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Geomorphic Influences on the Distribution of
Yellowstone Cutthroat Trout in the
Absaroka Mountains, Wyoming

CARTER G. KRUSE AND WAYNE A. HUBERT

U.S. Geological Survey, Wyoming Cooperative Fislt and Wildlife Research Unit!
University of Wyoming, Laramie. Wyoming 82071, USA

FRANK J. RAHEL

Department of Zoology and Physiology, University of Wyoming
Laramie, Wyoming 82071, USA

Abstract.—Influences of large-scale abiotic, geomorphic characteristics on distributions of Yel-
lowstone cutthroat trout Oncorhynchus clarki bouvieri are poorly understood. We sampled 151
sites on 56 perennial streams in the Greybull-Wood river drainage in northwestern Wyoming to
determine the effects of geomorphic variables on Yellowstone cutthroat trout distributions. Channel
slope, elevation, stream size, and barriers 1o upstream movement significantly influenced the
presence and absence of Yellowstone cutthroat trout. Wild populations of Yellowstone cutthroat
trout were not found upstream of barriers to fish migration, at sites with channel slopes of 10%
or greater, or at elevations above 3,182 m. Based on channel slope alone, logistic regression models
correctly classified presence or absence of Yellowstone cutthroat trout in 83% of study sites. The
addition of elevation and stream size in the models increased classification to 87%. Logistic models
tested on an independent data set had agreement rates as high as 91% between actual and predicted
fish presence. Large-scale geomorphic variables influence Yellowstone cutthroat trout distributions,
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and logistic functions can predict these distributions with a high degree of accuracy.

Yellowstone cutthroat trout Oncorhynchus clarki
bouvieri inhabit a larger geographic range than any
other cutthroat trout subspecies except coastal cut-
throat trout O. c¢. clarki (Varley and Gresswell
1988). As in other interior stocks of cutthroat trout,
hybridization (Leary et al. 1984; Campton and Ut-
ter 1985; Gresswell 1995) and competition with
exotic fishes (Griffith 1988; Young 1995), as well
as anthropogenic influences (logging, mining, ag-
riculture, irrigation; Hanzel 1959; Allendorf and
Leary 1988; Thurow et al. 1988; Gresswell 1995),
have reduced the distribution of Yellowstone cut-
throat trout by 70-90% since settlement by Eur-
opeans (Hadley 1984; Varley and Gresswell 1988;
Behnke 1992; Young 1995).

Declines in Yellowstone cutthroat trout distri-
butions have been most severe in high-order, low-
elevation streams where human impacts are great-
est (Hanzel 1959; Gresswell 1988; Young 1995).
Limited access to remote, high-elevation drainages
and public ownership of most of these systems
have contributed to protection of Yellowstone cut-
throat trout populations and their habitats (Gress-

! The Unit is jointly supported by the University of
Wyoming, Wyoming Game and Fish Department, U.S.
Department of the Interior, and Wildlife Management
Institute.

well 1995). Hanzel (1959), Behnke and Zarn
(1976), Scarnecchia and Bergersen (1986), and
Varley and Gresswell (1988) noted that most ge-
netically pure populations of Yellowstone cut-
throat trout occur in high-elevation headwaters in
remote areas. Additionally, Behnke (1992) sug-
gested the cutthroat trout may have a selective
advantage over nonnative trout! in these areas be-
cause they may function better in cold environ-
ments.

Persistence of fish species in a stream system is
influenced by the ability of the fish to successfully
use the habitat for cover, to acquire food, to in-
teract with other fish in the community, and to
reproduce (Bozek and Hubert 1992). Constraints
imposed by physical habitat can limit species per-
sistence; thus, identification of the abiotic factors
that limit species distributions is important. Cat-
astrophic events (Lamberti et al. 1991) and fish
migration barriers (Stuber et al. 1988; Rieman and
Mclntyre 1993) can have major impacts on fish
survival and distributions.

Habitat features that characterize trout distri-
butions and abundance have been a common focus
of research (e.g., Fausch et al. 1988; Nelson et al.
1992; Rieman and Mclntyre 1995). As Yellow-
stone cutthroat trout populations continue to de-
cline, it is imperative that fishery managers un-
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derstand the environmental processes that control
the habitat and, ultimately, fish populations in ar-
eas where native fish still persist. Until recently,
biologists have attempted to characterize habitats
through traditional, small-scale approaches such as
stream reach or habitat unit inventories (Rieman
and Mclntyre 1995). But, as Nelson et al. (1992)
and Rieman and Mclintyre (1995) pointed out, it
may be more important to understand trout distri-
bution and response to habitat based on a spatially
large-scale, geomorphic approach.

Trout habitat has been linked to large-scale geo-
morphic variables (Lanka et al. 1987; Hubert and
Kozel 1993). Severai researchers have shown that
measures of elevation, channel slope, and stream
size are useful indicators of trout occurrence
(Platts 1979; Lanka et al. 1987; Kozel and Hubert
1989; Nelson et al. 1992; Rieman and MclIntyre
1995). Incidence functions, based on these types
of variables, that predict presence or absence of
trout populations can be useful tools, particularly
in areas where little detailed habitat or population
information is available (Rieman and Mclntyre
1995).

Although generalized distributions of Yellow-
stone cutthroat trout in Wyoming are known, ac-
curate descriptions of their specific locations are
not available. Several areas have been identified
by the Wyoming Game and Fish Department as
having high potential to contain remnant, geneti-
cally pure Yellowstone cutthroat trout populations,
including the Greybull-Wood river drainage in
northwestern Wyoming.

The purpose of this study was to determine the
distribution of Yellowstone cutthroat trout in the
Greybull-Wood river drainage and to determine
whether geomorphic features and stream size af-
fect these distributions. We developed logistic re-
gression models based on large-scale geomorphic
features and stream size to predict Yellowstone
cutthroat trout distributions within the drainage.

Study Area

The Greybull River, including its primary trib-
utary, the Wood River, is the third largest tributary
to the Bighorn River. It drains more than 2,900
km? of the eastern Absaroka Range in northwest-
ern Wyoming. The study area included that portion
of the Greybull-Wood river drainage within the
Shoshone National Forest (Figure 1). Fifty-six pe-
rennial tributaries (355 km of total stream length)
occur in the 650-km? headwater drainage.

The Greybull River and its tributaries tend to
be torrential, high-elevation mountain streams
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with high channel slopes, unstable substrates, and
large fluctuations in discharge from spring to late
summer (Hansen and Glover 1973). Elevations of
streams in the study area range from 2,300 to 3,250
m above mean sea level. Channel slopes range
from 0.5% to 25% with a mean of 8.5%, which is
generally considered steep (Kondolf et al. 1991;
Rosgen 1994). Snowmelt dominates the annual hy-
drograph and results in extremely high spring
flows (Hansen and Glover 1973; Martner 1982;
Zafft and Annear 1992). Wetted stream width of
the mainstream Greybull River during late summer
varies from 3.5 m at the glacial headwaters to 25
m at the Shoshone National Forest boundary with
most tributary streams ranging 2.5-5 m in width.

The volcanicly derived watershed (Keefer 1972)
is steep and rugged with uplifted peaks and deep
valleys, resulting in mountain streams that have
steep longitudinal profiles and low biological pro-
ductivity. Stream substrates and banks are pre-
dominately erodible volcanic material (Hansen
and Glover 1973; Zafft and Annear 1992), which,
coupled with high spring flows and steep channel
slopes, result in channels that shift regularly (Kent
1984), are strewn with large angular rocks, are
poorly defined, and provide limited fish habitat.

The Greybull River, historic Yellowstone cut-
throat trout range, is currently managed by the
Wyoming Game and Fish Department as a native
sport fishery for cutthroat trout. Mountain white-
fish Prosopium williamsoni, mountain suckers Ca-
tostomus platyrhynchus, longnose dace Rhinicthys
cataractae, and brook trout Salvelinus fontinalis
are also present in the drainage (Yekel 1980). Rain-
bow trout O. mykiss were stocked in the drainage
but are no longer present (electrophoretic analysis
failed to detect rainbow trout alleles in the pup-
ulation). McBride Lake and LeHardy Rapids
strains of Yellowstone cutthroat trout have been
periodically stocked in four previously barren
stream reaches above fish migration barriers since
1985 (Kruse 1995).

Anthropogenic influences on the Greybull River
watershed are relatively minor. Fishing pressure is
low because of limited access (Yekel 1980). The
Greybull River drainage, especially the Wood Riv-
er near Kirwin, has been prospected for minerals
since the 1890s. Mining activity was highest be-
tween 1892 and 1907, but viable operations con-
tinued into the 1960s (Hansen and Glover 1973).
Because of limited human influence, the Greybull
River drainage is considered to be essentially un-
impacted.
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FiGure 1.—The upper Greybull River drainage within the Shoshone National Forest (inset, blackened area) in
northwestern Wyoming, east of Yellowstone National Park (inset, crosshatched area). Spots indicate streams on
which at least one sample was taken. Dashed line indicates Shoshone National Forest boundary.

Methods

Study streams within the Greybull River drain-
age were selected by using two criteria: avail-
ability of permanent stream flow (based on U.S.
Geological Survey [USGS] 1:24,000-scale topo-
graphic maps) and potential to support a trout pop-
ulation (Wyoming Game Fish Department, unpub-
lished data). Perennial streams were sampled from
June to September 1994 with Smith-Root 12-B
programmable output waveform, battery-powered
backpack electroshockers.

Sampling was initiated at the confluence of each
tributary within the Greybull and Wood river
drainage and progressed upstream at approximate-
ly 1-km intervals. At each location, a one-pass
electrofishing run was performed across a 100-m
stream reach. Additional stream reaches were sam-
pled immediately downstream and upstream from
permanent barriers to fish migration (Stuber et al.
1988; Rieman and Mclntyre 1993) to assess barrier

effects on fish presence. Barriers were defined as
geologic structures at least 1.5 m high (Stuber et
al. 1988) or reaches of very high channel slope or
water velocity. Sampling progressed upstream un-
til trout were no longer present; then an additional
upstream site was sampled to ensure fish absence
further upstream in the drainage and to obtain ad-
ditional site information from areas where fish
were not found. Sampling sites were grouped into
four categories: (1) fish present with no down-
stream barrier to migration; (2) fish present above
downstream barrier (s) to migration; (3) fish absent
with no downstream barrier to migration; and (4)
fish absent above a barrier to fish migration.

The locations (latitude, longitude) and eleva-
tions (meters) of sampling sites and barriers to fish
migration were identified with global positioning
units and USGS topographic maps. Barrier heights
(nearest 0.1 m) and composition were recorded.
Wetted stream width (nearest 0.05 m) was mea-
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sured with a tape perpendicular to stream flow at
four transects spaced equally within the 100-m
reach. Channel slope (%) was estimated with a
clinometer for the entire 100-m reach. Stream
lengths (kilometers) were measured with an elec-
tronic map wheel from 1:24,000-scale USGS to-
pographic maps.

Normal distributions of the data allowed use of
a one-way analysis of variance (ANOVA) to test
for differences in geomorphic and stream size fea-
tures among the four categories. When significant
differences were found, Tukey’s multiple-compar-
ison test was used to assess differences among
categories. Pearson correlations were used to de-
termine relations among channel slope, elevation,
and wetted width (Krebs 1989). Logistic regres-
sion was used to develop incidence functions be-
cause of the binomial nature of the dependent vari-
able (fish presence-absence) and because it pro-
vides a probabilistic prediction. To allow for in-
dependent testing of the model, the data set was
divided by subdrainage and the logistic models
were developed with sites from the Greybull River
drainage and tested on sites from the Wood River
drainage. Because barriers influence fish move-
ment and distributions, we performed logistic re-
gression analysis for only those sites unaffected
by fish migration barriers (i.e., sites below barriers
or sites with Yellowstone cutthroat trout above
barriers). Models were also developed without
sites having gradients higher than 10%. The lo-
gistic function form is

P = e"/(1 + e¥),

where P = probability of Yellowstone cutthroat
trout presence or absence, ¢ = the inverse natural
logarithm of 1, and u = linear model:

u=f+ 01X+ bXo + ...+ b, X,

where f = regression constant, b, = regression
coefficients, and X,,, = independent variables. The
maximum (—2) log-likelihood method was used
to estimate regression coefficients (Hosmer and
Lemeshow 1989).

Appropriateness of each model was evaluated
with the (—2) log-likelihood statistic (hereafter re-
ferred to as the log-likelihood statistic); statistical
significance was assessed with a chi-square test.
Reductions in the log-likelihood indicate improved
model fit because the statistic is analogous to the
residual sums of squares in linear regression, and
it measures observed value deviation from the
model (Hosmer and Lemeshow 1989). Cutthroat
trout presence—absence probabilities were pre-
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dicted by the logistic models and compared with
observed values. Predicted probabilities of 0.50 or
greater indicated cutthroat trout were present, and
probabilities less than 0.50 indicated absence.
Kappa values were tested to determine whether
trout classifications by logistic functions were sig-
nificantly different than random classifications.
The kappa statistic (Titus et al. 1984) expresses
the proportion of sites correctly classified by the
model after removing the effect of correct clas-
sification by chance (Beauchamp et al. 1992).
The logistic models from the Greybull River
drainage were applied to an independent data set
from the Wood River drainage to test model per-
formance in predicting fish presence. Predicted
probabilities of 0.50 or greater indicated probable
fish presence, whereas probabilities less than 0.50
indicated fish absence. Statistical analyses were
performed with SPSS/PC+ (SPSS 1991). Signif-
icance was determined at P < 0.05 for all tests.

Results

The distributions of Yellowstone cutthroat trout
were described by using samples from 151 loca-
tions on 56 streams throughout the Greybull-Wood
river drainage. Cutthroat trout were present in 15
of 33 Greybull River tributaries (58 of 89 sites)
and in 7 of 23 Wood River tributaries (31 of 62
sites). Cutthroat trout were sampled from 116 of
236 km (49%) of perennial streams in the Greybull
River drainage and from 44 of 119 km (37%) of
streams within the Wood River drainage. Within
the entire Greybull River drainage, 45% (160 km)
of the 355 total km of perennial streams contained
cutthroat trout, but the remaining 55% lacked fish
because of barriers to fish migration or inadequate
habitat associated with stream gradients steeper
than 10%.

No wild cutthroat trout populations were found
above fish migration barriers. Barriers to upstream
migration of Yellowstone cutthroat trout were
found on 17 of the 56 study streams. Fish were
present in 15 of the 17 streams blocked by barriers;
in 11 of these 15, fish were present up to the base
of the barrier and absent upstream. The other four
streams had recently been stocked with Yellow-
stone cutthroat trout above the barrier by the Wy-
oming Game and Fish Department. Introduced
Yellowstone cutthroat trout upstream from barriers
occupied 20 of 160 km (12.5%) of stream reaches
where cutthroat trout were found.

Sites with cutthroat trout present had channel
slopes less than 10% and were at elevations of
3,182 m or less. Elevations of the study sites
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TABLE 1.—Physical habitat characteristics for the four categories of cutthroat trout presence or absence. Means along
a row not sharing a common lowercase letter indicate significant difference among categories (Tukey, P < 0.05).

Stream
characteristic Fish present. Fish absent, Fish present Fish absent,
and statistic no barrier no barrier above barrier barrier present P
Channel slope (%)
Mean 44z 9.6 x 4.0 zy 6.7y <0.001
SD 2.9 5.6 1.7 29
Range 1-17 0.5-25 2-7.1 2-12.5
N 73 38 15 23
Elevation (m)
Mean 2437z 2768 y 2714y 2,657 y <0.001
D 216 197 11 237
Range 2.096-3.182 2.356-3,146 2,569-2,996 2,321-3,206
N 74 39 15 23
Wetted width (m)
Mean 490z 305y 4.15 zy 315y <0.001
SD 2.85 1.2§ 1.40 1.50
Range 1.4-158 1.3-7.7 23-74 1.5-6.8
N 74 39 15 23

ranged from 2,096 to 3,206 m, channel slopes
ranged from 0.5% to 25%, and wetted widths
ranged from 1.3 to 15.8 m (Table 1). Cutthroat
trout were found at one site with a channel slope
of 17%. However, vertical falls were situated only
1.5 km upstream from this creek’s confluence with
the Greybull River, and only three adult cutthroat
trout were collected, suggesting this was not a res-
ident population. This site was dropped from the
logistic regression analysis.

Mean elevation was significantly lower at sites
where Yellowstone cutthroat trout were present
without downstream barriers than at sites where
Yellowstone cutthroat trout were stocked above
barriers or where fish were absent (Table 1). El-
evation did not differ among sites void of Yellow-
stone cutthroat trout, with or without barrier ef-
fects, and sites with stocked cutthroat trout up-
stream from barriers.

Channel slopes were significantly higher at sites
where Yellowstone cutthroat trout were absent
without influence from barriers to fish migration
compared with both categories of fish presence.
The proportion of sites occupied by Yellowstone
cutthroat trout declined linearly with increasing
channel slope from 0% to 10%.

Stream size, indicated by mean wetted width,
was significantly greater at sites where Yellow-
stone cutthroat trout were present with no barrier
than at sites where Yellowstone cutthroat trout
were absent with or without a barrier (Table 1).
However, mean width was highly variable among
all sites sampled. Channel slope, elevation, and
stream size all had significant effects on trout dis-
tributions; however, these variables were highly

correlated, making it difficult to determine which
characteristic had the greatest influence in pre-
dicting fish distributions (Figure 2).

Logistic models were developed by using stream
variables observed to be significantly different be-
tween sites where fish were present and absent
(Table 1). Models developed by using only channel
slope classified 83% of the sites in the Greybull
River drainage correctly when barrier influences
were not considered (Table 2). High correct clas-
sification and the lowest log-likelihood values oc-
curred with the inclusion of channel slope, ele-
vation, and a measure of stream size in the model;
however, the stream size regression coefficient was
not significant in any model. Model 2 (Table 2)
containing channel slope and elevation, correctly
classified 87% of all sites and had a log-likelihood
value only slightly higher than model 3. All mod-
els had significant chi-square values and predicted
presence—absence of cutthroat trout with 80-87%
overall correct classification.

Kappa values (Table 2) indicated that all models
classified Yellowstone cutthroat trout presence sig-
nificantly better than chance correct classifica-
tions. Classifications from all models were at least
32% better than chance alone, and most models
were more than 50% better.

All logistic models except model 4 had high
rates of agreement between actual and predicted
fish presence when tested on sites from the Wood
River drainage (Table 3). Although model I, con-
taining only channel slope, had a higher log-like-
lihood and lower overall correct classification than
models 2 or 3 had, it had the highest agreement
between actual and predicted fish presence (91%).
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FIGURE 2.—Presence (@) and absence (O) of cutthroat trout in relation to (A) elevation and channel slope and
(B) channcl slope and stream size. All observations are included.

Discussion

Geologic barriers to fish migration influence dis-
tributions of Yellowstone cutthroat trout in the
Greybull-Wood river drainage. We hypothesized
that barriers might isolate genetically pure Yel-
lowstone cutthroat trout from potential hybridiza-
tion or competition; however, Yellowstone cut-
throat trout did not appear upstream of barriers
except in the four streams where Yellowstone cut-
throat trout were stocked above barriers. If cut-
throat trout naturally occurred above barriers, cat-
astrophic events probably limited cutthroat trout
persistence in these areas. Flood flows, severe
drought (30-100-year cycles in Bighorn basin;
Martner 1982), and debris torrents (Keefer 1972;

Martner 1982; Lamberti et al. 1991) can locally
decimate or extirpate trout populations. Swanson
et al. (1987) suggest debris torrents are episodic
events that may influence mountain streams every
50-200 years. Therefore. due to relatively short
stream lengths above the barriers, poor habitat
conditions, and relatively common occurrences of
catastrophic events, it is probably difficult for Yel-
lowstone cutthroat trout to persist in or to reco-
lonize areas above barriers.

Yellowstone cutthroat trout distributions in the
Greybull-Wood river drainage were significantly
influenced by channel slope. Channel slope has
been found to influence habitat (Chisholm and
Hubert 1986; Bozek and Hubert 1992; Rosgen
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TaBLE 2.—Logistic regression analysis results with significance for parameters and model, correct classification, and
kappa statistics of geomorphic and stream parameters predicitng Yellowstone cutthroat trout presence or absence in
northwestern Wyoming. Differences are significant at P < 0.05.

Classification %

Model and Log- (present/absent/ Kappa
parameter Value (SE) P likelihood overall) (P)
Channel siope —-0.485 (0.12) <0.0001
Constant 3.840 (0.82) <0.0001 0.580
Modei [ <0.0001 72.44 93/62/83 (<0.001)
Channel slope —-0.488 (0.15) 0.0012
Elevation —0.009 (0.00) 0.0004
Constant 27.830 (7.17) 0.0001 0.688
Model 2 <0.0001 49.23 91/77187 (<0.001)
Channel slope —0.510 (0.19) 0.0074
Elevation =0.009 (0.00) 0.0004
Mean width —-0.064 (0.33) 0.8445
Constant 28.333 (7.66) 0.0002 0.688
Model 3 <0.0001 49.19 9L/77187 (<0.001)
Elevation —0.008 (0.00) <0.0001
Constant 22.520 (5.46) <0.0001 0.530
Model 4 <0.0001 69.14 89/62/80 (<0.001)

1994) and, therefore, distribution (Kozel and Hub-
ert 1989) and abundance of trout (Chisholm and
Hubert 1986) in other studies. Bozek and Hubert
(1992) showed that channel slope was significantly
related to cutthroat trout occurrence in high-ele-
vation systems. Cutthroat trout occupied locations
in streams with higher channel slopes than did oth-
er species of trout, but they were not found in
streams with channel slopes greater than 8%. More
than 60% of the stream sites in the Greybull River
basin had channel slopes considered to be steep
(>4%, Rosgen 1994), and 16% were very steep
(>10% channel slope). Only one site where cut-
throat trout were found had a channel slope greater
than 10%, suggesting that channel slope is limiting
Yellowstone cutthroat trout distributions in
streams within the Greybull-Wood river drainage.
In their discussion on presence of bull trout Sai-
velinus confluentus in relation to patch size, Rie-
man and Mclntyre (1995) also observed a gradient
threshold of about 10%.

Elevation significantly influenced cutthroat trout

TABLE 3.—Agreement (percent) between actual and pre-
dicted fish presence when testing logistic models on sites
in the Wood River drainage (N = 43 for all models).

Number
classified
Madel correctly Agreement (%)
| 39 90.7
2 37 86.1
3 38 88.4
4 32 74.4

distributions in the study streams; however, ele-
vation was also positively correlated with channel
slope and not an independent influence on trout
distribution. Because channel slope decreases with
decreasing elevation, channel slope was probably
the major variable influencing distributions (Fig-
ure 2). All study streams were at elevations above
2090 m and can be classified as high-elevation
streams (Kozel and Hubert 1989). Bozek and Hub-
ert (1992) found that elevation was a significant
predictor of cutthroat trout locations within high-
mountain streams of the central Rocky mountains.
Elevation can be categorized as a predictor of cli-
mate (Bozek and Hubert 1992), which influences
several stages of the cutthroat trout life history
(Gresswell 1995). If a portion of the life cycle is
incompatible with climatic conditions resulting
from elevational differences, elevation would di-
rectly impact fish distribution. Similarly, Nelson
et al. (1992) found that elevation, along with sub-
strate embeddedness and streamflow, was a good
discriminatory variable in distinguishing land
classes (geologic), which in turn were related to
trout distributions.

Mean wetted width was significantly greater in
sites where Yellowstone cutthroat trout were pres-
ent without barrier influence than in both site cat-
egories where fish were absent within the study
area. Wetted width is a measure of stream size, but
it is also related to climate and stream energy be-
cause larger streams tend to have lower gradients
and occur at lower elevations (Bozek and Hubert
1992). Furthermore, stream size affects the avail-
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ability and quality of physical habitat and abun-
dance of trout species (Kennedy and Strange 1982;
Chisholm and Hubert 1986; Bisson et al. 1988;
Kozel and Hubert 1989; Heggenes et al. 1991).
Several studies have found stream size, discharge,
and variation in discharge to be important factors
influencing fish distributions and abundance (Min-
shall et al. 1983; Kozel et al. 1989; Bozek and
Hubert 1992; Fausch and Northcote 1992; Nelson
et al. 1992). However, in the Greybull-Wood river
drainage, stream size has only a minor influence
on cutthroat trout distributions.

Modeling trout distributions based on habitat
parameters is a common approach to understand-
ing and managing fisheries; however, most mod-
eling has been done on relatively small scales (e.g.,
stream reach level). Additionally, as Fausch et al.
(1988) pointed out, these types of models are dif-
ficult to realistically apply in fisheries management
because of a lack of generality or precision. More
recently, with recognition of the link between
large-scale geomorphology and stream habitat,
distribution models have been developed on larger
scales (Lanka et al. 1987; Nelson et al. 1992; Rie-
man and Mclntyre 1995). For example, Rieman
and Mclntyre (1995) found consistent relation-
ships between bull trout occurrence in a stream
system and patch size and stream width in south
central Idaho.

Whereas other models have employed a com-
bination of geomorphic and stream size variables,
our logistic functions indicated that fluvial Yel-
lowstone cutthroat trout distributions in north-
western Wyoming can be predicted with a few geo-
morphic variables (Table 2). Although channel
slope is a large-scale variable, we actually mea-
sured channel slope on a site-specific scale; how-
ever, this variable can easily be approximated by
using longitudinal stream profiles derived from
USGS 1:24,000-scale topographical maps. Com-
parisons between channel slope estimates derived
on site with a clinometer and from topographical
maps showed differences of less than 1% (D. Isaak,
University of Wyoming, personal communica-
tion). Channel slope correctly classified 83% of all
sites sampled (Table 2), and in conjunction with
elevation, classification increased to 87% when the
influence of barriers was removed. Although it is
difficult to separate the independent effects of
channel slope, elevation, and stream size on Yel-
lowstone cutthroat trout distributions (Figure 2),
channel slope appears to be the primary factor gov-
erning trout occurrence. Geomorphic variables
were generally better at classifying Yellowstone

cutthroat trout presence (89-93%) than absence
(62-77%: Table 2), suggesting that additional fac-
tors may limit the ability of Yellowstone cutthroat
trout to survive in a given system. After removal
of sites influenced by channel slope greater than
10%, model prediction remained high, indicating
that these variables can be used to classify cut-
throat trout presence and absence across a rela-
tively small range of channel slopes (1-9%).

Models including variables of elevation or
stream size had slightly lower agreement rates (Ta-
ble 3); however, they were actually better models
as shown by lower log-likelihood values and high-
er correct classifications and kappa values (Table
2). Examination of sites that were incorrectly clas-
sified by models 1-3 indicated other anomalies
present that influenced fish presence. Three of the
four sites incorrectly classified by model 1 in the
Wood River drainage were influenced by either a
nonpermanent fish barrier (large-woody-debris
jam) to upstream movement or inadequate stream
flow (sinking into stream bed). Thus, agreement
could be increased by eliminating unusual cases
from the data set, but anomalies such as these and
others (e.g., land use, upwellings, habitat changes)
will complicate model application.

Additionally, it is important to remember, as
Nelson et al. (1992) pointed out, habitat features
affecting trout occurrence vary across broad land
classes. Without additional testing and ground-tru-
thing, application of our models to areas other than
volcanic watersheds within native range of Yel-
lowstone cutthroat trout is not advised.

Platts (1979) and Parsons et al. (1982) have
shown that trout habitat on a stream reach basis
can be related to drainage basin geomorphology:
additionally, trout distributions are a function of
the habitat. The ability to predict Yellowstone cut-
throat trout distributions with some degree of cer-
tainty on the basis of geomorphic variables will
be useful for fisheries managers. These large-scale
models can be incorporated into geographic in-
formation system coverages, allowing managers to
determine potential Yellowstone cutthroat trout
distributions without extensive field surveys but
with only a need for simple ground-truthing cen-
suses. Models of this type provide managers pre-
dictive and diagnostic tools allowing for efficient
watershed planning and management.
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