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Abstract.—Most subspecies of interior cutthroat trout Oncorhynchus clarki have suffered dramatic
declines in range and number. We assessed the status of genetically pure Yellowstone cutthroat
trout O. clarki bouvieri on predominantly public lands in three major watersheds of northwestern
Wyoming (Greybull River and North and South Forks of the Shoshone River) between 1994 and
1997. These river basins encompass the majority of remaining habitat outside of Yellowstone
National Park with potential to contain Yellowstone cutthroat trout, and little information on them
was available. Only 26% of the 104 streams found to contain trout still support genetically pure
Yellowstone cutthroat trout. Extant Yellowstone cutthroat trout occupied 245 of 822 km of the
perennial streams that contained trout, suggesting native trout have been displaced by or hybridized
with exotic salmonids in nearly three-quarters of the available habitat in these watersheds. The
four remaining populations were widely separated in the watersheds and had populations that
ranged from 900 to 23,000 age-1 and older individuals and that appeared genetically and demographically viable. However, because the threats of hybridization and competition remain, the
current cutthroat trout populations cannot be considered secure or likely to persist over the long
term. Yellowstone cutthroat trout have suffered larger than expected declines in their distribution
in Wyoming outside of Yellowstone National Park largely because of nonnative salmonid introductions and invasions. We recommend immediate management intervention to control exotic
salmonids and reestablish large, genetically pure, allopatric populations of Yellowstone cutthroat
trout.

Before settlement of North America by Europeans, the Yellowstone cutthroat trout Oncorhynchus clarki bouvieri occupied the largest geographic range of any inland cutthroat trout subspecies
(Varley and Gresswell 1988); however, there is
evidence of population extinction and fragmentation due to anthropogenic perturbations throughout a large portion of its initial fluvial range (Varley and Gresswell 1988; Gresswell 1995). Recent
qualitative estimates suggest that viable populations of Yellowstone cutthroat trout have declined
approximately 60% (relative to May 1996). The
American Fisheries Society has designated the
Yellowstone cutthroat trout as a species of special
concern (Johnson 1987), and the U.S. Forest Ser-
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vice considers the subspecies as ‘‘sensitive’’
(Gresswell 1995); both designations are recognized by state fish and game agencies. Conservation groups have recently petitioned the U.S.
Fish and Wildlife Service to consider Yellowstone
cutthroat trout for listing under the Endangered
Species Act.
The Yellowstone cutthroat trout was indigenous
to a large portion of the upper Yellowstone River
drainage in Wyoming and Montana, and part of
the Snake River watershed in Wyoming, Idaho,
Utah, and Nevada. Approximately 65% of its historical range was in northwestern Wyoming. When
managers began to respond to population declines,
there was little information about the current distributions, genetic status, population size, and habitat conditions and requirements outside of Yellowstone National Park. Thus, knowledge of Yellowstone cutthroat trout status in Wyoming was
critical to future management and definition of
necessary conservation actions.
A primary agent in the decline of Yellowstone
cutthroat trout appears to be hybridization and
competition with nonnative salmonids (Leary et
al. 1987; Allendorf and Leary 1988; Ferguson
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1990; Krueger and May 1991; Rieman and McIntyre 1995). Introduced rainbow trout O. mykiss
and interior cutthroat trout lack reproductive isolating mechanisms and, with few exceptions, proliferate to produce hybrid swarms wherever there
is overlap in distribution. Brook trout Salvelinus
fontinalis and brown trout Salmo trutta have the
potential to displace Yellowstone cutthroat trout
through competitive interactions (Griffith 1972;
Fausch 1988; Wang and White 1994). Habitat alterations from irrigation, logging, mining (Varley
and Gresswell 1988; Gresswell 1995) also have
displaced Yellowstone cutthroat trout and may exacerbate competitive interactions by favoring exotic species.
Remaining Yellowstone cutthroat trout populations were believed to be restricted to headwater
environments where public ownership and relative
inaccessibility have moderated detrimental anthropogenic impacts. Yellowstone cutthroat trout appear to be resistant to invasion in headwater habitats and may have a competitive advantage (probably due to physiological adaptations) over other
salmonids in these habitats. Bozek and Hubert
(1992) found that cutthroat trout in Wyoming were
most likely to be found in small streams at high
elevations, suggesting an ecological advantage
over other trout species.
Although habitats in headwater streams are less
likely to suffer extensive human modification, they
are generally less diverse than those in higherorder, lower-elevation streams and more stochastic
temporally and spatially, resulting in natural limitations on population size and sustainability. Even
so, populations in headwater habitats are more
likely to withstand the threat of extinction if connectivity is maintained among populations or segments of populations (e.g., individual streams).
However, as populations are fragmented into isolated (defined as no access into a population from
downstream habitats) headwater reaches, they are
likely to have more variation in abundance, less
genetic variation, and fewer refuges with no opportunity for demographic or genetic rescue (sensu
Brown and Kodric-Brown 1977). They are also
more likely to succumb to environmental events
or reductions in genetic variation through inbreeding and genetic drift (Allendorf and Leary 1988;
Rieman and McIntyre 1993; Rieman et al. 1993;
Young 1995; Anders 1998; Guffey et al. 1998).
Consequently, as exotic species force remaining
Yellowstone cutthroat trout populations into smaller and disconnected enclaves their risk of extirpation will probably increase (Gilpin and Soule

1986; Rieman et al. 1993; as discussed for bull
trout S. confluentus Rieman and McIntyre 1993).
Our goal was to define the distributions of genetically pure Yellowstone cutthroat trout in a
large portion of their historical range in Wyoming
outside of Yellowstone National Park where potential existed to find large (i.e., sustainable) populations. We also wanted to identify the factors
governing the current distributions of these populations in order to focus future management of
the subspecies. Within this framework we identified current distributions of genetically pure Yellowstone cutthroat trout in three major watersheds
of northwestern Wyoming and evaluated potential
threats to the survival of genetically pure populations. We hoped that this would enable us to
provide perspectives on conservation that would
help guide the future management of Yellowstone
cutthroat trout in Wyoming waters.
Study Area
Headwaters of the Shoshone (North and South
Forks) and Greybull rivers contain vast, relatively
undisturbed wilderness areas, and were considered
by fishery managers as likely to contain large populations of genetically pure Yellowstone cutthroat
trout. These watersheds originate in the Absaroka
Mountain Range (Figure 1) and eastwardly drain
more than 4,400 km2 of the Greater Yellowstone
Ecosystem immediately east and southeast of Yellowstone National Park (Bighorn River drainage).
The Absaroka Mountains are erosional remnants
of vast accumulations of volcanic material forming
a steep, rugged landscape with uplifted peaks and
deep valleys characterized by geologic instability
(Keefer 1972; Nelson et al. 1980; Sundell 1993).
Headwater streams are generally steep (average
6.5% channel slope and commonly exceed 8%)
and torrential (large fluctuations in discharge) and
have erosive, unstable substrates (Breckenridge
1975; Sundell 1993). Stream channels shift regularly and are predominately large angular bed material that limits the diversity and quality of instream habitat. Mass-wasting events (e.g., rock
slides, earthflows, soil creep) are a ubiquitous and
important geologic feature of the Absaroka Mountains (Sundell 1993). Elevations range from 1,660
m at the confluence of the North Fork (NF) and
South Fork (SF) of the Shoshone River to 4,010
m at headwater divides. Climate is typical of high
mountain environments, mean annual precipitation
exceeding 50 cm, mostly as snowfall (Martner
1982).
The Greybull and upper portions of the NF and
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FIGURE 1.—Major drainage basins of Wyoming, showing the study area (light gray) and watersheds (labeled);
the Shoshone National Forest is indicated in dark gray.

SF Shoshone river drainages are relatively inaccessible to humans and the habitat can be considered unaffected by human activity. Because of the
rugged and unstable features of the area, the watersheds are part of the largest roadless area in the
conterminous United States. The downstream portions of the NF and SF Shoshone rivers and the
tributaries that flow into the lower portions of the
watershed are affected by roads, agriculture, and
irrigation withdrawals. Introductions of nonnative
salmonids in the study area began about 1915.
Brook trout, brown trout, and rainbow trout, which
were commonly introduced until the 1970s, have
established large, naturalized populations. Cutthroat trout from other basins were commonly
stocked during this period. From 1972 to 1975 the
nonindigenous finespotted form of cutthroat trout
from the Snake River drainage was introduced into
the three watersheds.
Methods
Perennial streams in the three watersheds were
sampled with backpack electroshockers during low
flow from July to September of 1994–1997. A single electrofishing pass was performed along a 100m stream reach beginning at each tributary outlet

and was repeated upstream, approximately every
1.0 km, until no fish were captured or visually
observed in two consecutive reaches.
Locations (latitude, longitude) and elevations
(m) of sampling sites were identified with global
positioning units and 1:24,000 U.S. Geological
Survey topographic maps. Wetted stream width
(nearest 0.1 m) at five transects equally spaced
through each 100-m reach was measured with a
tape perpendicular to stream flow and averaged for
the reach. Stream lengths (km) were measured with
an electronic map wheel on the topographic maps
and verified with digital hydrologic coverages derived from a geographic information system. Species distributions (km of stream occupied) in a
given tributary were estimated assuming the species occupied one-half the distance between the
last site the species was sampled and the next upstream site. Similarly, species sampled at a single
site along the stream profile were assumed to occupy only that portion of the stream one-half the
distance to the next downstream and upstream
sites.
After electrofishing a reach, fish were identified,
enumerated, measured (mm total length), and returned to the study reach. Fish in the Oncorhynchus
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genus were classified, based on morphological
characteristics, as rainbow trout, cutthroat trout,
or hybrids of rainbow trout and cutthroat trout.
Genetically pure rainbow trout were identified by
white pelvic fin margins, numerous spots on the
head, and no red slash markings on the throat.
Genetically pure Yellowstone cutthroat trout were
identified by the characteristic red throat slashes,
lack of white fin margins, and the presence of fewer, larger spots concentrated posteriorly. Fish with
a combination of these character sets were classified as hybrids. If typical rainbow trout specimens were sampled at any given site, hybridization
of cutthroat trout was assumed even if obvious
hybrids were not collected. When only fish morphologically typical of genetically pure Yellowstone cutthroat trout were collected at a site, or
identifications of possible hybrids were questionable, tissue samples were taken for electrophoretic
verification of genetic purity. Eye, muscle, and liver tissue were removed from 20 specimens and
frozen in liquid nitrogen within 1 h. Electrophoretic analysis was performed by the Wild Trout
and Salmon Genetics Laboratory (WTSGL) at the
University of Montana, Missoula. Analysis of 20
fish from a population or population segment provided a 99% probability of detecting introgression,
which was indicated by the presence of alleles specific to rainbow trout at diagnostic loci.
When determining population size, a population
was defined as a group of connected streams that
contained genetically pure Yellowstone cutthroat
trout and no rainbow trout or their hybrids. Contiguous distribution of trout was not required (i.e.,
patchy distributions were still considered a single
population); however, enclaves of Yellowstone
cutthroat trout that were isolated from other such
groups by natural or artificial barriers or were interrupted by enclaves of nonnative trout were considered to be separate populations. By examining
geographical distributions, we generally assumed
that separated tributaries were part of a contiguous
population if they were connected by the main
stem and the distances between the tributaries were
on the order of a few kilometers.
To assess genetic and demographic risks, abundance of trout in each 100-m reach was estimated
by converting the number of fish captured during
a single electrofishing pass (excluding age-0 fish)
to an overall reach total. We did this with the equation A 5 21.863 1 1.181(ONE) 1 0.797(W),
where A is the estimate of total abundance in the
100-m reach, ONE is the number of fish captured
with one electrofishing pass, and W is the wetted

stream width (Kruse et al. 1998). To provide an
estimate of total population size, abundance estimates (number/100 m) for each sampled reach in
the tributary were averaged and extrapolated to the
total continuously occupied stream length. Confidence intervals were estimated by multiplying
the standard error of the estimated mean number
of fish in each sampled reach by the total number
of reaches occupied.
The total estimated population was converted to
an effective population based on the proportion of
the sampled fish in each watershed that were considered to be breeding adults. Thurow et al. (1988),
summarizing several sources, reported that fluvial
spawners generally exceeded 200 mm total length.
Although fish less than 200 mm probably spawn,
especially in high-elevation systems (Downs et al.
1997), we conservatively used 200 mm as our minimum total length for inclusion in the breeding
population. We assumed that the number of breeding males and females were equal and therefore
that the effective population was equivalent to the
breeding population (Gall 1987).
We evaluated each remaining population of genetically pure Yellowstone cutthroat trout in terms
of perceived threats to their continued existence:
population size (genetic and demographic considerations), isolation, and the presence of nonnative
salmonids in the watershed. Risks were assigned
to each population to indicate possible extinction
vulnerabilities and subsequent conservation priorities for each population. Risk levels were assigned, according to the literature and our experience, as high, moderate, low, or nonexistent,
based on the most prodigious threats to Yellowstone cutthroat trout in the study area (Table 1).
Although it is generally accepted that smaller, isolated populations are less likely to survive extinction pressures (Dunham et al. 1997), the threshold
population size needed to resist demographic or
genetic pressures is poorly understood and not
based on empirical evidence (Nelson and Soule
1987). However, in our risk assessments we accepted literature-based population sizes needed to
minimize population extinction: 20–30 effective
individuals to minimize demographic stochasticity
(summarized by Rieman and McIntyre 1993;
Young 1995), 50 to minimize excessive inbreeding, and 500 to minimize loss of long-term genetic
variation (Franklin 1980; Soule 1987). Remaining
Yellowstone cutthroat trout populations were not
considered secure, or to have a high probability of
long-term persistence, unless effective population
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TABLE 1.—Potential risks to the long-term persistence of remaining Yellowstone cutthroat trout populations based on
effective population sizes. Risk ratings: high is of immediate concern for population persistence, moderate has potential
to affect a population in the short term, low is of little concern in the short term but may have long-term consequences.
Effective
population
size
,30
31–50
51–500
.500

Demographic
risk

Shortterm
genetic
risk

Long-term
genetic risk

High
Moderate
Low
None

High
High
Low
None

High
High
Moderate
None

Brook trout
presence in
watershed a
High
High
Moderate
Low

Brook trout
presence in
population b

Rainbow trout
presence in
watershed

Isolation

High
High
High
Moderate

High
High
High or moderate c
High or moderate c

High
High
Moderate d
None e

Downloaded by [Montana State University Bozeman] at 15:40 25 July 2011

a

Indicates that brook trout are present within the watershed where the Yellowstone cutthroat trout population is found, but not sympatrically.
b Indicates that brook trout are found sympatrically with Yellowstone cutthroat trout.
c Moderate risk when barrier is present.
d Moderate risk for the population directly but protects populations from exotic species.
e No risk for the population directly and protects populations from exotic species.

sizes exceeded the minimum value for all demographic and genetic risks (Table 1).
The presence of nonnative trout were considered
a threat to Yellowstone cutthroat trout. Brook trout
were considered on two levels: (1) presence in the
watershed (i.e., not sampled within the defined
boundary of the cutthroat trout population but with
access to the population), and (2) presence in the
population (sympatric with cutthroat trout). Because of their ability to outcompete Yellowstone
cutthroat trout in some circumstances, brook trout
within the geographical limits of a current Yellowstone cutthroat trout population were considered a high risk to all but the large populations.
Large populations have a higher likelihood of sustaining themselves if brook trout are present; however, brook trout are still a moderate risk (threatening long-term survival), and any adverse effects
(e.g., a decrease in Yellowstone cutthroat trout
population size) could shift the risk from moderate
to high. Presence of brook trout in the watershed
outside the geographical extent of a small Yellowstone cutthroat trout population was considered a
high risk for the population but less threatening to
larger populations, which have the potential to
withstand or overwhelm a brook trout invasion.
Presence of rainbow trout was considered an
eminent threat to a Yellowstone cutthroat trout
population because of the additive effects of hybridization and competition. Because Yellowstone
cutthroat trout and rainbow trout readily hybridize,
individual Yellowstone cutthroat trout sampled
among sympatric rainbow trout and hybrid swarms
were not considered genetically pure populations,
and risks were not evaluated. The presence of rainbow trout in a watershed containing a genetically
pure population of Yellowstone cutthroat was con-

sidered a high risk if connectivity between the species was apparent.
Population isolation was not considered an independent threat and was evaluated in the context
of genetic, demographic, and invasion risks. For
example, isolation was considered highly risky for
small populations that are potentially more susceptible to genetic, demographic, or environmental
extinction risks because isolation exacerbates the
situation by not allowing rescue or genetic input
from other populations or population segments. On
the other hand, isolation can be beneficial for large
populations if it prevents invasion by exotic salmonids. We considered an enclave of Yellowstone
cutthroat trout to be effectively isolated if it was
above a barrier to upstream movement or separated
from other such enclaves by segments of river (i.e.,
tens of kilometers in length) occupied by nonnative salmonids.
Results
We sampled 414 sites on 172 streams (including
main-stem rivers) throughout the Greybull and NF
and SF Shoshone river drainages and obtained information on 10 additional tributaries in the NF
Shoshone drainage (Wyoming Game and Fish Department [WGFD] records). These data provided
information regarding Yellowstone cutthroat trout
distributions for 182 of 188 streams and 1,705 km
of the 1,751 km of perennial tributaries and mainstem rivers in the study area. It is unlikely that
Yellowstone cutthroat trout exist in the unsurveyed
streams (all of which are in the NF Shoshone watershed) because pure Yellowstone cutthroat trout
were not found in nearby streams and all unsurveyed streams were connected to other streams with
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TABLE 2.—Distributional extent of Yellowstone cutthroat trout (YSC) in the study area by drainage. Greybull River
(GRB), North Fork Shoshone River (NFS), and South Fork Shoshone River (SFS).
Stream length and number

GRB

NFS

SFS

Total

Total stream kilometers
Stream kilometers surveyed
Total number of perennial streams
Total number streams sampled
Stream kilometers above barriers
Stream length (km) occupied by trout
Stream length (km) occupied by YSC
Streams with trout
Streams with only brook trout
Streams with brown trout
Streams with only Oncorhynchus a
Streams with pure YSC
Streams with only pure YSC
Steams with brook trout and Oncorhynchus
Streams with brook trout and pure YSC

362
362
53
53
73
192
192
22
0
0
20
22
20
2
2

834
788
82
76
95
432
0
58
5
3
29
0
0
27
0

555
555
53
53
172
198
53
24
6
11
2
5b
1
8
4b

1,751
1,705
188
182
340
822
245
104
11
14
51
27
21
37
6

a
b

Oncorhynchus indicates cutthroat trout, rainbow trout, or their hybrids.
Indicates that one of the streams containing pure YSC populations was in the main stem; however, genetically pure YSC were not found throughout the entire main-stem river.

populations of rainbow trout and hybrids of rainbow trout and cutthroat trout.
Native or introduced salmonids were found in
104 streams (57%), 51 of which contained only
Oncorhynchus (Table 2). Genetically pure Yellowstone cutthroat trout were found in segments of 27
streams, 21 allopatrically. All 22 streams occupied
by salmonids in the Greybull River watershed contained genetically pure cutthroat trout with no indication of rainbow trout introgression. The remaining five streams containing genetically pure
Yellowstone cutthroat trout were in the SF Shoshone River drainage. In the NF Shoshone River
watershed, all 58 occupied streams supported populations of rainbow trout or Oncorhynchus hybrid
swarms. A few individual, genetically pure Yellowstone cutthroat trout were sampled in these
streams but always within a sample that contained
hybridized fish. Brook trout were found in all three
drainages, but only rarely in the Greybull drainage
(2 of 22 streams). Brown trout were most common
in the SF Shoshone watershed (11 of 24 streams;
Table 2). Assuming total salmonid (native and exotic) distributions at the time of the survey approximated the proportion of streams historically
occupied by Yellowstone cutthroat trout, native
trout appear to have been extirpated from 74% (77
of 104 streams) of suitable streams.
Yellowstone cutthroat trout were found in 245
km of stream habitat over the 1,751 km in the study
area: none in the NF Shoshone drainage, 53 km
(27% of total occupied habitat in the drainage) in
the SF Shoshone drainage, and 192 km (100%) in
the Greybull drainage (Table 2). Considering all

perennial stream lengths in the three watersheds
as potential Yellowstone cutthroat trout range,
only 14% contained genetically pure Yellowstone
cutthroat trout. A more likely estimate, considering only the habitat currently occupied by all trout
species as potentially useable, suggests that portions or entire populations of genetically pure Yellowstone cutthroat trout have been lost from 70%
of the perennial stream lengths in the study area.
The 27 tributaries and portions of three mainstem rivers containing genetically pure Yellowstone cutthroat trout were allocated into four populations. The 22 streams in the Greybull drainage
were distributed between two populations: the
Greybull River watershed (15 streams) and its primary tributary, the Wood River watershed (7
streams). These two populations are separated by
a segment of river containing large populations of
exotic salmonids and affected by irrigation withdrawals and diversion dams that effectively isolates the two populations. Four of the five SF Shoshone tributaries containing Yellowstone cutthroat
trout were connected and formed a headwater population, whereas the fifth stream, Marquette Creek,
near the mouth of the SF Shoshone River, was
isolated by irrigation diversion structures and separated from the headwater population by a 50-km
river segment.
All four populations had estimated breeding
populations that appear to be large enough to withstand demographic and genetic pressures (Table
3). The Greybull at 12,300, Wood at 5,300, and
Marquette at 1,600 individuals each exceeded an
effective population of 1,000 individuals. The
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TABLE 3.—Effective population sizes for the four genetically pure Yellowstone cutthroat populations.

Population

Mean number of
cutthroat trout
per 100-m reach

Total stream
length (km)
containing
cutthroat trout

Estimated
population
size a

95% confidence
interval

Estimated effective
population size

Greybull River
Wood River
South Fork Shoshone River
Marquette Creek

12.9
17.6
9.2
18.6

145.0
46.7
11.3
15.5

23,200
10,100
900
2,900

19,960–26,450
7,500–12,680
400–1,390
460–5,300

12,300
5,300
500
1,600
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a

Estimated population size and effective population size cannot be exactly calculated based on the mean number of cutthroat trout and
the total stream length (km) containing trout (as shown here) because the actual values are based on weighted averages (occupied length
3 number per 100 m) for each tributary sampled. The mean number of cutthroat trout per 100-m reach is the average for all the
tributaries that make up each population.

smallest effective population (500) was in the upper SF Shoshone population. It was underestimated, however, because numbers of Yellowstone
cutthroat trout in the main-stem river, which connected the other three tributaries, could not be estimated because of high discharge. Regardless, the
sampled portion of the population indicated that
population size was adequate to preserve longterm genetic variation and adaptability.
Because of its large population size and the presence of an irrigation diversion dam on the main
stem that acts as a fish migration barrier, the Yellowstone cutthroat trout population in the Greybull
River drainage had the lowest overall extinction
risk of the four remaining populations (Table 4).
Although the presence of rainbow trout in the watershed downstream of the barrier is a potential
risk, they provide a moderate risk to the Yellowstone cutthroat trout because of the barrier. Marquette Creek, also protected by irrigation diversions, was threatened by the presence of brook
trout (low risk) and rainbow trout (moderate risk)
downstream of the barrier. The populations in the
Wood River drainage and the SF Shoshone drainage appear to be at high risk due to the presence
of rainbow trout and brook trout and the lack of
barriers. None of the four populations can be con-

sidered secure because of the presence of at least
a moderate risk to their continued existance.
Discussion
This watershed-scale survey exemplifies the impact of nonnative salmonids on native Yellowstone
cutthroat trout. Although the competitive mechanisms are poorly understood, it is generally suspected that in many circumstances exotic salmonids will displace cutthroat trout over time when
found in sympatry (Hearn 1987; Fausch 1988;
Fausch 1989; DeStaso and Rahel 1994). Based on
the distributions of salmonids in the study watersheds, it appears Yellowstone cutthroat trout have
succumbed to competitive pressures from exotic
salmonids over the majority of the three watersheds. Although Yellowstone cutthroat trout and
brook trout are commingled, brook trout appear to
have displaced cutthroat trout from a vast area of
the SF Shoshone River headwaters. Similarly,
rainbow trout have extensively hybridized with native cutthroat trout throughout the NF and SF Shoshone drainages and in most cases have replaced
the Yellowstone cutthroat trout completely. In
some tributaries in the NF and SF Shoshone watersheds, genetically pure Yellowstone cutthroat
trout individuals were found among rainbow trout

TABLE 4.—Risks for the four genetically pure Yellowstone cutthroat trout populations, based on population size,
isolation, and the presence of nonnative salmonids in the watershed. Populations with moderate or high rankings (see
Table 1) should be considered unsecure (i.e., long-term persistence is threatened).
Assessed risk

Population
Greybull River
Wood River
South Fork, Shoshone River
Marquette Creek

Brook trout

Demographic

Shortterm
genetic

Longterm
genetic

Watershed

None
None
None
None

None
None
None
None

None
None
None
None

None
Low
Low
Low

Population

Rainbow
trout,
watershed

Isolation

None
Moderate
Moderate
None

Moderate
High
High
Moderate

None
None
None
None
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and hybrid (cutthroat trout and rainbow trout)
swarms, but these individuals were not considered
to represent viable populations. Although inclusion of these fish in our assessment would moderate the outcome, we considered these genetically
pure fish to be insignificant in terms of value to a
population or the status of Yellowstone cutthroat
trout as a subspecies. Individual fish may represent
a valuable component of genetic variation (Allendorf and Leary 1988; Ryman 1991; Leary et al.
1993) and should not be discounted in conservation strategies, but when found within a swarm of
hybrids they cannot contribute to maintenance of
genetically pure populations unless removed and
used in captive breeding programs. In our samples,
these individuals were generally adult fish, indicating that reproduction among pure fish has been
limited, that they were migrants from pure populations in the watershed, or that they were uncharacteristic hybrids. That is, through several
generations of backcrossing, individual hybrid fish
could appear as genetically pure cutthroat trout at
the diagnostic loci, and if the appropriate diagnostic loci are not selected, detection of hybridization in individual fish is virtually impossible.
It is probable that fish appearing as pure were actually undetected hybrids.
This genetic assessment provides critical conservation information (e.g., distributions, population sizes, and genetic purity) regarding Yellowstone cutthroat trout, clarifies the status of the subspecies in Wyoming, and identifies future management needs. The Greybull and Shoshone rivers,
as watersheds that remain relatively pristine and
inaccessible, were considered the most likely to
support expansive populations of native trout of
the major watersheds within the historical range
of the subspecies. However, our results indicate
that habitat occupied by cutthroat trout in the watersheds has declined by almost three quarters and
Yellowstone cutthroat trout have been virtually
eliminated from the NF and SF Shoshone River
watersheds (96% reduction). Yellowstone cutthroat trout in other river systems have suffered a
similar fate. The Clark’s Fork watershed, a portion
of which may have been historically fishless due
to barrier falls (Jordan 1891), has been extensively
stocked with nonnative salmonids including hatchery raised Yellowstone cutthroat trout. Systematic
sampling has found only a single, introduced population of genetically pure Yellowstone cutthroat
trout (Kruse 1998; WGFD records) in approximately 1,500 km (estimated by May 1996) of perennial stream. On the west slope of the Bighorn

Mountains (i.e., Bighorn River drainage) in northcentral Wyoming, only three widely separated,
first-order streams harbor genetically pure Yellowstone cutthroat trout (Kruse 1998); however, cutthroat trout from other sources have been introduced in all three streams. These streams compose
a small portion (,1%) of the total stream habitat
currently supporting trout fisheries in the western
Bighorn Mountains. The estimate that Yellowstone
cutthroat trout remain in only 4% of available habitat within their native range in the entire Bighorn
mountain range (eastern and western slopes) appears reasonable (Steve Kozel, U.S. Forest Service, personal communication). Consequently, in
northwestern Wyoming, only the Greybull River
(this study) and the upper Yellowstone River drainage (contains a robust population of genetically
pure cutthroat trout in 250 km of stream supported
by an adfluvial link to Yellowstone Lake; Kruse
1998), still support appreciable numbers of native
cutthroat trout outside of Yellowstone National
Park.
The distinction of the finespotted form of cutthroat trout endemic to the Snake River drainage
is a major problem when assessing Yellowstone
cutthroat trout status. Conventional assessments
(Varley and Gresswell 1988; May 1996) have considered trout native to the Yellowstone (which includes the Greybull, NF and SF Shoshone, and
Bighorn rivers) and Snake (above Shoshone Falls)
river watersheds as the Yellowstone subspecies because they lack genetic, meristic, or ecological differences (Loudenslager and Kitchen 1979; Loudenslager and Gall 1980; Leary et al. 1987). However, Behnke (1992) described the finespotted form
as a separate subspecies, based on morphological
(primarily spotting pattern) and geographical differences. The finespotted cutthroat trout is found
throughout most of its historical range in the Snake
River watershed of Wyoming (approximately
2,500 km of perennial streams; May 1996). If considered a form of Yellowstone cutthroat trout, the
inclusion of the present-day finespotted cutthroat
trout range (as in May 1996) lessens the decline
in the overall distribution of the Yellowstone cutthroat trout subspecies. Finespotted cutthroat trout
were extensively stocked into the study watersheds
from 1972 to 1975. Visual field assessments and
genetic analysis have confirmed the integration of
the finespotted form in the Greybull and Marquette
populations. If the finespotted cutthroat trout is a
unique subspecies, its integration with endemic
cutthroat trout of the Greybull and Marquette populations eliminates them from consideration as ge-
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netically pure Yellowstone cutthroat trout. Subsequently, the upper Yellowstone River may be the
only secure population of pure Yellowstone cutthroat trout in Wyoming outside of Yellowstone
National Park.
The decline of many native species due to population fragmentation caused by habitat loss or
nonnative species invasions has provided insight
into the viability and long-term persistence of isolated populations (Boyce 1992; Emlen 1995;
Young 1995; Dunham et al. 1997; Guffey et al.
1998). It is likely that extinction probabilities for
stream salmonids increase, because of deterministic, genetic, and stochastic processes, as population connectivity and size decrease (Harrison
1991; Rieman and McIntyre 1993). Because Yellowstone cutthroat trout populations have declined
in both size and numbers, we developed a risk
assessment protocol to evaluate the status of each
remaining population in the study watersheds. The
evaluation was not intended to provide a measure
of population viability but rather an assessment of
potential risks to the persistence of each population.
Once a population has become fragmented or
reduced in size, remaining population fragments
may not be large enough to maintain evolutionary
processes and demographic needs. Although some
small (e.g., ,100 individuals) salmonid populations have considerable perseverance (see Young
et al. 1996), genetic and demographic concerns are
increasingly important as population size decreases to a threshold below which population recovery
on its own would be unlikely (Schaffer 1987; Harrison 1991; Boyce 1992). Additionally, healthy
populations may quickly become at risk if stochastic environmental perturbations decimate a
population. Rieman and McIntyre (1993), summarizing several sources addressing bull trout,
suggested that demographic risks are minimal until
effective populations are reduced to around 20 individuals. Young (1995) suggested 30–50 individuals. The minimum number of individuals needed
to mitigate genetic loss is difficult to estimate (Rieman and McIntyre 1993; Rieman et al. 1993), but
Soule (1987) proposed the ‘‘50/500 rule’’ as a
guide. Under this rule, an effective population size
of 50 is needed to circumvent excessive inbreeding
in isolated populations, whereas 500 individuals
will maintain genetic variation in the long-term
and preserve adaptive ability. Others have suggested more conservative guidelines for minimizing genetic and demographic risks. Nelson and
Soule (1987) suggest a ‘‘500/5,000 rule’’ to alle-
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viate genetic risks, whereas Rieman and McIntyre
(1993) speculate that salmonid populations of less
than 2,000 individuals may experience much higher extinction probabilities. Appropriate population
sizes can be expected to vary among species and
groups of species (Boyce 1992). The effective sizes of all four populations in our study suggest that
demographic or genetic constraints are currently a
minimal risk to population persistence.
A more obvious risk to remaining Yellowstone
cutthroat trout populations is the invasion of nonnative salmonids. Whereas most evaluations of native stream salmonids (e.g., bull trout, cutthroat
trout, brook trout) suggest that nonnative introductions and invasions are at least partially responsible for their decline (Rieman and McIntyre
1995; Dunham et al. 1997; Guffey et al. 1998), we
suggest that nonnatives are the single most important reason that Yellowstone cutthroat trout
have declined in the study area. We found no evidence to indicate that habitat alteration had significantly affected the remaining populations. Additionally, habitat segregation among brook, rainbow, and cutthroat trout was not apparent (Kruse
1998), suggesting that habitat refugia or areas having characteristics unique to cutthroat trout are unavailable within the narrow range of habitats we
observed across the study watersheds. Thus, nonnative salmonids will probably invade and affect
all remaining cutthroat trout populations, given the
opportunity. Because brook trout were present
within the boundaries of two of the four populations and rainbow trout were found in all the watersheds, we consider all four populations to be at
least moderately threatened by competition or hybridization. The Greybull and Marquette populations were protected by irrigation structures that
prevent the upstream movement of brook trout and
rainbow trout, which were both found immediately
downstream from the structures.
Isolation was considered as a risk to remaining
Yellowstone cutthroat trout populations; however,
we recognize that an assessment of isolation is
inherently tied to other risks. Isolation may be
harmful because it prevents genetic exchange or
rescue after catostrophic events, but when isolation
prevents invasion of nonnative salmonids, presumably a more immediate and prodigious threat, the
harmful effects of isolation are moderated. Population structure (e.g., metapopulation, sourcesink; Harrison 1994; Hanski and Gilpin 1997) is
an important consideration when assessing isolation. Individual movement or dispersal (highlighted in recent works by Brown and MacKay 1995;
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Young 1996; Jakober et al. 1998) may be important
for population maintenance in light of extinction
risks presented by stochastic environmental events
and limited habitat diversity in headwater areas of
the Absaroka Mountains. Although we have little
information on movements of Yellowstone cutthroat trout in the study area, we speculate that the
small streams in headwater habitats may not support large, permanent Yellowstone cutthroat trout
populations. Rather, small headwater populations
may need an influx of individuals from more secure, lower-elevation habitats during favorable
conditions, a process that has been eliminated in
many portions of the watersheds by population
fragmentation and isolation. We believe all four
populations were isolated from each other, either
by a physical barrier or distance; however, they
may be large enough to withstand the harmful effects of isolation, unless population size is suddenly reduced by unpredictable events.
Environmental stochasticity is an important
consideration with fragmented and isolated populations because catastrophic events (environmental disturbance of sufficient size to impact a population) can affect population survival regardless
of population size. Environmental events can disrupt aquatic communities (Siegfried and Knight
1977; Reice et al. 1990; Lamberti et al. 1991; Bozek and Young 1994). However, the unpredictability
of both the event (timing and level of effect) and
the population’s response has precluded development of estimates of minimum population sizes
needed to withstand catastrophic events. Some researchers have attempted to quantify the risk presented by catastrophic events to cutthroat trout
populations (Lande 1988; Probst et al. 1992; Rieman and McIntyre 1993; Dunham et al. 1997). We
did not attempt to predict the frequency, intensity,
or effect of catastrophic events but point out that
because of the geologic instability and climate of
the Absaroka Mountains, flood flows, severe
droughts, and debris torrents are frequent events
and are likely to cause local extirpations of cutthroat trout populations. For example, one tributary stocked by WGFD in the Greybull watershed,
which was isolated from upstream migrants by a
geologic barrier, experienced a 30-fold decrease in
abundance over 3 years of the study—a result putatively attributed to abnormally high spring flows
(Kruse, unpublished data). Because habitat diversity was low (predominately boulder step-pool) in
the watersheds and environmental conditions are
more variable in high-elevation systems, trout densities in the study area are lower than statewide

averages (Kruse 1995). Thus, it will probably be
more difficult for the remaining Yellowstone cutthroat trout populations to overcome catastrophic
population reductions. Conservation strategies
need to consider the ramifications of catastrophic
events and provide for instream refugia (Hawkins
and Sedell 1990; Sedell et al. 1990) and population
connectivity (Wilcox and Murphy 1985; Taylor et
al. 1993).
Headwater population segments of Yellowstone
cutthroat appear resilient to demographic, genetic,
and environmental influences when main-channel
and lower-elevation refugia are available. However, the ability of nonindigenous salmonids to hybridize and compete with Yellowstone cutthroat
trout has fragmented the remaining fish into four
smaller populations and eliminated them from
most of the main-stem, lower-elevation habitats.
It appears that Yellowstone cutthroat trout have
been eliminated from about 90% of fluvial habitat
in the state of Wyoming. Only two watersheds outside of Yellowstone National Park support populations with high probabilities of persistence without substantial management intervention, and only
one watershed (the upper Yellowstone River drainage) should be considered to support truly endemic
Yellowstone cutthroat trout. Although habitat alterations may have had substantial effects on native trout in higher-order rivers, we found little
evidence of habitat degradation in the study area.
Rather the presence of introduced, hybridizing,
and competing salmonid species has been the primary causal agent of Yellowstone cutthroat trout
declines. Nonnative fishes will continue to exert
pressures on the few remaining Yellowstone cutthroat trout populations and will exacerbate genetic and demographic risks of population extinctions. It is likely that the few remaining genetically
pure enclaves found in Wyoming will be eliminated within decades without intense management
to control exotic salmonids and to reestablish
large, genetically pure, allopatric populations of
Yellowstone cutthroat trout. Consequently, conservation of Yellowstone cutthroat trout will require control of nonnative fishes and reconnection
of vast areas of headwater streams and main-stem
river systems—a daunting challenge.
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