatal watershed with a lake for
overwintering. They return to the natal watershed only to spawn and must leave after spawning
to return to the lake in their nonnatal watershed. Bernard et al. (1995) suggested these pathways
may be oversimplified, and argued that some fish (14-58% in their study) may overwinter at sea
for at least 1 year.

Mechanisms of life-history expression

For any organism, life-history diversity represents both opportunities for and constraints
to adaptive evolution. An organism’s life history is its repertoire of attributes affecting its fitness
(Roff 1992, Stearns 1992), what Williams (1966) called its “design for survival.” These
attributes are those affecting development, growth, dispersal, and reproduction, including traits
such as fecundity, offspring size, migratory propensity, size and age at maturity, and
reproductive schedule. The high degree of genetic differentiation (at presumably neutral genes)
among some coastal cutthroat trout populations demonstrates that there is also ample opportunity
for local adaptations to arise. The complexity of life-history variation in coastal cutthroat trout
undoubtedly reflects in part such adaptations, but major life-history trait variations also can occur
due to genetic drift in isolated populations or in those founded by few individuals. Under-
standing the underlying basis of variation in life-history traits is necessary in order to make
predictions about the responses of coastal cutthroat trout populations to changes in their
environment.

Life-history traits, like most quantitative traits, are thought to reflect expression of several
(perhaps very many) genes, many of which have small effects on the phenotype (Falconer 1989).
The form of gene expression can be very complex; in addition, life history traits are typically
sensitive to environmental as well as genetic influences (Hard 1995). The observation that
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heritabilities of life-history traits in fishes are generally low has been used to infer that genetic
variation is lower for these traits than for other quantitative traits (Kirpichnikov 1981, Allendorf

et al. 1987, Tave 1993, Hard and Hershberger 1995), possibly owing to past selection. However,
because it is a relative measure, low heritability may reflect high environmental variance more
than low genetic variance (Price and Schluter 1991); therefore, life-history traits may have
substantial genetic variance and can still respond rapidly to selection. Consequently, life-history
variability can represent a potentially enormous store of genetic resources in a population.

The range of total phenotypic variation observed in a population is due to the net effects
of genotypic and environmental variation and the interaction between genotypes and their
environment (Falconer 1989). Understanding the underlying causes of phenotypic variation is
important for predicting individual and population-level responses to changes in the selective
environment. At one extreme, phenotypic variation in a population could be due entirely to
genetic variation—that is, novel phenotypes each are associated with a novel genotype. At the
other extreme, phenotypic variation could be purely a reflection of variation in environmental
conditions, with absolutely no genetic variation existing among individuals. In this latter
scenario, a population fixed for a particular genotype could still exhibit a broad phenotypic
distribution because of high levels of spatial or temporal environmental variation experienced by
individuals. Phenotypic variation resulting from the range of phenotypic responses from a
particular genotype under different environmental conditions is called “phenotypic plasticity”
(Stearns 1989, Via 1993). The actual underlying control of the variation observed in many
phenotypic traits is likely to be a combination of these two scenarios.

Regardless of the mechanisms producing phenotypic variation in a population, changes in
the environment will result in a shift in the range of observed phenotypes in a population.
However, the expected longer-term response of a population to environmental change will be
greatly influenced by the underlying control of phenotypic variation. If the range of phenotypic
variation observed in a population is due to genetic variation, changes in the environment would
result in a shift in the observed phenotypic distribution because certain genotypes would be
favored over others. In such a case, the range of phenotypes that could be produced in the future
is reduced during every generation of selection. Alternatively, a population whose phenotypic
variation is due to phenotypically plastic responses of genotypes to environmental variation can
continue to produce a broad array of phenotypes generation after generation.

Phenotypic plasticity can be a less costly means of increasing a population’s phenotypic
repertoire without the genetic costs incurred by polymorphism and appears to be favored in
environments that are highly variable, either spatially or temporally (Bradshaw 1965, Via 1987).
However, the evolutionary benefit afforded by phenotypic plasticity depends in part on how
reliably organisms can “anticipate” environmental change (Bradshaw 1986): if organisms cannot
produce an appropriate phenotype in response to an environmental challenge, plasticity provides
no advantage over genetic polymorphism as a mechanism for maintaining phenotypic variation.

Phenotypic plasticity may manifest itself as the “flexibility” in life history that an
individual might express over the course of its life cycle. Such flexibility probably involves
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more than simple behavioral or physiological adjustment to environmental variation. This
plasticity should be most pronounced when the temporal variability in the environment within
generations is greater than that between generations. But the effect on the phenotypic response
of individual genotypes also depends on the degree of spatial environmental heterogeneity,
which tends to lead to higher specialization if the spatial component is large and the within-
generation temporal component is small (Lynch and Gabriel 1987). For coastal cutthroat trout,
some evidence supports the existence of “generalist” life-history phenotypes, which could arise
rapidly if both spatial and temporal heterogeneity in the environment are substantial.

There is evidence that at least some individual coastal cutthroat trout adopt a complex
(and perhaps plastic) migratory strategy. For example, an individual might spend several years
in a nonmigratory or freshwater migratory phase before migrating to seawater for a period of up
to a few months, return to fresh water to spawn or overwinter, and then repeat this cycle (or a
variation of it) one or more times (see Giger 1972, Tomasson 1978, Fuss 1982). This diversity
expressed by individual fish may represent several possible responses to environmental
conditions, options that are rare in Pacific salmon. Why? It is possible that Pacific salmon
exhibit fewer migratory behaviors because reproductive options are limited, especially after
smoltification (Thorpe 1987).

There are a number of possible adaptive explanations for the observed range of
phenotypic variation in life history traits in coastal cutthroat trout. Behavioral or physiological
adjustment (including dispersal or migration) that allows individuals to cope with environmental
variation probably occurs to some degree. The success of such adjustments is typically highest
when environmental variation is relatively weak and/or the spatial scale of environmental
variation is small relative to the scale over which dispersal occurs. Selection also may favor a
form of “bet hedging” when individuals must spread their reproductive risk (den Boer 1968,
Stearns 1976) by producing a wide array of offspring phenotypes, only a fraction of which might
be able to cope with the environment they encounter (Kaplan and Cooper 1984, Bull 1987). This
tactic has a high cost, however, and is expected to be favored only in highly unpredictable
environments (Hard 1995). For salmonids like coastal cutthroat trout that show mixed migration
strategies, Jonsson and Jonsson (1993) suggested that in a single mating parents may produce
offspring with different migratory strategies, but this has not been confirmed experimentally for
coastal cutthroat trout.

The observed complexity in life-history traits in coastal cutthroat trout likely reflects (at
least in part) unique adaptations to local environments—attributes that are important to the
diversity of an ESU. Another significance of this complexity may be to provide populations with
a fundamental means of coping with environmental change. In fact, the extent of this variation
in systems in which migratory fish are present may also constitute our most reliable indicator of
population resilience and ESU status. For example, anecdotal evidence for several river basins
points to relatively healthy nonmigratory coastal cutthroat trout populations but weak or
declining anadromous populations, which strongly suggests that saltwater migratory—and even
freshwater migratory—coastal cutthroat trout within the same river basin can experience selective
regimes that are markedly different from their nonmigratory counterparts. However, the
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consequences of this disparity in population trends depend heavily on the extent to which this
life-history variation is genetically controlled. Unfortunately, we are unaware of any information
that bears directly on the genetic basis of life-history variation in any coastal cutthroat trout
population.

Life-History Stages

Spawning

Anadromous cutthroat trout spawning typically starts in December and continues through
June, with peak spawning in February (reviewed in Pauley et al. 1989, Trotter 1989). In
California, spawning is reported to begin in November, with peak spawning in late December in
larger river basins and late January and February in the smaller coastal rivers and streams (e.g.,
Howard and Albro 1995, 1997; Gale 1996, 1997; Taylor 1997). Redds are primarily built in the
tails of pools in streams with low stream gradient and low flows, usually less tha#9.3 m
during the summer (Johnston 1982). The size of coastal cutthroat spawning streams is well
summed up by R. Dimick, founder of Oregon State University’s Department of Fisheries and
Wildlife: “You can step across a cutthroat spawning stream, but you have to jump a steelhead
stream” (C. Bond)).

Generally, spawning occurs upstream of coho salmon and steelhead spawning zones,
although some overlap may occur (Lowry 1965, Edie 1975, Johnston 1982). It is believed that
this choice by coastal cutthroat trout of spawning sites in small tributaries at the upper limit of
spawning and rearing sites of coho salmon and steelhead has evolved to reduce competition for
suitable spawning sites and reduce competitive interactions between young-of-the-year coastal
cutthroat trout and other salmonids. Reduction of juvenile competition may be particularly
important at this early life-history stage, as coastal cutthroat trout typically emerge later and at a
smaller size than fry of these other species (Johnston 1982, Griffith 1988). These spatial
separations may limit hybridization between coastal cutthroat trout and rainbow trout or
steelhead. In many drainages where rainbow and coastal cutthroat trout coexist, a slight
difference in spawn timing between the two species is believed to reduce the opportunity for
hybridization (Cramer 1940, DeWitt 1954, Sumner 1972, Glova and Mason 1977, Johnston
1982). However, as discussed in “Hybridization between cutthroat tro@.angkiss (p. 76),
hybridization between coastal cutthroat and rainbow trout has been documented in a variety of
locations throughout Washington, Oregon, and California where spawning areas and time of
spawning overlap (Campton and Utter 1985, Hawkins 1997, Taylor 1997; see also “Genetic
Information,” p. 70).

Cutthroat trout are iteroparous, and the incidence of repeat spawning appears to be higher
than in steelhead (Sumner 1953, Giger 1972, Busbhy et al. 1996). Some fish have been

8 C. Bond, Department of Fisheries and Wildlife, Oregon State University, Corvallis, OR 97331-
3803. Pers. xommun. to O. Johnson. February 1994
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documented to spawn each year for at legstass (Giger 1972), although some do not spawn
every year (Tomasson 1978) and some do not return to seawater after spawning but instead
remain in fresh water for at least a year (Giger 1972, Tomasson 1978). In general, coastal
cutthroat trout exhibit considerable variation in age and size at maturity. Nonmigratory coastal
cutthroat trout typically mature at an early age (2 to 3 years) whereas sea-run cutthroat rarely
spawn before age 4 (Trotter 1991). Larger fish, because of their size, can obtain the best
spawning sites and produce larger eggs (Trotter 1997). In two British Columbia lakes, Jonsson
et al. (1984) found significant differences between sexes, with mature females significantly
larger than mature males. Furthermore, the sex ratio of upstream migrant coastal cutthroat trout
shows a preponderance of females in the migrants (Sumner 1953; Jones 1974, 1975; Wenburg
1998). This observation, combined with anecdotes about large “sea-run” females spawning with
small “cryptically colored” males (discussed in “Patterns of Life-History Variation,” p. 40),
suggest that male coastal cutthroat trout may possess the alternative reproductive tactic of
precocious maturation, similar to coho salmon (Gross 1984) or brown trout (Jonsson 1985).
Although large males tend to be the principal spawners in most populations, small males can dart
in and fertilize some of the eggs. This tactic could be particularly successful for coastal cutthroat
trout because they spawn in small streams that often have numerous places for a small male to
hide near a spawning pair (Jonsson et al. 1984). When large migrant males are absent, small
males may become principal spawners (Jonsson 1985).

Spawners may experience high postspawning mortality due to weight loss of as much as
38% of prespawning mass (Sumner 1953) and other factors (Cramer 1940, Sumner 1953, Giger
1972, Scott and Crossman 1973). Sitill, in one Oregon stream, over 39% of one year’s spawning
population returned to spawn the next year, 17% for the third year, and 12% for the fourth year
(Sumner 1953). However, in another stream with an intense sport fishery, only 14% returned to
spawn in the second year (Giger 1972).

Cutthroat trout are among the salmonids most vulnerable to overharvest by angling
(Gresswell and Harding 1997) (see “Assessment of Extinction Risk,” p. 135), especially during
postspawning outmigrations to summer feeding areas. This relatively heavy harvest mortality on
repeat spawners has been a concern of biologists in the Pacific Northwest for many years (Giger
1972, Johnston 1982, Gresswell and Harding 1997), especially as first-year coastal cutthroat
spawners often have fewer and poorer quality eggs than do repeat spawners (). Hunter

Incubation and emergence

Eggs begin to hatch within 6-7 weeks of spawning, depending on temperature; alevins
emerge as fry between March and June, with peak emergence in mid-April (Giger 1972, Scott
and Crossman 1973). At emergence, fry quickly migrate to channel margins and backwaters,
where they remain throughout the summer (Glova and Mason 1976, Moore and Gregory 1988).
Coastal cutthroat trout are found in streams with channel gradients that vary from low (< 2%) to

°J. Hunter, WDFW, 600 Capitol Way N., Olympia, WA 98501-1091. Pers. commun. to O.
Johnson. June 1998.
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moderate (2-3%) or steep (> 4%), with narrow widths (0.7-3.0 m) (Hartman and Gill 1968, Edie
1975, Glova 1978, Moore and Gregory 1988, Jones and Seifert 1997), and often in small
watersheds with drainage areas under 13(ktartman and Gill 1968).

There is some disagreement in the literature regarding the preferred habitat type of
coastal cutthroat trout fry. When they are the only salmonid in the stream, age-0 coastal
cutthroat trout are more abundant in pools, but use riffles and glides as well (Glova 1984). In
contrast, in sympatry with coho salmon fry and sculpins, coastal cutthroat trout are fairly evenly
distributed between all three habitat types (Glova 1978, 1987). The reduced use of pools while
in sympatry has been interpreted as evidence that coastal cutthroat trout are relegated to riffles by
socially dominant coho salmon (Glova 1978, 1984; Johnston 1982; Trotter 1997). Other authors
have found that underyearling coastal cutthroat trout select the shallower and faster waters in
riffles (June 1981, Bisson et al. 1982, Bisson and Sedell 1984, Mitchell 1988) but may reduce
their use of this habitat type in the presence of steelhead (Bisson et al. 1982). In winter, coastal
cutthroat trout move to pools near log jams or overhanging banks (Bustard and Narver 1975).

Juvenile movements

Coastal cutthroat trout parr generally remain in upper tributaries until they are 1 year of
age, when they may begin moving more extensively throughout the river system. Once these
movements begin, it is difficult to determine whether fish caught in upstream or downstream
traps are parr making a freshwater migration, or smolts on a seawater-directed migration; many
unpaired coastal cutthroat trout of similar size caught in these traps have characteristics of either
life-history stage or intermediate characteristics (Tomasson 1978, Fuss 1982). In Oregon, Lowry
(1965) and Giger (1972) found that downstream-directed movement by juveniles in the Alsea
River system began with the first spring rains, usually in mid-April with peak movement in mid-
May. Giger (1972) also reported that some juveniles entered the estuary and remained there over
the summer but apparently did not smolt or migrate to the open ocean. He was unable to
determine how many of these “parr” continued moving seaward and how many remained in the
estuaries. Such movement further confounds the difficulty in separating nonanadromous
downstream migrations from seaward migrations.

In Oregon, Washington, and British Columbia, upstream movement of juveniles with parr
marks from estuaries and mainstems to tributaries began with the onset of winter freshets during
November (Giger 1972, Moring and Lantz 1975, Cederholm and Scarlett 1982, Hartman and
Brown 1987, Garrett 1998) and continued through the spring, frequently peaking during late
winter and early spring (Cederholm and Scarlett 1982, Hartman and Brown 1987, Garrett 1998).
Many of these yearling fish averaged less than 200 mm in length (Moring and Lantz 1975,
Garrett 1998) and were found in streams that ran through ponds or sloughs (Hartman and Gill
1968, Garrett 1998).
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Smoltification and seawater entry

Smoltification involves a number of behavioral, morphological, and physiological
changes that prepare juvenile salmonids for their trophic migration to the sea (Fontaine 1975,
reviewed in Clarke and Hirano 1995). Some authors consider the transformation of juvenile
salmon from freshwater parr to seaward-migrating smolt as a “metamorphosis” (Wald 1958). An
essential part of smoltification is an increase in euryhalinity, which allows the smolt to live in
salinities varying from fresh water to full-strength seawater. For Pacific salmon and steelhead,
the biochemical transformation during smoltification has been well studied (Clark and Hirano
1995), and several “smoltification indices” have been developed (e.g., Zaugg and McLain 1970,
1972; Zaugg and Wagner 1973; Folmar and Dickhoff 1980, 1981; Zaugg 1981). Visually,
smoltification is characterized by morphological changes in color and body shape. The first
change is most obvious: smolts lose their juvenile parr marks (oval-shaped and darkly
pigmented melanin bars on the lateral surface) and take on a silvery sheen caused by the
accumulation of guanine and purine in the scales and superficial dermal layers of the skin.
Secondly, the weight-to-length ratio declines, resulting in a more streamlined body shape.

No studies have been conducted to develop a biochemical “smoltification index” for
coastal cutthroat trout. Furthermore, some coastal cutthroat trout migrate to estuaries in the
spring and, at least on the Oregon coast (Giger 1972, Sumner 1972, Tomasson 1978) and in the
Cowlitz River on the Lower Columbia River (Tipping 1981), will remain in the estuary
throughout the summer, returning to fresh water in the fall. In the Rogue River, Tomasson
(1978) concluded from chemical analysis of scales that coastal cutthroat trout did not enter the
open sea, but remained in the estuary throughout the summer. Tomasson (1978) speculated that
sea-run Rogue River coastal cutthroat trout may remain in the estuary to avoid predation by
steelhead called “half-pounders” that do not conduct long oceanic migrations, instead residing
during the summer in the nearshore ocean where sea-run cutthroat trout usually occur. Still, all
fish that enter and reside in an estuary for several months need to be able to adapt to varying
concentrations of salt water, especially during summer months when freshwater flow and runoff
IS minimal.

Some coastal cutthroat trout do undergo complete smoltification, and these fish have been
best identified from open ocean samples. Loch and Miller (1988) and Pearcy et al. (1990) both
report capturing sea-run cutthroat trout as far as 66 km offshore that lacked the marking of sea-
run O. c. clarkicaught in estuaries. The fish caught in the open ocean were “very silvery, and
could only reliably be distinguished from steelhead by the presence of basibranchial teeth”
(Pearcy 1997).

Researchers have found that coastal cutthroat trout that enter the sea generally do so after
2-4 years in the freshwater environment (Sumner 1962, Lowry 1965, Giger 1972, Michael 1980,
Fuss 1982) (Table 4, Fig. 14). (Notable exceptions to this are summarized in studies from Alaska that
indicate a majority of the emigrants are between 4 and 6 years of age at initial seawater entry
(Armstrong 1971, Jones 1978) (Table 4, Fig. T@me of initial seawater entry of smolts bound
for the ocean generally occurs between March and July (Table 4, Fig. 15), varies by locality, and
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may be related to marine conditions or food sources (Sumner 1953, 1972; Lowry 1965, 1966;
Giger 1972; Johnston and Mercer 1976; Trotter 1989). In California, smolt emigration typically
begins in March and continues through June and July, with peak migration in April and May
(Redwood National Park 1983, 1988-1993, 1997, 1998; Brown 1988; Mitchell 1988; Lintz and
Noble 1990; Lintz and Kisanuki 1991; Shaw and Jackson 1994; Gale 1996, 1997; Simondet
1997; Voight and Hayden 1997). In Washington and Oregon, entry begins as early as March,
peaks in mid-May, and is essentially over by mid-June (Sumner 1953, 1972; Lowry 1965; Giger
1972; Moring and Lantz 1975; Johnston 1982). In Alaska, the migration begins in April and
peaks in late May or early June (Baade 1957, Armstrong 1971, Jones 1976), although two
additional surges may occur in mid-June and mid-July. Jones reported that the mid-June surge
was composed of outmigrating coastal cutthroat trout over 250 mm and indicated “these were not
believed to be initial migrant smolts.” Jones (1976) also found that the average size of
outmigrants in a mid-July migration peak at Petersburg Creek in Alaska was less than 200 mm
(Table 4). This run occurred at night on moderate stream flows and stopped during extreme high
or low stream flows.

It has been suggested that seaward migration of smolts to more protected areas (e.g.,
Puget Sound or the Columbia River) occurs at an earlier age and smaller size than migration to
more exposed areas (e.g., the outer Washington coast) (Johnston 1982). Johnston (1982) also
reported that in Puget Sound and the Columbia River smolts make their first migration at age 2,
at a mean size of about 160 mm (Table 4). On the California, Oregon, and Washington coasts,
coastal cutthroat trout make their initial seawater migration between ages 2 and 3, with a few
age-4 migrants of mean sizes ranging from 150 to 255 mm (Lowry 1965; Giger 1972; Sumner
1972; Fuss 1982; Redwood National Park 1983, 1988-93; USFS 1995). However, studies on age
and size at initial seawater entry are rare (Table 4, Figure 14; see also Table C-2 in Appendix C
for additional life-history data acquired after the final BRT meeting), and ages or lengths at
initial entry are often back-calculated using scales from returning adults in creel surveys
(Knudsen 1980). These back-calculations are difficult and may often be inaccurate (Knudsen
1980). While Johnston’s hypothesis (1982) is plausible, more studies are needed to confirm its
validity. The oldest recorded initial age of seawater entry was a 6-year-old 280-mm fish from
the Alsea River in Oregon (Giger 1972).

Estuary and ocean movement/migration

Coastal cutthroat trout that enter nearshore waters reportedly move moderate distances
along the shoreline but do not cross large bodies of open water (e.g., Jones and Seifert 1997,
Pearcy 1997). Sumner (1953, 1972) reported that, in the Nestucca River and Sand Creek,
Oregon, coastal cutthroat trout moved from stream to stream for more than 68 km. Studies by
Giger (1972) in Oregon and Jones (1973, 1974, 1975) in Alaska indicated that coastal cutthroat
trout, whether initial or seasoned migrants, remained at sea an average of only 91 days, with a
range of 5 to 158 days. In these studies, the majority of coastal cutthroat trout seemed to migrate
in similar patterns from year to year, rarely crossed bodies of water more than 8 km in width, and
closely followed shorelines, sometimes for up to 71 km. Jones and Seifert (1997) radio-tagged
coastal cutthroat trout in Auke Lake and Lake Eva in southeastern Alaska to monitor their
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movement. These fish traveled a maximum of 52 and 26 shoreline km, respectively, but did not
cross extensive open-water channels.

However, these shoreline migratory patterns may not represent the behavior of all coastal
cutthroat trout. For example, two fish captured and tagged offshore migrated much further
distances (Pearcy et al. 1990): One fish, released near Cape Disappointment on the northern
Oregon coast, was recovered in the Umpqua River, 290 km to the south; another fish released off
Yaquina Head was recovered 43 days later in the Siuslaw River, 72 km to the south. Pearcy
(1997) argued that these and other data (e.g., Giger 1972, Pearcy and Fisher 1988) suggest that
sea-run cutthroat trout along the Oregon coast may swim and/or be transported with the
prevailing currents long distances during the summer.

It is not clear how far offshore coastal cutthroat trout migrate. Most researchers have
found that the subspecies remains in nearshore waters. Sumner (1953, 1972) reported that
coastal cutthroat trout were routinely caught up to 6 km off the mouth of the Nestucca River.
Jaenicke and Celewycz (1994) did not catch any cutthroat trout using offshore purse seines in
southeastern Alaska, but these fish were captured with beach seines inshore of the same area
(Pearcy 1997).

The hypothesis that coastal cutthroat trout will not cross large bodies of open water may
not hold true near the Columbia River plume. In offshore sampling studies with fine-meshed
purse seines, coastal cutthroat trout were captured between 10 and 46 km offshore (Dawley et al.
1978, 1979, 1980; Loch and Miller 1988; Pearcy et al. 1990). These fish may have been carried
out to sea in the freshwater plume of the Columbia River, or they may have moved offshore in
search of prey. As previously discussed, these fish were silvery in color, lacking the spotting of
their nonmigratory or estuarine counterparts, and could only be distinguished from steelhead by
the presence of basibranchial teeth (Pearcy 1997). These reports might imply that sea-run
cutthroat trout are more common offshore than previously reported but are often misidentified as
steelhead.

The relatively brief exposure of sea-run cutthroat trout to seawater, compared to other
anadromous salmonids, should not necessarily be construed as an indication that the marine
phase of the life cycle is less important for sea-run cutthroat trout. The relative importance of the
marine phase may vary among populations, at least on relatively large geographic scales,
depending on conditions in estuaries and nearshore habitats (Reeves et al. 1997). In some coastal
cutthroat trout populations, only a small proportion of the individuals may be anadromous
(DeWitt 1954, Gerstung 1997), a condition also foun@imerkaandO. mykisdut rare in other
Pacific salmonid species. Thus, although the marine phase can be very important to sea-run
cutthroat trout in enhancing opportunities for growth and dispersal to neighboring drainages, the
freshwater phase may be relatively more important for juvenile growth and survival in sea-run
cutthroat trout than for other anadromous salmonids, at least in some populations where estuaries
are small or nearshore habitat is limited.
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Adult freshwater migrations

Coastal cutthroat trout may return to freshwater feeding/spawning areas from late June
through the following April (Table 5, Fig. 15, and Table C-2). Re-entry timing has been found to
be temporally consistent from year to year within streams, but varying widely between streams
(Giger 1972). As in other species of anadromous salmonids, entry to large rivers seem to occur
consistently earlier than to shorter coastal rivers (Giger 1972, Johnston and Mercer 1976,
Johnston 1982). In small streams, such as Carnation Creek in British Columbia, Minter Creek in
Washington, and Sand Creek in Oregon, peak returns occur in December and January, and fish
may continue to return through March (Sumner 1953, Anderson and Narver 1975, Johnston
1982). These streams usually have low flows (< G/6)mSumner (1953) found fall-winter
movements in Sand Creek, first with large adults (up to 10 years old), followed by smaller (<25
cm) mature freshwater migrants coming from the lower reaches of the estuary. In the Nestucca
River, Sumner reported a late reproductive migration in early to mid-May, with large ripe
females in rivers as late as June.

In large river systems within Washington and Oregon (such as the Stillaguamish,
Columbia, Cowlitz, Alsea, and Umpqua rivers), coastal cutthroat trout return migrations usually
begin as early as late June and continue through October, with peaks in late September and
October (Lavier 1963; Bulkley 1966; Hisata 1971, 1973; Duff 1972; Giger 1972; Wright 1973;
Tipping and Springer 1980; Tipping 1981, 1986; ODFW 1993a). On the Alsea River, for
example, Giger (1972) reported that the earliest known entrance dates of sea-run cutthroat trout
into the Alsea River between 1965 and 1970 ranged from June 23 to July 21. Giger also noted
that these first fish were the “forerunners of larger runs which peaked at later dates” and that
“smaller numbers of fish were known to enter as late as early October” (Giger 1972, p. 11). He
also suggested that the early run of fish in the Alsea River may consist of older fish, with first-
time spawners making up the later October-November run. Similarly, in the Umpqua River,
Oregon Department of Fish and Wildlife (ODFW) biologists (ODFW 1993a) reported that
coastal cutthroat trout at Winchester Dam historically began upstream migrations in late June and
continued to return through January (Fig. 15), with bimodal peaks in late July and October.

In California rivers with year-round access to the Pacific Ocean, adult immigration
typically begins in late July and continues through December, with peak migration in September
and October (CDFG 1980-89; Voight and Hayden 1997; McCain unpubl. data; Gale 1996, 1997,
Simondet 1997). In smaller California rivers and coastal lagoons with seasonal river sand bars
that block access to the ocean, adult immigration begins with the first opening of the sand bar
(usually with the first large freshet in November or December) and continues through March,
with peak migration typically in January and February (Redwood National Park 1983, 1988-93;
Taylor 1997).
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Straying and refuge or feeding migrations versus reproductive straying

Few tagging studies of coastal cutthroat trout (e.g., Giger 1972; Jones 1975,1976; Jones
and Seifert 1997) address the question of straying rates. Studies that have been conducted often
use hatchery fish (Giger 1972), whose behaviors may differ from natural fish. Most studies are
also confounded by the difficulty in distinguishing overwinter nonreproductive migrations from
spawning migrations (Jones 1975, 1976; Jones and Seifert 1997).

In tagging studies on Petersburg Creek in southeastern Alaska, Jones (1975, 1976)
reported that many tagged natural fish wandered to nearby streams during their first year’s return
to fresh water. As second-year migrants, a much higher proportion of tagged fish were captured
in their home stream. Overall, Jones (1976) found that less than 50% of initial returning
migrants were sexually mature and suggested that first-year fish found wandering to nonnatal
rivers were on feeding runs.

From 1966 to 1970, Giger (1972) conducted more than 23 separate releases of marked
Alsea River hatchery fish into the Nestucca, Alsea, and Siuslaw rivers in Oregon. A planned
comparative study with natural fish could not be assessed because of low numbers of
outmigrants tagged and tag losses at sea. Unfortunately, most of the data collection occurred in
the same year or the year following the release, and it is not possible to tell whether these were
true strays or juveniles on feeding or refuge migrations. However, extensive data were collected
and analysis reveals a complex pattern of coastal cutthroat trout movement among these three
rivers. Apparent directional straying southward along the coast was found in four of the five
years studied. Giger attributed the directionality in straying to marine conditions such as ocean
currents rather than to behavioral characteristics. He also suggested the straying may result from
poor imprinting on rivers where the fish are released due to the speed of out-migration after
release. The average percentage of fish straying varied from 0% (Siuslaw to Nestucca rivers) to
18.4% (Alsea to Siuslaw rivers). The greatest magnitude of straying for a single release (out of a
total of 23 separate release groups) was for a May 1967 Alsea River release from which nearly
30% of the fall returns were taken in the Siuslaw River fishery.

Like Jones (1976), Johnston (1982) suggested that sexually immature first-year migrant
coastal cutthroat trout may conduct feeding runs to nonnatal rivers. Johnston also proposed that
the fish will home to natal streams the following year, when a larger proportion are sexually
mature.

Interactions of Coastal Cutthroat Trout with Other Salmonids

Studies of the fossil record and natural distributions of Pacific salmon and trout suggest
that coastal cutthroat trout may have been the first salmonid to colonize the western United
States (Behnke 1992). Many coastal cutthroat trout populations became well established before
other species of salmonids were abundant, and they remained isolated from these other species
for thousands of years (Behnke 1979, 1992; Johnston 1982). As an example, the only native fish
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historically present with the Yellowstone cutthroat trout in Yellowstone Lake, Wyoming, was the
longnose daceRhinichthys cataractggGresswell and Varley 1988). In another example, only
eight other fish species historically occurred in the Lahontan Basin in Nevada and California
along with the Lahontan cutthroat trout (Behnke 1992).

Because of this isolation, many interior species of cutthroat trout never competed with
other salmonid species, and introductions of other salmonids (primarily rainbow trout) into the
American west resulted in a dramatic decline of many interior cutthroat trout populations
(Greswell 1988, Behnke 1992). This decline occurred in part through habitat modification and
destruction (e.g., Clancy 1988), but is primarily attributed to interspecific interactions such as
introgressive hybridization (Behnke 1992; Allendorf and Leary 1988), predation (reviewed in
Marnell 1988), and competition (Griffith 1988).

It is worthwhile noting that one study (Platts 1974) found that westslope cutthroat trout
density peaked at a channel gradient of about 10%, a steeper gradient than is associated with
peak densities of bull trout, rainbow trout, or brook tr@&lyelinus fontinalis Platts suggested
that the cutthroat trout in this study represented populations in gradients least preferred by other
salmonids.

Coastal cutthroat trout are believed to have been less severely affected by these
interspecific interactions because they evolved in close contact with other salmonids. Coastal
cutthroat trout have developed a variety of habitat-partitioning techniques and life histories, all of
which may reduce competition with other species and help reduce opportunities for hybridization
(Johnston 1982, Campton and Utter 1987, Griffith 1988).

Cutthroat trout have been documented to change their behavior in the presence of other
salmonids such as steelhead/rainbow trout (reviewed in Griffith 1988), char (Andrusk 1968,
Andrusak and Northcote 1970, Northcote 1995) and coho salmon (Glova 1984, 1986). In studies
where cutthroat and rainbow trout or steelhead occupied the same watersheds, cutthroat trout
have been found primarily in the headwater tributaries, while steelhead and rainbow trout
occupied the larger river reaches (Hartman and Gill 1968, Edie 1975, Hanson 1977, Jones 1978,
Nicholas 1978a, Johnson et al. 1986). Nicholas (1978a) also found that cutthroat trout in western
Oregon streams grew more slowly and matured at an earlier age than did sympatric rainbow
trout. Cutthroat trout also spawned earlier in the spring and in smaller or different tributaries
than did rainbow trout. Nicholas believed this resource partitioning reduced the opportunity for
hybridization and helped maintain the integrity of the cutthroat trout populations.

In a study of lacustrine populations, Nilsson and Northcote (1981) found that coastal
cutthroat trout showed changes in behavior, prey, and growth in the presence of rainbow trout.
In laboratory studies, the rainbow trout were consistently more aggressive and quickly killed
coastal cutthroat trout when paired together. However, the two species successfully coexisted in
natural lake environments (Nilsson and Northcote 1981).
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Dolly Varden and bull trout have also evolved sympatrically with coastal cutthroat trout
in the Pacific Northwest (Brown 1992). Like coastal cutthroat trout, these char may use a variety
of habitats, including lakes, marine areas, rivers, ponds, and headwater tributaries. However,
these species seem to be partitioned by a temperature gradient, and char are seldom found in
streams with summer temperatures exceeding 18°C (Allan 1980, Shepard et al. 1984). In
northern Puget Sound tributaries, Dolly Varden apparently also spawn and rear higher in
headwater tributaries than do coastal cutthroat trout. Kraemeggests this is due to an
8°C spawning threshold for Dolly Varden. In Washington, Wydoski and Whitney (1979) report
Dolly Varden spawning activity was most intense at 5°C to 6°C. Studies of Dolly Varden and
coastal cutthroat trout occurring together in lakes have generally concluded that, in competitive
situations, the char tend to be excluded from the upper water column and feed on benthic prey
while coastal cutthroat feed on surface prey (Andrusak and Northcote 1971, Schutz and
Northcote 1972).

Juvenile coho salmon have also been shown to be dominant over juvenile cutthroat trout
in field (Giger 1972, Glova 1984) and laboratory studies (Glova 1986, Sabo and Pauley 1997).
However, in both kinds of studies, coho salmon were dominant only when they were larger than
cutthroat trout (Sabo and Pauley 1997). In the absence of larger coho salmon, cutthroat trout
prefer to rear in pools (Giger 1972). When coho salmon are present, they virtually always
dominate cutthroat trout fry because the juvenile coho salmon emerge from redds earlier and are
large (Giger 1972, Sabo and Pauley 1997). Cutthroat trout juveniles then move to less-preferred
lower-gradient riffle areas, where they remain until winter flows force changes because of
displacement (Glova 1984, 1987; Glova and Mason 1977).

At least one subspecies of interior cutthroat trout has evolved sympatrically with other
Pacific salmonid species; westslope cutthroat trout and rainbow trout/steelhead coexist in the
Snake River Basin (Hanson 1977). In a study of abundance and distribution of the two species,
Hanson (1977) found that in drainages where both occurred, cutthroat trout occupied upper
portions of the stream ar@l mykisghe lower portions. Hanson also determined that age-0
steelhead were larger than age-0 cutthroat trout and displaced previously established age-0
cutthroat trout, but that the smaller cutthroat trout could not displace steelhead. Hanson
suggested there is “interactive segregation” of the co-occurring species despite—or because of—
their apparent coexistence for thousands of years.

The effect of these interactions is not clearly understood and may differ depending on a
variety of factors. Although cutthroat trout may be competitively excluded from preferred
rearing habitats by larger coho salmon (Glova 1984, 1986, 1987) and steelhead (Hartman and
Gill 1968), it has been suggested that in some cases this interaction may be positively correlated
to anadromous cutthroat trout abundance. In Cummins Creek, which is contained within a
wilderness area on the Oregon coast, cutthroat trout seem to grow more slowly and fewer smolts
outmigrate in years with poor coho salmon runs. Coho salmon may consume some age-0
cutthroat trout, but it has been suggested that this may allow the remaining cutthroat trout to

11 C. Kraemer, WDFW, 16018 Mill Creek Blvd., Mill Creek, WA 98012-1296. Pers. commun. to O.
Johnson. July 1998.
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grow faster and result in better survival of anadromous cutthroat trout populations
(T. Nickelsoni?).

Temperature Tolerance in Coastal Cutthroat Trout

Coastal cutthroat trout are exposed to a wide range of water temperatures across their
distribution and, relative to other salmonids, little information on their habitat requirements is
available (Hunter 1973, Golden 1975, Bjornn and Reiser 1991). Still, like other salmonids,
coastal cutthroat trout have evolved to take advantage of temperature regimes in their home
ranges. When abrupt changes occur in water temperatures or other physical factors, the fish
usually compensate by seeking refugia, but changes from the normal pattern can reduce their
survival (Golden 1975, Bjornn and Reiser 1991).

In several studies (Hunter 1973, Golden 1975, Behnke and Zarn 1976, Behnke 1992),
cutthroat trout, like other salmonids, were not usually found in water temperatures higher than
22°C, although they could tolerate temperatures as high as 26°C for brief periods. Typically,
adult fish appeared stressed when water temperatures rose above 22°C. At 28°C to 29°C the fish
lost equilibrium and died, even if temperatures were gradually increased 1-2°C per day (Behnke
and Zarn 1976). Juvenile cutthroat trout preferred water temperatures around 15°C. They also
lost equilibrium and died between 28°C and 30°C (Heath 1963). A literature review by Bell
(1986) reported lower and upper lethal temperatures of 0.5°C and 23°C for coastal cutthroat
trout. Optimum temperatures for spawning ranged from 6.1°C to 17.2°C and for egg incubation
from 4.4°C to 12.7°C.

Golden (1975) conducted experiments specifically on coastal cutthroat trout to determine
the effects of fluctuating temperatures on lethal tolerance limits. He found acclimation
significantly affected survival in the subspecies. Fish acclimated to temperatures of 13 to 23°C
had lower survival rates when exposed to high temperatures than did fish acclimated only to
23°C or to temperatures ranging from 13 to 25°C. He also found that fish acclimated to both the
23°C and 13 to 23°C temperatures could withstand exposures to large diel cycles of up to 13 to
27°C daily variation with 10% or less mortality over 7 days.

Dwyer and Kramer (1975) calculated metabolic rates and scope for activity for an interior
subspecies of cutthroat trout from a hatchery in Logan, Utah. In their experimental fish, active
metabolism and the scope for activity was greatest at 15°C and lowest at 5°C. There was also a
metabolic decline at 24°C, which the authors concluded is near the upper lethal temperature for
this subspecies of cutthroat trout.

Temperature tolerance is difficult to study. Behnke (1992) described redband trout
(O. mykiss newberiiin eastern Oregon that seem to have adapted over thousands of years to
high water temperatures. He reported that these fish actively feed and apparently thrive in waters

12T, Nickelson, ODFW, P.O. Box 59, Portland, OR 97207. Pers. commun. to O. Johnson. Nov. 1993.
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of 28.3°C. Other populations do not seem to successfully adapt to high temperatures. In the
Firehole River, Yellowstone National Park, introduced redband trout have lived for 60-70 years
in water temperatures that may reach 29.5°C (Kaya 1977). Adaptation to this warm water might
be expected, but in a series of experiments Kaya (1978) found that these redband trout survived
less than 2 hours at 29.5°C and stopped feeding at 23°C to 24°C, even when water temperature
was gradually increased. He suggested that the fish, rather than adapting to the hot water, were
able to find refuge in cooler water and avoid the higher temperatures.

Based on the above information, the biological significance of temperature, as seen in
southern Oregon and northern California (e.g., the Rogue and Umpqua rivers) and discussed in
the “River Water Temperature” section in Johnson et al. (1994), remains unclear.

Genetic Information

Previous sections examined evidence for phenotypic and life-history differences between
populations or groups of populations of coastal cutthroat trout that might be used to identify
ESUs. The genetic basis of many phenotypic and life-history traits, however, is often weak or
unknown, and consequently population differences in these traits provide little information on
reproductive isolation between populations. The BRT considered molecular genetic evidence
that might be used to define reproductively isolated populations or groups of populations of
coastal cuttroat trout. These genetic markers are presumably unaffected by selection but may
change in response to mutation, genetic flow, and genetic drift. The analysis of the geographical
distributions of these markers may reveal historical dispersals, equilibrium levels of migration
(gene flow), and past isolation. Most of this evidence is based on the analysis of protein variants
(allozymes), microsatellite loci (variable numbers of short tandem deoxyribonucleic acid [DNA]
repeats), and mitochondrial DNA (mtDNA). Genetic variability among populations of coastal
cutthroat trout has been examined throughout much of the geographical range of this species
with allozyme electrophoresis, and in some regions with mtDNA or microsatellite loci.

Available genetic data were also used to assess the relationship between migratory and
nonmigratory populations to understand the effects that nonmigratory populations might have on
anadromous populations. The BRT’s deliberations on defining population units also considered
the effect hybridization with steelhead or rainbow trout would have on genetic population
structure. Unlike other West Coast species of Pacific salmon, coastal cutthroat trout show
evidence of widespread hybridization with mykiss

Statistical Methods

Several standard statistical methods have been used to analyze molecular genetic data to
detect reproductive isolation between populations. Comparisons of genotypic frequencies in a
sample with frequencies expected under random mating (Hardy-Weinberg proportions) may be
used to infer the breeding structure of a population or to detect population mixing (Wahlund’s
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effect). Contingency table comparisons of allozyme or microsatellite allele frequencies among
population samples with chi-square or G (log likelihood ratio) test statistics or with random-
ization tests have been used to detect significant differences between populations, which may be
evidence of reproductive isolation.

Another way of assessing genetic isolation between populations is to analyze genetic
distances based on allele-frequency estimates. Several genetic distance measures (e.g., Cavalli-
Sforza and Edwards 1967; Nei 1972, 1978) have been used to study the population genetic
structure of anadromous salmonids. It is unclear, however, which measure is most appropriate in
a particular case or whether one measure is always most appropriate. Discussions of the features
of genetic distances appear in Nei (1978), Rogers (1991), and Hillis et al. (1996). Most of this
discussion has focused on the merits of the various measures for phylogenetic reconstruction
among species or higher taxa. To our knowledge, no one has quantitatively evaluated the
performances of these distances in assessing genetic differentiation among populations within
species such as anadromous salmonids, which typically show small genetic distances between
conspecific populations (populations of the same species). An attractive feature of Cavalli-

Sforza and Edwards’ distand@() is that it satisfies the triangle inequality; that is, given three
populations (A, B, C), the sum of the distances between A and B and between B and C is always
greater than the distance between A and C. Neither of these genetic distance measures, however,
employs a correction for sample size, so distances are biased upward, especially for small sample
sizes. In contrast, Nei's (1978) unbiased genetic dist@jgeorrects for this bias but does not

always satisfy the triangle inequality.

Sample sizes and heterozygosity may also influence the power of the genetic distance
approach to resolve genetic population structure. When sample sizes used to estimate allelic
frequencies are 50 individuals or more, the difference between Nei's genetic distance (Nei 1972)
and Nei’'s unbiased genetic distance (Nei 1978) is small, but might still be a substantial
proportion ofD if D is small. When genetic distances between populations are also small, as
they often are between populations of both salmon and anadromous trout, low but significant
levels of genetic differentiation may not be detected by an unbiased distance measure because
sample size corrections may reduce estimates of genetic distance to zero. Another consideration
is thatDp, may be affected by different levels of heterozygosity between populations, wbgreas
apparently is not.

Since it is unclear which distance measure is most appropriate in any given application,
we analyzed sets of data with Nei’'s unbiased and Cavalli-Sforza and Edwards’ genetic distances
to identify results that were robust to the choice of the distance measurdyseads to
minimize distances between genetically similar samples consisting of only a few individuals and
ranges from 0.0 (no difference) to infinitf2¢, on the other hand, tends to magnify distances
between closely related samples and diminish distances between distantly related samples. This
measure ranges from 0.0 (identity) to 1.0 (complete dissimilarity). In most cases, the different
genetic distance measures yield highly correlated results.
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The degree of reproductive isolation between populations can be inferred from an
analysis of the pattern of genetic distances between populations. Clustering methods, such as the
unweighted-pair group method with averages (UPGMA), (Sneath and Sokal 1963) and the
neighbor-joining method (Saitou and Nei 1987), find hierarchical groupings of genetically
similar populations. Multivariate methods, such as multidimensional scaling (MDS) (Kruskal
1964) or principal components analysis (PCA), find groupings of genetically similar populations
in several dimensions, which are depicted here in two or three dimensions. MDS analysis
produces a plot of samples in which the distances between samples in the plot are linearly related
to the genetic distances between them. When the geographical distribution of genetic variability
is not hierarchical or disjunct, such as in a clinal or reticulate pattern of differentiation, MDS and
PCA more accurately depict relationships among samples than do agglomerative methods such
as the UPGMA (Lessa 1990). In a UPGMA analysis, information about the relationship between
the incoming sample and the individual samples already in the cluster is lost; this algorithm
compares the genetic distance of an incoming sample to the average genetic distance between
samples already in a cluster. MDS, on the other hand, is a nonmetric ordination technique that
attempts to find the shortest genetic distances between sampidsnensional space without
averaging. A related technique, applying PCA to allelic frequencies, can also be used to examine
genetic relationships among populations. In our experience, the results of a PCA are usually
similar to MDS ordinations for a set of data. A minimum spanning tree between samples can be
used to detect distortions in three-dimensional views of a PCA or MDS ordination. Samples that
appear to be close to one another in one view of an ordination may be far apart in another view.
Reproductive isolation between populations can be inferred from a visual examination of these
plots to find clusters of genetically related populations that were consistent with sample
geography in the clusters.

Various studies have estimated levels of genetic variability within populations because
the level of within-population variability may reflect evolutionary or historical differences in
population size and migration patterns between populations. Within-population gene diversity
was measured by the expected proportion of heterozygous genotypes in a population of randomly
mating individuals averaged over the number of loci examiH@d Estimates oH based on a
small number of individuals are usually accurate, as long as enough loci (>30) are surveyed for
variability (Nei 1978).

Genetic differentiation between populations at various hierarchical levels has been
estimated in many studies with a gene diversity analysis (Nei 1973, Chakraborty 1980), which
apportions allele frequency variability among populations into its geographical or ecological
components. For example, the proportion of the total genetic variability in a set of samples that
is due to differences among populations may be estimate®gitt (Ht - Hg)/Hy, whereHgis
the average within-population heterozygosity &idis the total heterozygosity in the pooled
samples disregarding geographical subdivision. The standardized variance of allele frequencies
among populations; sy, is equivalent t@sgtwhen only two alleles occur at a locus. Most
genetic variability in salmonids occurs as genotypic differences among individuals within a
population (Ryman 1983). A smaller proportion of the total variability is due to hierarchical
differences between regions, river systems, tributaries and streams within a river system,
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between years, or between run types. The range 0.05-0.G5for Fgrindicates moderate
differentiation, and the range 0.15-0.25 indicates strong genetic differentiation among
populations (Wright 1978). These statistics facilitate comparisons among groups of populations
that may reveal regional differences in gene flow between populations, or the effects of hatchery
strays on levels of differentiation between populations.

Migratory vs. Nonmigratory Populations

One important consideration in defining population units for conservation is to
understand the genetic relationships between the various life-history types of coastal cutthroat
trout, which often occur in the same river drainage. Freshwater migratory and nonmigratory
forms have also been observed in other salmonids, including Arctic char, brook trout, brown
trout, rainbow trout, and sockeye salmon. Small (but significant) allele frequency differences
have been observed between landlocked and anadromous populations of brown trout (Hindar et
al. 1991, Skaala and Naevdal 1989), sockeye salmon (Foote et al. 1989), rainbow trout
(Allendorf and Utter 1979, Currens et al. 1990, Northcote 1970), and Atlantic salmon (Stahl
1987). The relationship between migratory and nonmigratory individuals, however, varies
between species and between populations of the same species.

For example, Northcote’s study (1969) of migratory behavior in rainbow trout
populations in the Pacific Northwest found a greater tendency for downstream migration in
juvenile rainbow trout from populations below waterfalls than for juveniles from populations
above waterfalls. Rivers below waterfalls would be expected to be more productive than rivers
above falls, due in part to nutrients contributed by returning anadromous fish. More productive
rivers result in faster-growing juveniles with perhaps a greater tendency to outmigrate. A genetic
tendency for nonmigratory behavior would be advantageous at localities above waterfalls and
where downstream migration would lead to the loss of individuals from the upstream population
(Northcote 1992). Historical biogeographic considerations imply that landlocked populations in
each species have been derived from anadromous populations in the same general area, even
though detectable genetic differences occur between nonmigratory brown and rainbow trout
populations isolated by falls or in lakes and nearby sea-run populations of the same species.

The variability of relationships between migratory and nonmigratory individuals is
illustrated by several studies of brown trout in Scandinavia. In a study of allozyme variability,
Hindar et al. (1991) found that samples of sea-run and nonmigratory brown trout (identified by
scale patterns) clustered by locality, rather than by life-history type. Jonsson (1982) found that
juvenile brown trout captured in a lake with sea access migrated downstream more often than
fish captured in a lake above an impassable waterfall migrated upstream. Nevertheless, Jonsson
(1982) found that both sea-run and nonmigratory parents gave rise to progeny that could follow
either life-history pattern. In another study of brown trout, Jonsson (1985) measured migration,
age distribution, age at sexual maturity, growth, and fecundity in migratory and nonmigratory
individuals, and concluded that different life-history types were components of the same genetic
population. In a study of brown trout populations in France, Bagliniére et al. (1989) found both
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spatial and temporal separation in spawning between migratory and nonmigratory segments of a
population in the same stream.

In coastal cutthroat trout, the genetic significance of nonmigratory, freshwater migratory,
or anadromous fish in populations has been difficult to assess. It is not always possible to
identify individuals in a genetic sample that have migrated or may have been destined to migrate
to the ocean. Scale analysis can be used to infer whether coastal cutthroat trout have migrated to
sea, but analysis of scale growth patterns is not always a reliable means of establishing migratory
behaviors (see “Life History,” p. 38, for a brief discussion of the problems in coastal cutthroat
trout scale analysis). Analysis of otolith growth patterns or microchemistry may provide more
accurate results, but is costly and time consuming and has not been widely used to identify sea-
run fish in genetic studies. Based on studies of other salmonids with sea-run and nonmigratory
life-history patterns, nonmigratory individuals may co-occur with anadromous individuals in the
same stream (e.g., Hindar et al. 1991). The extent to which sea-run and nonmigratory life-history
forms of coastal cutthroat trout co-occur in a particular stream is unknown. Most assessments of
the genetic relationships between migratory and nonmigratory populations of coastal cutthroat
trout have been made by comparing populations above and below barrier waterfalls. Although
the fish may not be able to swim upstream, downstream migration over some waterfalls may still
be possible and may lead to at least one-way gene flow between migratory and nonmigratory
populations.

The level of genetic divergence between migratory and nonmigratory populations of
coastal cutthroat trout also appears to be variable, as are the levels of divergence between life-
history types in other trouts. Some freshwater populations of coastal cutthroat trout above barrier
waterfalls (possibly nonmigrants or freshwater migrants) show strong genetic differences from
below-barrier populations in the same area. For example, in a study of allozyme variability in
coastal cutthroat trout populations in Hood Canal and northern Puget Sound, Campton and Utter
(1985) found that sea-run populations tended to be genetically more similar to one another than
to an above-barrier freshwater population (Howe Creek) in the Hood Canal drainage.

A study of coastal cutthroat trout populations in a tributary of Washington’s Nisqually
River by Zimmerman (1995) also showed the largest genetic differences between sea-run and
putative nonmigratory populations. Zimmerman (1995) surveyed allele frequency variability at
14 polymorphic allozyme-encoding loci in samples from six localities in Muck Creek and found
the greatest number of significant differences in allele frequency between a sample from
Chambers Lake (with sea-run individuals) and samples taken upstream (considered by their size
and appearance to be from nonmigratory populations). No clear barriers to migration were
present between these sea-run and apparently nonmigratory populations. The amount of
divergence between these two groups, however, was small; genetic distances between the
anadromous population and nonmigratory populations averagedpeud.O1.

Other studies show variable degrees of divergence between sea-run and freshwater
migratory/nonmigrant populations of coastal cutthroat trout. Griswold (1996) sampled coastal
cutthroat trout above and below waterfall barriers (populations below the barrier had access to
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the ocean) to measure genetic divergence between putative sea-run and freshwater coastal
cutthroat trout populations in the same stream. Griswold (1996) collected samples in two widely
separated river drainages: Vixen Inlet in southeastern Alaska and Elk River, Oregon. Samples
were examined for variability at 41 allozyme loci; 12 were polymorphic in the Elk River samples
and 9 were polymorphic in the Vixen Inlet samples. One of the below-barrier Elk River samples
appeared to contain genetic markers indicating a large numBerctdrki x O. mykisshybrids

and was not used to make comparisons. For the Elk River samples, the sums of chi square
contingency table tests of allele frequencies between samples were significant for all pairs of
samples except one above- and below-barrier comparison. However, a correction for multiple
tests of the same hypothesis apparently was not made, so the significance of some of these tests
may be due to Type | error. In the Vixen Inlet drainage, all chi square tests were significant
except for one comparison between below- and above-barrier samples. These data together
indicate that below- and above-barrier populations may or may not be genetically different from
each other.

In summary, the few existing studies of cutthroat trout show that, although both allele
frequencies and morphology may differ between populations above barriers and potentially sea-
run populations below barriers, these life-history forms generally show close genetic relatedness
in the same drainage relative to genetic population differences among drainages. These results
indicate that sea-run and freshwater migratory/nonmigratory populations appear to represent a
single evolutionary lineage in which the various life-history patterns have repeatedly appeared in
different geographic regions. Variability in migratory behavior within populations may
nonetheless have some genetic basis.

Hybridization and Introgression

Genetic divergence among subspecies of cutthroat trout

As many as 15 subspecies of cutthroat trout have been recognized, and all but one,
O. c. clarkj are limited to inland waters. A phylogenetic analysis of seven of these subspecies
and of rainbow trout indicated that Yellowstone cutthroat trout consisted of at least five closely
related nominal subspecies (Yellowstone, Colorado, Snake River, greenback, and Rio Grande)
that, as a group, showed substantial biochemical genetic divergence from westslope, Lahontan,
and coastal cutthroat trout (Allendorf and Leary 1988). Nei’'s genetic distance between the
Yellowstone complex of subspecies and the remaining three subspecies averaged 0.212
(Allendorf and Leary 1988), which is typical of values between related fish species. Westslope,
Lahontan, and coastal cutthroat trout showed considerably greater divergence from one another
than did the five subspecies of Yellowstone trout. Unexpectedly, a sample of Westslope,
Lahontan, and coastal cutthroat trout were as similar to rainbow trout as they were to the
subspecies in the Yellowstone complex. Coastal cutthroat trout showed nearly the same level of
divergence from rainbow troubg, = 0.099) as it did from Lahontan cutthroat trddi, & 0.077).
In contrast, morphological (Behnke 1992), karyotypic (Gold et al. 1977, Loudenslager and
Thorgaard 1979, Thorgaard 1983), and mtDNA (Gyllensten et al. 1985, Shedlock et al. 1992)
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data indicate that the major subspecies of cutthroat trout are more closely related to one another
than they are to rainbow trout. The reason for the close relatedness of rainbow trout to some
subspecies of cutthroat trout is unclear, but may be the result of persistent hybridization in areas
where the species have come into contact with one another.

Hybridization between cutthroat trout and O. mykiss

Several studies have reported hybridization between various subspecies of cutthroat and
rainbow trout and between coastal cutthroat trout and steelhead. Although there is a substantial
genetic (Loudenslager and Gall 1980, Leary et al. 1987, Allendorf and Leary 1987) and
karyotypic divergence in chromosome number between westslope cuttirea6§2 and
Yellowstone cutthroat (2= 64) trout (Loudenslager and Thorgaard 1979) and between these
subspecies and rainbow trouh(2 60, Gold 1977), westslope cutthroat trout hybridize with both
taxa. Allendorf and Leary (1988) found evidence of hybridization between westslope cutthroat
trout and Yellowstone or rainbow trout (or both) in 32 of 80 samples (40%) considered to be
pure westslope trout. A genetic analysis of samples from the Flathead River drainage in
Montana showed that only 2 of 19 headwater lakes harbored populations of pure westslope
cutthroat trout and that gene flow was occurring between introgressed and downstream
populations (Marnell et al. 1987). Extensive hybridization has also been documented between
Yellowstone cutthroat trout and rainbow trout (Allendorf et al. 1987, Martin et al. 1985),
between Paiute and coastal cutthroat trout (Busack and Gall 1981), and between coastal cutthroat
trout (20 = 68, Gold 1977) and steelhead (Campton and Utter 1985). Although chromosome
numbers may differ between these taxa, the total number of arms (104-106) is similar among
taxa, and Robertsonian (chromosome arm fusion) polymorphisms are common within these trout
species (e.g., Thorgaard 1983). Similarity in chromosomal arm number and substantial gene
duplication in salmonids permits these taxa to hybridize without major developmental
incompatibilities (Ferguson et al. 1985, 1988).

Hybridization between coastal cutthroat trout @dnykishas been detected with
molecular methods in many West Coast drainages (Table 6). Neillands (1990) surveyed genetic
variability in nine tributaries to Prairie Creek and in five tributaries to Redwood Creek (both in
Northern California), and in a sample from the Redwood Creek embayment. The Campton and
Utter (1985) hybrid index (relative probability that the multilocus genotype of a particular fish
could have arisen by random mating within two species) was used to identify pure and hybrid
individuals from allozyme genotypes, and gametic disequilibrium (nonrandom association of
alleles between loci) was used to measure the consequences of hybridization. Four loci
(IDDH-2*, IDHP-3,4*, MEP-4*, andPEP-A*) appeared to distinguish between coastal cutthroat
trout andO. mykiss The hybrid index indicated that 8 of the 15 samples had hybrid index values
that indicated the presence of hybrid individuals. Departures from Hardy-Weinberg genotypic
proportions in some samples indicated they were composed of individuals from more than one
population. Estimates of gametic disequilibrium were significantly greater than zero in the
coastal cutthroat trout components in four streams and for the hybrid component in one stream.
None of theD. mykisssubsamples showed evidence of gametic disequilibrium. These results
indicate that hybridization in the Redwood Creek drainage is extensive and that introgression
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Table 6. Streams and broodstock reported to have putative hybrids between coastal cutthroat trout and
Oncorhynchus mykiss. Method of detection: A = allozymes; M = microsatellites; P = PINEs
(paired interspersed nucleotide elements).

Locality Method Reference
Washington
Nooksack R.
Double Ditch Cr. A NMFS et al. unpubl. data
M Wenburg et. al. 1998
Skagit R.
Wiseman Cr. A NMEFS et al. unpubl. data
Bulson Cr. A NMEFS et al. unpubl. data
Stillaguamish R.
Stream No. 172 A NMES et al. unpubl. data
Harvey Cr. A Campton and Utter 1985
A Hawkins 1997
Covington Cr. (Green R.) A NMES et al. unpubl. data
, M Wenburg et al. 1998
Southern Puget Sound
Johns Cr. A NMEFS et al. unpubl. data
Kennedy Cr. A NMEFS et al. unpubl. data
Burley Cr. A NMES et al. unpubl. data
Hood Canal
Tarboo Cr. M Wenburg 1998
Big Beef Cr. M Wenburg 1998
Seabeck Cr. M Wenburg 1998
Stavis Cr. A NMES et al. unpubl. data
M Wenburg et al. 1998, Wenburg 1998
Big Mission Cr. A Campton and Utter 1985
M Wenburg 1998
A Hawkins 1997
Courtney Cr. M Wenburg 1998
Bear Cr. M Wenburg 1998
Strait of Juan de Fuca
Gierin Cr. M Wenburg et al. 1998
Salt Cr. A NMEFS et al. unpubl. data
M Wenburg et al. 1998
Whiskey Cr. A NMES et al. unpubl. data
Olympic Peninsula
Goodman Cr. M Wenburg et al. 1998
Southwestern Washington
Aberdeen Fish Hatchery A NMEFS et al. unpubl. data
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Locality Method Reference
Columbia R. _
Beaver Cr. Fish Hatchery, WA A NMEFS et al. unpubl. data
Multnomah Cr., OR A NMEFS et al. unpubl. data
P Spruell unpubl. data
Clackamas R.
Oak Grove Cr. P Spruell unpubl. data
Sandy R. P Spruell unpubl. data
Hood R.
Tony/Bear Cr. P Spruell unpubl. data
Robin Hood Cr. p Spruell unpubl. data
Lower Dog R. p Spruell unpubl. data
Upper Dog R. P Spruell unpubl. data
Mill Cr. P Spruell unpubl. data.
Oregon
Willamette R.
McKenzie R. A NMES et al. unpubl. data
Oregon coast Yaquina R. A NMEFS et al. unpubl. data
Alsea R. A NMEFS et al. unpubl. data
Elk R. A Griswold 1996
Umpqua R.
Coffee Cr. A NMES et al. unpubl. data
Pass Cr. A NMEFS et al. unpubl. data
Coos R.
Fall Cr. A NMEFS et al. unpubl. data
Coquille R.
E. Fork Coquille R. A NMES et al. unpubl. data
Camas Cr. A NMEFS et al. unpubl. data
Wooden Rock Cr. A NMEFS et al. unpubl. data
Rogue R.
Williams R. A NMEFS et al. unpubl. data
Saunders Cr. A NMES et al. unpubl. data
Southern Oregon
Wilson Cr. A NMEFS et al. unpubl. data
California
Tarup Cr. (Klamath R.) A NMEFS et al. unpubl. data
Redwood Cr.
Tom McDonald Cr. A Neillands 1990
MacArthur Cr. A Neillands 1990
Prairie Cr.
Larry Dam Cr. A Neillands 1990
May Cr. A Neillands 1990
Boyes Cr. A Neillands 1990
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Locality Method Reference
Headwaters Prairie Cr. A Neillands 1990
Godwood Cr. A Neillands 1990
Wolf Cr. A Neillands 1990
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between coastal cutthroat trout and steelhead in some streams has been occurring over several
generations, which is long enough for the decay of gametic phase disequilibrium by
chromosomal recombination.

An analysis of paired interspersed nucleotide elements (PINEs) of genomic DNA was
used to identify coastal cutthroat troQt, mykissand hybrids between these taxa in 29 samples
from the Clackamas, Sandy, and Hood rivers and from streams entering the Lower Columbia
River (P. Spruelf). Seven samples contained individuals of anlymykisswhile 11 samples
contained only coastal cutthroat trout. Seven samples contained a substantial proportion of
hybrid fish in addition to apparently pure coastal cutthroat trouCamdykiss Some streams
appear to harbor hybrid swarms between the two taxa. These results showed a mosaic
distribution of coastal cutthroat tro@, mykissand hybrids among streams.

In a survey of genetic variability in coastal cutthroat trout, Campton and Utter (1985)
found hybrids between cutthroat trout addmykissn 2 of 23 streams. To estimate the extent
of hybridation in these two streams and to understand the nature of hybridization, they sampled
Big Mission Creek in Hood Canal at three sites, 0.8, 5.4, and 8.8 km from the mouth, and Harvey
Creek, a tributary to the Stillaguamish River, at 1.9, 2.4, 2.9, and 3.2 km from the mouth. They
found that the geographic pattern of the occurrence of hybrids differed between these streams. In
addition to these occurrences of hybridization in natural populations, they found a large
proportion of hybrids in the Beaver Creek Hatchery coastal cutthroat trout brood stock. Given
the distributions of genotypes among individuals, it appeared that many of the hybrid fish
represented backcrosses and matings between first-generglitylfFid individuals. However,
few fish with coastal cutthroat troutO. mykisdeatures or hybrid genotypes have been observed
as adults. Although hybridization occurs extensively, as evidenced by the many underyearling
(0%) hybrids, natural selection among older fish may greatly reduce the numbers of hybrids
reaching maturity.

Hawkins (1997) used allozyme and mtDNA variability to identify hybrids in samples
collected in 1992-94 from Big Beef and Big Mission creeks in Hood Canal and from Harvey
Creek in the Stillaguamish River. The number of steelhead and coastal cutthroat trout mtDNA
haplotypes among 23 individuals identified as hybrids with allozyme markers was similar; 12
had cutthroat mtDNA haplotypes and 11 had steelhead. Nine of the 12 hybrids with cutthroat
haplotypes were identified as backcrosses or introgressed individuals with allozymes. Five of
the 11 hybrids with steelhead haplotypes were backcrosses or introgressed individuals.

Hawkins (1997) also studied several behavioral, morphological, and performance traits in
artificially produced hybrids between hatchery strains of coastal cutthroat trout and steelhead. In
one study, Hawkins measured egg size and time of emergence in pure strains of coastal cutthroat
trout and steelhead from the Aberdeen (Washington) Hatchery and Eels Springs Hatchery,
Shelton, Washington, and in hybrid individuals. These results indicated that decreased
fertilization success or decreased embryonic viability did not appear to act as a post zygotic
isolating mechanism between these coastal cutthroat trout and steelhead. Most of the differences
13p, Spruell, University of Montana, Div. Biol. Sciences, Missoula, MT 59812-1002. Pers. commun. to
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between coastal cutthroat trout and steelhead early development were correlated with larger egg
size in steelhead. Hybrid individuals were intermediate between the pure strains for mortality
from fertilization to hatching, time to hatching, body weight at hatching, body weight at
emergence, growth 40-52 days post fertilization, and time to 50% change in yolk mass.

In a study of hybrids between hatchery strains of coastal cutthroat trout and steelhead,
Hawkins and Quinn (1996) made reciprocal cutthroat-steelhead crosses and measured critical
swimming speed in pure and hybrid individuals. Since migration is a pervasive and important
feature of salmonid life histories, selective disadvantages in hybrid individuals may be apparent
as swimming impairment. They found that hybrid fish had critical swimming speeds that were
intermediate to speeds in pure hatchery strains, and that no paternal or maternal effects were
apparent in hybrid performance. They also found that hybrid body shape was intermediate
between coastal cutthroat trout and steelhead. These results are consistent with inherited
differences in life-history patterns between coastal cutthroat trout and steelhead.

Several of these parameters may have fithess consequences in natural populations. In
pure strains of coastal cutthroat trout and steelhead, the rate of development is presumably
matched to larval body size and yolk size so that alevins emerge from the gravel when the stage
of development is most conducive to survival. Hybrids, however, appear to d