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Abstract:

The upper Yellowstone River Valley has provided winter range for Rocky Mountain bighorn sheep for
thousands of years. Some sheep populations declined during the 1980's, but others may have
recolonized new ranges. The Montana Department of Fish, Wildlife, and Parks, the National Park
Service and the US Forest Service all share in the responsibility for management of these sheep and
their habitat. I conducted a study during 1994 and 1995 to gather more information on bighorn
movements and habitat use in the Tom Miner Basin and Point of Rocks winter ranges. The Tom Miner
Basin population has been decreasing over the past 20 years and little data were available on the Point
of Rocks population. The objectives were to: (1) determine the seasonal range use patterns for sheep
that utilize the Tom Miner Basin and Point of Rocks summer ranges; (2) compare the relative intensity
of ungulate use, vegetation coverage, and plant species composition in areas occupied by sheep in 1975
with the same sites in 1994-1995; and (3) assess current cattle and elk distribution and use on bighorn
winter ranges in the Tom Miner Basin. From March 1995 - September 1996, 10 radio-collared ewes
were tracked from the Tom Miner and Point of Rocks winter ranges. The ewes in Tom Miner Basin
used traditional migration patterns and summer ranges. The Point of Rocks ewes utilized summer range
in Hyalite Basin and the Cinnabar winter range during the rut. I used pellet and grazing transects to
assess summer and fall habitat utilization by elk and cattle on sheep winter range. From 1975 to 1995
elk use increased, sheep use decreased, and cattle use remained the same. Univariate chi-squared
analysis and classification and regression tree analysis were used to determine bighorn habitat selection
based on elevation, slope, aspect, closeness to escape terrain, grass cover, and the number of elk or
cattle pellets. These analyses indicated that escape terrain was significant to bighorn habitat selection.
Other habitat characteristics important to sheep habitat selection were elevation, slope, and the mean
number of elk pellets. Cattle did not affect bighorn habitat selection since most cattle pellets occurred
away from escape terrain. Elk may have some indirect influence on bighorns, but the influence was
undetectable in this study. Vegetation condition and trend had not changed since 1975 and the
vegetation quality did not vary due to the amount of ungulate use on the range. Vegetation utilization
was high (30%) in areas with high cattle pellet densities, but utilization was low (<20%) in areas with
high densities of bighorn and elk pellets. Vegetation condition and availability do not seem to be
affecting bighorn habitat use in the Basin. I assessed other possible factors that may be limiting the
Tom Miner Basin bighorn population. These factors were human disturbance (recreational and
hunting), mountain goats, predation, weather, disease, inbreeding suppression, and intraspecific
competition. Cursory analysis of data showed that human disturbance, mountain goats, disease,
inbreeding suppression, and intraspecific competition were not important in limiting the bighorn
population. Predation and weather were the two factors that I was unable to assess.
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ABSTRACT

The upper Yellowstone River Valley has provided winter range for Rocky Mountain
bighorn sheep for thousands of years. Some sheep populations declined during the 1980's,
but others may have recolonized new ranges. The Montana Department of Fish, Wildlife,
and Parks, the National Park Service and the US Forest Service all share in the responsibility
for management of these sheep and their habitat. I conducted a study during 1994 and 1995
to gather more information on bighorn movements and habitat use in the Tom Miner Basin
and Point of Rocks winter ranges. The Tom Miner Basin population has been decreasing
over the past 20 years and little data were available on the Point of Rocks population. The
objectives were to: (1) determine the seasonal range use patterns for sheep that utilize the
Tom Miner Basin and Point of Rocks summer ranges; (2) compare the relative intensity of
ungulate use, vegetation coverage, and plant species composition in areas occupied by sheep
in 1975 with the same sites in 1994-1995 ; and (3) assess current cattle and elk distribution
and use on bighorn winter ranges in the Tom Miner Basin. From March 1995 - September
1996, 10 radio-collared ewes were tracked from the Tom Miner and Point of Rocks winter
ranges. The ewes in Tom Miner Basin used traditional migration patterns and summer
ranges. The Point of Rocks ewes utilized summer range in Hyalite Basin and the Cinnabar
winter range during the rut. I used pellet and grazing transects to assess summer and fall
habitat utilization by elk and cattle on sheep winter range. From 1975 to 1995 elk use
increased, sheep use decreased, and cattle use remained the same. Univariate chi-squared
analysis and classification and regression tree analysis were used to determine bighorn
habitat selection based on elevation, slope, aspect, closeness to escape terrain, grass cover,
and the number of elk or cattle pellets. These analyses indicated that escape terrain was
significant to bighorn habitat selection. Other habitat characteristics important to sheep
habitat selection were elevation, slope, and the mean number of elk pellets. Cattle did not
affect bighorn habitat selection since most cattle pellets occurred away from escape terrain.
Elk may have some indirect influence on bighorns, but the influence was undetectable in this
study. Vegetation condition and trend had not changed since 1975 and the vegetation quality
did not vary due to the amount of ungulate use on the range. Vegetation utilization was high
(30%) in areas with high cattle pellet densities, but utilization was low (<20%) in areas with
high densities of bighorn and elk pellets. Vegetation condition and availability do not seem
to be affecting bighorn habitat use in the Basin. I assessed other possible factors that may
be limiting the Tom Miner Basin bighorn population. These factors were human disturbance
(recreational and hunting), ‘mountain goats, predation, weather, disease, inbreeding
suppression, and intraspecific competition. Cursory analysis of data showed that human
disturbance, mountain goats, disease, inbreeding suppression, and intraspecific competition

were not important in limiting the bighorn population. Predation and weather were the two
factors that I was unable to assess. ' ’ ' '
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INTRODUCTION

Rocky Mountain bighorn sheep were once abundant throughout the Rocky
| Mountﬁns of North America (Couey 1950, Buechner 1960). In the late 1800's, bighorn
populations declined due to competition with livestock, introduction of livestock .
diseases, hunting pressures, and development (Buechner 1960, Keating 1982j. Bighom
populations increased once hunting regulations, managemeht areas, and relocation
practices were established to protect the sheep, although bighorns did not recolonize all
areas océupied prior to European settlement (Buechner 1960, Geist 1971, FWS 1993). .

- Bighorn sheep populations in the upper Yellowstone River Valley, Montana, were
not exempt from these declines. Hunting regulations and changes in land use allowed
populations to increase, and sheep colonized historic range through the 1970s (Buechner
1960, Keating 1982). Although some of the populations gained were ldst in the 1980s
from a Chlamydia outbreak (Meagher 1982, Meagher et al. 1992) and possibly other
factors (Legg et al., in press), some herds in the area evidently colonized new ranges or
shifted seasonal ranges during the same period (L. Irby, Montana State University, pers.
comm.).

The Montana Department of Fish, Wildlife, and Parks(MDFWP), National Park
Service (NPS), Biological Resources Divisionv(BRD), United States Forest Service
(USFS), and the Northern Yellowstone Cooperative Wildlife Working Group
(NYCWWG) share responsibility for the conservation and management of bighorn sheep

and their habitats in the upper Yellowstone River Valley. These agencies expressed an
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iﬁterest in gathering more information on bighorn sheep from 2 of 4 winter ranges, Tom
Miner Basin and Point of Rocks. The Tom Miner Basin bighorn population has slowly
decreased over the past 20 years frpm unknown causes and few data were available on the
Point 6f Rocks population. The agencies were particularly interested in obtaining data on
summer distribution, migration corridors, and factors that regulate population growth for
these two subpopulations.

Therefore, I monitored by following habitat use and movements of ewes
associated with the Tom Miner Basin and Point of Rocks winter ranges. Also, collected
on bighorn sheep from the 1970's to the mid 1980's (Grunnigen 19767 Keating 1982, Irby
etal. 1986, Gehman 1985, Irby et al. 1989) were use;l to assess trends in ungulate
populations and vegetation that occurred over the past 2 vdecades.

The speciﬁ;: study objectives were to:

1. Detenﬁine the seasonal ‘range use patterns for sheep that utilize the Tom Miner
Basin and Point of Rocks winter ranges with emphasis on changes in distribution that
have occurred in the last decade in the Tom Miner Basin and describe the movements of
~ the Point of Rocks herd.

2. Compare the relative intensity of ungulate use, vegetation coverage, and plant
species composition in areas occupied by sheep in 1975 with the same sites in 1994-1995.

3. Assess current cattle and elk distribution and use on bighorn winter ranges in
the Tom Miner Basin. ‘

During the study, I was able to test the following null hypotheses:

H,: Bighorn distribution has not changed in the Tom Miner Basin in the past



decade.
H,: Bighoms at Point of Rocks migrate to the Tom Miner Basin summer ranges.
H;: Ungulate use has not changed in the Tom Miner Basin since 1975.
| H,: Vegetation and soil condition and trend on sites used by bighorns in the Tom

Miner Basin have not changed since 1975.



STUDY AREA

The upper Yellowstone River Valley in Montana includes 4 major bighorn winter
ranges adjacent to the northern boundary of YNP; the Everts winter range (EWR), the
Cinnabar winter range (CWR), the Tom Miner Basin winter range (TMWR), and the
Point of Rocks winter range (PRWR) (F 1g 1). This study focused én the TMWR a.nd the
PRWR. The TMWR is located 26 km northwest of Gardiner, Montana in the Gallatin
Mountains of southwestern Montana. The TMWR borders the northwest corner of |
Yellowstone National Park (YNP) and the PRWR is 8 km northeast of the Tom Miner
Basin along the Yellowstone River.

Elevations range from 1500 m to over 3000 m in the Tom Miner Basin. The
TMWR is composed of several smali (1 \- 5 km?) bighom wintering areas scattered over
150 km®. Wintering sites are typically on grass-covered southwest;facing slopes
between 1800 m and 2500 m and W1thln 100 m of escape terrain. These small winteﬁng
areas include whitebark pine (Pinus albicus)-subalpine fir (Abms spp.), bunchgrass, and
subalpine vegetation types (Grunnigen 1976). Dominant land form feétures in the TQ.m“ '
Miner Basin include Sheep Mountain, Foméss Moimtain, Bighom Peak, Ramshorn I}"eak,
and Tom Miner Creek (Fig. 2). Most ridge§ are oriented from noﬁhwest to southea;t.
The PRWR and other winter ranges along the Yellowétdne River are at lower elevatidns
(1500 - 2000 m), drier, and in grass or sage-steppe communities. Summer ranges for all

herds are ridge tops and alpine meadows greater than 2000 m in elevation.
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Figure 1. The locations of the Tom Miner Basin, Point of Rocks, Cinnabar and Mount Everts winter ranges in the upper
Yellowstone River Valley.
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Figure 2. Detailed map of Tom Miner Basin with features mentioned in the text.
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The climate of the Gallatin Mountains is cbol continental with heavy snowfall
beginning in November and snow cover remaining until late May. Summers are short
and mild (Chester 1976). Monthly temperature means, minimum and maximum’

. temperatures, and monthly precipitation for January 1994 through April 1996 are listed in
Appendix, Table 7. The 2 years of the study had average temperatures and percipitation
(NOAA 1995).

Land ownership in the study aréa is a mix of private, state, and federal (YNP and
Gallatin National Forest [GNF]) lands. County roads cross or are adjacent to both winter
ranges, but the PRWR is more easily accessible by vehicle in winter than the TMWR.
Seventy percent of the wintering areas used by sheep in the TMWR are publicly owned.
All of the PRWR is privately owned.

Livestock grazing and hunting are the primary landuses on both winter ranges.
The USFS leases Gardiner National Forest land for cattle grazing from late June through
October. Grazing leases are mostly in mountain meadows from 1800 - 2500 m and
overlap some bighorn winter ranges. The USFS rotates the duration and timing of use for
each allotment to vary the distribution of cattle use in Tom Miner Basin each year. Cattle
and horses are grazed on the PRWR year round. Hunting pressure directed toward sheep
is higher on the TMWR than the PRWR. Recreational use not directly associated with
sheép (elk and deer hunting, hiking, horse packing, wildlife viewing) is higher on the
TMWR than the PRWR in summer and fall but both areas experience low to moderate
use in winter and spring.

Other large mammals in the study area include elk (Cervus canadensis), white-



tailed deer (QdQcmlmm yirginiamﬁ), mule deer (Q. hemionus), mountain goats
(Oreamnus americanus), moose (Alces alces), grizzly bears (Ursus arctos), black bears
(Ursus americana), coyotes (Canis latrans), timber wolves (C. lupus), and mountain lions
(Eelis concolor).



METHODS
Seasonal Range Use Patterns

In March 1995, 7 ewes from the PRWR and 3 ewes from the TMWR were fitted
w1th color-coded fadio-collars. Sheep were captured by helicopter net-gun (Barrett et al.
1982, Andryk et al. 19835. The ewes were ear-tagged with numbered metal tags, ‘and
aged. Blood and throat cultures were taken from each ewe and sent to the MDFWPfor |
analysis.

The ewes were located from the ground or air (Piper Supercub) at weekly
tntervals during fall and spring migrations and biweekly intervals while sheep were on
summer and winter ranges. I made weekly and biweekly ﬂights, from May - December
1995 and 4 tirhes from May - September in 1996. Ground ohservations were made frotn
April - Decerhber 19:95; The sex, age class, and group size of ularked atnd unmarked

v bigherns were bdocuruented duriug flights and ground obsewadons. Te essess ehanges in
distrihution, obsetvations of bighot'ns durihg the l99ﬁ4/9l5 ﬁeid study were compared with

historic sheep locatlons over the past decade (Constan 1975, Keatmg 1982, Gehman

1985, Irby etal. 1986 and 1989)
Population Status

During 1994 and 1995 blghorn counts from observatlons dunng the study, the

MDFWP survey, and the Annual Cooperatlve Blghom Sheep Count were used to
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estimate the minimum bighorn sheep population sizes for the upper Yellowstone River. -
Valley winter ranges. The MDFWP survey is a helicopter survey completed annually in
the spring since 1991 (Lemke, unpubl. in MDFWP, ann. rep., Helena). The Annual
Cooperative Count is a winter ground count conducted since 1979 by the NPS, USFS,
and MDFWP (Caslick 1993). Counts in 1994 and 1995 were compared with paét survefé
(MDFWP; Meagher, unpubl; GNF files; Keating 1982; Irby, unpubl.) in the past decade
to obtain trends in sheep populations from winter rangés in the upper Yellowstone River
Valley. : R B : B
Ungulate Use P in the Tom Miner Basi

[ used pellet group counts in 1994 and 1995 since this method was used in 1975
and comparisons could be made between years. Pellet group counts are an economical |
method to assess wild ungulate habitat use (Irby 1981). Problems with this method
include biases with the size of plots used (the larger the plot the more pellets missed) and
observer error (missed groups, differences between observers determining ungulate
species and age of pellets) (Neff 1968).

Fecal pellet counts were made in 1994 and 1995 for comparisog with counts
completed in 1975 by USFS personnel (Grunnigen 1976) to determine if ungulate use had
changed on the TMWR over the past 20 years. In 1975, USFS personnel completed 39

fecal pellet group transects from July through August. These transects were randomly

placed in areas of potentially high sheep use and ran perpendicular to the contours of -
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open slopes on the southwest side of the Tom Miner Basin (Grunnigen 1976). Transect
locations were marked on aerial photos. Irelocated these sites and set up comparable
transects in 1994 and 1995.  Although I followed sampling techhidues employed in
1975 to insure compatibility with 1994 and 1995 ungulate r'ecal oounts; I made some
modifications. In 1975, Grunnigen counted only new pellet groups from blghom sheep,
elk, cattle, and other ungulates in each transect. In 1994 and 1995 I counted old and new
pellet groups. Pellet group age was distinguished by the color, sheen, and texture of
pellets (Grunnigen 197€). To avoid confusion of old from new pellets I did not measnre
transects on rainy days. Grunnigen’s transects consrsted of 10 81-m2 crrcles The 1994
- and 1995 transects included 10 161-m circles. The potentlal for mrssmg pellet gronps in
large plots (Neff 1968) was mrmrmzed by breaking the plots into smaller increments ~
within each c1rcle Each plot was d1v1ded into 4 concentnc crrcular belts with radu of
1.83 m, 3. 66 m, 5.49m, and 7.16 m respectively. Counts within the 4 c1rcular belts were
totaled for a whole plot count. To compare with Grunmgen s 1975 data, only the new
pellet group counts from the 3 inner increments (95 m?) were used. Pellet group couhts
for each ungulate species were converted to pellet groups per hectare (PGH) by dividing
total pellet groups counted in the 10 plots by the total hectares (0.08) covered in the _
transect. | | | | n

1 assessed the dlfferences in pellet denslty for the Torn Mmer Basin using parred
t-tests (Iman 1994) in the MSUSTAT package (Lund 1993) Compansons mcluded
bighorn, elk and cattle for 1975 versus 1994, 1975 Versus 1994 and 1994 Versus 1995

Srgmﬁcance levels for a two-talled test statistic were set at p< 0 05 (T ype l error level)
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Use Patterns in 1994 - 1995

In 1994 and 1995, additional‘ pellet group transects were cornpieted throughout
the Tom Miner B.asin as an index to ungulate use and distribution on bighorn winter
range during the summer and fall. The transects were selected tb cover areas with
different cattle grazing nreésure and areas that apr)eared adequate for sheep. Total new
pellet groups from the 161-m? circles were used for analysis. Slope angle t% slope),
distance to escape terrain (< 100 m or > 100 m), grass cover density‘(gro}und visible or
ground not visible) elevation, and aspect were measured for each transect. This analysis
included transects used in compansons with Grunnrgen s (1976) data. | Transects were
completed every 73 m in elevation from the bottom to top of a sample unit to deterrmne if
ungulate use dlffered with elevatron. The number of transects per unit varied from 2 to 4.
'Some units were measured 3 times in the summer and fall ﬁeld season, the first pnor to
cattle grazing, the second followrng cattle grazmg, and the third before snow fall and the
number repeated was lumted due to time constraints. The results' frorn the 3 transects

were averaged to obtain the mean pellet groups per location for the summer and fall

-

seasons.

Chi-square analysis (Neu et al. l§74) was used to measure habitat availability
versus bighorn habitat use for individual independent variables and as an aid in
interpreting the regreasion and classiﬁcation trees used in the multivariate analysis.
Habitat characteristics identit'red as independent uaﬂablee in univariate and multivariate |

tests included elevation (categorized in 305-m intervals), aspect (2 categories - cool, wet
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slopes [NE, N, E,] and dry warm slopes [S, SE, SW, W, NW)), slope (categorized in 10%
intervals), distance to escape terrain (< 100 m, > 100 m), grass cover density (ground .
visible or gbund not visible), elk pellet density and cattle pellet density.

Multivariate analysis was used to identify if bighorns were selecting for a
particular habitat characteristic over other habitat characteristics. Classification and
regression trees were used in multivariate analysis of the distribution of bighorns with the -
-above habitat.characteristics. Classification and regression trees are similar to the -
approach used to create dichotomous botany keys and have been used extensively in the
medical field (Ripley 1996) and in raptor studies (Grubb and King 1991). Tree analysis
can be considered a nonparametric alternative to linear or linear logistic and additive or
additive loglstrc models for identifying structure in complex multlvanate data (Clark and
Preglbon 1992, Stemberg and Colla 1995). Cla551ﬁcat10n trees are used wnh categoncal
data, and regressmn trees are used with contlnuous data (Stemberg and Colla 1995) The
computer program S was used to analyze the ungulate use data I collected on the TMWR.
| Methods for this analys1s are descnbed in Statlstlcal Models in S (Clark and Preglbon

1992) The level of 51gmﬁcance for all statistical test was set at p <0. 05
v ion Trend. Conditi W he TMWR

: _ . _
Four vegetatlon condltlon and trend 1Iansects completed in 1975 were repeated in

1994 and 1995 to assess changes in vegetation in the Tom Miner Basm over the past 20

years. Grunmgen (1976_) used pace-line transects (U SFS 1977). He placed the transects
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in areas that "appeared typical of the unit as a whole." The nansectsk were 50 paces in
length and paratleled the ridge line. The dominant gronnd covertypeina 2-cm diameter
circle was recorded at each pace. Ground cover types included bare soil, erosion
pavement, rock, litter, moss, and individual plant species that were placedin 3 -
desirability classes (desirable, intermediate, or least desirable) (Grunnigen 1976). Each
transect was rated for soil and vegetation condition, and trend was estimated using
methods described by the USFS (1977). These same methods were used in the 1994 and
1995 field seasons. I added additional transects in 1994 and 1995 to cover areas not

included in Grunnigen's survey.

v ion Use in 1994-1995

Grazmg tr'ansects were cempieted with each pellet transect to assess range
utilization. Transects followed the USFS method of measunng range utlhzatron (U SFS
1977). Each grazing transect consisted of 4 lOO-pace lines with 50 sampling points at 2-
pace intertfals. A sampling point was considered grazed if 5% or more of the vegetation
in a 133-cm? diameterloop‘ nvas grazed. Percent utilization for each line was obtained by
calculating the frequency. cf ygrazing (nurnber of sarnpling points grazed / 50) and |
comparmg this with a graph of percent grazed to percent utrhzed for mountam grasslands
from a USFS range management manual (1977) (Appendrx Flg 12) The percent
utilization of the 4 lines was averaged to obtain the esttmated percent utlhzatlon of each
grazmg transect The USFS manual classrﬁed transects w1th >30% utrhzatlon as hrgh use

and potennally overgrazed.
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Other F Influencing Bighorn Habitat U he TMWR
Mountain goats, human use (recreational and hunting), predators, weather,
disease, inbreeding, and intraspecific competition have all been identiﬁed as potential
hmmng factors for other sheep populations (Oldemeyer et al. 1971, McCollough etal.
1980, Sk1ba and Schmrdt 1982, Helmer et al 1986 Hamson and Hebert 1988 Haas
1989, Varley 1994) Data on vegetatlon condition and ungulate fecal dlstnbutlon directly
or indirectly addressed 1nterspec1ﬁc and intraspecific competrtlon I evaluated the unpact
of other factors in the Tom Mmer Basin blghom population based ona vanety of
‘avarlable mformatlon All human, elk cattle, and mountam goats observed in the study
area 1n 1994 and 1995 were recorded to see how bighorn srghtmgs vvere associated with
!s1ght1ngs ot other species. Pellet group transects were completed on2 blghorn summer
~ rangesto detenmne if any range overlap was ev1dent between elk and sheep use on the
summer ranges. | |
Information on huntmg was obtalned from MDFWP ﬁles The 1nﬂuence of
predatlon was assessed from studles by Murphy (in prep ) and observatrons during
fieldwork in 1994-1996 Drsease prevalence was assessed from blood samples collected
dunng this study, past studles and dlsease samples collected in YNP. Weather
mformatlon was gathered from weather data collected by the MDFWP (Farnes unpubl )
and the weather station in Gardmer Montana (N OAA 1995) The potentral for mbreedmg

suppression was 1nd1rectly assessed from data collected dunng this study and past studies

(Keatmg 1982 L Irby, Montana State University, unpubl)
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RESULTS

Seasonal Range Use Patterns

A total of 281 locations was recorded for 10 radio-collared ewes. Approximately
one third of the locations came from the 3 TMWR ewes. Five of the 7 collared ewes |
captured at Point of Rocks provided > 50% of the locatlons One collar on a Point of
Rocks ewe failed in August 1995, and another was removed in January 1996 because of
interference with radio frequencies used by the Montana State Highway Department. The
ewe with the malfunctioning radio was observed 4 times after the failure. Groups of
sheep not associated with the marked animals were observed 4l times. Group size for
marked and unmarked groups ranged from 1 to 30.

Movements of the radio-collared sheep were recorded t;rom April 1995 through
September 1996. In May of both years, the ewes from Pomt of Rocks moved 16 km
north to summer range in the Hyallte Basm south of Bozeman, Montana The Tom Miner
Basin ewes wintered on the south side of the basin and migrated 6 km northwest to
Fortress Mountain in the spring (F ig. 3).

In autumn 1995 both groups of ewes returned to the se.me winter ranges where
they were captured F1ve ewes from the PRWR went to the CWR, approximately 16 km
to the southeast of the PRWR, from mid October to December then moved to the PRWR.
The other 2 ewes remamed south of Hyahte Basin during thlS time and returned to the

PRWR in December Flights in early autumn 1996 showed all ewes were followmg the
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Hyalite Peak

Point of /j/jf

Rocks
Vyv
Fortress Mountain
Ramshorn Peak
Cinnabar
Sheep Mountain
5 km
---Highway 88
Y . N . P «— County Road

Figure 3. Movements ofthe 10 radio-collared ewes from Tom Miner Basin and Point of
Rocks in 1995 - 1996.
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same movement patterns I observed in autumn 1995.
Population Esti 1 Trend

The minimum population estimate for bighoms using the Tom Miner Basin
summer ranges, Bighorn Peak, and Fortress Mountain, based on unrepeated group
* sightings in 1994-1995, was 43 sheep. I observed 32 bighorns in the Hyalité Basin
dﬁring the 1995 summer. The number of individuals, sex classiﬁcafion, and ram:100ewe
aﬂd lamb:100ewe ratios from each range are presented in Table 1. During the stﬁdy, 17

sheep were counted on the TMWR and approximately 30 sheep were associated with the

PRWR.

Table 1. Bighorn total summer range counts from the Tom Miner Basin and Pointof -
Rocks in 1995 includes classification and lamb:100ewe and ram:100ewe ratios.

RANGE Ewes Rams Lambs Year. Total Lamb.Ewe Ram:Ewe
Tom Miner Basin
Ramshorn/Fortress
1994 12 11 23 92
1995 15 -5 6 26 40 33
1996 13 1 5 2 21 38 8
Bighorn
1994 11 7 18 64
1995 -9 1 5 15 56 11
Tom Miner Basin
Combined (
1994 23 18 -4l 78
1995 24 6 11 2 43 45 25
Point of Rocks ewes
at Hyalite Basin : : :
1995 18 10 4 32 22 56
1996 14 9 6 29 39 . 64
All Ranges Combined Co
1994 23 18 41 78
1995 42 16 15 2 75 ~ 36 .38

1996 27 10 11 48 41 37
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Uneulate U Bighorn Winter R . 1975. 1994. and 1995
Use Patterns: 1975 versus 1994-1995
| Thirty-eight fecal pellet transects measi;red in 1975 were remeasured at
appfoximately :the same time of year (June-August) in 1994 and 1995. Paired‘ t-tests used
to compare the pellet groups per hectare (PGH) for each ungulate species (1975 versus
1994, 1975 versus 1995, and 1994 versus 1995) showed significant differences (p < 0.05)
in all but 3 coniparisons (Table 2). B_ighem sheep pellet density decreased by‘ 85% from
1975 to 1994 (t=3.35, df =37, p = 0.002, p;)vyer = (0.80) and by 79% from 1§75 to 1995
(t=3.10, df = 37, p = .004, power = 0.72). Elk pellet density in 1975 was 42% of that
recorded in 1994 (t = 3.93, df = 37, p = 0.000, power = 0.90) and 32% of that recorded in
1995 counts (t = 4.45, df = 37, p = 0.000, power = 0.95). Cattle fecal density aecreased
by 58% from 1975 to 1994 (t=3.00,df=37,p= 0.005, power = 0.52) and by 93% from
1975 to 1995 (t =441, df = 37, p=.000, power = 0.99). No significant dlfferences were
found between the years 1994 and 1995 forelk (t=1.33,df=37,p=.193, power =0.18),
bighomns (t = 0.57, df =37, p=0.573, power =0.07), or cattle (t = 1.92, df = 37, p =.063,

power = 0.43).l Pellet groups from deer and moose were rare in 1975, 1994, and 1995.
One hundred and forty-seven fecal pellet transects measured in 1994 and 1995

were used in univariate and multivariate habitat use analysis. Of the 147 transects, 24

(16%) were repeated 3 times in the 1994 and 1995 field seasons. The mean for the 3



Table 2. Paired t—teSt of bighorri, elk, and ca'ttle pellet densitiés for 1975 versus 1994, 1975 versus 1995 and.‘ 1994 versus 1995.

Species Mean N SD Min Max Years t p-value  Confidence

Year Compared Interval
in t-test

Bighorn _

1975 31.40 38 5648 0 206 1994 - 1975 335 .002 42.74 -10.51

1994 4.79 38 11.17 0 58 1994 - 1995 057 573  -7.67 431

1995 6.48 38 1964 0 116 1995 - 1975 3.10 .004 4100 - 8.64

Elk '

1975 19.85 38 2410 0 81 1994 - 1975 393 .000 1339 42.05

1994 47.67 38 4625 0 162 1994 - 1995 133 .193 -35.68 745

1995 61.2;0 38 67.14 0 331 1995 - 1975 445 .000 2296 60.91

Cattle : L

1975 - 32,44 38 4255 0 170 1994 - 1975 300 .005 -31.85 - 6.15

1994 13.66 38 3824 0. 166 1994 - 1995 192 .063 - 0.63 2348

1995 224 38 659 0 28 1995 - 1975 441 000  -4444 -16.25

0¢
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visit$ was used in the aﬁalysis. Analyses were run on 1994, 1995, and éorﬁbined 1994-
1995 data. Fifty-five transects were completed in the same locations in 1994 and 1995.
The averages for 1994 and 1995 transects measured in both years were used in the
combined 1994 and 1995 data analysis. Two outliers were excluded from all univariate
and multivariate analysis. One transect occurred in a location with high mountain goat use
‘and pellets frofn the bighorns were difficult to distinguish from goat pellets. The s‘eco'nvd |
transect was excluded because of an unexplainable high number of bighorn pellets;
confusiqn with old from new pellets or betwéen species may have occurred.

The univariate chi-square analyses indicated habitat selection by sheep habitat for
all features measured (elevation, aspect, slope, escape terrain, grass cover, elk pellet B
groups, and cattle pellet groups). In 1994, 1995, and combined 1994-1995, escape terrain
had the highest chi-sduare value and aspect had the lowest value. All other habitat
charé.cteristics varied in the level of chi-square value (rank) for the three years. Elevation
had fhe second highest chi-square value in 1994 and percent slope had the third highest. “
In 1995, elk pellef groups and degree .slope had the second and third highest chi-sqqafe N
values; respectively. In the combined 1994 - 1995 data cattle pellet groups were second,
elevation third, and pércent slope had the fourth highest chi-squared value (Table 3).
Results from fhe univariate chi-squared analysis test with confidence intervals fdr 1994,
1995, and combined 1994 - 1995 are in Appendix, Table 8a, b, c.

The chi;square analyses riﬁked habitat charactéﬁétics in the same pe;tfems as fhe
claséiﬂcation and regression trees. Classiﬂcation and regression trees identified similar

relationships between independent and dependent variables as the chi-square analysis in
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Table 3. Chi-squared (X?) analysis of bighorn habitat use versus habitat availability for
pellet group transects in 1994, 1995, and 1994 and 1995 combined for habitat
features of elevation, aspect, slope, escape terrain, grass cover, elk pellet groups,
and cow pellet groups. Includes X? value and rank. The X? habitat values were
ranked in order of highest to lowest for a specific year.

Habitat Feature(degrees freedom) » Year

’ 1994 X’(rank) 1995  X*(rank) 1994/1995 X?*(rank)

p-value . p-value p-value

Elevation(3) o 110.05 (2) 48.15 (6) . R 88.46 (3)
6000 o <0.0001 - <0.0000 - <0.0000
7000 .0 + +
8000 - o -
9000 S+ -0 .o
Aspect(1) 13.17(7) 6.23(7) 14.55 (7))
N,NE, E, SE - 0.0003 - - 00126 - 0.0003
S, SW, W, NW + + ’ +
% Slope(3) 47.28(3) - 157.28(3) - . 79.11 (4)
10 - <0.0000 - <0.0000 - <0.0000
20 ! - 0. + v -
30 o - +
40 . - o _ : + . ; 0
Escape(1) - 280.70 (1) 429.30 (1) 401.28 (1)Dyyy
#100-m . + <0.0000 + <0.0000 + <0.0000
> 100-m - - -
Grass Cover(1) -~ - = 2578(6) . 48.93 (5)- . 57.01 (6)
low(ground vis.) + <0.0000 + <0.0000 + - <0.0000
high(ground not vis.) - o - : . e
Elk Pellet Groups(2) 41.30(5) .270.06(2) 68.55 (5)
0 . R . <0.0000 .- + .. <0.0000 S - - <0.0000
low? + + +
high = - = - - v B - - ~
Cow Pellet Groups(2) 43.18 (4) 120.26 (4) 130.88 (2)
0 ' + = <0.0000 + <0.0000 + - <0.0000
#19 - - -
>19° - .

'(-) bighorn sheep use < expected; (+) bighorn sheep use > expected; (0) bighorn sheep use
expected habitat availability (p < 0.05). ,

?Low and high break points of elk pellet groups were # 10.4 and >10.4 for 1994, <23 and
$23 for 1995, and < 14 and $ 14 for 1994 and 1995 combined.
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1994, 1995, and combined 1994 - 1995 data. Cattle pellet groups were not included in all
of the trees because cattle selected areas auvay from escape terrain.

Classification trees were based on the presence or absence of bighorn pellet
groups. For all chosen classification trees (1994, 1995, and combined 1994 - 1995)
transects with the highest bighorn pellet frequencies oCcurred-within 100 m of escape
terrain. The 1995 classification tree was the only one with a second branching after
' escape terrain. This branch Spllt on the number of elk pellet groups. Bighorns apparently
selected areas with less than a mean of 22. 8 elk pellet groups (Fig. 4).

Regression trees were constructed using the contmuous vanalzle of mean bighorn
pellet groups. The 3 regression trees (1994, 1995, 1994 and 1995 combined) first
branched on escape terrain with the%'highest densities of bighorn pellet groups within 100
m to escape terram In 1994 a second branch dmded bighorn pellet groups by slope
steepness w1th a mean of 10.02 pellet groups associated with slopes > 12% near escape
terrain (Fig. 5). In 1995, the second splitting variable was the number of elk pellet
groups found near escape terrain. Areas with fewer .than 222 elk pellet groups had a
mean of 23.3 bighorn pellet groups"versus a xnean of 3.6 bighorn pellet groups when
mean elk pellet groups were > 22 2 (Fig. 5). The combmed 1994 and 1995 regression
tree branched 2 additional tlmes after splitting on escape terrain. Elevation was the
second splitting variable and slope was the third spllttmg variable. A mean of 24.45
bighorn pellet groups was found at elevations < 2475 m near escape terrain. If the
elevation was > 2475 m, a mean of 10 bnghorn pellet groups occurred in areas > 12 5%

slope and a mean of 1.28 bighom pellet groups occurred on slopes <'12.‘5% (Fig. 6).
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1994
C_Absent >

escape terrain < 100-m 25/65 escape terrain > 100-m
Present Absent
6/25 6/40

1995
CAbsent _>

40/82 escape terrain > 100-m

escape terrain < 100-m

Absent

18/54
Elk pellet groups

-Elk pellet groups

< 22.8 >22.8
Present Present
0/13 7611 5
escape terrain < 100-m 40/55 escape terrain > 100-m
Present Absent
2/21 ‘ 11/34

Figure 4. Classification Trees for 1994, 1995, and 1994/1995 bighorn pellet groups.
Selection was based on the presence or absence of bighorn pellet groups. The
ratio is the misclassification rate. The denominator represents the total number
of transects for the node and the numerator is number of transects selected
incorrectly for the node. The habitat characteristic that determines when the

tree branches is next to the branch.



elk pellet groups
<222

Figure 5. Regression trees for 1994 and 1995 bighorn pellet groups on the TMWR. n=
number of transects for each node. Terminal nodes contain the mean bighorn
pellet groups for n when the tree branches on the selected habitat characteristic.
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1994/1995

escabe terrain < 100-m escape terrain > 100-m

0.5176
n=34
elevation > 2475-m elevation < 2475-m

24.450
n=8
slope < 12.5%

10.00 1.28

Figure 6. Regression tree for 1994/1995 bighorn pellet groups on the TMWR. See
Figure 5 for explanation of symbols and numbers.
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v ion Trend and Conditi

Vegetation Trends between 1975 and 1994-1995

Trend and condition: for vegetation and zsoil at siteain the Tdm ‘Miner Basin
measured by Grunmgen (1976) indicated vegetatlon was m gnod condition in 1975 and
had not changed by 1994 95 (Table 4). Vegetation condltlon at addltlonal sites used
heavxly by sheep, elk or both spec1es that | measured in 1994 and 1995 were classified as
"fau' excellent" (Table 4). When 51tes heav1ly used by ungulates were compaaed to
sites hghtly used by ungulates no differences in the frequency of "fair", good", or

"excellent" vegetation classifications were found.

Table 4. Vegetation and soil condmon and trend measures in 1975 and 1994 from
transects completed in the Tom Miner Basin. Condition was rated on a scale of
very poor to excellent (very poor, poor, fair, good, excellent) and trend was
either up or down based on USFS description for range analysis. All percent
grazing utilization at these sights was less than 20%. Transects 1-5 were
transects repeated in 1975 and 1994 and transects 6-11 were additional transects
completed in 1995 in areas with various ungulate use.

[V I R VA S )

Transect Relative Vegetation Cond Soil Condition = Vegetation Trend - Soil Trend
Ungulate Vse*
1975 1994 1975 1994 1975 1994 1975 1994 1975 1994
le,hs le,ms fair fair fair fair down up - down up
le,hs me,ms good good excellent excellent up up up up
le,hs me,Is  fair good  excellent excellent up  wup " up up -
le,hs  he,Is  fair good good good up up up up
me,ls he,Is - fair - . good excellent excellent up up -~ down up

1995 1995 1995 1995 1995

6 - me,ls fair good up down

7 " he,ls " excellent excellent © up up

8 he, Is excellent excellent up up

9 me, ms good good up down

10 o e ls good good up up

11 le, hs fair excellent up up

* Relative ungulate use is based on pellet groups at each transect for elk and bighorns: le = low elk, Is =
low sheep, me =moderate elk, ms = moderate sheep, he = high elk, hs = high sheep.
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| A total of 147 grazmg transects was completed in 1994 and 1995 The transects
were done in conJunctron wrth the pellet-group transects and indicated how much
utlhzatron occurred at each pellet-group transect. Only l4 transects (9% of all transects)
had greater than 30% utllrzatron of the range in 1994 and 1995. All other transects had
little to no uuhzatlon. The transects with greater than 30% utrhzatlon all occurred more
than llOO m fromﬁescape terrain and in areas with high densities of cattle feces. Areas
w1th high densities of elk or bighorn feces had low utilization 91% of the 147 transects

had < 25% utilization).

Other F Influencing Bichorn Habitat U he TMWR

In 1994 and 1995, 126 cattle grazed on Forest Service land and 134 cattle -
grazed on private land on the Tom Miner Creek allotment. In the Grizzly/Horse Creek
drainage, 106 cattle grazed forest service land and 14 cattle used private land (Annual
Gardiner Forest District Grazing Allotment Operating Plan 1995). New cattle pellets
‘ occurred in 47% of the pellet group transects (55 transects total) that were completed on
the winter ranges in the Tom Miner Basin July- October of 1994 and 1995. I did not

observe cattle on any summer ranges associated with the Tom Miner Basin.

Elk and Deer

During the 1994 and 1995 summer seasons, 1054 hours were spent on summer



29

(16%) and winter ranges (84%) in the Tom Miner Basin. Eight hundred and twenty elk,
62 mule deer, 59 white-tailed deer, and 9 moose observations were noted on the winter
ranges. On the summer range,‘ 50 elk and 5 mule deer sightings were recorded. At Point
of Rocks, 600 elk were counted during the MDFWP annual elk survey in 1995, and I
observed approxxmately 100 mule deer per field samplmg day on the winter range. Only
at the Point of Rocks did bighomn sheep, elk, and deer intermingle. In the Tom Miner
Basin, elk were not observed on the winter rangé during November through May 1994 or
1995. Elk were seen no closer than 1.6 km from bighorns on summer range. The 11
transects complefed on the bighorn summer ranges acijacent to the Tom Miner Basin |
showed low densities of elk pellet-groups on Bighorn Peak but more elk us;e on Eortféss

Mountain (Fig. 7).

Mountain Goats

I observed 13 mountain goats m the Tom Minér Basin m 1995. In both 1994 and
1995, 2 herds of goats occupied ranges in the Basin. In 1995, a group of 8 (5 adults, 2
yearlings, 1 kid) summered on Ramshom Peak and a groui) of 5 (3 adults, 1 ‘yearling,. 1
kid) summered on Sheep Mountain. Goats Werg also documented along the Gallatinj
ridge, in Hyalite Basin, and along the north boundary of YNP. The goats were seldom

seen within 500 m of sheep in summer and never sighted on sites used heavily by sheep

in winter.
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Human Disturbance

I saw few other humans in spring, summer, fall, or winter during my field work
on the TMWR. Sightings of people on the PRWR were infrequent and usually limited to
people in vehicles on the county road that passed through the winter range. In the
summers of 1994 and 1995, I observed a total of 65 people on (12) or near (53) the
bighorn summer ranges in the Tom Miner Basin. Activities of these peoplye consisted of
hiking (43), horseback riding (13), motor biking (6), and mountain biking (2). When I
approached the bighorns within 10 m or surprised them on summer raﬂgé, the)" ﬂed; On

the PRWR I could get within 25 m before the sheep moved to their escape terrain.

Human-induced Mortality

In the study area, 6 rams were legally killed by hunters in 1994, no rams were
legally killed in 1995, and 1 ram, at Point of Roci(s, was legally killed in 1996. |
Ram:ewe ratios were high (98rams:100ewes) in the 1995-1996 winter ox; the upper |
Yellowstone River Valley winter ranges cofnbined (Annual Cooperative Bighorﬁ ¢oﬁnt
1995). No reports of poaching or other types of huma.n-induced mortality tvehicle

collisions, kills by pets, poison, etc.) occurred during the study.

“Predation

Potential predators of sheep in the Tom Miner Basin include grizzly bears, black
bears, mountain lions, coyotes, wolves and golden eaéles (Aquila chrysaitos). Presence
of all the predators was documented during the study, but verified instances of predation

in the Basin were rare. During ﬁeldwork in 1994-1996, 3 sheep mortalities were located:
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1 ewe killed by a lion, 1 ram probably killed by a predator, and 1 ewe death due to an

unknown cause,

Weather

In 1994, the average temperature was 7.8°C and deviated from the normal by
0.7°C based for the south central region (NOAA 1994). The minimum and maximum
temperatures were -24.4°C and 36.1°C respectively. The total annual precipitation was
42.9 cm departing from the normal by +1.1 cm. In 1995, the average temperature was
7.3°C déviating from the normal by 0.1°C. The total annual precipitation' 48.2 cm, 6.4

cm above the 30-year average (NOAA 1995).

Disease

NoAsheep were observed with the symptoms, poor physicai condition and
coughing, associated with lung worm or pneumonia epizootics in the Tom Miner Basin or
in Point of Rocks populations. Blood and throat samples taken from iO ewes and sent to
the MDFWP labs resulted in no obvious signs of disease (Table 5). All ewes marked

remained alive throughout the study.



Table 5. Results of blood work® on the 3 Tom Mi.ner Basin and 7 Point of Rocks ewes that were radio-collared in March 1995.

Ear-tag Brucellosis Bluetongue Brucellosis Infectious Bovine Bovine Virus Para Leptospirosis Bovine Respiratory Ovine Progressive
Number Age : Ovis Rhinotracheitis  Diarrhea Influenza-3 ~ 8 Serovars = Syncytial Virus Pnuemonia
34499 3 negative négative negative ‘ negative . negative ' negative negative 1:64 , negative
30554 6 " R " o 118 " 1256 "

» 30557‘ 3 “ " " " 1:128 1:16 " ' 1:256 "
305‘60l 7 y " " insuffcienf serum : 1:256 1:18 » " 1:256 "
30563 . 4 R R -  negative 18 1:50 1:256 "
30565-' 6 " oo " " " negative 1:50 2x's 1:256 "
30569 5 - “ " - " S 1:6 " 1:256 "
30571 5 " - " insuffcient serum negative " 1:256 .

30575 8 “ " " f ‘ " " 1:6 1:50 ' 1;256 : "
Al0786 6 - . " " " 1:128 negative " 1:256 "
no. positive/total Q)IO‘ 010 0/10 0/8 :. 310 6/16 4/i0 10/10 | 0/10

* Samples were prepared and examined at the Veterinary Diagnostic Lab, Montana State University.

13
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DISCUSSION

Seasonal Range Use Patterns

The e§ves from the TMWR used the same set of seasonal ranges identified in
earlier studies (Gmnhigen 1976, Keating 1982, Gehman 1985) supporting my first
hypothesis that seasonal distribution remained stable during 1970-1995. Bighomns
observed in this stﬁdy used 2 summer ranges in the Tom Miner Basin, Bighorn Peak and
Fortress Mountain. No marked ewes summered on Bighorn Peak, a summer range
idcntiﬁed by Grunnigen (1976), Keating (1982), and Gehman (1985), but unmarked
sheep were observed in this area.

Constan (1975) gave a detailed description of bighorn sheep seasonal range north
of the YNP boundary and did not mention bighorn occupation of the PRWR. MDFWP
surveys in 1975-1983 did not mention sheep Vat the PRWR. Point of Rocks sheep could
have been included with counts in the Tom Miner Basin, although this is unlikely since
past surveys I looked at included descriptive locations of sheep observations. Tﬁe
MDFWP survey in 1984 was the first time the PRWR was separated from the TMWR
(Itby, unpubl.). Gehman (1985) also documented sheep wintering on the PRWR in 1985.
Movements of the PRWR bighorns were unknown prior to 1995. 1 hypothesized that the
bighorns moved to the Tom Miner Basin summer ranges. This hypothesis was rejected
since the 7 ewes inigrated to Hyalite Basin. The Hyalite summer range was previously

known, but the sheep were believed to be a resident population (Irby, pers. comm.). The
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movements ef ewes associated with the PRWR to Hyalite Basin and the hnk between
the PRWR and the CWR during the breeding season has increased the knowledge of
how the northern Yellowstone bighom subpopﬁlétions are connected. All other sheep
locations during the study occurred in previously documented ranges, and no new

winter or summer ranges were identified along the Gallatin ridge.

Population Estimates and Trends

The numbers occupying the TMWR are lower than those reported during the |
1970’s and 1980's. MDFWP winter surveys of the TMWR from 1979 - 1996 showed
a high of 115 sheep and a low of 15 (Fig. 8). The decline in bighom numbers should
not be an effect of changing survey methods from 'ﬂxed-wing aircfaft (1979-1987) to
helicopter (1990-1996). Helicopter wildlife surveys have greater observability then
fixed-wings because helicopters can hover, have better manuverability in a variety of
terrain, and can get closer to the animals (Bodie et al. 1995). A vmajor declihe
evidently occurred between 1983 and 1984 in wintering areas within the Béein
(Grizzly Creek, Sawtooth Ridge, Tom Miner Campground, Bighorht Peak, Sheep
Mountain). In 1975, Constan counted 52 sheep on Grizzly Creek, but the 1996
MDFWP survey observed only 3 sheep in the same area (Appendlx, Table 9) Counts
on the summer ra.nges in 1994 and 1995 were about the same as in past surveys from
1980 - 1986. Extenswe ground surveys in 1994 1996 in the Tom Miner area d1d not

reveal groups of sheep that were likely to have been missed during annual surveys
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Overall trends for the upper Yellowstone River Valley obtained from the Annual
Cooperative Bighorn C;)unt (ground count) and the MDFWP survey (helicoptgr count)
showed an overail decline in bighorn populations. The highest count for the Annual
Cooperative Count was in 1980. Count numbers deblined m 1981 and 1982 reflecting a
Chlamydia epizootic on the EWR (Meagher 1982, Meagher et al. 1992). Counts rose
slightly after the outbreak but not to the levels noted in the late 1970's (Fig. 9). The
MDFWP helicopter survey showed a decline in population size since 1992 although the
survey area was expanded every‘ year. Dcspite variability in counting cqnditions due to
personnel, weather, and flight conditions survey data indicate an overall decline in

numbers during the past decade and fluctuations in distribution.
Uneulate U Bichom Winter R

Changes since 1975

Ungulate use in the Tom Miner Basin has changed since 1975, and my third null
hypothesis, no change in the Tom :Mixier ﬁngulaté population, was rejected. Both bighorn
pellet groups and the population decreased since 1975 on the TMWR. Trend counts from
MDFWP during 1990 - 1995 show variable elk numbers in the Tom Miner Basin (F 1g
10), but the counts have increased since 1975. This inérease coincides with the steady
growth of the Northern Yellowstone elk herd since the mid 70's and the expansion of elk
into rangAes‘northﬁ Qf YNPV (Singer 1991). Elk pellet gfoups also followed this pattern. For

transectstrepeated in 1975 and 1994-1995, I found elk pellets in all of the 38 transects in
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1994 and 1995, but Grunnigen found elk pellets in only 25 of the 38 transects (66%) in
1975. |

Cattle fecal groups declined, and the change was due to changes in grazing
management instituted by the USFS after 1975. In 1975, Cattle grazed throughout the |
basin with limited regulation. During 1994 and 1995 cattle distribution was regulated
through a pasture rotation systém and a lower stocking rate on USFS lands than in 1975.

In all years (1975, 1994, and 1995) moose and deer pellet densities were low,
suggesting that moose and deer do not affect the utilization of sheep range in the Tom
Miner Basin. Although some deer pellets could have been mistakenly identified as sheep

pellets, deer were rarely seen near open escape terrain that sheep routinely utilized.

Cattle

Cattle grazing has been a concern in bighorn sheep management (Bodie and
Hickey 1980, McCollough et al. 1980). Cattle use was distributed differently than sheep
use in the Tom Miner Basin. Most cattle feces were found > 100 m from escape terrain.
Most bighorn pellet groups were within 100 m of escape terrain. If cattle were included in
the c]assiﬁcation and regression tree analyses, a tree may show that bighorns selected
#eas with few cattle pellet groups but in reality bighorns are choosing aréas near escape
terrain. Other research showed that limited competition occurred between cattle and
bighorns. Gangskopp and Vavra (1987) found that slope steepness affectea catﬂe usé.

Cattle preferred much gentler slopes than bighorns. Bodie and Hickey (1980) found
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bighorns seiected areas that were grazed late by cattle during a rest rotation range
managemenf system. They hypothesized that the cattle removed old vegetation which
increased the grow of new vegetation. Semmens (1996) found that bighorns did not use
rested pastures when cattle were not present in a rest rotation system, and indicated that
this evidence suggested cattle did not displéce bighorns. | .

The impacts of cattle on bighorns are likely to be negligible under cuﬁént
livestock management systems in the Tom Miner Basin. Cattle are not present during the
winter months on the TMWR <o if competition occurred it would be due to removal ‘of
forage from the winter range during summer. My data and Grunnigen's (1976) data
indicate that cattle and sheep selected different habitat configurations and had minimal
spatial overlap in areas used. The decrease in stocking rates from 351 head in 1975 to the -
current rate of 232 head on USFS land and the establishment of the pasture rc;tation

system in 1988 lessens the chance of negative impacts of cattle on bighom sheep in'the

Tom Miner Basin.

Elk

Conipetition for a limited supply of forage may exist between grazers (Jullander
.1958), and some studies have suggested that elk impact bighorn habitat use
(Schallenberger 1966, Woolf 1968, Oldemeyer et al. 1972). The increase in the elk
population and decrease in bighorn population over the past 20 years may indicate that
'competitiog is occurring between the two species in the Tom Miner Basin although 1

. o A
found no conclusive evidence that elk were affecting bighorn winter range. Direct
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competition was unlikély since elk did not occupy tne winter range when the bigﬁoms
were present, and elk grazing in the spring throngh the fall did not remove high quantities
6f vegetation. Classification and regression tree analysis for l 995 data did suégest that
bighorns selected areas near escape cover with lovv; elk use. The reasons fdr this selection.
are unknown. Further studies would be required to determine if the negative association
between elk and sheep pellets on winter rangebwas an artifact of species-specific habitat
selection strategies1 or driven by vegetation utilization overlap. | Elk distribution overlapped

that of bighorns on summer range in the Tom Miner Basin, but competition was unlikely

givén the large areas available and low forage utilization I observed.

Mountain Goats

Mountain goats were first documented in the Tom Miner Ba;in in 1991 (Lemke,
pers. comm.). This ponulation of goats evidently did not influence bighorn summer range,
and goats havenot been seen on winter ranges with the sheep. Yarley (1994) found
limited overlyap of goats and sheep in the Absorka-Beariooths, Montana. Goats tend to
use different habitat features (different aspects, steeper terrain, areas with snow) than
mountain sheep. If goat numbers were to increase in the basin, more chance for
interspecific cornpetition could develop. The MDFWP has established a goat hunting

season in the Tom Miner Basin to help limit the goat population.

y ion Trend and Conditi
A loss of open grasslands or negative changes in species composition in grass

communities are considered detrimental to bighorn sheep (Stelfox 1974). The
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vegetation condition and trend did not change in the Tom Miner Basin from 1975 to
1994, and I failed to reject>the null hypothesis of no change in vegetation qualvity. In
1994 and 1995? most transects I measured were rated as "fair" t§ "excellent", and there .
was no apparent association in ratings in areas with different grazing intensity (as indexed
by fecal densit.y).

Grazing transects revealed low utilization (< 10%) of vegetation during summer
in areas with the greatest concentrations of bighorn pellets, a result that might be
expected if only bighorns used preferred sites. Transects with the highest utilization -
(>30%) occurred where mean cattle fecal densities were highest. High elk pellet densities
were not associated with areas of high vegetation utilization. Dominant grass species in-
areas selected by cattle, sheep, and elk were regarded as climax indicz«:ltors and palatable
forage species for the grassland communities sampled. The quality and quantity of
grassland vegetation in summer indicate that absolute availability of forage is unlikely to

be a major limiting factor for bighorns associated with the TMWR.
Other F Infl ino Bichomn Habitat U he TMWR

Human Disturbance

Reéré#tional use By humans and development did not appear to limit bighorn |
habitat u§e m the Tom I\‘/I‘ihef Basm During November through-‘April, acéess'tc; the
Wintér rangé 1s >diyf}ﬁcult because vof sﬁov& conditidns and private 1ands»lbo'rderi1’1Ag the
winter range. Acéess fo thg éther winter ranges of the ubper Yellowstone River Valley is

easier, and humans use these areas more. No development occurred on the winter or
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summer ranges or along the migration corridors in the Tom Miner Basin.

Bighorn summer ranges along the Gallatin Ridge (Bighorn Peak, Fortress
. Mountain, Hyalite Peak) were used heavily by humans for hiking and horseback trips in
summer and hunting during autumn. Sheep use of areas with popular trails was relatively
common. At least one area that was once occupied by sheep until the 1960's (Stradley,
pers. comm.)‘ is no longer used by sheep. This area has much lighter recreational use
than current summer ranges which bighorns use. I saw no direct instances where humans
besides myself caused sheep to move while on the TMWR during winter or in the Tom
Miner Basin during summer. When I startled sheep on their summer or winter range they
would run to escape terrain, but if I did not startle them I could approach them within 10

m. I do not think legal human recreation has a negative impact on the bighorns in the

Tom Miner Basin.

H -induced Mortali

Tile bighorri sheep huntihg season in the Tom Miher Basin is one of thé fvewv
“open” sheep hunts in Monté.na With 50- 1>25 valid iicenses soldh per year during the past
20 years. Quotas ahd hunting season length have been reduced in respbnse t§ .perceived
declines in numbers of sheep, but legal mortality is unlikely to limit the growth of the
bighorn population. Legal sheep hunting m the Tom Miner Basin is restricted to adult
males (3/4 curl or more) and is closely monitored. Annual harvest has varied from 0-9
animals (MDFWP unpubl., Irby et al. 1989) with no reported kills of femalés.‘ Ram:ewe

ratios have remained high in the past 20 years and radiotelemetry studies in the 1980's
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,suggest that most adult males escape harvest (Irby et al. 1989).

No illegal harvest of females has been reporte<l in the Tom Miner Basin
(MDFWP, ann. rep). Females are unlikely to attract rnuch attention from poachers since
the large horns of males are the dominant incentives for illegal kills. Although poachers
are unlikely to be caught (Pursley 1977, Vilkitis and Butts 1982), the restricted access
across private property and the steep, unroaded terrains in the Tom Miner Basin probably
limit poaching during 'most of the year. Poaching during the hunting season would likely
be reported by other hunters.

Other human-induoed mortality types (vehicle collisions, kills by pets, poison,
etc.) are unlikely to be important in the Tom Miner Basin. The limited access to sheep
range has decreases the level of human act1v1t1es harmful to the sheep. Human presence
is limited to use by hlkers and horseback nders The other upper Yellowstone winter
ranges have more chance for these types of mortalmes Onthe EWR a lamb and ewe
were hit by vehlcles dunng the study (K Gunther YNP pers. comm. ) I do not thmk
that the populatron is bemg negatlvely impacted by human-induced mortahty since

human activities are lumted by managers and the physrcal charactenstlcs of the Basm

Predation

Populations of mountain lions (Aune 1991, Riley 1993) and coyotes (Giddings
pers. comm.), have increased in Montana over the past 20 years. I sighted 10 grizzly
bears in the Tom Miner Basin during 1994 -1995 where Grunnigen reported none in -

1975. 1 found 2 sheep killed by predators in 1994 and 1995. Three radio-collared sheep
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and 2-3 unmarked sheep were reported as probable predator kills in the Tom Miner Basin
in the early 1980's (Irby, unpubl.). Murphy (in prep.) recorded 4 kills of sheep in his
study of lions in northwestern YNP during 1990 - 1994. Wehausen (1996) showed that
lion predatioh limited bighorn sheep populations in California. Enk (unpubl.) and
Williams (1992) have reported sheep as prey items in lion diets in other areas in Montana.
A more detailed study addressing predation on the Tom Miner Basin bighorn sheep
population would be necessary to determine thé effect of predators on bighorn

populations in the upper Yellowstone River Valley.

Weather

The high elevation wintering areas in the Tom Miner Basin iﬁsure greater snow
depth and longer snow coverage than in wintering areas at lower elevations. The initial
drop in the Tom Miner Basin sheep population ‘(1983-1984) occurred in a year with a
mild winter. No unusual weather patterns were appareﬁt in years immediately preceding
the population drop. Ten years before the decline, winter severity was severe in 6 years,
average for 1 year, and mild in 3 years, and after 1984, 3 of 11 winters were classified as
severe and 8 winters were classified as mild (Farnes, uﬁpubl.). If severe winters
precipitated the decline, the mild winters of the past decade should have promoted
population recovery.

Wehausen et al. (1987) suggested a relationship Setween lamb:ewe ratios and
precipitation. Bad weather during lambing could induce hypothermia in the new born

lambs. If lamb:ewe ratios are a valid index to impacts of weather on populations (i.e.
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* assuming lambs are more vulnerable than adults to weather related stress), ratios recorded
in the Torfx Minel; Baéifi in#ufﬁmef and winter were not consistently lower than other
" northern Yeliowstone herds in the past 20 years (Table 6) (Irby 1994). The potential for
cafastrbphic déath due to évalanchés is higher in the Tom Miner Basin than in lower
winter ranges, but no evid;ance surfaced of mass death despite extensive searches 'during
the summers of 1994 and 1995 and annual heavy traffic 'by hunters throughout sheep
range in the Tom Miner Basin every September. |

Drought could also influence population dynamics. Drought may ﬁave triggered
the epizootic in the Highland/Pioneers in 1995 (Semmens 1996). Twelve of the last 20
years have had snow levels below normal, but below normal snow levels should favor
sheep at high elevation by reducing snow cover on winter range. During the population
décline in 1983 to 1984, the annual precipitation was below normal in both years (NOAA
1983 and 1984) suggesting that drought could have affected forage on summer ranges.
Sheep entering autumn in a year with poor summer forage may not have enough reserves
to carrying them through the §vinter. My study yielded no conclusivé evidence on the

effects of ‘weather. _This would be another area where additional research couid be useful.
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Table 6. Lamb: Ewe ratioS for the Mount Everts, Cinnabar Mountain, Tom Miner Basin,
and Point of Rocks winter ranges from 1984 to 1995 based on highest counts

per class recorded during ground and helicopter surveys in November - April
(Irby 1994).

Year " " Mount Everts Cinnabar - Tom Miner Basin - Point of Rocks
ewe lamb ratio ewe lamb ratio ewe lamb ratio ewe lamb ratio

1984 40 8 20 21 5 24 10 8 80
1985 15 5 33 4 18 . 41 26 7 27 15 § 133
- 1986 20 8 40 46 15 33 28 6 2114 6 43
1987 10 5 50 47 9 19 37 18 49 3 2 67
1988 9 3 .33 - 4 17 .39 9 2. 22 4 .3 75

1989 14 1 7 30 4 13 18 0 0
1990 18 4 22 34 2 . 6 14 2 14 11 3 27
1991 34 7 21 ) 40 9 23 - 18 . § 28 12 '3 25

1992 : 17 2 12 16 3 11 '

1993 . 32 9 28" 31 S 16, 16 4 25 4 0 O
1994 21 12 57 23 7 30 15 2 13 18 3 17
1995 .35 7 20 .- 20 6 30 13 01 8 12 3 25

Disease

Diseasemis commonly regarded as a major facto; limiting bighorn populgtions |
(Dunbar 1992). However, I did not g;ther any data that indicated that diseaée was a
factpr influencing bighorns in the Tom Minér Basin during 1994-1996. All blood
samples frorh the 10 radio-colla‘rec\l ewes had low positive reactions for common disease
organisms and normal Blood chemistry. None of the ewes died during the study. Poor
physical condition and coughing, symptoms associated with pneumonia-complex dieoffs,
were not observed in the Tom Miner Basin in 1994 and 1995.

Mortalities reported on other winter ranges in the upper Yelléwstone River Valley
also indicated that disease was not an important factor in 1994-1996. The ewe hit by the

car on the EWR had renal medullary amyloidosis which is uncommon in most species but
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has been described in cats (Felis spp.) , cattle, and Dorcas gazellee (Gazella dorcas). Two
rams also died on the EWR from unknown causes. Their bedies were too far
decomposed for any disease analysis.

The Chlamydia outbreak on the EWR in 1981-1982 (Meagher 1982) is the largest
recent epizootic associated with any of the northern Yellowstone winter ranges. Scabies
and eczema (probably mechahicaily induced soremouth that appeared during a winter

when snow depth forced sheep to feed ex.tensively on sagebrush) have occasionally been
observed in individuals from the Cinnabar herd, but no major dieoffs have occurred since
colonization of the area in the late 1960's (Irby et al. 1989). Contact with domesﬁc sheep

occurred historically in the Tom Miner Basin (Keating 1982), but the only recent

| commercial herd mainfained in the area was in a range occupied by sheep in the Cinnabar
herd from 1983-93. No acute dieoffs occurred during this period. All upper Yellowstone
herds had low lamb: ewe ratios in many.years that could indicate disease iﬁ lambs. 1did
not sample tissue from lambs on summer range to verify this possibility. The possibility
of disease in the bighorns needs to be further explored before eliminating disease as a

controlling factor in the population.

I ] l. S ’ .

No tissue samples were analyzed to determme relative heterozygosny in sheep
from the Tom Mmer Basin, but I was able to look at sevetal indirect mdlcatlons of
inbreeding depression such as overall health, physical appearance, susceptibility to

disease. Severe inbreeding frequently reduces viability of young individuals (Skiba and
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Schmidt 1982). During 1994-1996, lambs that I observed were present in typicai
numbers for the area, showed no obvious physical defects, grew at normal ratés, and
maintained normal activity levels;‘ |

More subtle defects due to ipbreeding result in increased mo';tality in young (Haas
1989). I counted thé same number 6f lambs in the summer and Vfall, so if lamb deaths
occurréd they most likely happened during the first few weeks of life when I was unable
to access the study area. Inbreeding may also result m reduced size, and compared to

- other populations in Montana, harvésf data‘ indicate that ram horns are rela'tively small
(Stewart and Butts 1982, Fitzsimmons et al. 1995).

The present population in the Basin is below the theoretical number required to
minimize loss of genetic variability (F itzsim£non et al 1995), but past radiotelemetry |
studies (Kéating 1982, Irby et al. 1986) and observations from this study showed genetic
linkages are likely to occur between subpopulation's 6f the upper Yellowstone River
Valley. Malesﬁ froni Cinnabar have been located in‘the EWR and TMWR. Ewés from |
PRWR were observ_e‘d'onv ‘thre CWR during the breedihg season, and ewes from Cinnabar
have visited thé EWR (Fig. 11) Although the Tom Miner Basin subpopulation is small,
inbreeding depression is unlikely due to the interconnectedness inth the other winter
range populations. Picton (1994) found low ﬂucmating asymmetry in the ram hvorr‘lsl in

the general area which also indicates no problems with inbreeding depression.
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Figure 11. Known bighorn movements between subpopulations of the upper
Yellowstone River Valley.



52

If sheep in the Tom Miner Basin are restricted to small, winter range sites with
favorable snow and vegetation conditions, excessive use of these sites could reduce
quality or quantity of vegetation actually available to sheep in winter though abundant
nutritious forage ié nearby but rendered unusable by snow. Under these conditions, over
use of accessible forage on the limited winter range could lead to population declines that
are due to direct or indirect effects of intraspecific competition v;'hen vegetative transects
indicate abundant vegetation is present. This possibility implies that vegetation
composition on heavily used sites should change over time and productivity of the herd
should decline. Data from 1975 and 1994-95 indicate no change or a slight improvement
in range condition on sites heavily used by sheep in 1975. However, sheep could deplete
the vegetaﬁon above snow in favorable micro sites without affecting the quality and/or
species c'ompositionv of vegetation. for the wintering site as a whole. If bighorns used the
limited forage available above the snow, intraspecific competition could occur in an area
in which abundant vegetation existed. Recovery of favorable sites would presumably be
- slow in the severe climate of the TMWR so high intensity use in and before the 1970's
could effectively influence population dynamics in the 1990's. Unfortunately, data on the
population size prior to 1979 are nonexistent. Current lamb:ewe ratios suggest forage is
ample for the small numbers of sheep present today at least in some winters. Long-term
intensive studies woﬁld be needed to verify or eliminate intraspecific competition as a

major factor in the Tom Miner Basin.
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- CONCLUSION

The seasonal range use patterns of the TMWR e;.\;ves followed tradiﬁonal
movements and no new.use areas had been established in the Basin over the past 2
decades. However, ewes from the PRWR.migrated to summer range in Hyalite Basin and
to the CWR in the fall. These movements had not been previously noted.

.During the 1975-1995 perio.d, elk numbers ix;crgased and sheep‘numbers
decreased signiﬁéantly in the Tom Miner Basin. Cattle use of bighorn raqgés decreased
due to changes in grazing management. Mduntain goats invaded the Basin, and bla}ée
predator mammals likely increased. Deer and moose populations were stable. .

\'{he results of my study suggested that cattle have little to no effect and elk may
have some indirect effect on bighorn habitat use on the TMWR. Direct impacts from‘
cattle and elk did not occur because neither species used winter range sites selected by
bighorns extensively in winter or spring. Indirect effects due to use of vegetation on
bighorn winter ranges during the summer were negligible for cattle and low for elk. The
vegetation quality and availability on bighorn wintering sites has not changed since 1975.
Summer ranges used by bighorns did not overlap cattle grazing allotments. Elk used
bighorn summer rangeé, but use intensities for sheep and elk were low.

Inbreeding suppression is an unlikely exp_lanation for the population decline in the
upper Yellowstone River Valley since extensive movements among subpopulations
occur. Intraspecific competition was not eliminated as the cause in the initial drop in the

Tom Miner Basin herd in 1983 but presently should not be a concern with such low



54

numbers of sheep. Activities by humans and human-induced mortality are unlikely to be
factors in sheep population dynamics on the TMWR or the PRWR due to the strict
hunting regulations and limited access to thAe winter and summer ranges. Competition
with .mountain goats on summer range is not currently a problem, but if the goat
population increases, interspecific competition could occur. Disease was not thoroughly
investigated, but no sheep showed symptoms of any disease, and all the collared ewes
were healthy. Predation and weather are factors that could play a roie in sheep population

dynamics, but I was unable to conclusively determine the importance of either factor.
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Table 7. Mean monthly temperatures (°C), minimum and maximum monthly
“temperature (°C), total monthly precipitation (cm), and deviations from the
30 year average for the Gardiner weather station and the south central
region from January 1994 through April 1996.

Year ‘ Monthly Mean Temp. Monthly Temp. Precipitation
Month Region  Gardiner - Gardiner & Region Gardiner
' Min. Max deviation
from average
1994 ,
January .22 13 . - -167 83 35 - 18 00
February . -58 -43 ' -244 111 -23 17 sy
March 38. 43 -11.7 194 28 20 05
April .. 11 281 x - 83 267 12 - 55 05
May -~ 136 400 , 1.1 283 2.8 44 -52
June ‘ 169° 170 . L1 350 07 55 43
July _ 196 30 . 44 361 ° -09 62 33
August - 203 210 . 6.1 333 13 12 19
September 157. 170 0 322 2.8 28 04
October 74 76 - 67 233 1.1 8.1 40
November -09 -21 -172 128 29 23 10
December =21 -19 -167 83 24 14
Annual 78 291 : ~ 09 429 262
) : . deviation
from average=12
1995 ‘ :
January . 22 <27 - -211 - '738 22 - 18 04
February - A7 03 -228 167 . 22 13 0.8
March 220 11 -200 150 04 45 59
April 49 52 - 6.1 200 13 6.0 1.5
May 94 10.7 - 28 261 08 78 1.0
June 152 15.3. 1.1 317 1.1 7.3 35
July 19.1 22 333 5.5 0.9
August 198. 205 6.1 344 0.8 29 2.0
September . 13.8° 14.7 . - 56 333 02 . 32 10 .
October 69 . 6.3 - 83 244 22 41
November 24 - 34 , -15.6 150 25 27 3.0
December 2.1 =22 -21.1 128 21 12 _13
Annual 73 . 6.6 ' 04 482 212
‘ deviation
 from average = 6.4
1996 .
January ’ -26.7 178 1.5
February . C ' -306 122 34
March ; =200 139 I v

April | o - 96 244 23




Table 8a. Chi-squared (X?) analysis test for bighorn habitat use versus habitat availability in 1994. A total of 65 transects with
206 observations were used in analysis. Confidence intervals determined if use was >, <, or = to expected (Neu et al.

1974).
Habitat Feature X%value p-value Number Number Percent Confidence Percent >, <, or=
Observed Expected Observed Interval Expected to Expected

ELEVATION (m) 110.049 .0000

1829 0 : 24.768 0.000 0.000-0.002  0.120 <
2134 ~ 100 101.136 0.486 0.400-0.573  0.490 =
2439 44 59.856 0.215 0.144 -0.287 0290 <
2744 , 62 20.640 0.298 0.219-0378  0.100 >
ASPECT 13.174  .0003

N,NE,E 0 12.384 0.000 - 0.000-0.002  0.060 <
S, SE, SW, W, NW 206 194.016 1.000 1.000-1.000  0.940 >
SLOPE 47.271  .0000 ,

10% 5 45.408 0.023 ©0.000-0.049  0.220 <
-20% 86 72.24 - 0417 0.331-0.502  0.350 =
30% ‘ 64 47472 0.310 0.230-0.350  0.230 =
40% ' ‘ 52 41.280 0.250 0.175-0.325  0.200 =
ESCAPE 280.704  .0000 ' :

<100 m 195 78.28 0.947 0911-0982  0.380 >
>100 m 11 127.72 0.053 0.018-0.089  0.620 <
GRASS COVER - 25779  .0000

ground visible 181 148.464 0.879 0.828-0.930 0.720 >
ground not visible 25 » 57.736 0.121 0.070-0.172  0.280 <
ELK 41302  .0000 '

<=10.4 pellet groups 145 99.072 0.703 0.632-0.775  0.480 >
> 10.4 pellet groups 61 107.328 0.297 0.225-0.368  0.520 <
CATTLE 43.178  .0000 _ '

0 pellet groups 178 ’ 136.224 0.862 0.805-0.920  0.660 >

0 22.704 0.000 0.0¢0-0.002 0.110 <

1-19 pellet groups
>19 pellet groups 28 47472 0.138 0.080-0.195 0.230 <

£9



Table 8b. Chi-squared (X?) analysis test for habitat used by bighorns versus availability in 1995. A total of 80 transects with
369 observations were used in analysis. Confidence intervals determined if use was >, <, or = to expected (Neu et al.

1974)
Habltat Feature X?-value p-value Number Number Percent Interval Percent >, < or=
Observed Expected Observed Expected to Expected
ELEVATION -~ -~ 48.148  .0000 e T - ‘
1829 - : , 1 40.59 0.003 0.000-0.009 0.110 <
2134 241 202.95 0.653 0.591-0.715  0.550 >
2439 98 103.32 - 0.266 0.208-0.323  0.280 =
2744 : 29 . 2214 0.079 0.044-0.114  0.070 =
ASPECT - 6230 .0126 S : L
N,NE,E : _ 8 18.450 0.022 0.005-0.039  0.050 <
S, SW, SE, W, NW ' 361 350.550 0.978 0.961-0.995  0.950 >
SLOPE - 157.28  .0000 ‘ . .
10% ' , : 22 110.700 0.060 0.029-0.090  0.300 <
20% ‘ 169 114.390 0.458 0.393-0.523  0.310 >
308 39 66.420 0.106 0.066-0.146  0.180 <
40% 139 77.490 0.377 0.314-0.440 0.210 >
ESCAPE 429297 .0000 ' :
<100 m _ i 314 125.460 0.851 0.805-0.893  0.340 >
>100 m 55 243.540 0.149 0.107-0.191  0.660 <
GRASS COVER 48928  .0000 : ' : :
ground visible 294 228.780 0.797 0.750 -0.844  0.620 >
ground not visible 75 140.220 0.203 0.156-0.250  0.380 <
ELK 270.063  .0000 ' :
<23 pellet groups 275 125.460 0.745 0.694-0.796  0.340 >
>= 23 pellet groups 94 243.540 0.255 0.204-0.306  0.660 <
CATTLE 120.205  .0000 : :
0 pellet groups S 352 254.610 0.954 0.928-0.980  0.690 >
’ 7 40.590 0.019 0.002-0..036 0.110 <

1-19 pellet groups
>19 pellet groups 10 73.800 0.027 0.007 - 0.047  0.200 <




Table 8c. Chi-squared (X2) analysis test for habitat used by bighomns versus availability in 1994 and 1995 combined. A total of
54 transects with 290 observations were u_sed in analysis. Confidence intervals determined if use was >, <, or =to

expected (Neu et al. 1974).

>, <, or=

Habitat Feature X?-value p-value Number Number Percent Interval Percent

Observed Expected Observed Expected to Expected
ELEVATION 88.463 - .0000 « o
1829 : 0 26.100 0.000 0.000 - 0.002 - - 0.090 <
2134 208 136.300 0.717 0.651-0.783  0.470 >
2439 48 95.700 0.166 0.111-0220 0330 <
2744 34 31.900 0.117 0.070-0.164  0.110 =
ASPECT 13.174  .0003 :
N,NE,E 2 17.400 0.007 0.000-0.018  0.060 <
S, SE, SW, W,NW 288 - 272.600 0.993 0.982-1.004 0.940 >
SLOPE 79.113  .0000 :
10% | - 37 75.400 0.128 0.079-0.177 . 0.260 <
20% 56 87.000 0.193 0.135-0.251  0.300 =
30% 108 58.000 0.372 0.302-0.443  0.200 =
40% 89 69.000 0.307 0.239-0375 0240 . =
ESCAPE 401.279  .0000 3 -
<100m 272 107.300 0.938 0.906-0.970  0.370 >
>100 m 18 182.700 0.062 0.030-0.094  0.630 <
GRASS COVER 57.010  .0000 ‘ :
ground visible - 271 214.600 0.934 0.902-0.967 0.740 >
ground not visible 19 74.400 0.066 0.033-0.098 0.260 <
ELK 68.555 - .0000
<14 pellet groups 162 95.700 0.559 0.493-0.624  0.330 >
>= 14 pellet groups 126 194.300 0.441 0.376-0.507  0.670 <
CATTLE 130.876  .0000 .
0 pellet groups 259 165.300 0.893 0.850-0.937 0570 >
1-19 pellet groups 31 63.800 0.107 0.063-0.150  0.220 <
>19 pellet groups 26 60.900 0.000 0.000-0.002 0210 - <

$9
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Table 9 Number of bighorns observed from the ground and air at specific locations in the
Tom Miner Basin in the years 1974,1975, 1980-1986, 1994-1996. Observers include

K. Constan, K. Keating, L. Irby, S. Gehman, K. Legg, and T. Lemke. Dashed line
(---) indicates no survey or observations for that year.

Location Year, Month Observer No. Bighorns

Bighorn Peak 1974 - -
1975 -— -
1980 ‘

Summer Keating 10

Fall . 11
1981 S
Summer " 11
1982 N

Summer Irby 17

Fall " 5
1983 - —
1984 .

Summer Irby 10

Fall -~ " 3
1985 '

July Irby 26
1986 - -
1994 .

Summer Legg 18
1995

Summer Legg/Chapman 21

Dry Creek 1974 -
1975 -
Spring Constan .
1980
Summer Keating
1981 -
1982 -
1983 -
1984 -

[ %]

1985

1986

1994

Fall Legg
1995

Summer ~ Legg

T T T T -

N

(<)

Fortress Mountain | 1974 -
1975 -~
1980 ‘

Spring Keating 7

Summer " 22



Table 9. (Continued)
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Location

Year, Month

Observer No. Bighorns
Fortress (Con’t) * “Fall " S

1981 '

Summer " 2

Fall Lo 3
1982 - -
1983 — —
1984

Summer Irby 8
1985

Summer Irby 3
1986 — —
1994

Summer Legg 23
1995

Summer " 17

September " 20
1996

Summer " 19

Grizzly Creek 1974 :

Winter Constan 52
1975

Winter Constan 26

Spring " 13

Summer " 9
1980 =

Winter Keating 9

Spring " 13
1981 :

Winter Keating 7
1982 '

Spring Irby 14

Summer " 18
1983 o

Winter Irby 18
. Winter-Dec. . 23
1984 :

Winter Irby 13

Spring - " 21
- Summer " 19

Fall " 13
1985

Winter Irby 17
1986

Winter Irby 25



Table 9." (Continued)
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Location Year, Month

Observer

No. Bighoms

Grizzly (con’t) . 1994
f ‘ Spring

1995
Spring

1996
Spring
Horse Creek 1974 -
: Summer

1975
' Spring
1980
Spring
1981

Spring

Fall

1982

Spring
Summer

Fall

1983
1984
1985
1986
1994 -
" Spring
1995
" Spring
1996

Ramshorn Peak 1974

1975

1980
Summer
Fall

1981
Spring
Summer

1982

1983

1984
Summer

1985
Summer

1986

Lemke
Lemke
Lemke
Constan
Constan
Keating

Keating

Irby

Lemke

Lemke -

12

o
s [« ]

N I B RS

N

llews <

(V]



Table 9. (Continued)
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Location

.Year, Month

Observer

No. Bighorns

Ramshorn(con’t)

Sawtooth Ridge

Sheep Creek

1994

1995
Summer
Fall

1996
Summer

1974

1975

1980
Winter

1981
Summer

1982
Summer

1983

1984
Spring

1985

1986

1994

1995
Summer

1996

1974

1975
Spring
Summer

1980
Spring

1981
Winter

1982

- Spring

1983
Spring

1984 .

~ Spring

Summer

1985

1994

1995

Legg

Legg

Keating
Keating

Irby

Irby

Legg

Constan

"

Keating
Keating
Irby
li'by
IrPy

17
14

10

41

21

14
13



Table 9. (Continued)
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Location

Year, Month

Observer

No. Bighomns

Sheep Ck (con’t)

Sheep Mountain

Stateland

Spring

May
1996

Summer

1974

1975

1980

1981
Winter
Summer

1982

"~ Summer

1983
Winter
Spring

1984

1985
Spring

1986
Winter

1994

1995
Fall
Winter

1996
Spring

1974
1975
1980
1981
Spring
1982
Spring
1983
Winter
Spring
Summer
1984
Spring
1985
1986
1994
1995
Spring

Legg

Legg

Keating

Irby
Legg

Legg

Keating

21
12

13

w

12

40

e —a

PO



Table 9. (Contil;xued)
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. Location Year, Month

Observer

No. Bighoms

Tom Miner Campground 1974
(cliffs to north) - 1975
1980
Winter
Spring
Summer
Fall
1981
. Winter
Spring
1982
1983
1984
Summer
1985
1986 .
1994
Spring
1995
. Spring
Summer
1996
: Summer

Tom Miner Creek 1974
Summer
Fall
Winter

1975
Winter
" Spring
1980
1981
Summer
1982
Spring
1983
1984
Spring
1985
Spring
1986
Winter
1994
1995
1996

Legg

Legg

Legg

Irby

=
LH1g

——

i
17
21
12

1
22

51
10



Table 9. (Continued)
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Location

Year, Month

Observer

No. Bighorns

Twin Peaks

Walsh Creek

1974
1975
1980
1981
1982
1983
1984
Summer
1985
1986
1994
1995
Fall

1974
Winter -

1975
Summer

1980

1981
Summer

1982

1983
Winter
Spring

1984
Spring

1985

1986
Spring

1994

1995

1996
Spring
Summer

Legg

Constan

Constan
Keating
Ir"by
Irby

Irby

Legg

10

18

&N
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Percent Weight Utilization

0 l ] I l T ,
0 10 .20 30 40 50 60 70 80 50 10C
Percent of 13 - cm Loops Grazed

Figure 12. USFS graph to correlate the percent grazed to the percent utilized in mountain
meadows. Data from Beaverhead, Clearwater, Deerlodge, Kaniksu, Lolo,
Nezperce National Forests 1968.






