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STATUS AND HABITAT PREFERENCE OF CALIFORNIA BIGHORN

SHEEP ON SHELDON NATIONAL WILDLIFE REFUGE, NEVADA

INTRODUCTION

The original range of the California bighorn sheep (Ovis

canadensis californiana) included the northwestern corner of the state

of Nevada, within which lies Sheldon National Wildlife Refuge (SNWR)

(Cowan 1940, Hall 1946, McQuivey 1978). The last report of endemic

bighorn in the vicinity of the SNWR was the sighting of a single ram

on McGee Mountain in the late 1920's (U.S. Fish and Wildlife Service

1963). In 1939-40 the late Olaus Murie made an extensive survey of

the Sheldon area and adjacent mountains. He reported that no bighorn

were seen and recommended that a sheep transplant be made in the area

of Hell Creek, within the present SNWR (U.S. Fish and Wildlife Service

1963).

On 22 July 1968, 4 California bighorn sheep (1 mature ewe, 1 lamb,

one 2 year old ram, one 5-6 year old ram) from Hart Mountain in Oregon

were released within a 600 ha enclosure on Hell Creek (Richardson

1973, Carter 1975). An additional 4 sheep (2 mature ewes, 2 lambs)

from Hart Mountain were released in the enclosure on 19 August.

Annual drive counts, conducted until 1974, indicated rapid population

growth. By 1973, it was suspected that sheep were getting out of tne

enclosure via rock crib fence supports, and drive counts were

discontinued. A need for basic status information to be used in

preparing a Renewable Natural Resources Management Plan and associated

Environmental Impact Statement provided the impetus for initiation of

this project in 1978.

The objectives of this study were to document the present status

of this bighorn herd, to determine the habitat preferences of these

sheep, and to describe major components of preferred habitats. In

July 1979, an accessory project was initiated to determine the diets

of the bighorn, mule deer (Odocoileus hemionus), pronghorn antelope

(Antilocapra americana), feral horses (Equus caballus), and domestic

cattle (Bos taurus) which co-inhabit the study area. Only bighorn

diets were reported here.
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STUDY AREA DESCRIPTION

SNWR lies within the High Desert Resource Province (Anderson 1978)

in northwestern Nevada (Figure 1). The area inhabited by sheep is

typified by extensive tables of volcanic origin which are cut by

several watercourses, many of which are intermittent. Elevation

varies from 1580 m to 2010 m. Extensive cliffs border some of the

watercourses, while low rimrock is found at the upper edges of the

tables.

The area is arid, with precipitation occurring principally as

thunderstorms from late spring to early fall, and as snow during the

balance of the year. For the period 1968 to 1979, precipitation

ranged between 13.5 and 28.6 cm, and averaged 20.1 cm (U.S. Weather

Bureau 1968-79). Average daily temperatures vary between -3 C in

January and 21 C in July.

The vegetation consists principally of sagebrush (Artemisia spp.)

communities with an understory of bunchgrasses and forbs. Several

deciduous woody species including quaking aspen (Populus tremuloides),

willow (Salix spp.), and chokecherry (Prunus virginiana), are found

near permanent water. Curlleaf mountain mahogany (Cercocarpus

ledifolius) occurs in small isolated clusters on rocky areas at higher

elevations. Anderson (1978) gave descriptions of the plant com-

munities found on SNWR under pristine conditions.

Historic land use patterns were primarily grazing and mining.

Presently grazing and recreational hunting are the principal human

uses.

MATERIALS AND METHODS

Binoculars (8 x 32) and a spotting scope (30x) aided in

observations of sheep from a primary observation point located on a

distant ridge, such that approximately 90 percent of the Hell Creek

area (Figure 1) used by the ewe/lamb band was visible. Observations

in the ram area in the vicinity of Virgin Canyon (Figure 1), were made

by day and overnight trips on foot through the area. The majority of

my time was spent in the Hell Creek area because of concern that lamb



Figure 1. Study area including; 300 foot contour lines (,..--.),

springs CD, drainages h"'. -), roads (y...-.), enclosure fence

( ), and outer limits of sheep use (,""4).
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Figure 1.

HELL CREEK AM VIRGIN CANYON
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production and survival might be the primary factor limiting growth in

the population. Additional observations were made whenever

undisturbed sheep were located within the study area. Observations

were used in subsequent analyses only when sheep were undisturbed by

human presence.

Population Characteristics

Group size and composition were recorded during observation

periods. Seasonal distribution and mortality information were

obtained by frequent trips throughout the study area on foot.

Population estimates made from my observations were substantiated by

3 aerial surveys and 1 ground drive count. Animals were classified

following Geist (1971). Several animals were individually recognized

by horn and pelage characteristics or artificial marks.

Habitat Characteristics

Vegetation types were classified following the system of Anderson

(1978), which relied heavily on physical features and present

vegetation of a site to predict the pristine condition. Past grazing

practices significantly changed the vegetation of most sites, such

that the vegetative descriptions in Anderson (1978) were seldom

indicative of present vegetation. Therefore, major vegetation types

used by sheep were sampled for herbaceous cover and frequency, and for

shrub cover, density, and height by a modification of the procedures

described by Poulton and Tisdale (1961). Plant names were taken from

Rogers and Tiehm (1979).

Two to 4 sample sites were selected to represent each of the 8

major vegetation types. Use, availability, and variability were the

criteria which determined the number of sample sites per vegetation

type. Seven remaining vegetation types collectively received less

than 17 of recorded use, and were combined into 1 of 2 composite

groups. One composite group included those types within which water

was available, while the other included those types within which tall

brush or trees were dominant. Descriptions of vegetation types

included in composite groups were from Anderson (1978).
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Three 30 m line transects were established within each selected

site. On slopes greater than 15°, transect lines were placed

diagonally on the slope and spaced vertically along the slope to

account for elevation differences and minor slope variations.

Transects were placed randomly on slopes of less than 15°. Herbaceous

cover and frequency were optically estimated from a 30 x 60 cm

openended plot frame placed at 3 m intervals along the line.

Frequency was recorded for each half of the frame. Shrub cover was

also recorded for each plot, and later checked against the same

parameter estimated by the line intercept method (Canfield 1941).

Rooted shrub density estimates were obtained from a 1 x 30 m plot

along the transect line. Shrub height was estimated from measurements

of the individual shrub nearest to each 5 m point along the line.

Average ecological condition (Dyksterhuis 1949) of the 8 major

vegetation types was calculated by use of the similarity index

described by Bray and Curtis (1957) comparing present vegetation with

pristine vegetation descriptions (Anderson 1978).

Physiographic types included cliffs, rock outcrops, boulder

fields, talus fields, caves, and areas without significant rock

formations. Areas of bedrock with an exposed face greater than 3 in in

height, and slope greater than 70° were considered cliff. Rock

outcrops were areas of exposed bedrock with vertical sides not greater

than 3 m in height, or not greater than 70° in slope. Piles of loose

rock were also placed in this category when the individual rocks were

not less than 1 m in diameter. Rocks greater than 1 m in diameter

that were scattered among vegetation rather than piled on top of each

other were considered boulder fields. Talus fields were areas of

loose rock up to 1 m in diameter and usually occurred on steep slopes.

Any opening in a cliff or rock outcrop large enough for a sheep to

enter was considered a cave.

Habitat Availability

The area considered available to sheep (Figure 1) was delineated

by drawing lines enclosing all sheep observations within each of the

Hell Creek and Virgin Canyon areas. Areas which sheep used
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irregularly or solely as travel routes were subjectively excluded.

Vegetation types were located on the ground, mapped on large scale

(1:30,000) black and white aerial photographs, and then transferred to

USGS 74(2 min topographic sheets. Area was determined for each mapping

unit with a compensating polar planimeter. The percent of each phy-

siographic type was estimated visually for each mapping unit. Thus,

vegetation and physiographic component availability could be used

separately or in combination in later analyses.

Snow depth during the study was not sufficient to physically

restrict sheep movements, so adjustments to availability data were not

made among seasons. However, a complication entered the analysis when

the ewe/lamb band was confined to the interior of the Hell Creek

enclosure from February 1980 until the conclusion of the study. Data

collected after February 1980 were separated from the remainder of the

data set and analyzed with habitat availability within the enclosure

alone. Only the vegetation component of habitat was considered in

separate analyses as availability of physiographic types in each area

was similar. Additionally, during fall rams from the Virgin Canyon

area were primarily found within the Hell creek area, and all fall

observations of rams were combined with those of the ewe/lamb band.

Habitat Use

Information on the utilization of various attributes of habitat

was collected in the form of an index of sheep-minutes. Once located,

sheep were observed continuously for as long as they remained visible;

at 10 min intervals activity, type of habitat, slope, aspect, distance

to escape terrain, and distance to water were visually estimated for

each individual with the aid of USGS 71/2 min topographic maps and

recorded. Five categories of activity were recognized; feeding

in place, active feeding, active, standing, and bedded. Feeding in

place occurred when sheep remained feeding for 10 or more minutes in 1

location. The active feeding category was used when an individual was

neither feeding in 1 location for 10 + minutes, nor actively moving

without feeding. The active category included simple locomotion,

comfort behaviors, and reproductive activities. Standing occurred
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when sheep were both alert and at rest. The bedding category involved

day beds primarily although some night bedding activity was recorded.

Type of habitat was recorded as a combination of a vegetation type

and a physiographic type with the aid of the habitat availability map.

Slope was divided into 5 categories; 0-15°, 16-30°, 31-45°, 46-70°,

and 71-90°. Seventy degrees was chosen as the point above which

movement became difficult for sheep. Aspect was recorded as the

nearest of 8 compass points, and distances to water and escape terrain

were estimated to the nearest 100 m. Escape terrain was considered as

any cliff or rock outcrop greater than 3 m in height and 30 m in

length. Five weather factors were also estimated and recorded hourly

during observations, cloud cover, wind direction and velocity.

temperature, type of precipitation, and snow depth if applicable.

Diets

Diet information was obtained through microhistological analyses

of feces from bighorn on SNWR. Thirty single samples were collected

monthly between July 1979 and June 1980, 15 each from sheep in the

Hell Creek and Virgin Canyon areas during months when both areas were

occupied. A reference set of 160 plant species was collected within

the study area, and used in laboratory analyses at the Food Habits

Lab, Texas Tech University, Lubbock, TX. Fecal samples were analyzed

microhistologically (Sparks and Malechek 1968), with frequency of

occurrence recorded and converted to relative density by the methods

of .cracker and Brischle (1944).

Data Analyses

Techniques described by Neu et al. (1974) were used for

statistical analysis of habitat utilization and availability data. A

habitat was considered a combination of a vegetation and a

physiographic type. However, due to the large number of possible

permutations of the 10 vegetation types and 6 physiographic types,

analysis was done separately for vegetation and physiographic types.

This precluded analysis of interactions between vegetation and

physiography, but since the former was used primarily for forage and
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the latter for cover, it was assumed conclusions would not be

significantly effected.

The utilization data set was divided into subsets by the 2 areas,

4 seasons, and 5 activity types. Each subset was then compared

separately with vegetation and physiographic habitat components to

determine whether habitat components were used in proportion to their

availability (i.e., randomly), by the Chi-square statistic (Neu et al.

1974). A confidence level of a = 0.005 was selected since almost 80

individual tests were included in this series, and each data point was

used twice. The appropriate subsets were then tested by a Chi-square

test of independence (a = 0.005) to determine whether use was constant

for all seasons for each activity, or constant for all activities for

each season.

If a subset was used non-randomly, confidence intervals were

calculated for each estimate in the subset by the Bonferroni-Z

statistic (Neu et al. 1974). A family confidence level of a = 0.01

was used in this test series for each family of 16 estimates,

corresponding to the 10 vegetation and 6 physiographic types.

Occasionally, no observations were recorded for an available habitat.

Since zeros could not be used in the Bonferroni confidence interval

formula, no conclusions could be reached even when availability was

high. Therefore, confidence intervals were calculated in these cases

as if a single observation had occurred. If the conclusion from this

test with 1 observation was that utilization was less than

availability, it was assumed the same conclusion would be valid in the

case of no utilization. No conclusion was made concerning a habitat

category with no observations when the test with 1 observation

indicated that utilization and availability were not different. An

equivalent process was utilized in a few cases where all observations

within a subset occurred in a single habitat.

A modification of the technique presented by Johnson (1980) was

used for graphical display of combined utilization and availability

information. Histograms of the difference between percent utilization

and percent availability portrayed the data in a more easily

interpretable form than either the Electivity Index (Ivlev 1961), or
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the Habitat Preference Value (Van Dyke 1973, Kornet 1973). The

Difference in Percents (DP) represented relative selective use rather

than strict preference. Whereas, the preference indices represented

only the relationship between utilization and availability of each

habitat, the DP was also affected by the relationship between

habitats, in that utilization and availability each added to 100

across all habitats. In effect, DP addressed the question "Which

habitat was most important to the animal?", rather than "Which habitat

did the animal like the most?" Thus, statistical conclusions were

determined on a strict preference basis, while graphic representations

should be interpreted as relative selective use.

Use of each slope category was calculated by season, activity, and

vegetation type for the Hell Creek area, but only by season for the

Virgin Canyon area due to small sample size. Utilization of aspect

categories was calculated by season and activity for the Hell Creek

area and by season for the Virgin Canyon area. Distance to escape

terrain was calculated by area, season, activity, and vegetation type,

but only 2 vegetation categories were recognized in this analysis.

Escape terrain was generally sought for security, and since the major

effect of vegetation on security was apparently through obstruction

of vision, all vegetation types were combined by vegetation height.

The 3 low sagebrush (Artemisia arbuscula) types each averaged less

than 20 cm in height, while all other types each averaged greater than

35 cm in height. Distance to water was calculated only for the Hell

Creek area during summer, as use of free water was not observed

elsewhere. Time spent in each activity was calculated by area,

season, and both vegetation and physiographic types.

Average group size was calculated by area and season for each year

of the study, and a group size frequency distribution was determined

for each area by season. Daily activity patterns were analyzed for

the Hell Creek area by 1 hr blocks for each season. Day length

varied by as much as 4 hr within a single season, so sunrise and

sunset were chosen as datum points from which time was scaled. Thus,

length of the mid-day category was variable. The American Ephemeris

and Nautical Almanac (U.S. Naval Observatory, Washington, DC 1980)

was consulted for local times of sunrise and sunset.
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POPULATION CHARACTERISTICS
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Seasonal Distribution

The ewes and lambs exhibited no regular pattern of seasonal

movements. They remained in the Hell Creek area throughout the year,

with occasional excursions to the vicinity of Boulder Spring (Figure

1) primarily during the first summer of the study. Their movement

patterns apparently were related to disturbances, as sheep used a

portion of the Hell Creek area for a few days to a month, and then

abruptly shifted to another portion of the area. On 4 occasions these

abrupt shifts followed such observed disturbances as incidents of

predation, close human contact, or rut activities of the rams.

Continuous movement about the area may have resulted from frequent

disturbances.

The ram band exhibited distinct seasonal shifts in distribution.

Ram use from April to October, shifted within the Virgin Canyon area

between Pruitt Point, Triangle Table, and the edge of. Rock Spring

Table (Figure 1). Some movements of rams were also noted to follow

disturbances, particularly close contact with humans. Young rams

began moving to the Hell Creek area in early October, older rams

followed them by 2-3 weeks. Most breeding in 1979 and 1980 occurred

during the last week of October with at least 1 ewe being bred as late

as mid-January, as evidenced by spring birth dates. One to 3 dominant

rams remained with the ewes through late December, while the remaining

rams wandered considerably and returned occasionally to ewe groups in

the Hell Creek area. Activity of rams began shifting back to the

Virgin Canyon area in December; however, single rams and small groups

apparently wandered over a considerable area to the north, west, and

perhaps south of the Virgin Canyon area.

Herd Size and Composition

From the initial 8 animals introduced in 1968, the population

growth (r = 0.246) approached the species' biological potential (r =

0.258) (Buechner 1960) for 6 years (Table 1). The population



Table 1. Estimated herd composition for California bighorn sheep on Sheldon National Wildlife Refuge.

Year

Class of Ram Class of Ewe

Lamb Unclass. TotalIV III II I Yearling Mature 2 Year Yearling

1968 - 1 1 - 3 - - 3 - 8

1969 - 2 - 1 3 - 2 3 - 11

1970 1 1 1 1 3 2 2 3 - 14

1971 1 1 2 2 4 2 1 4 - 17

1972 2 1 3 2 6 1 2 5 - 22

1973 2 2 4 2 7 2 3 6 - 28

1974 2 3 3 3 9 3 3 9 - 35

1975

1976
N 0 DATA

1977

1978 2 3 5 3 8a 3 7 1 32

1979 2 6 3 3 8 2 2 2 - 29

1980 3 8 3 1 10 3 - 7 - 35

1981
b

- - 1 1 12 - 1 11 26

aIndividuals could not be differentiated.
bA single sighting on 2 May 1981, represents a minimum.
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fluctuated between 29 and 35 animals during this study, and increased

to over 40 in 1981.

There was a preponderance of females after the initial 6 years, but

males outnumbered females at the initiation of this study (Table 1).

During the 3 years of this study, the proportion of females

approximately equalled that of males.

All classifications of rams were based on horn size criteria,

because sheep were observed almost exclusively at great distances (0.5

to 2.0 km). Occasional age estimates by the horn ring method (Geist

1966) indicated that the animals in this population exhibited slow

horn growth as compared with the population on which Geist (1971)

based his classification system. Therefore, Class I rams were

considered 2-3 years old, Class II rams were 4-6, and Class III rams

were 7 plus years old. No rams were observed which fit Geistsr (1971)

Class IV category by horn size characteristics. Age distribution of

ewes was difficult to determine in the field.

Survivorship

Recorded natality was high, with most lambs born in the last week

of April during 1980 and 1981, and 1 new lamb recorded in mid-July

1980. Survival of lambs to 2-3 months of age was high during the

initial 6 years of this re-introduction, and during most of this

study. The low number of new lambs in 1979 may have resulted from

stress during gestation and early lactation caused by a 2-day drive

trapping operation, unusually cold winter weather, and a dry spring.

Recorded survival of lambs through their first winter, from 2-3 months

to 14-15 months of age, was high, with the exception of 1979-80.

Survival was high for adult rams during all years, and high for adult

ewes with the exception of 1975 to 1977.

Mortality

Eleven confirmed losses have been documented and sheep bones found

in 4 other locations since 1968. Nine of these 15 losses were from

unknown causes. Of the 6 losses for which cause was determined, 3

resulted from trapping operations, 2 animals were entangled in the

enclosure fence while attempting to cross on rock cribs, and 1 was
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killed by a mountain lion after being chased into the fence. One of

the sheep included in the unknown category was a mature ewe which may

have been diseased (Richardson 1973); another was a lamb which

disappeared after being observed in 1980 with a seriously injured leg.

An adult ewe lost during a trapping operation in Feburary 1979 was

examined and was in fair to good condition, carrying a 31/2 month old

fetus, and had few internal parasites. No evidence of disease or

external parasites was noted in the population during this study,

although occasionally sheep were observed shaking their heads, an

indication that insects may have been annoying them.

Several coyotes (Canis latrans) and bobcats (Fells rufus) were

resident in the Hell Creek area, and were occasionally observed near

sheep. Resident golden eagles (Aquila chrysaetos) nesting in the

lambing area made several overflights and 2 unsuccessful attacks on

lambs during the spring of 1980. My observations indicated that these

3 predators would readily take young lambs when separated from adult

sheep, but that they posed a minor threat to healthy adults.

In November 1978, an apparently healthy, 6-7 month old lamb was

killed by a mountain lion, yet little sign was found to indicate a

resident lion in the area. Mule deer from Badger and Fish Creek

Mountains migrate through the sheep area to their Virgin Valley winter

ranges (Ed Smith, pers. comm.), and it is conceivable that 1 or more

mountain lions also travel through the area following the deer.

The heaviest mortality this population has experienced apparently

occurred during 1975 to 1977 in the Hell Creek area. Recruitment,

survival, and population growth patterns, in addition to the lack of

evidence for disease suggested that predation may have been a major

factor during the period.

Group Size

Average group size varied little among seasons (Table 2). An

overall mean size of 9.2 for the ewe/lamb band on Heil Creek and 5.6

for the rams in Virgin Canyon reflected the total number of

individuals using each area. However, the group size frequency

distributions (Figure 2) were generally bimodal, but varied among
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Table 2. Average group size, 95% confidence intervals, and sample

sizes for California bighorn sheep on Sheldon National

Wildlife Refuge.

Season

Hell Creek Virgin Canyon

95%
Confidence
Intervals

95%

Intervals

Spring 8.8 ±1.7 59 5.8 ±2.4 12

Summer 10.9 ±3.1 33 5.7 ±1.9 11

Fall 7.9 ±2.1 48 - - -

Winter 10.7 ±2.6 25 5.0 ±3.3 5

Annual 9.2 ±1.1 165 5.6 ±1.2 23
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Figure 2. Relative frequency of observed group sizes by season for

the Hell Creek and Virgin Canyon areas of Sheldon National

Wildlife Refuge.
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seasons. Smaller groups were observed more frequently in spring and

fall than in summer and winter, and were associated with social

effects of the rut and lambing periods.

ACTIVITY PATTERNS

Spring

Sheep in the Hell Creek area exhibited a basic daily pattern

throughout the year of feeding very early in the morning, and bedding

during most of the remainder of the morning. Periodic feeding bouts

increased in duration and frequency throughout the afternoon until

night bedding occurred at or shortly after dark (Figure 3-A).

However, during April through June peak periods of bedding were noted

in both late morning and mid-afternoon, while night bedding occurred

earlier than in other seasons. The greatest amount of time spent

bedded (38%; 6.1 hr) occurred during the spring; likewise, time spent

active and standing were greatest during the spring. Feeding peaks

occurred just before sunrise, just before mid-day, and just before

sunset; however, sheep spent less time feeding during spring (30%; 4,8

hr) than in any other season.

Summer

During summer, there was a single, large peak in bedding activity

at mid-morning that tapered off quickly to a low level through much of

the afternoon (Figure 3-B). Standing increased abruptly at mid-day and

remained high throughout the afternoon. A noticable peak in feeding

activity occurred in early morning, with a minor peak occurring just

before mid-day, between periods of increased bedding and standing.

Feeding then increased throughout the afternoon to a maximum just

after sunset. Most feeding during the day occurred while actively

moving about the area, but feeding in place increased abruptly just

before sunset. Active feeding in summer (31%; 4.7 hr) was twice that

in spring, while bedding (29%; 4.4 hr) decreased.

Fall

Sheep bedded least during fall (17%; 2.1 hr), usually just after

sunrise and again at mid-day (Figure 3-C). A major peak in feeding
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Figure 3. Daily patterns of activity by season, and mean values for

each season expressed as percent and hours ( ), of California

bighorn sheep on Sheldon National Wildlife Refuge.
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activity occurred just before sunrise; and most of the afternoon was

spent feeding. The percent of time spent feeding in place during fall

(27%; 3.3 hr) was nearly twice that of summer (14%; 2.1 hr), yet the

total number of hours spent feeding remained nearly constant during

summer and fall, 6.8 and 6.9 hours, respectively.

Winter

The pattern for bedding remained the same in winter (Figure 3-D)

as in fall with 2 peaks early in the day; the amount of time spent

bedding increased slightly from fall (2.9 hr vs. 2.1 hr). Sheep spent

less time standing and active during winter than during the rest of

the year, and more time was spent feeding (64%; 7.7 hr) than at any

other time of year. Feeding in place occurred almost exclusively

during the latter part of the day.

HABITAT CHARACTERISTICS AND AVAILABILITY

The 8 major vegetation types sampled were similar in many respects

(Table 3); however, 3 differences were noted. Shrub height averaged

less than 20 cm in each of the 3 low sage types, but greater than 35

cm in all others. Secondly, Claypan Terrace supported more forbs

(p < 0.05) than any other type, and exhibited the highest ecological

condition rating among types. Finally, the dominant shrub, grass, and

forb species varied among types.

Vegetation types in the Hell Creek and Virgin Canyon areas varied

in both availability (Table 4) and juxtaposition (Figure 4). Claypan

Terrace (25%) was the most abundant vegetation type found in the Hell

Creek area, with South Exposure (24%) a close second. Within the Hell

Creek enclosure alone, Claypan Terrace (42%) was much more abundant

than the other types. Whereas, in the Virgin Canyon area Stony

Terrace (24%) was most abundant followed by South Exposure (21%) and

North Exposure (21%). Descriptions of major vegetation types are

reported in Appendix A.

HABITAT USE

Nearly all habitats were used differently (p < 0.01) than would be

expected from availability alone. The 3 exceptions were cases of



Table 3. Characteristics of major vegetation types found on sheep ranges of Sheldon National Wildlite Ketuge.

Vegetative
Characteristics

Vegetation Types

Arid
Rolling
Hills

(611)

Steep

South
Exposure

(641)

South
Exposure

(642)

Arid
North
Exposure

(652)

North
Exposure

(653)

Gravelly
Ridgetop

(621)

Siouy
Terrace
(621)

Claypan
Terrace
(691)

No. of Transects

Dominant Species

Ecol. Cond. Class

Shrub

9 9

Artemisia Artemisia

tridentata tridentata

Stlii::::::::a

tridentata
Agropyron

13 6 1 9

Artemisia Artemisia Artemisia Artemisia Artemisia Artemisia

tridentata tridentata tridentata arbuscula arbuscula arbuscula

wyomlngensis wyomingensis vaseyana
Poa Festuca Festuca Festuca Pod Poa--- --- ---

sandbergii idahoensis idahoensis idahoensis sandbergii sandbergli

Poor Fair Fair Poor Poor Fair Fair Good

Height (cm) 51.8 62.2 35.7 38.1 42.7 15.1 12.0 15.1

Density (Vm2) 1.1 0.7 1.3 1.7 1.8 3.2 2.7 5.3

Cover (Line
intercept)

19.3 14.8 15.8 18.5 17.7 10.5 13.0 11$.0

Cover (Plot Frame)

Shrub 15.4 13.8 14.7 12.0 10.4 10.9 12.0 17./

Grass 3.9 7.3 6.3 6.3 8.4 5.0 5.8 8.4

Forb 3.0 1.9 5.6 4.6 5.4 3.7 7.1 15.4d

Moss 0.7 0.0 0.1 0.5 2.6 u.7 U.2 0.0

Total 23.0 23.0 26.7 23.4 26.8 20.3 25.1 41.1
Vegetation

Litter 12.8 9.4 11.5 15.0 16.3 9.5 7.5 10.9

Rock 11.3 39.9 34.5 20.8 9.6 11.1 42.5 12.5

Bare Ground 52.9 27.8 27.4 40.9 47.2 513.4 2 >.1 34.1

aGreater value fur Forbe than any other type (t -test, p < 0.05).
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Table 4. Percent availability of vegetation types in the Hell Creek

area, Hell Creek enclosure, and Virgin Canyon area of

Sheldon National Wildlife Refuge.

Vegetation
Type

Hell
Creek

Enclosure

Hell
Creek
Area

Virgin
Canyon
Area

Semi-desert Sand Hills (660) 9.2

Arid Rolling Hills (611) 14.6 10.6 0.4

Steep South Exposure (641) 14.4 11.1 3.5

South Exposure (642) 15.2 23.8 20.8

Arid North Exposure (652) 13.1 11.5

North Exposure (653) 2.0 5.1 20.7

Gravelly Ridgetop (623) 4.9 3.2 1.8

Stony Terrace (621) 1.2 5.6 24.0

Claypan Terrace (691) 41.7 25.2 3.8

Shrub/Woodland 5.1 2.0 3.3

Riparian 0.9 0.3 1.0
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Figure 4. Vegetation type map of the Hell Creek and Virgin Canyon

areas of Sheldon National Wildlife Refuge.
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small sample size for the Virgin Canyon area. All Chi-square tests of

independence indicated that use in both areas was not constant among

seasons, or among activities within each season. Bighorn sheep on

SNWR apparently selected both vegetation and physiographic habitat

components throughout the year for nearly all activities. Bonferroni

confidence intervals were calculated to determine which habitats were

responsible for the selection shown within each area, season, and

activity.

Data from the Hell Creek area (Table 5) were divided into 2

subsets for analyses of selection of vegetation types by the ewe/lamb

band. One subset included all observations recorded before the

February 1980 confinement to the Hell Creek enclosure; the other

included observations after February 1980. A third subset was made up

of data from the rams in Virgin Canyon (Table 5). Analyses indicated

different utilization and selection patterns for each of these 3 data

series; therefore, results were reported separately for each on a

seasonal basis.

In contrast to vegetation, the relative availability of

physiographic types differred little between the sections of the Hell

Creek area inside and outside of the enclosure. Therefore, data

collected before and after confinement to the enclosure were combined

for analyses.

Vegetation Types

Hell Creek Area Before Confinement

During all seasons in which observations were collected before

February 1980, when the ewe/lamb band was confined to the enclosure,

sheep sign was noted in areas in which no actual observations were

recorded. These areas included sites with Stony Terrace (621), North

Exposure (653), and Arid North Exposure (652) vegetation types.

Therefore, these vegetation types may be biased against in data

from this period. Few data were collected during a spring season

before sheep were confined to the enclosure; analyses were confined to

the 3 remaining seasons.



Table 5. Seasonal percent utilization of vegetation types by Calitornia bighorn sheep in the Hell Creek and Vrr8in Canyon areas

of Sheldon National Wildlife Refuge.

Season

No. of
Observe-
tions
(N)

Vegetation Types

Arid
Mulch
Types

(611,66d)

Steep
South

Exposure
(641)

South
Exposure

(642)

Arid
North North

Exposure Exposure

(652) (653)

Gravelly
itidgelop

(623)

Stony
Terrace
(621)

Snrub/

Claypan Woodland &riparian

'Terrace (6102.613 (1116,

(6V1) 2042, 024) 1124)

HELL CHEEK

Spring 8188 - 58 6 - T 1 3 32

Summer 5446 5 46 13 'I 3 JO

Fall 5660 17 16 20 _ 3 13 31

Winter 3696 4 6 6 - 1 ii2

Annual 22,990 6 36 11 - 1 1 5 J9

VlEGIM CANYON

Spring 809 3 16 T 4 17

Summer 358 43 32 21

Winter 279 2 23 SU 24

Annual 1446 2 58 8 12 2U 1.
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During summer, Claypan Terrace (691) and South Exposure (642)

were selected for feeding in place (Figure 5-A). However, while both

were used for active feeding only South Exposure was positively

selected. Sheep in the active category selected South Exposure, Steep

South Exposure (641), and Riparian vegetation types. The Steep South

Exposure use was primarily related to security offered by the

associated cliffs and rock outcrops, while the Riparian types were

used almost entirely for watering. Although the same 3 vegetation

types were used heavily while standing, only Steep South Exposure and

Riparian types were positively selected. While several vegetation

types were used for bedding, only Steep South Exposure showed positive

selection. Thus, the most important vegetation types during summer

were; Claypan Terrace and South Exposure for feeding, Riparian for

watering, and Steep South Exposure for security and bedding.

Use during fall was more evenly divided among several vegetation

types; no large preferences were exhibited (Table 5-B). Those

habitats positively selected included Claypan Terrace, Arid Rolling

Hills (611), and Stony Terrace (621) for feeding in place, Stony

Terrace and Steep South Exposure for active feeding, Arid Rolling

Hills while active, Steep South Exposure and Arid Rolling Hills while

standing, and Claypan Terrace and Steep South Exposure for bedding.

The use of Arid Rolling Hills occurred on relatively colder days than

use of other types. The most used Arid Rolling Hills site was

relatively low in elevation and offerred some protection from the

wind.

Steep South Exposure and South Exposure were most important to

the sheep for feeding in place and active feeding during winter

(Fiore 5-C). Time spent active (5%) was limited, such that a

sufficient sample size was not obtained. Arid Rolling Hills was

preferred while sheep were engaged in the standing activity. Both

Claypan Terrace and Steep South Exposure were selected for bedding.

Selection of Arid Rolling Hills for standing and stationary feeding

occurred during a cold spell which was accompanied by substantial

snowfall.
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Figure 5. Differences in percents as a measure of vegetation type

selection by California bighorn sheep in the Hell Creek area of

Sheldon National Wildlife Refuge before confinement to the enclo-

sure. Differences in percents (the solid bars) were determined by

adding the percent use of each vegetation type (a positive value)

to the corresponding percent availability (the negative value

represented by each open bar). NS indicated that use was not

significantly different from availability; NC indicated that no

conclusion was possible as no use was observed (3onferroni normal

statistic at family confidence coefficient of 99%).
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Hell Creek Area After Confinement

Use during spring centered around Steep South Exposure and Claypan

Terrace vegetation types and limited use occurred in South Exposure

and Stony Terrace types (Figure 6-A). By far the most important of

these was the Steep South Exposure. It was positively selected for

all activities. Claypan and Stony Terrace types were both used for

all activities, and were positively selected for active feeding.

While Claypan Terrace received much more use, only Stony Terrace was

positively selected for active and standing categories. The

preferences shown for Stony Terrace and Steep South Exposure were

probably a reflection of the extremely high preferences for cliff and

rock outcrop physiographic types located nearby.

Summer use also centered in Steep South Exposure and Claypan

Terrace types; however, Claypan Terrace took on much greater

importance for feeding and was the most preferred type for active

feeding (Figure 6-B). Arid Rolling Hills, South Exposure, Stony

Terrace, Gravelly Ridgetop (623), North Exposure (653), and Riparian

types were used in minor amounts or ranked low in the preference

rankings.

During winter, use for all activities was almost exclusively in

the Claypan Terrace vegetation type (Figure 6-C). Gravelly Ridgetop

and South Exposure were also used. Although no observations were

recorded for Steep South Exposure, sheep were frequently seen moving

toward these sites just before dark. Night bedding probably occurred

in or near the Steep South Exposure sites.

Virgin Canyon Area

During spring, rams in Virgin Canyon positively selected South

Exposure sites for both feeding in place and actively feeding (Figure

7-A). Stony Terrace, North Exposure, and Steep South Exposure sites

also received some use for feeding. Rams preferred the Stony Terrace

vegetation type while active, which reflected a tendency to use the

top of Rock Spring Table while traveling north or south on the east

side of Virgin Canyon. Only South Exposure sites were positively

selected for standing and bedding. The importance of South Exposure
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Figure 6. Differences in percents as a measure of vegetation type

selection by California bighorn sheep in the Hell Creek area of

Sheldon National Wildlife Refuge after confinement to the

enclosure. Differences in percents (the solid bars) were

determined by adding the percent use of each vegetation type (a

positive value) to the corresponding percent availability (the

negative value represented by each open bar). NS indicated that

use was not significantly different from availability; NC

indicated that no conclusion was possible as no use was observed

(Bonferroni normal statistic at family confidence coefficient of

99%).
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Figure 7. Differences in percents as a measure of vegetation type

selection by California bighorn sheep in the Virgin Canyon area of

Sheldon National Wildlife Refuge. Differences in percents (the

solid bars) were determined by adding the percent use of each

vegetation type (a positive value) to the corresponding percent

availability (the negative value represented by each open bar).

NS indicated that use was not significantly different from

availability; NC indicated that no conclusion was possible as no

use was observed (Bonferroni normal statistic at family confidence

coefficient of 99%).
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sites in spring probably was related to their tendency to "green-up"

early.

Arid North Exposure sites were preferred for feeding in place in

summer; South Exposure and Stony Terrace sites also received

substantial use (Figure 7-B). During active feeding, use shifted to

Stony Terrace, although South Exposure still received some use. Rams

actively moving about the area used Stony Terrace sites almost

exclusively. South Exposure was selected while standing, and Arid

North Exposure was most important for bedding activity.

During fall, rams were in the Hell Creek area for the rut; no

observations were recorded in the Virgin Canyon area.

Feeding in place and standing activities occurred in both Stony

Terrace and North Exposure vegetation types in winter, but small

sample size prevented statistical conclusions regarding preference

rankings (Figure 7-C). For both active and active feeding categories,

South Exposure sites were highly preferred. The indication that North

Exposure sites were highly preferred for bedding is potentially

misleading in that a large majority of bedding observations occurred

on a single day when the site off erred thermal protection from a

strong, cold, southwest wind. Further sampling would probably show

other sites to be important in different weather conditions.

Physiographic Types

Hell Creek Area

During spring, cliffs were most important for feeding in place,

but rock outcrops and boulder fields were also positively selected

(Figure 8-A). For active feeding, cliff areas were only slightly

preferred. Cliff, rock outcrop, and talus fields were important while

sheep were active. Cliff areas were highly selected for standing and

bedding, but rock outcrops and boulder fields were also selected

positively.

Preferred types for feeding, active, and standing were the same in

spring and summer; however, a slight shift in use from cliff to areas

without rock was evident (Figure 8-B). Use of boulder fields for
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Figure 3. Differences in percents as a measure of physiographic type

selection by California bighorn sheep in the Hell Creek area of

Sheldon National Wildlife Refuge. Differences in percents (the

solid bars) were determined by adding the percent use of each

physiographic type (a positive value) to the corresponding percent

availability (the negative value represented by each open bar).

NS indicated that use was not significantly different from

availability; NC indicated that no conclusion was possible as no

use was observed (Bonferroni normal statistic at family confidence

coefficient of 99%).
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bedding increased during summer, yet cliff areas were still most

important.

In fall, no physiographic type was particularly selected for

feeding or active categories (Figure 8-C). For standing, both rock

outcrop and cliff were positively selected, and only cliffs were

positively selected for bedding.

Utilization of physiographic types during winter closely

approached the availability for both feeding and bedding activities

(Figure 8-D), but rock outcrops were preferred while sheep were

engaged in standing and active categories.

Virgin Canyon Area

Use of physiographic types by rams for feeding and active

categories during spring varied little from a random utilization

pattern (Figure 9-A). Boulder fields were positively selected for

standing, while both boulder fields and rock outcrops were selected

for bedding.

During summer, areas without rock were preferred and used almost

exclusively for both feeding categories (Figure 9-B). Cliff areas

were highly selected during summer for standing. These areas offerred

virtually the only shade available in the higher portions of the area.

Rock outcrops, cliffs and boulder fields were each used for bedding in

small amounts; areas without rock received a majority of the bedding

use, yet were negatively selected.

During fall, rams were primarily in the Hell Creek area for the

rut and no observations were recorded in the Virgin Canyon area.

Boulder fields received the highest preference ranking for all

activities, and were the only physiographic type which was positively

selected during winter (Figure 9-C). Areas without rock also received

substantial use, especially for feeding.

Slope

The relative amount of time spent within each of 5 slope

categories was calculated for sheep in the Hell Creek area by season

(Table 6) and activity. During spring and summer, 0-15° slopes were

used largely for feeding (56%). As slope increased, use shifted
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Figure 9. Differences in percents as a measure of physiographic type

selection by California bighorn sheep in the Virgin Canyon area of

Sheldon National Wildlife Refuge. Differences in percents (the

solid bars) were determined by adding the percent use of each

physiographic type (a positive value) to the corresponding percent

availability (the negative value represented by each open bar).

NS indicated that use was not significantly different from

availability; NC indicated that no conclusion was possible as no

use was observed (Bonferroni normal statistic at family confidence

coefficient of 99%).
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Table 6. Seasonal percent use of slope categories by California bighorn sheep on Sheldon

National Wildlife Refuge.

Area

Season

Slope Category

Sum
No. of

Observations00-150 16°-30° 310-450 460-70' 71 °-90°

Hell Creek

Spring 24.4 14.0 41.2 10.8 9.6 100.0 8300

Summer 41.6 11.7 40.7 3.5 2.5 100.0 5382

Fall 71.6 12.4 4.3 5.9 5.8 100.0 5667

Winter 89.1 9.8 1.1 100.0 3668

Annual 50.4 12.4 25.6 6.2 5.4 100.0 23,017

Virgin Canyon

Spring 27.8 61.4 10.7 0.1 100.0 775

Summer 17.2 38.9 43.9 100.0 355

Winter 21.9 2.1 76.0 100.0 279

Annual 23.9 44.0 32.0 0.1 100.0 1409
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gradually to bedding and standing (90%). A similar pattern of use by

activity occurred in fall for 0-15°, 16-30°, and 71-90° slope

categories. However, while on 31-45° and 46-70° slopes, sheep spent

more time active (25% and 17% respectively) and feeding actively (28%

and 64% respectively) in fall than during spring or summer. In winter

no use was observed on slopes greater than 45°. The little (1%) use

which occurred on 31-45° slopes was primarily feeding in place.

Slopes less than 30° were largely used for feeding, yet most bedding

occurred on 0-15° slopes.

Due to small sample size, use of various slopes in Virgin Canyon

was analyzed by season only (Table 6). Use of 0-15° slopes remained

moderate through the seasons, averaging 24%. The major seasonal shift

for rams was from 16-30° slopes in spring, gradually to 31-45° slopes

in winter. Almost no use occurred in steep slope categories.

Aspect

During spring, sheep in the Hell Creek area heavily used southern

aspects (72%). Summer and fall use was primarily spread over aspects

from east to southwest, with the exception that bedding during summer

was still largely (55%) on south aspects. A majority of winter use

(53%) occurred on northeast aspects, primarily the nearly flat Claypan

Terrace areas of the Hell Creek enclosure.

Rams in the Virgin Canyon area primarily used southwest and

northwest aspects throughout the year. This use pattern reflected

heavy use of the series of basins on the slope between Virgin Canyon

and Rock Spring Table.

Distance from Escape Terrain

The distribution of sheep with respect to escape terrain varied

seasonally in both the Hell Creek and Virgin Canyon areas (Table 7).

Sheep in the Hell Creek area remained very close to escape terrain

in spring; 91% of observed animals were within 100 m of escape

terrain. The distance of sheep from escape terrain increased steadily

through summer, fall, and winter, with only 67, 57, and 39% of the

observations, respectively, within 100 n of escape terrain. Rams in

Virgin Canyon exhibited a different seasonal pattern and were farthest
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Table 7. Percent of time spent at various distances from escape terrain and estimated mean

distance from escape terrain in each area, season,

bighorn sheep 3n Sheldon National Wildlife Refuge.

Interval)].

and vegetation heignt class for California

[Est. 17, Distance 4 E (1 Use x Median of Distance

Season
Vegetation
Height

Intervals of Distance to
Escape Terrain (m)

Esc. i
Distance

ta)
No. of

Observations
0-

100
101- 201-
200 300

301-
400

401-
500

501-
600

HELL CREEK

Spring

Low (<20cm) 74.8 13.9 11.3 - 86 2947

High (>30cm) 98.7 1.0 0.3 - 52 5241

All
vegetation

90.7 5.3 4.0 63 8188

Summer

Low (<20cm) 34.8 32.0 15.2 12.2 5.8 - 172 1824

High (>30cm) 83.6 8.7 6.5 1.2 75 3622

All
vegetation

66.5 16.8 9.6 5.1 2.0 - 110 5446

Fall

Low (<20cm) 30.7 27.2 19.3 2.9 19.9 204 2666

High (>30cm) 79.3 13.6 4.7 2.4 - do 2994

All
vegetation

56.9 19.8 11.4 2.7 9.2 138 5660

Winter

Low (<20cm) 28.6 17.9 13.3 30.5 9.7 - 225 3114

High (>30cm) 92.6 5.0 0.7 1.7 - 61 562

All
vegetation

38.1 16.0 11.4 26.3 8.2 201 3696

VIRGIN CANYON

Spring

Low (<20cm) 20.3 51.4 7.3 13.J 8.0 195 133

High (>30cm) 24.1 22.3 53.4 0.2 - 180 671

All
vegetation

23.5 27.3 45.3 2.3 - 1.4 182
409

Summer

Low (<20cm) 45.9 23.5 30.6 112 85

High (>30cm) 60.1 37.3 2.6 - 93 273

All
vegetation

56.7 34.1 9.2 - 97
358

Winter

Low (<20cm) 25.0 64.7 10.3 - - 135 68

High (>30cm) 69.2 12.8 7.6 10.4 - 109 211

All
vegetation

58.4 25.4 8.3 7.9 - 116
279
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from escape terrain in spring; 49% of observed animals were at

distances of more than 200 m. They were closest to escape terrain in

summer and only slightly farther away in winter.

The activity of sheep in the Hell Creek area was related to their

distance from escape terrain, such that feeding was usually done

farthest from escape terrain, and that sheep were active or standing

closest to it (Table 8). Bedding exhibited a marked seasonal shift.

Over 90% of bedding occurred within 100 m of escape terrain during

spring and summer, and almost none beyond 300 m. Yet in fall and

winter, 25% and almost 50%, respectively, of bedding occurred more

than 300 m from escape terrain. The rams in Virgin Canyon were more

erratic, but tended to be closest to escape terrain in the spring

while active, and farthest in fall and winter while active or feeding

actively.

The effect of vegetation height on distance from escape terrain

was evident primarily in the ewe/lamb band on Hell Creek (Tables 7 and

8). These sheep rarely went more than 100 m from escape terrain in

areas of high vegetation (>30 cm). This was especially true for

bedding. However, low vegetation (<20 cm) received more use at much

greater distances from escape terrain, especially during summer, fall,

and winter.

Distances to Water

The distance of sheep to the nearest free water source was

analyzed for the Hell Creek area during summer; almost 70% of sheep

observed were within 0.5 km of water, and over 90% were within 1.0 km.

Sheep tended to be closer to water while engaged in bedding and

standing activities than when engaged in active or feeding categories;

but this was probably related to juxtaposition of preferred feeding

and resting sites, rather than to an attraction to water.

Diets

Grasses (42%) and forbs (40%) were the major components of sheep

diets on SNWR; however, some browse (14%) was used throughout the year

(Appendix B). The seasonal use of grasses by these sheep was
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Table 8. Estimated mean distance from escape terrain by activity

category in each area, season, and vegetation height class for

California bighorn sheep on Sheldon National Wildlife Refuge. list.

Distance E (Z Use x Median Distance Interval) .

Season
Vegetation Feeding Feeding
Height In Place Active Active Standing deeded

Activity Category

HELL CREEK

Spring

Low (<20cm) 131 93 54 56 84 86

High (>30cm) 53 63 50 50 50 52

All
vegetation 85 80 51 52 59 63

Summer

Low (<20cm) 161 199 116 121 138 172

High (>30cm) 69 121 85 66 57 75

All
vegetation 125 166 96 78 66 110

Fall

Low (<20cm) 210 157 161 155 334 204

High (>30cm) 97 73 122 63 63 80

vegetationetation
161 116 134 87 186 138

Winter

Low (<20cm) 219 225 196 185 245 225

High (>30cm) 50 77 50 71 62 61

All
vegetation

181 206 182 156 235 201

VIRGIN CANYON

Spring

Low (<20cm) 230 166 119 114 432 195

High (>30cm) 204 212 118 205 161 laU

All
vegetation 206 196 118 182 177 182

Summer

Low (<20cm) 134 50 250 114 121 112

High (>30cm) 107 150 150 60 111 93

All
vegetation

116 114 200 65 111 97

Winter

Low (<20cm) 188 150 118 124 135

High (>30cm) 50 226 167 50 50 109

All
vegetation

135 211 167 82 61 116
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inversely related to the use of forbs (Figure 10). Forbs made up the

bulk of their diet through spring and early summer, but tapered off as

dessication reduced forb availability and palatability. Sheep then

shifted gradually to grasses in late summer and early fall, and relied

heavily on grasses through winter.
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Figure 10. Percent of grasses, forbs and browse in the diets of

California bighorn sheep in the Hell Creek and Virgin Canyon areas

of Sheldon National Wildlife Refuge.
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DISCUSSION

POPULATION CHARACTERISTICS

Range Expansion

Caughley (1970) reported that rate of spread of Himalayan thar

(Hemitragus jemlahicus) in New Zealand was nearly constant over a 30

year period, but had been lower in the initial stages of dispersal.

Dickinson and Simpson (1979) found that rates of spread for Barbary

sheep (Ammotragus lervia) in New Mexico fluctuated at approximately 5

year intervals. They suggested that the Barbary sheep may have

experienced alternate periods of dispersal and range consolidation.

Had Dickinson and Simpson (1979) calculated rates of dispersal at 10

year intervals, as did Caughley (1970), resulting values would have

been nearly constant.

The bighorn sheep on SNWR presently occupy approximately 38 km2.

Rates of spread calculated by both methods described in Caughley

(1977:69) were 0.29 km/yr expressed as a radial equivalent, and 0.50

km/yr expressed as a maximum linear rate (Table 9). Rates of spread

for 3 other populations of reintroduced California bighorn sheep

exhibited considerable variability (Table 9), but rate of spread is

strongly dependent on environmental conditions (Caughley 1977). Thus,

variation in rates of spread of these 4 bighorn populations probably

was attributable to human disturbance (Van Dyke 1978), the use of an

enclosure at the release site, or physical habitat constraints.

Population Growth

Population growth of sheep on SNWR has been erratic. Following a

period of rapid growth, the population dropped slightly and recently

began increasing again. The small number of adult ewes in 1978

suggested not only that ewes had been lost from the Hell Creek area

between 1976 and 1978, but in conjunction with the large proportion of

Class III rams in 1980, that recruitment had been low during this

period. No unusual human disturbance was known to have occurred

between 1974 and 1978, and I found no evidence of significant disease

loss. The remaining possibilities include competition, predation, and

accidents.



Table 9. California bighorn sheep rates of spread compared with those of other introduced ungulates.

Species Location
Distribution
Area (km2)

Years Since
Release

Rate of Spread (km/yr)

Source
Radial

Equivalent
Linear.

Maximum

California
bighorn
sheep

Sheldon NWR, NV

Hart Mt. NWR, OR

38

113

12

24

0.29

0.25

0.5U

0.81

This study

Kornet 19Th

Steen's Mtn., OR 100 17 0.33 0.35 Van Dyke 19Th

Leslie Gulch, OR 161 14 0.45 1.1 Ganskopp
pers. comm.

White-tail deer New Zealand 1.0 Caughley 1977

Wapiti New Zealand 0.6 Caughley 1977

Himalayan thar New Zealand 0.67 3.2 Caughley 1970

Barbary sheep New Mexico 7000 36 1.3 5.5 Dickinson and
Simpson 1979
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My observations indicated that high quality lambing terrain,

ledges and shelves located on broken, steep, involuted rock faces,

might have been limiting this population during the critical period

immediately post-parturition. Intraspecific competition apparently

forced ewes with young lambs into less secure areas, thus potentially

increasing their susceptibility to predators. If my hypothesis that

lambing terrain is the primary limiting factor for this population,

the Hell Creek area will not support many more sheep than at present.

However, high quality lambing terrain is available near Boulder Spring

and in Virgin Canyon (Figure 1). If ewes disperse into these areas,

the population would probably grow rapidly. Whereas Hell Creek

lambing terrain may not support more than 15 mature ewes, by applying

Hell Creek lambing densities to other nearby areas, it may be expected

that the lambing terrain in the Boulder Spring area would support 5-10

additional mature ewes, and Virgin Canyon might support 50 or more.

RESPONSES TO THERMAL ENVIRONMENT

Homeothermic animals must continually balance heat production

against heat loss to maintain an optimal body temperature. While both

behavioral and physiological mechanisms are used to produce or conserve

heat, and to avoid heat gains or dissipate excess heat (Moen 1973:

273), only the behavioral mechanisms are relevant to this study.

Energy losses through active thermoregulation can be reduced

behaviorally by shifting activities both spatially and temporally to

take advantage of the most favorable thermal conditions.

Moen (1973:276) emphasized the large increase in heat loss in

white-tail deer (0. virginianus) caused by strong winds and moisture.

Sudgen (1961), observed that storms and high winds had no visible

effect on sheep behavior in southern British Columbia; however

Geist (1971:256) and Stelfox (1976:34), noted avoidance of windward

slopes during storms, among other behavioral responses of sheep to the

thermal environment.

Sheep on SNWR were observed to be feeding at first light, then to

bed through much of the morning on cold days in winter. Most feeding

in winter occurred in the afternoon as reported also by Berwick
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(1968:81) and Geist (1971:261). In summer, sheep adjusted to the hot

weather by feeding more in the early morning, and resting in the

shade until early afternoon. After being forced from shaded locations

by the changing angle of the sun, sheep often fed through the

remainder of the afternoon. During recorded observations temperatures

rarely got above 28 C, but on the few occasions when temperatures

approached 32 C sheep stood or bedded through the hottest part of the

day.

The literature contains many apparently conficting reports relative

to daily activity patterns of bighorn sheep. Among the activity

patterns reported were: 1 peak each in morning and evening (Davis and

Taylor 1939, Drewek 1970:36, Honess and Frost 1942:7, Van Dyke

1978:36), morning and evening peaks plus a peak at mid-day (Berwick

1968:81, Blood 1963:91, Davis 1938, Mills 1937, Smith 1954:49), 2

peaks each morning and afternoon (Geist 1971:261), and frequent

alternate intervals of activity and rest (Kornet 1978:20, Welles and

Welles 1961:59, Woolf 1968:56). Berwick (1968:81) and Geist

(1971:261) found that during mid-winter, Stone sheep (0. dalli

stones), and Rocky Mountain sheep (0. c. canadensis), avoided activity

during cold mornings and preferred to forage in warmer afternoon

hours. Turner (1973:84), Leslie and Douglas (1979:38), and Simmons

(1980:141) found desert bighorn in summer avoiding activity during the

hottest hours of the afternoon.

Individual bands of sheep on SNWR tended to alternately feed and

rest throughout the day in an unpredictable manner. However, when all

observations over a season were combined a tendency for sheep activity

to show 3 peaks, morning, mid-day, and evening, was noted (Figure 6).

Welles and Welles' (1961:59) suggestion that sheep adapt their daily

activity pattern to fit local and seaonal situations seems best to

describe the observed variation in activity patterns of sheep on

SNWR.

HABITAT SELECTION

Habitat can be defined as the place or physical environment in

which an animal lives (Moen 1973, Ricklefs 1979:871, Wilson 1975:585).
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It can also be described functionally as the sum of a set of

components providing the animal with food, cover, and water (Trefethen

1964). Quantity, quality, and juxtaposition of each of the 3 major

habitat components vary independently between populations, and together

determine the size and health of a population.

For many animal species vegetation constitutes food and cover;

however, for bighorn sheep cover typically is physiographic (cliffs

and rock outcrops). Sites with abundant forage usually have

relatively deep soils and few rocks, while sites with abundant cover

have little or no soil to support vegetation (McCullough and Schneegas

1966, Robinson and Cronemiller 1954). Thus, a compromise is

necessitated between the requirements for food, and for cover.

In determining the importance of each component of an animal's

habitat the relative utilization of components is helpful; however,

the pattern of utilization is affected by relative availability of the

components. To compare components quantitatively the effect of

availability must be included, in effect as a weighting factor. Most

bighorn sheep habitat studies have considered specific local plant

communities, rather than address general plant community attributes.

They either combined food and cover components, and thus masked

individual effects on suitability of the whole habitat (Constan 1972,

Kornet 1978, Lauer and Peek 1976, Robinson and Cronemiller 1954,

Schallenberger 1966, Van Dyke 1978), or did not quantify availability

and/or utilization of 1 or more habitat components (Bradley 1964,

Graham 1968, Irvine 1969, Merritt 1974, Shepherd 1975, Stelfox 1976,

Wilson 1968).

In this study food and cover components were analyzed

independently, yet selection of a site by sheep for one component was

not independent of other components. The effects of component

interactions were minimized in data interpretation by selecting for

primary consideration those seasons and activity categories during

which preference rankings for 1 component were likely to be most

independent of other components.
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Forage Site Selection

Bighorn sheep seem able to persist on a large variety of forages

(Brown et al. 1977, Browning and Monson 1980, McQuivey 1978, Sugden

1961, Todd 1972). However, the difference between population growth

and expansion, and the mere persistence of many remnant populations

may largely be a result of low quality or quantity forage (Wagner

1978, Longhurst et al., in press). Several attributes of plant

communities may affect their ability to provide forage for bighorn,

among these are relative abundance of forage classes, diversity of

species within preferred forage classes, abundance of preferred

species, and forage succulence.

Data from Van Dyke (1978) indicated that when herbaceous forage

was abundant, California bighorn on Steen's Mountain may have selected

feeding sites for diversity of herbaceous species. Welles and Welles

(1961) and Wilson (1968) reported that desert bighorn selected feeding

sites for abundance and succulence of individual forage species.

Stelfox (1976) noted that forage site selection in Rocky Mountain

bighorn was related to phenological stage, in that sheep followed

"green-up" as it progressed through various elevations and aspects.

Graham (1968) indicated that desert bighorn selected vegetation types

both for abundance of herbaceous vegetation and succulence related to

"green-up". Phenology may have been particularly important in forage

site selection by California bighorn on Hart Mountain (Kornet 1978).

The diets of sheep on SNWR primarily consisted of herbaceous

species during all seasons (Figure 10). Herbaceous cover in areas of

SNWR used by sheep was typically low (17C = 13%, S.D. = 5.1) (Table 4);

however, the Claypan Terrace type exhibited an exceptionally high

value (24%) (Table 4). Sheep responded to this abundance of

herbaceous forage throughout the year as illustrated by the high

preference rankings for feeding (Tables 7 and 8); especially during

winter when, as evidenced by time spent feeding and distance from

escape terrain, forage was the top ranking habitat requirement. South

Exposure exhibited the greatest diversity of herbaceous species among

sampled vegetation types, while Gravelly Ridgetop was the most common
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and easily accessible source of the most highly used grass, Idaho

fescue (Festuca idahoensis) (Table 4). During the winter season,

after sheep were confined to the enclosure, 96% of sheep feeding

occurred on Claypan Terrace sites, with the remaining 4% split evenly

between South Exposure and Gravelly Ridgetop. Thus herbaceous species

diversity and abundance of preferred species may have been secondary

selection criteria.

The relative importance of each attribute in determining the

selection of vegetation types for foraging varies between areas,

seasons, and years. This study indicated that abundance of herbaceous

species may have been the most important factor. However, when

several vegetation types support abundant herbaceous forage, selection

may be made on the basis of species diversity, or abundance of

preferred species. When "green-up" does not occur simultaneously

across vegetation types, selection may be greatest for types in early

phenological stages regardless of abundance or diversity of herbaceous

species. Several other factors, which affect availability of

vegatation types or forage classes differentially, such as snow cover

and proximity to escape terrain, may also affect forage site selection.

As was generally the case throughout the western U.S. (Wagner

1978, Longhurst et al., in press), the ecological condition of most

plant communities on the SNWR was very low. On SNWR, as elsewhere

(Klebenow 1980, Wagner 1978, Longhurst et al., in press), forbs and

grasses were greatly reduced, while shrubs remained constant in

abundance or increased. Forbs and grasses made up the bulk of the

diet of bighorn sheep on SNWR, and many other areas (Barrett 1964,

Berwick 1968:130, Todd 1972), and since bighorn on SNWR appear to

select forage sites primarily for abundance and diversity of forbs and

grasses, management of plant communities in the sheep areas of SNWR

that promotes abundance and diversity of forbs and grasses should

substantially benefit bighorn sheep.

Security Site Selection

Bighorn sheep are closely associated with rough, broken, and rocky

topography (Buechner 1960:1, Hansen 1980:77). Rugged, rocky areas
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constitute escape cover (Geist 1971:4), which is a source of security,

or freedom from danger or risk. The degree of security provided by a

site is determined by the quality and quantity of escape terrain on

the site, and there are many attributes of escape terrain which affect

its quality.

Several authors have designed bighorn sheep habitat evaluation

techniques. Each evaluated various habitat components separately,

later summing values for an overall rating. Escape cover was

considered under a general topography category by all. Hansen (1980)

ranked security value of land by sections based on subjective

evaluations of slope, degree to which the topography was broken by

canyons or ridges, and prevalence of rock formations; Golden and

Tsukamoto (1980) used a modification of Hansen's (1980) technique.

Ferrier and Bradley (1970) attempted to objectively quantify security

value of sections of a southern Nevada mountain range through the

association of escape terrain with slope. Similarly, Light (1971)

used slope and distance to an "escarpment" as criteria for security

value of individual sites.

Bighorn sheep are specialized for leaping and climbing rather than

running on flat terrain (Geist 1971:4). Bighorn sheep hooves, with

hard outer edges and pliable under surfaces, are specialized for use

on small, narrow ledges and cracks, as well as for friction holds to

travel over a wide variety of rock types. Many characteristics of

both rocks and rock formations affect the abilities of sheep and their

potential predators to travel upon them. Surface characteristics such

as fragility, roughness, and presence of seams or cracks and size of

individual rocks, affect the hoof-rock interface through friction to

produce various degrees of traction. The size and juxtaposition of

individual rocks together result in specific rock formations, and

affect traction through the effect of slope on friction, as well as

the relative abilities of sheep and their predators to travel upon

them through the distance and direction between suitable footholds.

The physiographic types defined in this study represented sites on

which rock formations exhibited similar overall slopes and dimensions.

Overall slope of a rock formation increases the vertical element of
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direction between footholds, while overall dimensions of the rock

formation reflects the quantity of terrain available for maneuvering.

Rocks used by sheep on the SNWR were largely rhyolite and basalt

(Wendell 1970) with numerous seams and cracks, medium roughness, and

low fragility. Although no comparative data were available, it might

generally be assumed that roughness and presence of seams and cracks

positively affect security value to sheep, while fragility has a

negative affect.

The preference rankings for seasons (spring, summer) and

activities (active, standing, bedding) in which security was a primary

consideration indicated the relative security value of physiographic

types in the Hell Creek area. Cliff ranked first, followed in order

by rock outcrop, boulder field, talus field, and areas with no rock.

Caves were used primarily for thermal cover, but as with desert

bighorn (McQuivey 1978:45) ranked very high as escape cover when sheep

were faced with airborne harrassment.

Cliffs exhibited several distinct features which were used

differentially by sheep. Sheer, vertical or overhanging faces were

little used by sheep. Areas of broken rock between 60-80° of slope

were used as travel routes when moving through cliff areas, while

ledges or shelves located on cliff faces were used for high security

resting places. These same shelves and ledges were used almost

exclusively during lambing, and were considered quality lambing

terrain. Involuted cliff faces were used more frequently than flat

cliff faces.

Rock outcrops were used as vantage points when sheep were resting

or alarmed, and as travel routes when alarmed. Boulder fields

combined visibility from atop boulders, with concealment and thermal

cover among boulders, but individual boulders were too widely spaced

to allow travel upon them. Talus fields were usually crossed on well

defined trails, perhaps because individual rocks were too small and

loose to provide solid footing.

The most secure portions of the Hell Creek area were involuted

rock faces, with 60-80° slopes, made up of broken rock, and with

ledges and shelves interspersed. Use, and presumably security value,
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declined as the rock face became less involuted, more or less steep,

or with fewer breaks, ledges, and shelves. However, even in the

absence of all these characteristics security value did not go to

zero, and thus reflected interaction between cover and other

components. Mere proximity to high security sites lent security value

to otherwise low security areas.

In this study the dimensions of cliff and rock outcrop types of

escape terrain were subjectively defined following observation of

sheep during various alarm situations. Thus, no data were collected

relative to differential use of various sized areas of escape terrain.

Additionally, slope was closely associated with physiographic types

considered as escape terrain, so no analysis of its effect was

conducted; however, in other areas, slope and escape terrain may not

be as closely associated. Sheep in areas where steep slopes occur

both with and without rock formations should be studied to determine

the effect of slope alone.

Other Habitat Components

The importance of water availability for desert bighorns is well

documented (Turner 1973, Turner and Weaver 1980:100); however, on SNWR

two permanent streams and several springs provided abundant water.

Bighorn in the Hell Creek area were observed to use free water in late

spring, summer, and early fall, and to eat snow in the winter. The

rams in Virgin Canyon were not observed to use water in any form;

however, I spent much less time in the Virgin Canyon area, and water

was available to the rams on a year-round basis.

During May and early June, immediately following lambing, all

sheep in the Hell Creek area were observed licking or chewing on rocks

at several locations in the cliffs along Hell Creek. This activity

occurred almost daily for a period of about 2 weeks, then slowly

diminished in frequency. Examination of lick sites indicated that

sheep were consuming a crystaline powder found in cracks of fractured

rhyolite, and later analysis at the Nevada Mining Analytical

Laboratory, Reno, Nevada, determined the powder to be a mixture of

thenardite (Na2SO4) and gypsum (CaSO4. 2 H20).
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Several authors have shown use of mineral licks by wild ungulates

was greatest shortly after succulent forage became available (Carbyn

1975, Dalke et al. 1965, Henshaw and Ayeni 1971, Herbert and Cowan

1971, Knight and Mudge 1967, Smith 1954). While the element most

frequently considered as most selected was sodium (Na) (Calef and

Lortie 1975, Herbert and Cowan 1971, Knight and Mudge 1967, Smith

1954, Stockstad et al. 1953), most authors included several others as

important, notably cobalt (Co). Reasons suggested for mineral lick

use were varied; a drop in mineral content of forage as "green-up"

began, increased physiological requirements associated with tissue

and/or milk production, and as a social meeting place. Peak mineral

use on SNWR occurred less than 1 month after forage utilization

shifted heavily to green forbs, and immediately following parturition.

Thus mineral use may have been related to a mineral content drop in

the forage and/or increased demand for milk production.

Interaction of Habitat Components

The effect of interaction between habitat components on selection

of habitat types by sheep was not analyzed directly; however, the

interaction between vegetation components and physiographic

components, collectively, was illustrated by the distances sheep

traveled from the escape terrain provided by cliff and rock outcrop

physiographic types.

Distance of a sheep from escape terrain is a physical expression

of the compromise between security and some other requirement, usually

forage or water. It is dependent on the animal's need for the

requirement which makes it necessary to leave a secure site, and the

ability of the non-secure site to provide that requirement. The

distance of a sheep from escape terrain is determined by the animal's

judgement of: 1) the amount of time required for it to travel to the

nearest secure site, 2) the amount of time for a potential predator

to intercept it, 3) the probabilities of occurrence and success for

each of the above, 4) the degree of security afforded by the nearest

escape terrain, and 5) the degree to which vegetation height obstructs

visual predator detection while away from the secure site.
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Several authors have noted the tendency for sheep use to occur

only in close proximity to escape terrain (Hansen 1980:77, Leslie and

Douglas 1979:37, McQuivey 1978:37, Monson 1964:11, Van Dyke 1978:30).

As might be expected considering the reliance of bighorn sheep on

vision to detect potential predators, the major vegetation

characteristic of habitat affecting the distance of bighorn sheep on

SNWR from escape terrain was height. The effect of vegetation height

on use of forage sites by individual sheep reflected the relative

susceptibility of sheep to predators, and varied with season, sex and

age of the individual sheep, and sex and age of other sheep in the

group. Tall vegetation greatly reduced the effective availability of

potential forage to the ewe/lamb band by obstructing vision,

particularly in the critical spring season.

Interactions with other habitat components, such as water or

minerals, would be more difficult to assess since they were used less

frequently. However, there probably was also an interaction, or

"edge" effect, influencing selection of habitat types providing water

or minerals as well.

The effect of "edge" on bighorn sheep habitat selection has often

been overlooked because of difficulties in considering physiography

and vegetation as separate interacting components. For example, not

only does "edge" exist between vegetation types and between

physiographic types, but also between physiographic types within each

vegetation type, and between other combinations of the two. Thus, it

is the juxtaposition of habitat types providing each requirement which

creates favorable edges around which bighorn sheep activity is

centered.
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Appendix A. Characteristics of major vegetation types found in the

Hell Creek and Virgin Canyon areas of Sheldon National

Wildlife Refuge.

Arid Rolling Hills (611)

Areas with shallow, stony, coarse to medium textured soils on

level to rolling sites at lower elevations supported large areas of

this vegetation type. Ecological condition of most sites of this type

was poor (Table 4). Shrub cover (15%), primarily Wyoming big sage

brush (A. tridentata wyomingensis), was more than 50% greater than

under pristine conditions. Shrub height (52 cm) was second largest,

and shrub density (1.1/m2) was second lowest among vegetative types

sampled. Grass cover (4%) was only about 7% of that in the pristine

condition. Thurber's needlegrass (Stipa thurberiana), Sandberg's

bluegrass (Poa sandbergii), and squirreltail (Sitanion hystrix), were

the major species at about 1% of ground cover each. More than 33

species of forbs contributed almost 4% ground cover, 40% of the

pristine condition forb cover. Seral species such as pink microsteris

(Microsteris gracilis) and small-flowered, blue-eyed Mary (Collinsia

parviflora) made up nearly half the forbs present.

Steep South Exposure (641)

This vegetation type occurred on very steep (>30°), south facing

slopes. It was generally a very dry, stony site with an abundance of

talus fields and rock outcrops. Nearly one half and one third of the

available cliff physiographic type occurred within this vegetation

type in the Hell Creek and Virgin Canyon areas, respectively.

Ecological condition of most Steep South Exposure sites was fair

(Table 4). Shrub cover (15%) approximated pristine conditions, with

Wyoming big sagebrush generally the dominant species, and basin big

sage (A. t. tridentata) occurring on talus slopes. Shrub height (62

cm) was greater than all other types, while shrub density (0.7/m2) was

less than all other types. Grass cover was high (7%) compared to

other types, but less than 25% of that under pristine conditions.

Bluebunch wheatgrass (Agropyron spicatum) (4%) and Thurber's
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needlegrass (2%) were the major species. More than 26 species of

forbs, primarily annuals, were found in trace amounts.

South Exposure (642)

Moderate (15°-30°) south facing slopes with shallow, stony, coarse

to medium textured surface soils, and medium to fine textured subsoils

supported extensive areas of this vegetation type. Most South

Exposure sites were in fair to poor condition (Table 4). Total shrub

cover (15%) was about as expected under pristine condition; however,

both Wyoming big sagebrush (12%) and green rabbitbrush (Chrysothamnus

viscidiflorus) (2%) were more prevalent, and low sagebrush (Artemisia

arbuscula) (1%) less so, than under pristine conditions. Shrub height

(36 cm) was moderate and shrub density (1.3/m2) relatively low

compared to other types. 'Grass cover (6%) was moderate with

Sandberg's bluegrass (2%), Thurber's needlegrass (1%), and bluebunch

wheatgrass (1%) the major species. Over 43 species of forbs made up

nearly 6% of the ground cover. Pink microsteris, stemless goldenweed

(Haplopappus acaulis), small-flowered, blue-eyed Mary, and desert

paintbrush (Castilleja chromosa) accounted for half of the forb cover.

Arid North Exposure (652)

Moderate (100-20°) northerly facing slopes with moderately deep,

stony, coarse to medium textured surface soils and medium textured to

clayey subsoils supported large areas of this vegetation type. The

average ecological condition of this type was poor (Table 4). Shrub

cover (12%) was 60% of the expected pristine value. Major species,

mountain big sagebrush (A. t. vaseyana) (8%) and green rabbitbrush

(2%), both exceeded their expected pristine values, while the expected

major species, bitterbrush (Purshia tridentata), was not found. Shrub

height (39 cm) and shrub density (1.7/m2) were both moderate values

compared to other types sampled. Grass (6%) was less than 10% of that

under pristine conditions. Idaho fescue (Festuca idahoensis) (3%),

Sandbergs' bluegrass (1%), and bluebunch wheatgrass (1%) were the

major species. Thirty-one species of forbs contributed 5% of the

ground cover. Eriophyllum (Eriophyllum lanatum) (1%), tapertip
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hawksbeard (Crepis acuminata) (1%), and curvepod milkvetch (Astragalus

curvicarpus) (0.5%) made up over half of the forb cover.

North Exposure (653)

This type occurred on moderate to steep (10°-30°) north facing

slopes. Soils were moderately deep, with medium to fine texture, and

some gravel or stones. One quarter of the cliff physiographic type in

each of the areas occurred in this vegetation type. Ecological

condition was poor on most North Exposure sites (Table 4). Shrub

cover (10%) was about as expected under pristine conditions; however,

1 of the major expected species, low sagebrush, occurred only in trace

amounts, while mountain big sagebrush and green rabbitbrush were both

in greater amounts than expected. Shrub height (43 cm) and shrub

density (1.8/m2) were both moderate as compared to other sampled

types. Grass cover (8%) was less than 10% of the expected pristine

value. Idaho fescue (7%) was the major species. Thirty-seven species

of forbs contributed 8% of ground cover, 80% of the expected pristine

value. Lupine (Lupinus spp.), tapertip hawksbeard, narrow-leaf

paintbrush (C. linearis), small-flowered, blue-eyed Mary, and scapose

silene (Silene scaposa) were major species.

Stony Terrace (621)

The Stony Terrace vegetation type occurred on flat to gently

sloping tablelands. The soils were very shallow and stony with

bedrock often on the surface. Cliff or rock out-crop was included

within the Stony Terrace type when the type extended to the edge of

rimrock surrounding a table. Ecological condition of Stony Terrace

sites averaged fair (Table 4). Shrub cover (12%) was less than half

that of pristine condition. The major species was low sagebrush

(11%). Shrub height (17 cm) was very low compared to other vegetative

types, while the shrub density (2.7/m2) was high. Grass cover (6%)

was less than 30% of the pristine condition, with Sandberg's bluegrass

(4%) and squirreltail (1%) the major species. Over 7% of the ground

cover, second highest of all types, was made up of more than 30

species of forbs. Lineleaf fleabane (Erigeron linearis), Hooker's
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balsamroot (Balsamorhiza hookeri), and prickly sandwort (Arenaria

aculeata) contributed half the total forb cover.

Gravelly Ridgetop (623)

This vegetation type occurred on gravelly tops of ridges, in

areas of little slope and shallow soils. The Gravelly Ridgetop sites

were generally in fair ecological condition (Table 4). Shrub cover

(11%) was slightly more than a third of the expected pristine value,

with the major species being low sagebrush (8%) and green rabbitbrush

(3%). The former was much lower and the latter much higher than under

pristine conditions. Shrub height (15 cm) was the lowest, and shrub

density (3.2/m2) was the second highest of all types. The 5% total

grass cover value was only 14% of the pristine condition. Idaho

fescue (2%) and Sandberg's bluegrass (1%) were the major species. The

overall forb cover (4%) approximated the expected pristine value, with

Hood's phlox (Phlox hoodii) and lineleaf fleabane the major species.

Claypan Terrace (691)

This type occurred on nearly level areas (<5° slope) with gra-

velly, loamy surface soils, clayey subsoils, and a shallow, clayey

hardpan. The average ecological condition of the Claypan Terrace

vegetation type (good) was the greatest of all types sampled (Table

4). Shrub cover (18%) was 80% greater than the expected pristine

value. While low sagebrush (16%), Wyoming big sagebrush (1%), and

spiny hopsage (Grayia spinosa) (1%) each exceeded their expected

values. Shrub height (15 cm) was very low and shrub density (5.3/m2)

was the greatest of all sampled types. Grass cover (8%) was 1 of the

highest among sampled types, but was still only 20% of the expected

pristine value. Sandberg's bluegrass (6%) and squirreltail (2%) were

the major species. Forb cover (15%) was greater (p < 0.05) than in

any other type sampled, and 50% greater than expected under pristine

conditions. While over 40 species of forbs were recorded

small-flowered, blue-eyed Mary (2%), crag aster (Aster scopulorum)

(2%), longleaf phlox (Phlox longifolia) (1%), mat buckwheat (Eriogonum

caespitosum) (1%), pink microsteris (1%), lineleaf fleabane (1%), and

arcane milkvetch (Astragalus obscurus) (1%) contributed 60% of the

total forb cover.
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Semi-desert Sand Hills (660)

This vegetation type was lumped together with the Arid Rolling

Hills type for data analysis. It was not systematically sampled, but

was described from field observations and Anderson (1978). Semi-desert

Sand Hills occurred on the lower slopes of Pruitt Point and Triangle

Table in the Virgin Canyon area. The soils were deep sand to gravel

and very porous. They were typically very hot, dry sites in summer,

and snow-free sites in winter.

Total vegetation cover was fairly low, with Wyoming big sagebrush

the major shrub species, and an understory of needle-and-thread grass

(S. comata), Thurber's needlegrass, Indian ricegrass (Oryzopsis

hymenoides), and bluebunch wheatgrass. Major forbs included various

buckwheats (Eriogonum spp.) and phloxes (Phlox spp.).

Riparian

Three vegetation types were lumped together in this category for

data analyses; none were sampled. Virtually all use of these types

was to obtain free water, or occurred while traveling to other areas.

The most common of these types was a deciduous tree/shrub community.

In areas of deeper soils quaking aspen (Populus tremuloides)

predominated, while in rocky areas, such as gorges, chokecherry

(Prunus virginiana) became dominant. Willow (Salix spp.), Wood's rose

(Rosa woodsii) and Utah serviceberry (Amelanchier utahensis) were

common in the shrub layer, while a variety of mesic grasses and forbs

formed a sparse to moderately dense understory.

The remaining 2 vegetation types were predominantly grass

communities; Poorly Drained Bottom (1116), and Dry Mountain Meadow

(1124). Both constituted extremely small (<0.1%) portions of the Hell

Creek area. Vegetation was almost entirely grasses and grass-likes

with few forbs and no shrubs or trees.

Shrub/Woodland

Four vegetation types were lumped into this category for data

analyses; none were sampled. Droughty Bottom (6102) was the most

common of the 4, making up approximately 2% of both the Hell Creek and

Virgin Canyon areas. It was found in drainage bottoms on nearly flat
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areas of deep alluvium/ colluvium soils with medium to coarse texture.

Basin big sagebrush formed dense, very tall stands, occasionally

reaching 2.5 m in height, with gray rabbitbrush (C. nauseosus) common

in places. Herbaceous cover was very sparse with cheatgrass (Bromus

tectorum), tansy mustard (Descurainia pinnata), and other annuals

predominating. Sites with this vegetative type may have been Well

Drained Bottom (1104), Poorly Drained Bottom (1116), or Aspen Grove

(5155) sites before extensive gully erosion drastically lowered the

water table.

Shrubby Rolling Hills (613) occurred second most commonly of these

4 types. It was found on rolling hilly areas at higher elevations

with deep, medium to fine textured soils. Important shrubs were

bitterbrush, and mountain big sagebrush, with Idaho fescue and

bluegrasses (Poa spp.) major understory components.

Mahogany Rockland (624) and Juniper South Exposure (2042) had as

their respective dominant species curlleaf mountain mahogany

(Cercocarpus ledifolius) and western juniper (Juniperus occidentalis),

and occurred in extremely limited areas, 0.1 and less than 0.1%,

respectively.
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Appendix B. Relative percentage of plant species in fecal samples for California Bighorn sneep on the

Sheldon National Wildlife Refuge, Nevada, during 1979 and 1980.

1979 1980 2 of 4 of
GRASS (includes Forage Annual

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jungrass-like plants)1 Class uiet

Festuca idahoensis 4 15 10 20 12 11 15 10 7 2 2 21.0 8.8
Stipa thurberiana 5 6 5 4 22 7 11 11 12 3 T z 17.5 7.4

Koeleria nitida T 2 1 8 15 7 9 5 10 T I T 11.5 4.8
Oryzopsis hymenoides 2 2 2 4 6 4 6 3 12 7.9 3.3
Hordeum brachyantherum 2 3 2 3 10 7 5 2 3 T 7.1 3.0
Agropyron spp. T T 3 4 5 3 5 5 1 2 5.7 2.4

Elymus cinereus 1 2 3 4 2 3 3 2 3 T T 5.0 2.1

Poa nevadensis 2 2 2 T 1 T 2 1 T T 1 2.9 1.2
Bromus app. 1 3 3 2 2 2 3 2 2 T 3.7 1.8

Poa sandbergii 2 4 1 1 1 1 1.9 0.d
Agrostis exarata T 2 1 T 1 3 1 1.9 0.8
Sitanion hystrix T 1 3 2 3 2 1 2 T 2.9 1.2

Muhlenbergia spp. T 2 T T T 0.6 U.3
Phalaris arundinacea 1 T T 1 0.7 0.3
Panicum spp. T T T

Stipa spp. I T 0.4 0.2
Elymus triticoides T 0.1 0.1

Eragrostis spp. T 0.1 T

Carex spp. T 2 1 3 T 2 2 1 3 1 3.1 1.3

Juncus spp. T T 1 2 1 T 1 1.4 0.6
Unknown Grasses T T 1 2 2 2 2 3 3 2 T 2 4.5 1.9- - - - - --
Total Grasses

_-
99.9 42.215 37 36 59 80 58 68 57 62 18 9 7

FORBS

Erigeron spp. 14 5 7 4 2 4 6 4 19 21 13 20.5 8.2

Arabis cobrensis 22 10 4 4 2 2 4 6 4 3 b 13.7 5.5

3alsamorhiza hookerii 9 4 3 T 2 3 2 T T 2 3 6.1 1.4

Senecio canus 3 2 4 T 3 1 1 4 1 1 3 5.2 2.1

Galium multiflorum 4 T 1 1 1 1 T 1 T T 1 2.6 1.0

Phoenicaulis
cheiranthoides 6 4 7 2 T T T 5 r 4.4 1.7

Aster occidentalis 2 T 2 2 1 2 2 2 3.0 1.2

Astragalus purshii 5 2 T 3 1 4 8 4.6 1.9

Cryptantha humilis T T 1 2 1 1 T 3 2 5 5 4.7 1.9

Artemisia ludoviciana T 1 1 2 T T T 2 1 2 3 2 3.8 1.5

Machaeranthera canescens T T 0.3 0.1

Achillea lanulosa T 0.1 T

Aster scopulorum T 'I' r
Castilleja chromosa T 3 U.6 ;J.2

Trifolium wormskjoldii T 1 0.1 u.1

Mentha arvensis T 0.1 T

Rumex trangulivalvis 1 j.L 0.i

Solidago spectabilis T T 0.2 U.1

Eriastrum wilcoxii T T J.3 U.i

Cirsium vulgare T u.1 T

Phlox hoodii 2 2 0.7 0.3

Haplopappus acaulis I' 1 T T T 0.8 U.i

Penstemon spp. r 1 1 T T 0.8 0.3

Lupinus argenteus 1 U.L 0.1

Silene scaposa T u. i T

Eupatorium occidentals T T 1

Erodium circutarium T 0.1 T

Haplopappus stenophyllus T 0.2 U.1

Lesquerella kingii 2 U.4 0.2

Lithospermum ruderale T T 2 1 1.0 0.4

Chaenactis douglasii T 0.1 T

Crepis modocensis T 0.1 r
Astragalus malacus T U.2 U.1
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Appendix B. Continued

1979 1980 Z or

Forage
glass

Z of

Annual
uietFORBS (continued) Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Arabia puberula 3 U.b U.2

Lupins lepidus 1 T 0.3 0.1

Viola nuttallii T T T 0.4 U.2

Phacelia linearis 4 3 1 1.7 0.7

Geum macrophyllum 1 0.1 r
Drab* douglasii T 0.1 r
Microsteris gracilis T U.1 1:

Astragalus obacurua T 0.2 0.1

Amsinckia tessellata T T T 0.2 0.1

Balsanorhiza serrata 2 2 2 1.3 0.5

Lappula redowakii 1 2 0.6 0.2

Penstemon speciosus 1 T 0.4 U.2

Eriogonum ovalifolium T 11 2 b 4.0 1.6

Eriogonum caespitosum 2 T 5 3 3 2.7 1.0

Astragalus curvicarpus T T T T T 11 3 3.4 1.4

Camissonia tanacetifolia 1 T T T T T T 2 1.1 0.4

Smilacina stellata T T r U.2 0.1

Descurainia pinnata 1 3 5 2.0 0.*

Plectritus macrocera T 2 U.4 U.2

Mertensia oblongifolia T U.1 r

Ranunculus cymbalaria T U.1 T

Eriogonum umbellatum 1 3 U.9 1,.4

Potencilla rivularis T T T 0.4 U.1

Penstemon humilis 2 2 0.7 U.3

Unknown Fortis 6 2 3 2.3 0.9

Total Forbs 72 37 36 26 9 14 15 25 22 72 80 74 99.5 40.0

SHRUBS

Artemisia arbuscula 5 6 6 4 7 13 9 11 8 6 3 4 49.4 6.0

Artemisia tridentata 1 2 5 4 1 4 4 3 4 T 18.2 2.5

Grayia spinosa T 8 3 1 T 2 1 T 1 2 1 13.4 1.8

Tetradymia canescens T 0.3 T

Ribes cereum T 0.1 T

Cercocarpus ledifolius T T 0.8 U.i

Chmmaebaciaria millifolium T T 0.1 T

Ribes app. T 0.4 T

Symphoricarpos app. T 2 1.2 U.2

Holodiscus dumosus T T 2 2.1 0.3

Purshia tridentata 1 3 4 3 1 1 T 3 b 13.* 1.9

Total Browse 9 19 20 10 9 23 14 15 14 7 9 15 99.5 13.7

Unknown Browse or Forb 4 7 8 5 2 5 3 3 2 3 2 4 4.1

'Quantities less than 1.0 designated by T.


