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ABSTRACT OF THESIS

IMPACT OF CATTLE GRAZING ON BIGHORN SHEEP
TRICKLE MOUNTAIN, COLORADO

Distribution and food habits of bighorn sheep during winter and

spring (December- June) and cattle during summer (May-October) were

investigated and compared on the Trickle Mountain study area, Colorado

during 1978-1979. Effects of summer cattle grazing on bighorn forages

and on carrying capacity of critical bighorn range were estimated.

Observations of marked sheep suggested the existence of 2 sub-herds of

bighorn. One sub-herd winters south of Trickle Mountain and uses lamb-

ing grounds near Buffalo Pass. The other sub-herd winters in the Poison

Gulch-Ford Creek area and uses newly-identified lambing grounds along

Middle and Jack's Creeks. Within winter-spring range, 18 areas were

identified as essential to bighorn welfare and termed critical areas.

Cattle were observed during summer on 4% of bighorn winter-spring range

on 3 Bureau of Land Management allotments and on 5% of the range defined

as critical areas. Topography, availability of water, and aspect

limited cattle use of bighorn range and critical areas. Cattle were

reluctant to wander over 1.5 km from water, preferred slopes of less

than 5°, and used northern aspects more often than did wintering bighorn.

Bighorn preferred areas with south or west-faci ng slopes of at least 16°

as winter-spring habitat. They also preferred meadows and avoided

timbered areas, as did cattle. Bighorn rarely strayed more than 240 m



from escape terrain. Cliffs and rock outcrops used as escape terrain

were at least 200 m long and 8 m tall. Twelve areas not presently used

by bighorn were designated^as potential winter-spring habitats. Cattle

food habits during May-Gctober and bighorn food habits during December-

June were determined using microhistological analyses of feces. Muhlys,

blue grama, wheatgrasses , fescues, sedges, and rushes were the predomi-

nant cattle foods. However, browse, especially saltbush and winterfat,

was an important diet constituent during fall. Important bighorn foods

during winter-spring were fringed sagebrush, sedges, muhlys, fescues,

blue grama, saltbush, winterfat, and yucca. Fringed sagebrush accounted

for 36% of the 1978 winter-spring diet. Between-years variation in

bighorn diets was due to effects of differences in snowfall on forage

availabilities. Kulcyznski's index of similarity revealed a moderate

(73%) overlap between the 1978 summer cattle diet and the 1978-79 winter-

spring bighorn diet. Soil-Vegetation Inventory Methods (SVIM) were

used to estimate production of bighorn forage on critical areas. Data

from range cages indicated that percent utilization of critical winter-

spring bighorn forage by cattle during summer was greatest on the Cross

Creek allotment. However, more kg of critical bighorn forage were

removed from the Trickle Mountain allotment. Utilization of critical

bighorn forage on the Poison Gulch allotment was relatively low.

Estimates of cattle utilization of bighorn forage on critical areas had

wide confidence intervals. Winter (December 1-April 15) forage intake

of an average Trickle Mountain bighorn was estimated from existing herd

data and from information in the literature. Estimated impacts of cattle



grazing on bighorn carrying capacities reflected the wide confidence

intervals for utilization values. Despite this limitation, this study

suggests that the Trickle Mountain, Cross Creek, and Poison Gulch

allotments could support an additional 117 bighorn in the absence of

cattle grazing. Management recommendations and research needs are

discussed.

Scott A. McCol lough
Department of Fishery and

Wildlife Biology
Colorado State University
Fort Collins, Colorado 80523
Spring, 1982
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INTRODUCTION

Wildlife ecologists generally view competition as the common use of

limiting resources by 2 or more animals or animal populations. The

ultimate demonstration of competition is a population effect. Should

competition occur, the numbers, distributions, or productivity of one

or more of the associated populations will change.

Measurement of competition among ungulates has proven difficult.

Most investigations have been based upon the extent to which 2 species

graze the same area and prefer the same forage (Julander 1958). Results

of these studies are of limited value because they have failed to

demonstrate that mutually-used resources were limiting to one or both

populations.

Mackey (1978) questioned the suitability of the term competition

to describe interaction between livestock and wild ungulates. Through

centuries of domestication, husbandry, and selective breeding, domestic

herbivores have become little more than machines for converting vegeta-

tion to animal protein. Grazing patterns and behavior of livestock are

often highly specialized, as well as controlled by man, such that they

tend to be little influenced by the presence of wild ungulates. Stock-

men have been partially successful in protecting livestock from preda-

tion, diseases, and nutritional ailments. Also, high stocking rates may

provide livestock with an advantageous numerical superiority over wild

ungulates (Oldemeyer 1966, Mackey 1978). Although forage consumption

1



2

and possible disease transmission concern stockmen, there are few

documented cases of wild ungulates adversely affecting the numbers,

distribution, or general well-being of domestic herbivores. From this

perspective, livestock grazing may be viewed more as an impact rather

than a setting for competition; at least where competition connotes a

mutual or reciprocal relationship.

Livestock grazing may impact wild ungulates only during certain

seasons. For example, forage removal during summer may affect wildlife

only during the stressful winter period. The most valuable investiga-

tions of impacts of cattle grazing have therefore been conducted and

analyzed on a seasonal basis.

Bighorn sheep lOvis canadensis) appear to be more severely affected

by livestock grazing than are other wild ungulates. Geist (1971),

Morgan (197Q), and Wagner (1976) stated that bighorn are dependent upon

climax grassland. Cattle grazing has been responsible for converting

some of these grasslands to shrubl ands (Buechner 1960, Morgan 1970).

While mule deer {Odoaoileus henrionus) populations apparently benefited

from these conversions, bighorn populations decreased. Elk {Cervus

canadensis) can succeed in a variety of vegetation types and remained

relatively unaffected (Wagner 1976). The dispersal strategy of bighorn

sheep does not favor rapid colonization of nearby suitable habitat

(Geist 1971). Habitat loss is therefore especially harmful to bighorn

populations. McCann (1956) suggested that while other herbivores are

able to range widely in search of forage, bighorns are restricted to

areas near escape terrain. Thus, forage removed from these areas by

competing animals is particularly significant to bighorn.
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The literature contains many references to competition between

bighorn sheep and livestock. Often conclusions reached were specula-

tive or based on circumstantial evidence. The few studies designed to

investigate competition have been limited to determinations of spatial

and dietary overlap. Blood [1961) and Lauer and Peek (1976) were among

the few authors to assess forage availabilities as well as dietary and

spatial overlap.

The major objectives of this study were to evaluate the impacts of

cattle grazing on the habitat and population of the Trickle Mountain

bighorn sheep herd. Winter (December 1-April 15) forage was assumed to

be the limiting resource to the bighorn population. Amount and percent-

age of bighorn forage removed by cattle during summer from bighorn

winter-spring (December 21- June 21) range were estimated. Numbers of

bighorn that could have been carried through winter by the forage

removed by cattle was estimated. This provided a measure of the impact

of cattle grazing. Sub-objectives of the study were to:

1) identify winter-spring (December 21-June 21) ranges of bighorn;

2) characterize habitats used by bighorn within these ranges;

3) measure winter-spring food habits of bighorn;

4) describe summer (May-October) distribution of cattle, especially

use of winter-spring ranges of bighorn;

5) characterize habitats used by cattle during summer; and

6) measure summer food habits of cattle.

This study was performed in conjunction with the Trickle Mountain

Forage Allocation Research Project. Funding was provided by the U.S.

Bureau of Land Management under contract YA-512-CT8-22.



REVIEW OF LITERATURE

BIGHORN-LIVESTOCK CONFLICTS

The decline of the bighorn in the United States has been described

by Buechner (1960). Scattered populations exist on small portions of

their once vast former range. Overhunting, diseases, and competition

from livestock have been suggested as reasons for this decline (Smith

1954, Buechner 1960, Geist 1971, Trefethen 1975).

The appearance of livestock on western range has often coincided

with declines of bighorn herds (Honess and Frost 1942, Packard 1946,

Jones 1950, McColm 1963). Major reductions in populations of desert

bighorn in Arizona and Nevada occurred at the same time cattle numbers

reached their peak (Gallizioli 1977, McQuivey 1978). For over 50 years,

the Rock Creek, Montana bighorn range was grazed at various intensities.

Periodic fluctuations in bighorn numbers suggested a competitive rela-

tionship with domestic stock (Berwick and Aderhold 1968). Early obser-

vers in Wyoming noted the correlation between bighorn losses and

increased livestock grazing (McCann 1956).

Cattle grazing has damaged much of the desert bighorn range (Russo

1956, Gordon 1957, McColm 1963, Rigelhuth 1956, Gallizioli 1977).

Although some desert areas are presently protected from grazing, low

precipitation levels insure that their recovery will take many years

(Jones 1950, Russo 1956). Livestock grazing has also adversely affected

less arid bighorn habitat (Jones 1950, Buechner 1960, Crump 1971,

4
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Geist 1971, Brown 1974). It may have been responsible for converting

some bighorn habitat from grassland to shrubland (Berwick 1968, Morgan

1970). Demarchi (1970) found weights and densities of bunchgrass on

bighorn range decreasing due to cattle grazing.

Lauer and Peek (1976) investigated cattle-bighorn relationships

near the East Fork of the Salmon River in Idaho. Bluebunch wheatgrass

[AgvopyTon spioatwn) was the major food for both species. Most overlap

in habitat use was on slopes under 17° in big sagebrush [Artemisia

tridentata)-b^\xeb\xr\z\\ wheatgrass vegetation types. The limited amount

of wheatgrass, exacerbated by mule deer use in spring, led the authors

to conclude that competition was occurring.

Blood (1961) evaluated competitive interactions between cattle and

a British Columbia bighorn herd. Almost 70% of bighorn winter range

was occupied to some extent by cattle. Grasses, especially bluebunch

wheatgrass, were common in both diets. Cattle removed up to 35% of

vegetation from bighorn range. After considering other limiting factors.

Blood speculated that cattle grazing was preventing a bighorn herd

increase.

Several studies performed on areas shared by bighorn and cattle

have failed to discover evidence of competition (Spencer 1943, Halloran

1949, Couey 1950, Jones 1950, Mathews 1960, Arellano 1961). Bighorn and

cattle exhibit different habitat preferences that often prevent range

overlap. Bighorn have inhabited areas of rugged topography while cattle

were limited to valleys and gentle slopes (McCann 1956, Ferrier and

Bradley 1970, Pallister 1974). However, some authors suggest that cattle

have reduced bighorn forages in areas of gentle topography; thus
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decreasing their use by bighorn (Sugden 1961, Barmore 1962). In con-

trast, other authors have noted that preference for escape terrain and

nearby areas is part of the evolved predator evasion strategy of bighorns

(Risenhoover and Bailey 1980).

Several researchers have noted that bighorn avoid areas occupied by

cattle (McCullough and Schneegas 1966, Follows 1969, Albrechtsen and

Reese 1970, Dean 1975, Horejsi 1975). Other authors, however, have

found bighorn to be unresponsive to nearby livestock (Barmore 1962,

Berwick 1968). Halloran and Blanchard (1950) observed a bighorn traveling

with range cattle.

In arid regions, competition may be for water. Livestock may

deplete or foul water. Critical forage supplies near watering points

are often reduced by livestock grazing (Halloran 1949, Russo 1956,

Kelly 1960, Van den Akker 1960, Wilson 1968, Ferrier and Bradley 1970).

BIGHORN HABITAT

Bighorn habitat consists of open, mountainous terrain with an

interspersion of foraging areas and nearby cliffs. Plant communities

usually include few tall shrubs and trees but an abundance of low-

growing shrubs, forbs, and grasses (Geist 1971, Risenhoover and Bailey

1980).

Escape terrain is the most consistent feature of bighorn habitat.

Any steep, broken terrain may serve as escape cover (Simmons 1961,

Flook 1964). The terms cliffs, crags, rimrocks, and rock outcrops are

used most often to describe escape terrain (Honess and Frost 1942,

McCann 1956, McCullough and Schneegas 1966, Woolf 1968, Brown 1974).

With the exception of Tilton (1977), who defined a cliff as a rock face
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at least 4.5 m tall, authors have not quantified escape terrain.

Occasionally, bighorn enter timber when disturbed (Streeter 1969,

Frisina 1974).

Bighorn are reluctant to stray far from escape terrain. McCann

(1956) observed "nervous" behavior in bighorn when they were away from

cliffs. Both he and Oldemeyer (1966) sighted most bighorn within 90 m

of escape terrain. In other studies, most observations were made within

137 m of escape terrain (Erickson 1972, Frisina 1974, Pallister 1974).

Over half the observations made by Tilton (1977) were within 160 m of

cliffs. Although bighorn in Rocky Mountain National Park ranged up to

240 m from escape terrain, the mean distance was 31 m (Harrington

1978). Risenhoover (1981) found bighorn were especially reluctant to

travel far from escape terrain when in small, rather than large groups.

Morgan (1970) stated that climax grassland is essential to bighorn

survival and others have described bighorn habitat as grassland (Smith

1954, Sugden 1961, Flook 1964, Schallenberger 1965, Oldemeyer 1966,

Frisina 1974). However, Lauer and Peek (1976) and Tilton (1977) found

shrub-grass mixtures most often used by bighorn. Bighorn are also often

observed in "open timber" (Cooperrider 1969, Tilton 1977). Pallister

(1974) made 43% of his observations of bighorn in a Douglas-fir-

snowberry [Symphorzaarpos spp.) type. Although bighorn may occasionally

use timber as a travel route (Streeter 1969) or to avoid inclement

weather (Honess and Frost 1942, Woolf 1968), dense timber accounts for

only a small percentage of bighorn observations (McCann 1956, Simmons

1961, Frisina 1974, Schallenberger 1975, Tilton 1977, Harrington 1978).
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Bighorn are not limited to foraging only on steep slopes. Bauman

and Stevens (1978) recorded almost 90% of their observations on slopes

of at least 40°. Tilton (1977) stated that bighorn preferred slopes

over 39° and selected against slopes of 6 to 19°. Lauer and Peek

(1976) found that slopes over 17° were preferred. Frisina (1974)

and Pallister (1974) gave mean slopes used as 23° and 19°, respectively.

Bighorns also frequently forage on level terrain (McCann 1956, Harrington

1978). Differences in slope use may be related to associated features,

such as snow depth (Shannon et al. 1975) and distance from escape

terrain.

Although Shannon et al . (1975) found that aspect did not strongly

influence bighorn distribution, most winter observations of Rocky

Mountain bighorn (O. o. canadensis) have been on southern aspects

(McCullough and Schneegas 1966, Brown 1974, Tilton 1977, Baumann and

Stevens 1978). West facing slopes also receive winter use (McCann

1956, Oldemeyer 1966, Lauer and Peek 1976). Frisina (1974) added that

southern aspects are heavily used throughout the spring. Bighorn

probably respond to reduced snow depths and forage characteristics on

south and west aspects.

BIGHORN FOOD HABITS

Many publications contain information on food habits of the Rocky

Mountain bighorn. However, these data have often been collected

incidentally to other research objectives. Study designs and sample

sizes tend to be inadequate. Techniques used in food habits studies

include: direct observation of foraging bighorn, examination of feeding
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sites, rumen analysis, and fecal analysis. Fecal analysis is discussed

below.

Although bighorn are adapted for grazing (Geist 1971), they utilize

a wide variety of foods (McCann 1956, Moser 1962, Todd 1972). Forage

availability apparently influences diet composition. Availability of

graminoids in desert environments is low, hence desert bighorn consume

considerable browse and cacti (Yoakum 1964). Pallister (1974) found

food habits differed between 2 locations within the same study area.

Geographic variation in diets, probably related to forage availability,

has also been noted by Cooperrider et al . (1980).

Bighorn populations exhibit seasonal variation in food habits.

Berwick (1968) reported increased forb consumption during fall. In

contrast, other researchers (Honess and Frost 1942, Smith 1954,

Cooperrider et al . 1980) found forb utilization highest in spring and

summer. When winter snows cover smaller plants, taller browse species

should become more important in the diet. This phenomenon was reported

by Smith (1954), Brown (1974), and Cooperrider et al . (1980). However,

Keiss and Schoonveld (1977), and Pallister (1974) found decreased browse

consumption in winter.

Todd (1972) reviewed literature on bighorn food habits. After

detailing the works of Smith (1954) and Moser (1962), he concluded that

grasses and grasslike plants are the staples of the Rocky Mountain

bighorn diet. Wheatgrasses {Agropyron spp.), bluegrasses {Poa spp.),

fescues [Fesvuaa spp.), and muhlys {Muhlenbergia spp.) were the most

important grass species. Sedges {Carex spp.) were important in some

diets. Fringed sagebrush {Artemis-ia frigida) was often a critical browse
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species. Other browse utilized included cinquefoil [Potentilla spp.),

big sagebrush, willow {Salix spp.), and curl-leaf mountain mahogany

{Ceraoaarpus ledifolius)

.

Dwarf clover [Tvlfoliim nanum)

,

daisy

{Erigevon divevgens)

,

and arrowleaved balsamroot {Balsamorhiza

sagittata) were noted forbs in the diet.

Subsequent research has supplemented our knowledge of bighorn food

habits. The Sun River, Montana bighorn herd's spring diet consisted

of 94% grass, 3% forbs, and 2% browse (Frisina 1974). Pallister (1974)

considered bluebunch wheatgrass and fringed sagebrush important foods.

Lauer and Peek (1976) also reported bluebunch wheatgrass as heavily

utilized. Biscuitroot {Lomatium spp.) was sought out by bighorn.

Consumption by forage class was: grass 82%, forbs 11%, and browse 7%.

Tilton (1977) found an unexpectedly high amount of browse (51%) in the

winter diet. He listed grass at 33% and forbs at 11%. Again, bluebunch

wheatgrass was the species taken in greatest amounts.

Fecal analysis has been used twice to evaluate food habits of the

Trickle Mountain bighorn herd. Keiss and Schoonveld (1977) estimated

summer consumption of browse at over 60%. This declined to 50% in fall

and 25% in winter. Grass constituted the remainder of the diet. Fescues,

muhlys, and fringed sagebrush were important forages. Todd (1975)

quantified the annual diet as 46% grasses and sedges, 45% browse, and

9% forbs. Food habits varied among seasons. Browse, mostly fringed

sagebrush, formed 67% of the winter diet. Grass and sedge consumption

increased throughout spring; by summer they comprised 65% of the diet.

Grass and sedge consumption declined to 54% in fall. Yucca {Yuaca

glauoa) was classified as a forb and made up about 10% of the winter-
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spring diet. Only trace amounts of other forbs were consumed. Todd

designated fringed sagebrush, sedges, muhlys, fescues, and blue grama

{Bouteloua gracilis) as major foods of the Trickle Mountain herd.

FORAGE INTAKE RATE

Review of literature revealed a paucity of data on forage intake

rates of wild bighorn. Consumption rates of mule deer, Dali sheep {Ovis

dalli)

,

domestic sheep, captive bighorn, and a "generalized ruminant"

have therefore been used to estimate intake rates of wild bighorn.

Daily intake rates (Table 1) are given per kg of metabolic body weight.

This allows comparisons among studies and calculation of a mean daily

intake rate of 0.076 kg/kg of metabolic body weight. Metabolic body

weight is the animal's body weight raised to an exponent of 0.75 (Moen

1973).

WATER REQUIREMENTS

Most researchers do not emphasize the importance of free water in

the habitat of Rocky Mountain bighorns. Snow is present for a major

portion of the year on much bighorn range and provides an alternative

source of water (Honess and Frost 1942, Smith 1954, McCann 1956, Woolf

1968). When water is unavailable, bighorn are apparently able to

survive for longer periods than other North American ungulates (Simmons

1961, Turner 1978). Studies in Colorado suggested that water had a

minimal influence on bighorn movements (Simmons 1961, Barmore 1962).

Pallister (1974) found bighorn summer distribution correlated with

availability of water. However, he speculated that succulent forage

growing near water affected distribution more than did water itself.
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Table 1. Daily consumption of dry matter by ruminants.

Species

Estimated kg

consumed per kg

metabolic body
wei ght Reference Comments

Bi ghorn 0.059 Chappel and
Hudson 1978

Penned sheep,
pelleted feed

Dali sheep 0.094 Palmer 1944 Estimated from

other species

Mule deer 0.051 A1 1 dredge
et al . 1974

On winter range

Domestic sheep 0.086 Drew 1971

Domestic sheep 0.055 Van Soest
1968

Legumes and

grass diet

Domestic sheep 0.074 Natl. Res.

Counc. 1964
Pregnant ewes on

intermountai

n

winter range

General i zed

ruminant
0.110 Van Dyne

et al . 1980

A "rule of
thumb" for

ruminants
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Water becomes a more critical habitat component on the most arid

bighorn ranges. It is the limiting factor for some desert bighorn

herds (Welles and Welles 1961, Wilson 1968). The River Mountains of

Nevada would be uninhabited by bighorn if it were not for the presence

of developed springs and tanks. Percent of River Mountain bighorn

observations within 3.2 km of water ranged from 47 in spring to 84 in

summer (Leslie and Douglass 1979). Most observations made by Wilson

(1968) were between 0.8 km and 1.6 km from water. Perrier and Bradley

(1970) discovered all bighorn bedding grounds within 6.4 km of water.

FECAL ANALYSIS

Fecal analysis is the quantification of forage remains in feces,

usually under magnification ("microhistological analysis"). Advantages

over other methods of food habits study include a practically

unlimited sample size and minimal disturbance of animal populations.

It is especially useful in studies of endangered or secretive species

where stomach analyses are not always feasible (Todd 1972, Anthony and

Smith 1974). Sacrifice of valuable animals is not required. Fecal

analysis requires no bags, fistulas, or cages which may interfere with

normal habits of animals and it can be used on any type of animal in

any habitat type (Hercus 1960). Hansen et al
. (1977, unpublished)

believe a major advantage is that evidence is preserved on slides and

can be used to settle disputes that may arise.

Fecal analysis was first used to determine diets of cottontails

{Sylvilagus spp.) (Dusi 1949). North American ungulates whose diets have

been examined using the microhistological technique include: deer

[Odcooileus spp.) (Cooperrider 1969, Zyznar and Urness 1969, Free et al.
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1970, Anthony and Smith 1974, Hansen and Dearden 1975), elk (Hansen and

Reid 1975, Hansen and Clark 1977, Pulliam 1978), pronghorn {Antiloaapra

canerioana) (Jacobs 1973, Messenger 1978), bison [Bison bison) (Hansen

et al . 1973), reindeer [Rangifev tarandus) (Dearden et al . 1975), wild

horses and burros (Hubbard and Hansen 1976, Woodward and Ohmart 1976,

Hansen et al . 1977), and bighorn sheep (Todd 1975, Keiss and Schoonveld

1977, Tilton 1977, Johnson 1980). Microhistological analyses have been

used to study food habits of African ungulates (Kiley 1966, Stewart 1967,

Casebeer and Koss 1970, Owaga 1977). Examination of livestock fecal

material has supplemented knowledge of their food habits (Hercus 1960,

Free et al . 1970, Hansen et al . 1973, Hubbard and Hansen 1976, Hansen

et al . 1977, Hansen and Reid 1978, Vavra et al . 1978),

Description of Technique

1) Collection and preservation of samples

Collection should be limited to fresh fecal materials. This will

reduce destruction of plant fragments in the feces by insects, bacteria,

and fungi. It is desirable to collect samples from observed animals to

eliminate mistakes in identification of the feces (Ward 1970). Field

workers need not collect the entire group of pellets from animals such

as deer or elk, or a complete defecation from animals such as cattle or

bison. Approximately 2 g of material should be taken from each cattle

defecation and 1-2 pellets from each elk or deer pellet group. A sample

representing a population's seasonal diet on a given area can be

obtained from 10 - 50 defecations per study area (Hansen et al. 1977,

unpubl ished)

.
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Fecal samples should be preserved after collection to prevent

microbial and fungal action which can dissolve cutin, lignin, and

cellulose. Ward (1970) recommended refrigeration of collected feces.

Addition of table salt, freezing, oven or air drying, or preservation

in formalin or alcohol also reduces microbial action (Hansen et al

.

1977, unpublished).

2) Reference collection and sample processing

There is no substitute for a good reference collection. Its size

depends on the scope of the study. All materials in the reference

collection should bear authentic identification. Besides herbarium

plant specimens, the reference collection should also contain seeds,

buds, and underground parts such as bulbs and tubers. Some investiga-

tions may also require collection of plants in various phonological

stages (Bear 1969, Ward 1970).

Many animals grind their food into very small fragments. Refer-

ence material should be prepared so it illustrates the microscopic

characteristics of plants (Ward 1970). Most of the plant fragments in

a ruminant's feces are less than 1 mm in size and those of monogastric

herbivores are usually larger. Therefore, in studies of ruminants,

grinding of plants in a Wiley Mill through a 20 mesh (1 mm) screen

will simulate the condition of fecal plant fragments (Hansen et al

.

1977, unpublished).

Prior to drying and grinding, fecal samples may be washed in a

fine mesh nylon bag or over a screen to remove endogenous materials

(Hansen et al . 1977, unpublished). Fecal samples from small mammals,

such as rabbits and rodents, that masticate their food finely may not

require grinding (Bear 1969).
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Although Storr (1961), Williams (1969), and Dusi (1949) found

staining plant fragments to aid in identification, Hansen et al. (1977,

unpublished) of the Composition Analysis Laboratory at Colorado State

University obtain satisfactory results without staining.

The ground reference material must be cleared to remove pigments

and soluble material. Baumgartner and Martin (1939) used Hertwig's

solution as a clearing and mounting medium. Hertwig's solution con-

sists of 270 g chloral hydrate crystals combined with 19 cc of 1 normal

HCl and 60 cc of glycerine. Hansen et al . (1977, unpublished) use

ordinary household bleach as a clearing solution. However, they advise

that Hertwig's solution be used on samples that may contain lichens

because bleach dissolves and destroys lichen characteristics.

After the clearing solution is washed out, the materials are

transferred to slides. Templates insure that equal amounts of material

are transferred to each slide. Hoyer's mounting medium is applied to

each slide, thoroughly mixed with the sample, and spread evenly over

the slide. Hoyer's solution consists of 200 g chloral hydrate combined

with 20 cc of glycerine to which 30 g photopurified gum arabic and

50 cc water are added. A cover slip is placed over the sample and

slides are heated and dried. Five slides are usually made for each

kind of plant or plant part (Bear 1969, Ward 1970, Hansen et al. 1977,

unpubl ished)

.

4) Identification of plant material

The principles forming the basis for plant fragment identification

are; (1) When plant cell growth ceases, the cuticle hardens to a solid

film molded to the contours of the underlying epidermal cells. Cuticles
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will bear in imprint or sometimes part of the cells of the epidermis.

(2) The arrangement of epidermal cells is characteristic of the plant

group and family and often the species. (3) The cuticle is impermeable

to water and resistant to the action of microbes in the digestive tract.

It passes through the animal unchanged except for a reduction in size

(Hercus 1960).

A compound microscope of 35 - 125 power is used to examine slides

of fecal samples (Meyers 1962, Sparks and Malechek 1968). Each slide

is examined at 20 systematical ly located fields (Free et al . 1970).

Plant fragments are identified by histological comparisons with plant

tissues referenced to slides of known plants.

Histological characters helpful in identification are: (1) size

and shape of stomata, (2) pattern of cells, (3) structural peculiar-

ities in cell walls, (4) distinctive characters of conductive tissues,

and (5) specialized forms of pubescence (Bear 1969). If samples are

stained, variation in stain intensity and color aids identification

(Storr 1961).

Identifying some food items is difficult. Experience and frequent

consultation of a reference collection reduce technician errors. Food

items may be placed in either general or specific categories (Ward

1970). The Composition Analysis Laboratory at Colorado State University

usually identifies plant fragments to genus.

5) Quantification of items in diet

Amount of an item in the diet is usually represented by a percen-

tage. "Percent density" of an item is found by dividing the number of

fragments counted for an item by the total number of fragments identi-

fied and multiplying by 100 (Hansen et al . 1977, unpublished). Sparks
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and Malechek (1968) developed a time-saving "frequency conversion" pro-

cedure in which only presence or absence of a food item is recorded for

each microscope field. Quantification by measurement of fragment area

is of limited value (Storr 1961, Stewart 1967).

Evaluation of Technique

Ward (1970) evaluated the fecal analysis technique. He wrote:

"The use of fecal analysis certainly has value. Studies to date have

found only a few species of plants that lost their identity when passed

through an animal. Qualitative data on a frequency basis was possible.

The possibilities of making quantitative measurements is somewhat

questionable. More studies are needed to evaluate the use of fecal

analysis, particularly with different animals on different ranges."

Results of fecal analysis have been compared to results of analyz-

ing stomach contents. Anthony and Smith (1974), using both techniques,

obtained comparable estimates for the abundance of various browse

species in mule deer diets. Estimates of herbs, fruits, and flower

stalks were significantly higher from rumen samples. Fecal matter gave

higher estimates for grass. Cooperrider (1969) found a significant

correlation between fecal and rumen analyses for monocots in mule deer

diets. Amounts of dicots and conifers in the rumens were not signifi-

cantly correlated with amounts in the feces. Plant fragments in fecal

pellets of 4 bighorn were compared with fragments in the rumens of

these animals. Statistical analyses produced no significant differ-

ences between frequencies of occurrence (Todd and Hansen 1973). Micro-

scopic analyses of both feces and stomach contents of several grass-

O
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eating African ungulates have shown only minor differences between the

2 techniques (Casebeer and Koss 1970, Owaga 1977).

Vavra et al . (1978) determined cattle diets using esophageal

fistulas and fecal analysis. Total grasses occurred significantly less

in esophageal samples, while total forbs were significantly lower in

fecal samples. For grass species, some were more abundant in fecal

samples while others were more abundant in fistula samples. Most forb

species appeared in greater percentages in fistula samples. Johnson

(1980) studied bighorn food habits by direct observation and by fecal

analysis. Forbs were underestimated and grasses were overestimated by

fecal analysis when results were compared to observations. Minor

species observed to be consumed were not identified in the feces.

Most criticisms of quantifying diets by fecal analysis arise from

concern that the differential digestibility of various plants may cause

incorrect estimation of relative food intake. In general, plant

species with higher digestibility tend to be underestimated in diet

composition while those with lower digestibility would be overestimated

(Pulliam 1978). Forbs tend to be highly digestible. Most grasses, and

some shrubs, are more resistant to digestion (Cooperrider 1969, Neal

et al. 1973, Anthony and Smith 1974, Vavra et al . 1978). Methods to

correct for differential digestibility among plants have been used on

a limited basis (Voth and Black 1970, Neal et al . 1973, Dearden et al

.

1975). Unfortunately , development of the large number of correction

factors necessary for extensive investigations is impractical.

Despite criticisms, fecal analysis is a valuable method of food

habits study. Its advantages over other techniques are considerable.

The utility of fecal analysis depends upon: (1) the species of herbivore
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in question, (2) the nature of its diet, and (3) characteristics of its

habitat. Highly diverse diets would make the technique time-consuming

and subject to more errors. Diets high in grasses are more accurately

estimated than are diets dominated by forbs. Therefore, fecal analysis

is best suited for use in grasslands. Diets of desert herbivores are

difficult to accurately assess CCasebeer and Koss 1970, Anthony and

Smith 1974, Westoby et al . 1976).

Some researchers have addressed the problem of differential

digestibility among plants. Todd (1972) stated that even highly diges-

tible forbs are detectable in bighorn feces. Digestion probably

reduces the mean weight of fragments rather than eliminating whole

fragments for plants common in the bighorn diet (Todd and Hansen 1973).

Fecal analysis is useful in studies of dietary overlap among herbivores.

Hansen et al . (1973) assume that if discernibility of different plants

in fecal matter is similar among ungulates, dietary overlap can be

measured. More research into effects of differential digestion on

results of fecal analysis is necessary. Although fecal analysis appears

not to be entirely accurate, the information it provides concerning

the most important diet constituents is valuable in studies of dietary

overlap (Vavra et al . 1978).

O



STUDY AREA

LOCATION AND OWNERSHIP

The Trickle Mountain study area is located at the northern end of

the San Luis Valley in south-central Colorado. Saguache, about 6 km

east, is the nearest town (Figure 1). The 56,540 ha area is bounded on

the north and west by the Continental Divide and on the south by

Colorado State Highway 114. The indefinite eastern boundary runs

generally north along the ridge west of Findley Gulch to the Continental

Divide. Approximately 90% of the study area is federally owned. The

BLM administers 7 grazing allotments totaling 27,316 ha. Land to the

north is in Rio Grande National Forest. Major riparian areas and

meadows are privately owned (Figure 2). Although data were gathered

from the entire study area, work was concentrated on the Poison Gulch,

Trickle Mountain, and Cross Creek allotments. Vegetation was measured

exclusively on these allotments which contain most of the bighorn

winter-spring range on the study area.

CLIMATE

Weather records from Saguache, for 1951-1973, indicate the climate

of the study area. January is the coldest month, with a mean tempera-

ture of -6 C. The warmest month is July, having a mean temperature of

19 C. Average temperature in winter (December-February) is -5 C.

Average spring (March-May) temperature is 6 C (National Oceanic and

Atmospheric Administration 1977).

21



Figure 1. Location of Trickle Mountain study area (crosshatch), Colorado.
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Figure 2

O

Trickle Mountain study area and boundaries of the Trickle Mountain (1), Cross Creek (2),
Poison Gulch (3), and Robb Ranch (4) BLM allotments.
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Precipitation averages 22 cm per year. Most precipitation, an

average of 8.9 cm, falls in July-August. February receives only 0.23 cm

of moisture. Winter records show averages of 0.7 cm of moisture and

11.2 cm of snowfall. Spring precipitation averages 1.6 cm with 5.8 cm

of snow.

Snowfall varied greatly between the 2 seasons of field work.

During 1978-1979, 128 cm of snow fell in Saguache. In 1977-1978, only

24 cm of snow fell (National Oceanic and Atmospheric Administration

1977-1979). Our measurements from 1978-1979 show snow on the ground

at the Saguache airport from December to late March.

TOPOGRAPHY

The Trickle Mountain study area contains a highly variable topo-

graphy. A large streamside meadow runs along the southern boundary at

an elevation of about 2500 m. Other meadows are associated with Cross

Creek, Jack's Creek, Sheep Creek, and Ford Creek. The federally

administered land generally consists of slopes broken by numerous

cliffs and occasional plateaus. The summit of Trickle Mountain is at

3088 m. Antora Peak, on the National Forest, attains a height of

4043 m.

SOILS

Soils of the study area are formed primarily from volcanic parent

material (Shepard 1975). They are generally wel 1 -drained, loamy, and

moderately deep. All soils may be placed in either the Mol li sol or

Aridisol orders (Heil et al. 1977).

O
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VEGETATION

A vegetation map of BLM lands on the study area was developed from

aerial photos fay J. S. Hannan (Range Conservationist, BLM, Alamosa, CO).

This map was modified, faased on field observations. The following

vegetation types were recognized:

1) Shortgrass; primarily blue grama and slimstem muhly

[Muklenbevg-ia filiculmis) with scattered patches of sedges.

Fringed sagebrush and winterfat {Ceratoides lanata) were the

major browse species.

2) Shortgrass-pingue; similar to the shortgrass type except pingue

{Eymenoxys riahardsonii) constituted a major portion of the

ground cover.

3) Midgrass; principally muhlys and fescues with scattered browse

and forbs.

4) Mixed grass; the interface of shortgrass and midgrass types

where it was impractical to distinguish between the 2 types.

5) Meadow; areas near water dominated by grasses and grasslike

plants such as bluegrass, rushes {Junous spp.), and sedges.

6) Rabbitbrush; shrublands found in gulches and depressions

dominated by rabbitbrush {Chrysotharmus spp.) and currants

[Ribes spp.).

7) Mountain shrub; hillsides with various grasses and forbs and

an overstory of true mountai nmahogany {Ceraoaarpus montanus)

.

8) Douglas-fir-Ponderosa pine; a fairly dense canopy of ponderosa

pine {Firms ponderosa) and Douglas-fir {Pseudotsuga menziesii)

with fescues, muhlys, and forbs below.
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O
9)

Spruce-fir; a fairly dense canopy of Douglas-fir and blue

spruce {Piaea pungens) often interspersed witti aspen [Populus

tvemuloides)

.

flidgrasses, forbs, and frequent protrusions of

bedrock were found beneath the trees.

10) Pi nyon- juniper; primarily species found in the shortgrass type

with an overstory of pinyon {Pinus edulis) and juniper

{Junipevus sup.).

11) Sparse pinyon-juniper; essentially a shortgrass type with

scattered pinyons and junipers. The designation of a vegeta-

tion unit as this type was subjective. Animals were expected

to respond differently to this type than to the previous type.

12) Cliffs; very steep slopes of bedrock or boulders with little

or no vegetation.

FAUNA

Bighorn Sheep

The Trickle Mountain herd began with a transplant of Rocky Mountain

bighorn from the Tarryall herd onto the rim above Saguache Creek on

February 15, 1951. The release consisted of 8 ewes, 4 lambs, and 3

rams. Ten years later, 36 bighorn were counted. Herd size was estimated

at 125 in 1965. By 1971, the population was an estimated 165-175

individuals (Bear and Jones 1973, George Jones, pers. comm., 1981). The

Colorado Division of Wildlife currently estimates the population at

350 (James Olterman, Colorado Division of Wildlife, pers. comm., 1980).

Herd structure remains relatively unclear due to the difficulty of

identifying yearling-class animals without intensive effort.

O
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The herd was first hunted in 1953, after which the area was closed

until 1960; annual seasons have been held from 1960 to the present.

With the exception of 4 seasons, when the three-quarter-curl limitation

was in effect, regulations have permitted harvest of half-curl rams

(Bear and Jones 1973). From 1969 to 1979 an average of 8.6 rams was

removed annually. The seasons of 1978 and 1979 had relatively high

harvests, with 20 and 15 rams taken, respectively (Colorado Division

of Wildlife 1969-1979).

The Colorado Division of Wildlife operated 2 bighorn feeding

stations during the winters of 1978 and 1979. These stations were

near Saguache Creek just north of the Dabney Ranch. Bighorns were

regularly fed apple mash mixed with anti -helminthics . Small amounts

of hay were used as an attractant. In April 1977, 20 bighorns were

captured, marked, and released near the Trickle Mountain Ranger Station

(Colorado Division of Wildlife, unpublished). These animals have

provided information on herd movements.

Other Fauna

In addition to bighorn, substantial populations of other wild

ungulates are found on the study area. The pronghorn population was

estimated at 134 animals (Olterman, pers. comm., 1980). About 500 elk

and 500 mule deer winter on the study area (U.S. Bureau of Land

Management 1977).

Coyotes {Canis latvans] are the most numerous potential bighorn

predators on the area. Bobcats [Lynx rufus) and mountai n lions [Felix

ooncolov) have been sighted. Golden eagles [Aguila chrysaetos) are

frequently observed.
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Appendix 1 lists all vertebrate fauna observed during this study.

LAND USE - PAST AND PRESENT

Settlement of the Saguache region occurred in the 1860s. Cattle

grazing was unregulated until the Taylor Grazing Act of 1934. The BLM

has records of licensed grazing levels for selected years from 1935 to

the present.

The Trickle Mountain allotment was heavily grazed by 3000 to 5000

domestic sheep from 1935 to around 1950. Cattle use followed; 300

animal units (a.u.) were licensed for use in 1963. Although current

licensed use is unchanged, the permittee grazes only 200 a.u.'s from

mid- June to October. The Cross Creek allotment was grazed by

an estimated 100 a.u.'s in 1959. Currently, the allotment is grazed by

255 a.u.'s from late June to mid-July and again from mid-August until

October. Cattle grazing on the Poison Gulch allotment began with

90 a.u.'s in 1937. The a.u.'s peaked in 1955 at 270. The pattern of

reductions in use since 1956 is not clear. Present licensed use is

172 cattle a.u.'s until mid-June after which only 50 a.u.'s are grazed

until October. Small numbers of horses have also grazed this allot-

ment. Licensed use for the other 4 allotments totals about 720 a.u.'s

from May to December. The approximately 200 ha of bighorn range within

the National Forest is extremely rugged and probably is not grazed by

cattl e.

Mineral exploration pits are common on the study area. Most were

excavated in the 1950s in search of uranium (Shepard 1975). Although

active claims are present on the Trickle Mountain allotment, no mining

activity was observed during this study.
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The BLM periodically conducts small timber sales on the Trickle

Mountain allotment. In 1978, 228,000 board feet were harvested in 3

sales (J. S. Hannan, pers. com.). Although timber sales by the Forest

Service were not investigated, any impact on bighorn was probably

minimal

.

Most recreational use of the area involves big game hunters.

Hikers and fishermen were rarely observed. The presence of Indian

artifacts attracts a few users each summer. Winter recreational use

is limited to trapping and snowmobiling by local residents.



9
METHODS

DISTRIBUTION AND HABITAT USE

The winter-spring distribution of bighorn was determined from obser-

vations made while driving, walking, or skiing fixed routes through the

study area during December 21-June 21, 1978-1979. These routes provided

a representative view of the various habitats within the study area

available to bighorn. As the study progressed, it became evident that

more bighorn could be observed on certain routes. These routes were

traveled about 5 days per week. Observations made by Allen Cooperrider

(Wildlife Biologist, BLM, Denver, CO) during January 1-June 21, 1978

supplemented the 1978-1979 data.

Similar routes were driven during May-October, 1979 to determine

cattle distribution. Again, most observation time was spent in areas

of cattle concentrations. Cattle observed on private land were not

included in determination of distribution and habitat use.

For each observation of bighorn or cattle, the following data were

recorded: vegetation type, slope ( in degrees), aspect, and distance

from water. Weather conditions, especially snow depths, were recorded

for bighorn observations . When possible, the distance of bighorn bands

to escape terrain was estimated by pacing or from topographic maps.

Escape terrain was defined as that terrain to which bighorn fled after

being disturbed or subjectively as the nearest steep, rocky slope.

Escape terrain which bighorn were observed to use was described as to

height, length, slope, and vegetation.

32
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Observations were plotted on topographic maps to determine bighorn

winter-spring range and summer cattle range. The percentage of bighorn

range used by cattle was then measured. Data on habitat use were con-

verted to percentages. Preference indices were calculated for vegeta-

tive types by the formula:

% of observations in a vegetation type

% of study area (observable from routes) in the vegetation type

Preferences for slope and aspect categories were calculated similarly.

The terrain observable from routes was classified into slope and aspect

categories using topographic maps. Areas of at least 7 ha were con-

sidered in this classification.

FOOD HABITS

Microhistological analysis of feces was used to determine food

habits of bighorn and cattle. Fifteen cattle fecal samples were col-

lected from each allotment every 2 weeks during May-October 1978 and

1979. During January 1-June 21, 1978 and December 21-June 21, 1978-

1979, 10 bighorn fecal samples were collected every 2 weeks. All

samples were analyzed by the Composition Analysis Laboratory at Colorado

State University. The percent density of undigested plant fragments in

the fecal matter was presumed to accurately reflect the percent of each

species in each herbivore's diet.

Summer diets of cattle and winter-spring diets of bighorn were

compared using Kulcyznski's index of similarity (Costing 1956);

Similarity index = [2w/ (a+b)J x 100, where w is the lesser percentage

of a food item in the 2 diets and a+b is the sum of the percentages of
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food Items in the 2 diets that is shared between 2 herbivores. Indices

were calculated only for those forage species constituting at least

1% of either the cattle or bighorn diets.

VEGETATION MEASUREMENTS

Based upon observed consistent and frequent concentrations of big-

horn, 18 areas were identified as critical to bighorn welfare during

winter and spring. Seven areas were on the Trickle Mountain allotment,

7 were on the Cross Creek allotment, and 4 were on the Poison Gulch

allotment. Bighorn forages for which production and cattle use were

measured were those plants (1) constituting at least 1% of the 1978-79

bighorn diet, and (2) occurring in plots used to measure summer forage

utilization (described below). These forages constituted 67% of the

winter-spring diet of bighorn.

Production

Densities of bighorn forage on critical areas were determined

using Soil-Vegetation Inventory Methods (SVIM) (U.S. Bureau of Land

Management 1978) for each vegetation type within each allotment. Using

these densities, production of bighorn forage used by cattle on each

critical area was estimated from vegetation type composition of the

area. Production figures were summed for each stratum (see below)

within each allotment.

Util ization

Prior to the 1979 cattle grazing season, a pair of circular 0.46m^

plots were located in each of 3 strata on each of the 18 critical areas.
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These strata represented expected differences in cattle grazing pressure

based on distance from water or position on slope. The general location

(within 25 m) of each pair of plots was determined at random. At each

general location, a pair of plots with vegetation similar in composition

and quantity was selected. A wire cage protected 1 randomly selected

plot of each pair from grazing. In October, after all cattle had been

removed from BLM land on the study area, herbaceous vegetation was

clipped from each plot, air-dried, and weighed by species. Identical

procedures were followed for current annual growth on shrubs. Differ-

ences between weights of winter-spring forages of bighorn in the caged

plots versus the uncaged plots were used to estimate percent utilization

of forage during summer. Production of bighorn forage within each

stratum was multiplied by percent utilization to determine weight of

forage removed in summer. Forage removal was averaged for each stratum

across critical areas in each allotment.

Observations of cattle and wild ungulates on the critical areas

indicated the species responsible for most of the grazing. To supple-

2
ment these data, a 133 m plot was centered on each range cage before

the grazing season and cleared of fecal material. The plots were

re-examined for wild ungulate or cattle feces concurrently with vegeta-

tion clipping.

IMPACT OF CATTLE GRAZING ON BIGHORN CARRYING CAPACITY

Literature review provided an estimate of daily forage intake by

bighorn per kg of metabolic body weight. Information from the Colorado

Division of Wildlife on body weights of Colorado bighorn and sex-age
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composition of the Trickle Mountain herd was combined to estimate the

average body weight for the Trickle Mountain bighorn herd. Daily forage

intake of this average bighorn was calculated. The December 1-April 15

winter period assumed limiting to the bighorn population is 135 days.

Daily forage intake of an average bighorn was therefore multiplied by

135 to estimate forage requirements per bighorn each winter. Amount

of bighorn forage removed by cattle during summer was divided by this

requirement. The quotient represents additional bighorn that could be

supported by winter forage resources if cattle grazing did not occur.

O



RESULTS

DISTRIBUTIONS

Bighorn Distribution

Most bighorn winter-spring range was located on the Trickle

Mountain, Cross Creek, Poison Gulch, and Robb Ranch allotments. A

large segment of the herd, however, used lambing grounds on the

National Forest. Bighorn also foraged on private land (Figure 3).

Within winter-spring ranges on the Trickle Mountain, Cross Creek, and

Poison Gulch allotments, 18 areas were identified as critical areas

(Figure 4).

The area south of Trickle Mountain was an important winter range.

However, feeding operations of the Colorado Division of Wildlife

attracted bighorn to this area. From January 1 until March 15, 1979,

20 bighorn groups were observed at the feeders. Groups of 50-75

individuals were occasionally sighted. Bighorn also used snow- free

canyons and cliffs in sections 24, 25, and 26, T45N R5E. In mid-

February, these bighorn began expanding their range to include Lone

Tree Gulch.

Dispersal from winter ranges in the vicinity of Trickle Mountain

began in late March. In late April ewes, yearlings, and lambs arrived

at traditional lambing grounds near Buffalo Pass where the earliest

lamb was observed on May 28. Cliffs bordering East Sheep Creek

probably were also used for lambing.
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Figure 3. Distribution of bighorn during January-June 1978 and December- June, 1978-79 (crosshatch).
Trickle Mountain study area.
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Figure 4

C

Location of areas critical to bighorn welfare during winter-spring ("critical areas"),
January-June 1978 and December- June 1978-79, Trickle Mountain study area.
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Bighorn foraged in private meadows along Saguache Creek in April

- May. During this period they also moved northward from the feeding

stations, nearly reaching the summit of Trickle Mountain. Hills surround-

ing Alkali Basin were used during May - June. Bighorn continued to

inhabit the Buffalo Pass area through June.

Additional bighorn winter range is near Ford Creek and Poison

Gulch. This area was expanded in mid- February to include the area

along the first 2 km of Jack's Creek. A rock outcrop near the Ward

Ranch was continuously used by a band of 4 bighorn during February- June.

These animals could be observed within 50 m of Highway 114. A single

observation of a yearling was made south of the highway.

Although bighorn were observed along Middle Creek as early as

February, concentrations were not evident until April. Cliffs in the

vicinity of Middle Creek served as lambing grounds. Another lambing

ground was located at the junction of Jack's Creek and Ward Gulch.

These areas had not previously been identified as lambing areas.

Lambs were seen as early as May 31. Bighorn continued to inhabit the

Jack's Creek and Middle Creek regions throughout June.

Observations of sheep marked at the Trickle Mountain ranger station

revealed the possibility of 2 sub-herds on the study area. Only 1

marked animal, a class I ram, was observed east of Jack's Creek. Jack's

Creek may be a dividing line between the 2 sub-herds. However, unmarked

animals may have moved across Jack's Creek. Further research, including

the marking of bighorn in the Middle Creek area, is necessary to con-

firm the existence of sub-herds.

O
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Cattle Distribution

Cattle used only limited portions of available BLM land (Figure 5).

Distribution for allotments containing bighorn winter-spring range is

summarized below:

Trickle Mountain: The Houghland Gulch and Antelope Creek areas

were heavily used for all but the last month of the grazing

season. Rains in August filled reservoirs at the entrance to

Lone Tree Gulch and allowed temporary use of that area. -

Scattered observations of cattle occurred on the plateaus north

of Trickle Mountain.

Cross Creek: Cattle concentrated along accessible portions of

Jack's Creek and Cross Creek. Concentrations were also noted

near stock tanks in section 4, T45N R6E and section 33, T46N

R6E.

Poison Gulch: During June, cattle were sighted in Poison Gulch

and along Middle Creek in sections 22 and 27, T46N R6E. They

moved to Ford Creek in July and remained there the rest of the

grazing season.

Robb Ranch: Cattle are permitted to range between this allotment

and adjacent privately owned meadows during November -

December. However, cattle were not observed on federal land

during 1979.

Range Overlap

Cattle were observed in summer on 4% (64 ha) of bighorn winter-

spring range on the Trickle Mountain, Cross Creek, and Poison Gulch



Figure 5 Distribution of cattle during
and Poison Gulch allotments,

May-October, 1979 on the Trickle Mountain,
Trickle Mountain study area.

Cross Creek,
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allotments (Figure 6). Within allotments, this overlap was 0.3% (3 ha)

on the Trickle Mountain allotment, 8.8% (39 ha) on the Cross Creek

allotment, and 9.2% (22 ha) on the Poison Gulch allotment.

In contrast to range overlap on the entire winter-spring range

of bighorn, range overlap on bighorn critical areas is more relevant

to potential forage competition. Cattle were observed on 5% (39 ha)

of critical areas on the 3 allotments combined. Within allotments,

overlap on critical areas was 3% (11 ha) on the Trickle Mountain allot-

ment, 6% (14 ha) on the Cross Creek allotment, and 7% (13 ha) on the

Poison Gulch allotment.

HABITAT USE AND PREFERENCE

During winter and spring bighorn were observed most often on steep

(over 15°) slopes (Figure 7). However, bighorn were often sighted

foraging on near-level benches above escape terrain. Median slope

angle for all bighorn observations was 20°. Bighorn exhibited highest

preference for slopes greater than 20° (Table 2). During summer,

cattle used gentler topography than did bighorn during winter and

spring. Over 75% of all observed cattle groups were on slopes of 5°

or less (Figure 7). Preference indices showed that cattle selected

for those slopes (Table 2). Median slope used by cattle was 2°.

Distribution of cattle was further restricted by a limited water

supply. Approximately 50% of observed cattle groups were within 240 m

of water (Figure 8). Bighorn distribution during winter and spring

also appeared related to the distribution of water (Figure 9). Half of

all bands observed were within 300 m of water. However, much of the

escape terrain used by bighorn borders streams. These areas provided
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Figure 6. Distribution of bighorn during January- June, 1978 and December- June 1978-79 (crosshatch)
compared to distribution of cattle during May-October, 1979 (shading). Trickle Mountain
study area.
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Figure 7. Slopes used by cattle during summer and by bighorn during
winter-spring, December, 1978-October, 1979, Trickle
Mountain study area.
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Table 2. Slope preference indices for 42 bighorn bands observed during
winter-spring and 228 groups of cattle observed during summer
on Trickle Mountain study area, December, 1978 - October 1979.

Slope

(degrees

)

Bighorn Cattle

% of
Obs.

% of Area
in Class^

Preference
Index 3

% of
Obs.

% of Area
in Class^

Preference
Index 3

0-5 27.2 36.9 0.74 75.8 32.5 2.33

6-10 8.4 25.0 0.34 11.4 26.2 0.44

11-15 0.0 18.4 0.00 3.9 19.9 0.20

16-20 17.9 10.9 1.64 5.3 11.6 0.46

over 20 46.5 8.9 5.22 3.0 9.8 0.31

^Bighorn observations were recorded for both private and BLM lands,
therefore all of these lands north of Highway 114 observable from
routes are included in this column.

^Cattle observations were recorded only for BLM land. This column
includes only BLM land north of Highway 114 observable from routes.

^Preference index = % of Obs,
^

% of Area in Class
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Figure 8 Distance of 230 observed cattle groups from water during
May-October, 1979, Trickle Mountain study area.
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Figure 9. Distance of 89 observed
December- June , 1978-79,

bighorn bands from water during
Trickle Mountain study area.

O
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not only escape terrain but abundant streamside forage as well as water.

The relative values of these 3 factors to bighorn of Trickle Mountain

are not clear.

Both cattle and bighorn used the more open vegetation types (Figure

10). The limited amount of meadow type with its abundant forage

accounted for about 9% of both bighorn and cattle observations. Both

species used the extensive shortgrass and shortgrass-pingue types.

Cattle were not observed in the mountain shrub, mixed grass, spruce-fir,

or sparse pi nyon-juniper types. Cattle groups observed in the Douglas

fir-ponderosa pine, pinyon-juniper, and midgrass types totaled only 7.1%.

Although bighorn bands were observed in all vegetation types except

spruce-fir, percent of observations made in mountain shrub, Douglas-

fir-ponderosa pine, mixed grass, rabbitbrush and pinyon-juniper types

totaled only 12.5.

The meadow type was preferred by both cattle and bighorn (Table 3).

Cattle also exhibited a preference for the rabbitbrush type. Low prefer-

ence indices and an absence of observations in some forested types,

revealed that cattle avoided timbered areas. Although the shortgrass

and shortgrass-pingue types accounted for almost half the cattle

observations, cattle did not show a preference for either type. In

addition to meadows, bighorn preferred the midgrass, shortgrass and

sparse pinyon-juniper types. The high preference index for the mountain

shrub type may be fallacious because only 1 observation was made in

this comparatively rare type. Bighorn seemed to avoid the shortgrass-

pingue and rabbitbrush types. Like cattle, bighorn selected against

densely timbered areas.



Figure 10. Vegetation types used by cattle
during winter-spring, December,
Mountain study area.

during summer and by bighorn
1978-October, 1979, Trickle
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Table 3 . Vegetation type preference indices for 83 bighorn bands
observed during winter-spring and 238 cattle groups observed
during summer, on Trickle Mountain study area, December 21,
1978 - October, 1979.

Vegetation
Type

Bighorn Cattle

% of
Obs.

% of Area
in Type^

Preference
Index

3

% of
Obs .

% of Area
in Type^

Preference
Index

3

Meadow 8.5 5.4 1.55 9.3 1 .8 5.17
Shortgrass
Shortgrass-

38.7 20.1 1.92 14.2 20.8 0.68

pingue 14.6 42.2 0.34 32.4 43.8 0.74
Midgrass 7.3 2.6 2.77 1.8 2.7 0.67
Rabbitbrush 3.7 9.3 0.38 36.0 9.6 3.75
Mountain shrub
Sparse pinyon-

1.3 0.3 4.00 0.0 0.3 0.00

juniper 7.3 5.0 1.44 0.0 5.2 0.00
Pinyon-juniper
Douglas fir-

2.5 6.2 0.39 0.9 6.5 0.14

pine 2.5 8.5 0.28 4.4 8.9 0.49
Spruce-fir 0.0 0.5 0.00 0.0 0.9 0.00
Mixed grass 2.5 — -- 0.0 —
Cliff 10.9 “ “ — 0.0 — --

^Bighorn observations were recorded for both private and BLM lands,
therefore all of these lands north of Highway 114 observable from
routes are included in this column.

^Cattle observations were recorded only for BLM land. This column
includes only BLM land north of Highway 114 observable from routes.

2 Preference index = -

5
;
— —

-

. Indices were not calculated
% of Area in Type

for mixed grass and cliff types due to the difficulty of estimating
their areas.
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There were no major differences between cattle and bighorn in their

uses of aspects available on the study area (Figure 11). Bighorn

preferred southerly aspects which were snow-free in winter (Table 4).

Cattle showed a slightly higher use of northerly aspects and a greater

tendency to use level areas (Figure 11). They showed preferences for

northeast aspects and especially for level areas (Table 4).

Bighorn Escape Terrain

Bighorn fled to large, steep cliffs or rock outcrops when disturbed.

They rarely ventured far from such terrain (Table 5). Of all bands

observed, 90% were within 240 m of escape terrain. Bighorn usually

used areas with southerly aspects for escape (Figure 12). Use of these

aspects was probably related to bighorn preference for southerly

aspects for foraging. After disturbance, bighorn would flee uphill.

The first escape terrain encountered usually had an aspect similar to

the foraging area. Of 58 bighorn bands observed, 84% fled into areas

of little or no vegetation. Sparse pinyon-juni per was used by 10% of

the bands, mountain shrub by 4%, and Douglas fi r-ponderosa pine by 2%.

FOOD HABITS

Bi ghorn

Analysis of fecal samples collected during January 1-June 21, 1978

throughout the entire study area shows Artemisia spp. to be the

predominant bighorn winter-spring forage (Table 6). Fringed sagebrush,

the most common sage on the study area, probably constituted most of

the Artemisia consumed. Amount of fringed sagebrush in the winter

(January 1-March 21) diet was 55%. Concentration of fringed sagebrush



Fi gure 1 1

.

Aspects ased (percent) by 234 groups of cattle during summer
and by 88 bighorn bands during winter-spring, December, 1978-
October, 1979, Trickle Mountain study area.
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Table 4. Aspect preference indices for 83 bighorn bands observed during
winter-spring and 234 groups of cattle observed during summer
on Trickle Mountain study area, December 1978 - October 1979.

Bighorn Cattle
Aspect

% of
Obs.

% of Area
in Class^

Preference
Index

3

% of
Obs.

% of Area Preference
in Class^ Index^

N 2.4 4.1 0.59 2.1 4.1 0.51
NE 3.6 6.5 0.55 9.4 7.0 1.32
E 13.3 15.6 0.85 9.4 16.8 0.56
SE 16.9 12.7 1.33 5.1 13.7 0.37
S 20.5 18.6 1.10 9.8 20.2 0.49
sw 13.9 10.9 1.22 7.3 11.9 0.61
w 15.6 13.0 1.20 8.1 14.0 0.58
NW 1.2 7.2 0.17 5.6 7.9 0.71

Level 13;3 11.3 1.18 43.2 4.3 10.05

^Bighorn observations were recorded for both private and BLM lands,
therefore all of these lands north of Highway 114 observable from
routes are included in this column.

^Cattle observations were recorded only for BLM land. This column
includes only BLM land north of Highway 114 observable from routes.

3 Preference index = % of Obs.

% of Area in Class
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Table 5. Physical characteristics of bighorn escape terrain and
distances of bighorn bands from escape terrains, December 21,
1978 - June 21, 1979, Trickle Mountain study area.

Parameter
No. measured
or observed

Mean Range

Physical Characteristics^

Hei ght 19 escape terrains 16 m 8-25 m
Length 19 escape terrains 790 m 200-2100 m
Slope 25 escape terrains 72° 10-90°

Distance from
Escape Terrains^ 76 bands 103 m 0-1065 m

^Only those terrains to which bighorn fled after disturbance were
measured.

^For these data, escape terrains were defined as (1) terrains to which
bighorn fled after disturbance or (2) the nearest steep, rocky slopes
if there was no disturbance.
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Figure 12, Aspects of escape terrain used (percent) by 55 bighorn
bands, December, 1978-June, 1979, Trickle Mountain study
area.
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Table 6. Food items in winter-spring bighorn diet, as determined by
microhistological analysis of feces. Trickle Mountain study
area.

Food Item^
% in Diet

1978 1978-79

Total grass and grass-like plants 36.9 54.0

Muhlenbergia spp. 10.4 11.3
Bouteloua graailis — 11.4
Agropyron spp. -- 2.5
Festkica spp. 7.5 3.0
Sporobolus aryptandms — 4.7
Oryzopsis spp. — 2.4

Carex spp. 2.7 9.5
Junaus spp. 1.6 —

Total forbs 4.8 7.3

Desaurainia obtusa 1.5
Sphaeralaea ooooinea —

1 .5

Total browse 58.3 38.7

Atvi-pZex spp. 3.1 7.0
Artemisia spp.^ 36.3 9.9
Ceratoides lanata 2.1 7.8
Yuaaa spp. 2.0 4.0
Salix spp. — 2.5

Symphoriaarpos palmeri 1.7 1.8

Potentilla spp.^ — 1.0
Rlbes spp. 1 .8 “ —

^Only food items accounting for at least 1% of the diet are included.

^Mostly A. fvi.gida.

^Herbaceous Potentilla species occur on the study area but most of this
genus is considered to be p. fruHaosa.
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in the diet declined sharply in mid-May. Bighorn consumed 20 % fringed

sagebrush during spring CMarch 21-June 21),- Other browses taken by

bighorn included saltbush, winterfat, and yucca {Yucca spp.). Muhlys

and fescues, were the predominant grasses in the diet. Few forbs were

uti lized.

Winter-spring food habits of bighorns varied considerably between

1978 and 1978-79. Overlap of diets between the 2 years, estimated

by Kulcyznski's index of similarity, was only 58%. The decreased

importance of fringed sagebrush in the 1978-79 winter-spring diet

accounted for most of the between-years dissimilarity (Table 6).

Correspondingly, amounts of grasses in the 1978-79 diet increased.

Percent of muhly remained similar to that of 1978 but blue grama rose

from below 1 to over 11% in the diet. Sedges comprised almost 10%

of the diet. Bighorn also grazed on sand dropseed {Sporobolus

cryptandrus) and Indian ricegrass {Oryzopsis hymenoides) during 1979.

Bighorn ate over twice as much saltbush and winterfat in 1978-79 as in

1978. Forbs, tansy mustard {Descurairda obtusa] and scarlet globemallow

[Sphxzsvalcea coccinea)

,

were consumed in small amounts during spring

of 1979.

Snowfall during 1978-79 was over 5 times greater than in 1977-78.

Further, the spring of 1979 was characterized by more precipitation

and warmer temperatures compared to 1978 (Table 7). These differences

in weather affected availabilities of bighorn forages. Fringed sage-

brush was probably often covered by snow during 1978-79. Also, forb

and grass production was greater in spring 1978-79. Bighorn diets

reflected these changing availabilities of forages.
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Table ,7. Comparison of winter and spring weather data for Saguache,
Colorado between 1977-79 and 1978-79.

1977-78 1978-79

Snowfall

Total Snowfall (cm) 24 128
Maximum Snow on Ground (cm) 13 58

Preci pitation

Total Precipitation (Jan-June) (cm) 7.3 9.0

Departure from Normal -0.5 +1.2

Temperature

Average Temperature (°C)
8.6 10.4(April-June)
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o
Analysis of fecal samples collected during May-October 1978 and

1979 from all BLM allotments showed a predominance of grass and grass-

like plants in the cattle diet (Table 8). Muhlys, blue grama, wheat-

grasses, fescues, sedges, and rushes were important food items during

both years. Cattle consumed considerably more browse in 1979 than in

1978, Browse was most often utilized during September - October.

Scarlet globemallow, which appeared in the 1979 diet, was the most

prevalent forb consumed. Calculation of Kulcyznski's index revealed

a similarity of 76% between 1978 and 1979 diets.

Cattle diets varied among the allotments containing bighorn winter-

spring ranges CTable 9). Fringed sagebrush was an important cattle

forage on the Trickle Mountain allotment. Large amounts of rushes

were taken by cattle only on the Poison Gulch allotment. Muhlys,

wheatgrasses
,
and sedges were important forages on all 3 allotments.

Diet Comparisons

Although browse was an important constituent of the 1979 diet,

cattle of the Trickle Mountain study area were primarily grazers.

Browse, especially fringed sagebrush, was more critical in the diets

of bighorn, making up over half of the 1978 winter-spring diet.

Several comparisons, using Kulcyznski's index of similarity, were made

between bighorn and cattle diets (Table 10). Indices vary with changes

in food habits of either species. Comparison of 1978 cattle diets to 1978-

1979 bighorn diets indicates the potential impact of summer cattle

grazing on bighorn welfare during a subsequent winter-spring period

with above-average snowfall. Dietary overlap was similar among
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Table 8. Food items in May-October cattle diet, as determined by micro-
histological analysis of feces. Trickle Mountain study area.

Food I tern

^

% in Diet

1978 1979

Total grass and grass-like plants 82.1 57.1

Muhleribevg-ta spp. 21.7 9.4
Bouteloua graoit-Ls 10.6 10.3
Agropyron spp. 7.7 7.9
Festuaa spp. 7.3 ^ 3.0
Spovobolus aryptandrus 3.0 --

Poa spp. — 1.5
Sitanion hystrix — 1.4

Carex spp. 9.0 12.7
Eleoaharis spp. — 1.7
Juncus spp. 10.3 5.5

Total forbs 4.0 19.2

Sphaeratoea coccrinea — 2.0

Total browse 13.9 23.7

Atviptex spp. 4.6 5.8
Artemisia spp.^ 2.8 --

Ceratoides lanata 2.6 5.7

Salix spp. — 1.5
Potentilla spp.^ 1 .0 6.2
Cerooaarpus montanus 1.5

^Only food items accounting for at least \% of the diet are included.

^Mostly A. frigida.

^Herbaceous Potentilla species occur on the study area but most of this
genus is considered to be P. fvutiaosa.
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Table 9. Food items in diets of cattle on the Trickle Mountain, Cross
Creek, and Poison Gulch allotments as determined by microhis-
tological analysis of feces; June - October, 1978.

Food Item^
% in Diet

Trickle Mtn. Cross Creek Poison Gulch

Total grass and grass-like
plants 82.7 81.6 83.4

Muhlenbergia spp. 26.0 23.8 13.3
Bouteloua graailis — — 2.2
Agropyron spp. 13.4 9.8 11.6
Festuoa spp. 17.8 8.6 3.6
Sporobolus aryptandpus — — 1.4

Ccccex spp. 8.4 10.5 15.2
Junaus spp. 3.5 — 19.6

Total forbs 4.9 4.6 5.9

Total browse 12.0 14.0 10.8

Atriplex spp. — 2.6 1 .0

Artemisia spp.^ 9.3 -- _ _

Ceratoides lanata — 1.4 _

Potentilla spp.^ ““ — 2.3

^Only food items accounting for at least 1% of the diet are included.

^Mostly A. frigida.

^Herbaceous Potentilla species occur on the study area but most of this
genus is considered to be P. frutiaosa.

o
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Table 10. Similarity indices^ for comparing winter-spring bighorn and
May-October cattle diets. Trickle Mountain study area.

Bighorn 1978 Bighorn 1978-79

Cattle 1978 49 73

Cattle 1979 63 82

Cattle 1978 -

Trickle Mtn. allotment
51 62

Cattle 1978 -

Cross Creek allotment
67 62

Cattle 1978 -

Poison Gulch allotment
35 63

^Calculated using Kulcyznski's index of similarity (Costing 1956).
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allotments when these data were compared. Kulcyznski's index, calcu-

lated for the entire study area, indicated that 1978 cattle diets and

1978-79 bighorn diets were 73% similar,

FORAGE PRODUCTION AND UTILIZATION

Four grasses, Carex, and 5 browses each accounted for at least 1%

of the 1978-79 winter-spring bighorn diet and occurred in plots used to

measure utilization of forage by cattle during summer (Table 11).

Trickle Mountain Allotment

Production of bighorn forages on 7 critical areas within the

Trickle Mountain allotment varied from 139 kg/ha in the sparse pinyon-

juniper type to 217 kg/ha in the Douglas fi r-ponderosa pine type

(Table 12). However, 61% of the 7 areas consisted of the shortgrass-

pingue type and this type produced most of the bighorn forage on the

areas

.

Cattle were the most frequently observed ungulate on critical

areas from mid-June-October (Table 13). Most cattle were sighted in

stratum 2 where they used 7% of the area (Table 14). Of 34 cattle

observed on critical areas, 20 were within critical area number 6

(Table 15, Figure 4). One cattle dropping and 8 wild ungulate pellet

groups were found within the plots on the 7 critical areas. Observa-

tion data were considered more reliable indicators of animal use than

were pellet group counts because pellet group plots sampled less than

1% of the area within critical areas. Based upon relative numbers of

ungulates observed and considering that a cow consumes much more than

any wild ungulate on the study area, it was concluded that most forage

was utilized by cattle.
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Table 11 . Plants accounting for at least 1% of 1978-1979 winter-spring
bighorn diet and occurring in plots used for measurement
of summer forage utilization.

Common Name Scientific Name

Grasses and sedges

Blue grama Boutetona gracilis
Muhly Muhlenbergia spp.
Fescue Festuca spp.
Wheatgrass Agropyron spp.
Sedge Carex spp.

Browses

Sagebrush Artemisia spp.
Saltbush Atriplex oanesoens
Winterfat Ceratoides lanata
Yucca Yucca spp.
Cinquefoil Potentilla spp.
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Table 12. Vegetative composition of 7 bighorn critical areas on the
Trickle Mountain allotment.

Vegetation
Type

Production
of bighorn

forage^
(kg/ha)

Total

in

ha of critical areas
each vegetation type

Proportion of
total critical

area {%)

Stratum^ Stratum
1 2

Stratum
3

Shortgrass 172 2.6 18.3 19.3 11

Shortgrass-
pingue

196 44.1 72.5 100.5 61

Midgrass 149 12.1 0.0 0.0 3

Rabbitbrush 180 0.8 12.3 3.8 5

Sparse pinyon-
j uni per 139 1.3 3.0 13.8 5

Pinyon-
juniper

211 6.3 21 .9 17.4 13

Douglass-fir-
ponderosa 217 0.0 0.9 3.8 1

Total ha 67.2 128.9 158.6

Total kg of
bighorn forage 530 24,805 30,116

^Based on Soil-Vegetation Inventory Methods (SVIM) (U.S. Bureau of Land
Management 1978). Data were obtained during June-August 1978 and 1979.

^Stratifi cation was based on
grazing: l=high, 2=medfum,

differences among expected levels of cattle
3=least.
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Table 13. Numbers of cattle and wild ungulates^ observed on bighorn
critical areas June-October 1979, Trickle Mountain study area.

Species
Allotment

Trickle Mountain Cross Creek Poison Gulch

Cattle 34 140 30

Bighorn 0 50 35

Pronghorn 6 0 0

Mule Deer 0 0 1

^E1 k were not observed on bighorn critical areas from June-October, 1979



Tdble 14. Utilization of bighorn forage by cattle on critical areas, June-October 1979, Trickle Mountain

study area, Colorado.

A1 lotnient Stratum!

Area
(ha)

No. of
Cattle
Observed

Observed
densl ty of

cattle
fecals2

% of
stratum
used by

cattle

Production
of

bighorn forage
(kg)’

Mean %

utl 1 1 zatlon of
bighorn forage''

(kg)

Amount of
bighorn forage
utilized (kg)

and 90% C.I.

Trickle 1 67.2 9 1 4 12,530 25 (t30) 3,132 (0-6,892)

Mountain 2 128.9 25 0 7 24,805 24 (+21) 5,953 (744-11,906)

Totals
3 158.6

354.7

0

34

0

T
0 30,116 4 (+29) 1,205 (0-9,938)

To;290

Cross 1 53.6 130 38 11 12,284 42 (+27) 5,159 (1 ,843-8,476)

Creek 2 58.8 10 5 18 11 ,929 24 (+36) 2,863 (0-7,157)

Totals

3 124.6
2377T

0

T40
3

M
0 24,357

48,570
3 (+25) 731 (o-6,820)

8,753

Poison 1 59.6 18 0 7 17,672 05

Gulch 2 59.2 1 0 10 17,546 19 (+35) 3,334 (0-9,475)

Totals

3 67.3
T867T

11

30

0

u
6 19,989

55^7
19 (+14) 3,798 (999-6,596)

7^112

iStrati ficatlon was based on differences among expected levels of cattle grazing: 1 = high, 2 " medium, 3 =

least.

2Saniple sizes: Trickle Mountain, 7 plots per stratum; Cross Creek, 7 plots per stratum; Poison Gulch, 4 plots

per stratum. Each plot was 133 m2.

^Production estimates were based on Soil-Vegetation Inventory Methods (SVIM) (U.S. Bureau of Land Management

1978). Data were obtained during June-August 1978 and 1979.

''Sample sizes: Trickle Mountain, 7 paired plots per stratum; Cross Creek, 7 paired plots per stratum; Poison

Gulch, 4 paired plots In strata 1 and 3, 3 paired plots In stratum 2.

^A negative utilization (-17*j^ 80%) was Indicated.

c o Q
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Table 15. Number of cattle observed on bighorn critical areas, June -

October, 1979, Trickle Mountain study area.

Area No.
A1 lotment

Trickle Mountain Cross Creek Poison Gulch

1 0 22 29

2 5 12 0

3 0 9 0

4 0 0 1

5 9 2 —

6 20 10 —

7 0 85 —
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Summer utilization of bighorn forages was estimated at 25% in

stratum 1, 24% in stratum 2, and 4% in stratum 3 (Table 14). Means

of percent utilization exhibited wide confidence intervals resulting

from large variances and the small sample (n = 7). Estimated total

forage removal was greatest in stratum 2, where cattle consumed 5,953 kg

of bighorn forage.

Cross Creek Allotment

The limited amount of meadow type produced 579 kg/ha of bighorn

forage (Table 16). The predominant shortgrass type produced 214 kg/ha

of bighorn forage. Lowest density of bighorn forage was produced by

the sparse pinyon-juni per type.

Cattle were the most frequently observed ungulate on critical

areas (Table 13). Over 90% of cattle sighted on critical areas were

within stratum 1 (Table 16). Cattle were not observed in stratum 3

but ranged over 11 and 18% of strata 1 and 2, respectively. Critical

area number 7, containing a meadow and permanent stream, was used by

the greatest number of cattle (Table 15, Figure 4). Of 47 droppings

located on 21 plots, 46 were cattle droppings (Table 14). The

relatively high number of cattle observations and fecals indicate that

most forage was used by cattle.

Cattle grazing had the greatest impact in stratum 1 (Table 14).

The expected pattern of grazing occurred as forage removal declined in

strata 2 and 3. The small sample (n = 7) and large variances caused

wide confidence intervals about the means of percent utilization.

Cattle utilized an estimated 5,159 kg of bighorn forage in stratum 1.



Table 16. Vegetative composition of 7 bighorn critical areas on the Cross Creek allotment.

Production of
bighorn forage^

Total ha of critical

in each vegetation
areas
type

Proporti on
Vegetation Stratum^ Stratum Stratum of total critical

Type (kg/ha) 1 2 3 area (%)

Shortgrass 214 38.8 36.5 63.7 59
Shortgrass-pi ngue 390 0.0 1.9 9.1 5

Rabbi tbrush 221 6.3 6.0 1 .5 6

Sparse pinyon-juniper 93 4.8 10.2 12.6 12
Pinyon juniper 150 0.0 3.1 34.2 16
Douglas-fi r-ponderosa 155 0.0 0.0 3.5 1

Meadow 579 3.7 1 .1 0.0 2

Total ha 53.6 58.8 124.6

Total kg of bighorn 12,284 11,929 24,357
forage

^Based on Soil-Vegetation Inventory Methods (SVIM) (U.S. Bureau of Land Management 1978). Data were

obtained during June-August 1978 and 1979.

^Strati fication was based on differences among expected levels of cattle grazing: l=high, 2=medium,
3=1 east

.



Poison Gulch Allotment

82

O
Production of bighorn forage on 4 critical areas within the Poison

Gulch allotment ranged from 239 kg/ha in the rabbitbrush type to 375

kg/ha in the sparse pi nyon- juniper type (Table 17), However, over 80%

of the critical areas consisted of the shortgrass type. This type

produced the most kg of bighorn forage.

Observed numbers of wild ungulates, primarily bighorn, exceeded

numbers of cattle observed (Table 13). Only 1 cow was observed in

stratum 2 (Table 14). This animal was near the middle of critical area

number 4 (Figure 4). Consequently a large proportion of stratum 2 in

critical area number 4 was considered to have been used by cattle.

This resulted in an estimate that 10% of stratum 2 on the Poison Gulch

allotment was used by cattle (Table 14). This estimate, based on 1

observation, is questionable. All other cattle were observed in criti-

cal area number 1 (Table 15, Figure 4). Cattle droppings were not found

within 11 pellet group plots (Table 14). Six wild ungulate pellet

groups were counted. Animal species responsible for forage utilization

is unclear. Low numbers of fecal groups counted do not supply an

accurate indicator of animal use. Although similar numbers of cattle

and bighorn were observed, the greater amounts of forage required by

cattle suggests that cattle consumed most of the forage removed.

Cattle were not detected to utilize bighorn forage in stratum 1

(Table 14). Means of percent utilization were identical in strata 2

and 3. Stratum 2 exhibited the widest confidence interval. Amount of

forage removed was greatest in stratum 3.

J

O



Table 17. Vegetative composition of 4 bighorn critical areas on the Poison Gulch allotment.

Production of
bighorn forage^

Total ha of critical areas
in each vegetation type

Proporti on

of total criticalVegetati on Stratum^ Stratum Stratum
Type (kg/ha) 1 2 3 area (%)

Shortgrass 297 59.1 43.8 52.2 83
Rabbi tbrush 239 0.5 0.0 3,5 2

Sparse pi nyon- juni per 375 0.0 1 .8 3.9 3

Pinyon-juni per 284 0.0 13.6 7.7 11

Total ha 59.6 59.2 67.3

Total kg of bighorn
17,672 17,546forage 19,989

^Based on Soi 1 -Vegetati on Inventory Methods (SVIM) (U.S. Bureau of Land Management 1978), Data were
obtained during June-August 1978-1979.

^Stratification was based on differences among expected levels of cattle grazing: l=high, 2=medium,
3=least.
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IMPACT OF CATTLE GRAZING ON BIGHORN CARRYING CAPACITY

Forage Requirements of Trickle Mountain Bighorn

Mean body weights of bighorn trapped at Trickle Mountain in 1977

were: lambs, 30 kg; yearlings, 58 kg; and ewes, 67 kg. No rams were

trapped. Mean ram weight, 72 kg, was derived from weights of rams

trapped from 3 other Colorado bighorn herds (G. A. Schoonveld, Colorado

Division of Wildlife, unpubl.). The assumed population structure of:

50 lambs, 36 yearlings, 100 ewes, and 84 rams was based on a lamb:ewe

ratio provided by James Olterman (Colorado Division of Wildlife, pers.

comm.), and a ram:ewe ratio based upon the estimated size of the Trickle

Mountain herd (J. Olterman, pers. comm.) and known rates of rams

harvested from the herd (Colorado Division of Wildlife, 1969-1979).

Body weights for each sex-age class were raised to an exponent of

0.75 to calculate metabolic body weights of: lambs, 12.82 kg; yearlings,

21.02 kg; ewes, 23.42 kg; and rams, 24.72 kg. Metabolic body weights

were multiplied by 0.076 kg (daily intake/kg metabolic body weight,

page 10) to calculate daily intake for an individual in each sex-age

class. Daily intakes were weighted by multiplying by the percent of

each sex-age class in the population. These products were summed to

obtain a daily intake of 1.64 kg for an average bighorn in the Trickle

Mountain herd. This animal would consume approximately 221 kg of

forage during the 135 days between December 1-April 15.

Cattle Impacts on Bighorn Carrying Capacity

If forage available to bighorn on critical areas during winter

limits bighorn numbers, removal of forage from these areas by cattle



Table 17. Vegetative composition of 4 bighorn critical areas on the Poison Gulch allotment.

Production of
bighorn forage

Total ha of critical areas
in each vegetation type

Proporti on

of total criticalVegetati on Stratum^ Stratum Stratum
Type (kg/ha) 1 2 3 area {%)

Shortgrass 297 59.1 43.8 52.2 83
Rabbi tbrush 239 0.5 0.0 3.5 2

Sparse pi nyon- juniper 375 0.0 1 .8 3.9 3

Pinyon-juniper 284 0.0 13.6 7.7 11

Total ha 59.6 59.2 67.3

Total kg of bighorn
17,672 17,546forage 19,989

^Based on Soil-Vegetation Inventory Methods (SVIM) (U.S. Bureau of Land Management 1978). Data were
obtained during June-August 1978-1979.

^Stratification was based on differences among expected levels of cattle grazing; l=high, 2=medium,
3=least.
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IMPACT OF CATTLE GRAZING ON BIGHORN CARRYING CAPACITY

Forage Requirements of Trickle Mountain Bighorn

Mean body weights of bighorn trapped at Trickle Mountain in 1977

were: lambs, 30 kg; yearlings, 58 kg; and ewes, 67 kg. No rams were

trapped. Mean ram weight, 72 kg, was derived from weights of rams

trapped from 3 other Colorado bighorn herds (G, A. Schoonveld, Colorado

Division of Wildlife, unpubl.). The assumed population structure of:

50 lambs, 36 yearlings, 100 ewes, and 84 rams was based on a lamb:ewe

ratio provided by James Olterman (Colorado Division of Wildlife, pers.

comm.), and a ram:ewe ratio based upon the estimated size of the Trickle

Mountain herd (J. Olterman, pers. comm.) and known rates of rams

harvested from the herd (Colorado Division of Wildlife, 1969-1979).

Body weights for each sex-age class were raised to an exponent of

0.75 to calculate metabolic body weights of: lambs, 12.82 kg; yearlings,

21.02 kg; ewes, 23.42 kg; and rams, 24.72 kg. Metabolic body weights

were multiplied by 0.076 kg (daily intake/kg metabolic body weight,

page 10) to calculate daily intake for an individual in each sex-age

class. Daily intakes were weighted by multiplying by the percent of

each sex-age class in the population. These products were summed to

obtain a daily intake of 1.64 kg for an average bighorn in the Trickle

Mountain herd. This animal would consume approximately 221 kg of

forage during the 135 days between December 1-April 15.

Cattle Impacts on Bighorn Carrying Capacity

If forage available to bighorn on critical areas during winter

limits bighorn numbers, removal of forage from these areas by cattle
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will reduce bighorn carrying capacity of the study area. The best

assessment of impacts of cattle grazing on bighorn carrying capacity is

based on estimates of mean forage utilization. However, 90% confidence

limits for those means were quite wide (Table 14). Impacts of cattle

grazing are therefore presented in 3 ways: (1) a best estimate based

upon mean removal of bighorn forage, (2) a minimum estimate based upon

the lower limit of the 90% confidence interval for the mean removal,

and (3) a maximum estimate based upon the upper limit of the 90% confi-

dence interval for the mean removal.

Impacts of cattle grazing on bighorn carrying capacities of the

Trickle Mountain study area are greatest on the Trickle Mountain allot-

ment, intermediate on the Cross Creek allotment, and least on the

Poison Gulch allotment (Table 18). Although percent utilization of

bighorn forage on the Trickle Mountain allotment was less than on the

Cross Creek allotment, there were 118 more ha of critical area on the

Trickle Mountain allotment (Table 12). Therefore, more bighorn forage

was produced and, thus, utilized by cattle (Table 14) causing a greater

impact on the Trickle Mountain allotment.

The estimated amount of bighorn forage removed by cattle from all

3 allotments could have supported 117 bighorn through the winter

(Table 18). However, due to wide confidence limits for estimates of

bighorn forage removed by cattle, minimum and maximum estimates of

cattle impacts are 16 and 304 bighorn, respectively

.

ADDITIONAL BIGHORN HABITAT

Information on habitat preferences and characteristics of bighorn

escape terrain was used to identify 12 areas as potential bighorn
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9Table 18. Estimated impacts^ of cattle grazing on winter (December 1-

April 15) carrying capacities for bighorn on 3 allotments,
Trickle Mountain study area, 1978-1979.

Allotment
and stratum

Best estimate^
of impact

Minimum estimate^
of impact

Maximum estimate‘s

of impact

Trickle Mountain
1 14 0 31
2 27 3 54
3 5 0 45

Totals 46 3 130

Cross Creek
1 23 8 38
2 13 0 32
3 3 0 31

Totals 39 8 101

Poison Gulch
1 0 0 0
2 15 0 43
3 17 5 30

Totals 32 5 73

^Number of bighorn that could be supported by amount of bighorn forage
removed by cattle.

^Best estimates are based upon mean kg of bighorn forage removed by
cattle.

^Minimum estimates are based upon lower 90% confidence limit of mean
kg of bighorn forage removed by cattle.

‘^Maximum estimates are based upon upper 90% confidence limit of mean
kg of bighorn forage removed by cattle.

9
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habitat (Figure 13). These areas were unused fay bighorn but had the

characteristics of preferred habitat^ (Table 5, Figures 9, 12) and

adequate escape terrain (Table 5). On these sites, areas with preferred

habitat characteristics within 240 m (Table 5) of escape terrain were

considered usable by bighorn.

Should bighorn inhabit these areas in the future, either by

colonization or transplants, carrying capacity of the study area would

increase. Increases would be greatest on the Trickle Mountain and

Cross Creek allotments which contain 166 and 168 ha, respectively, of

potential habitat. Only 10 ha of potential habitat were located on

the Poison Gulch allotment. Additional potential habitat was identified

on the Laughlin Gulch allotment, adjoining the east side of the Poison

Gulch allotment, and on the Rio Grande National Forest.

Present overlap of cattle range on potential areas is insignifi-

cant. However, should both bighorn and cattle distribution expand or

change, forage production and utilization of potential areas will

affect future carrying capacities.

^Habitat characteristics used as criteria for identification of
potential habitat included: vegetation type, slope, aspect, and

distance from water.



Figure 13. Location of potential bighorn habitat (shading). Trickle Mountain study area.





DISCUSSION

BIGHORN POPULATION

Possible existence of 2 sub-herds of bighorn on the Trickle Mountain

study area requires further research with marked animals. Jack's Creek,

the apparent dividing line between the 2 sub-herds, also separates the

Trickle Mountain allotment from the Cross Creek and Poison Gulch allot-

ments. If the presence of 2 sub-herds can be confirmed, future studies

of competition would be facilitated. Cattle grazing could be varied on

either side of Jack's Creek using a switchback design (Cochran and Cox

1975). Numbers and/or productivities of the 2 sub-herds could then be

compared to evaluate impacts of cattle grazing on bighorn. The utility

of feeding and 1 ungworm-treatment of bighorn near the Dabney Ranch could

also be evaluated by comparing population sizes and/or productivities

between the 2 sub-herds.

BIGHORN HABITAT

Within bighorn winter-spring range, 18 areas have been identified

as critical to the welfare of the Trickle Mountain bighorn herd (Figure

4). These critical areas and their forage resources deserve special

considerations in management planning.

An additional 12 areas have been identified as potential winter-

spring habitat for bighorn. Possible reasons for these areas remaining

unused include: (1) currently used winter-spring range (Figure 3) may

90
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fulfill requirements of the bighorn population at its present size and

(2) traditions for use of these areas have yet to be established.

Geist (1971) explained the role of tradition in range use by bighorn.

In a management program emphasizing bighorn, these 12 areas would be

protected as future bighorn habitat.

Bighorn winter-spring range was determined by observing bighorn in

both an average and a severe winter (Table 7). This suggests that

important bighorn range was accurately identified. However, the

Colorado Division of Wildlife's feeding and treatment operations may

have exaggerated bighorn use of the Robb Ranch allotment (Figure 3).

Prior to McCollough et al . (1980), no publications had identified

the areas along Middle Creek, Jack's Creek, and Ward Gulch as bighorn

lambing grounds. A major portion of the Trickle Mountain herd's lamb

crop is produced in these newly-identified areas. Included within these

lambing grounds are critical areas 3-7 of the Cross Creek allotment and

critical area 4 of the Poison Gulch allotment. As lambing grounds,

these may be the most important critical areas for the Trickle Mountain

herd.

Winter-spring habitats of bighorn on the Trickle Mountain study

area generally consisted of areas of sparse or low-growing vegetation

on south or west-facing slopes, within 240 m of escape terrain (Tables

3-5). Bighorn habitat has been similarly described in previous studies

(Smith 1954, McCullough and Schneegas 1966, Geist 1971, Frisina 1974,

Lauer and Peek 1976, Tilton 1977, Baumann and Stevens 1978). Areas

used by bighorn shed snow in winter, contained adequate escape terrain,

and allowed good visibility of surrounding environment. Risenhoover
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and Bailey (1980) discussed the importance of visibility and escape

terrain in the predator evasion strategy of bighorn.

Bighorn Escape Terrain

Qualitative descriptions of bighorn escape terrain are common in

the literature (Honess and Frost 1942, McCann 1956, Simmons 1961,

Flook 1964, McCullough and Schneegas 1966, Woolf 1968, Brown 1974),

These descriptions are of limited value because they allow subjective

interpretations. Selected bighorn escape terrain on the Trickle

Mountain study area was quantified (Table 5, Figure 12). Slopes on

escape terrain averaged 72° and were characterized by low-growing or

sparse vegetation. Ninety percent of all bighorn bands were observed

within 240 m of cliffs measuring at least 200 m long and 8 m tall.

These descriptions can be used in identifying and managing bighorn

habitat and potential bighorn habitat in other areas.

BIGHORN FOOD HABITS

Important winter-spring forages of bighorn on the Trickle Mountain

study area are fringed sagebrush, sedges, muhlys, fescues, blue grama,

saltbush, winterfat, and yucca (Table 6). Most other studies of Rocky

Mountain bighorn have indicated a preponderance of grasses in the diet

(Smith 1954, Moser 1962, Todd 1972, Frisina 1974, Lauer and Peek 1976).

Bighorn of the Trickle Mountain study area consumed considerable browse,

especially fringed sagebrush (Table 6). Increased utilization of blue

grama, sedges, saltbush, and winterfat during the severe winter of

1978-79 suggests that these plants may be emergency forage.
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IMPACT OF CATTLE GRAZING ON BIGHORN FORAGE RESOURCES

Two factors determining forage competition among ungulates are:

(1) the extent to which 2 species graze the same area and (2) the

extent to which they prefer the same plants (Julander 1958). Julander

(1958) and Cole (1958) stated that forage plants being utilized by

competing animals must be in limited supply. Spatial and dietary

overlap, but not limitations of forage resources, have been considered

in several attempts to evaluate ungulate competition (Honess and Frost

1942, McCann 1956, Gordon 1957, Flook. 1964, Oldemeyer 1966, Wilson

1968, Pallister 1974, Hansen and Clark 1977).

Cattle diets varied between summer and fall, between years, and

among allotments (Tables 8, 9). The 1978 cattle diet was compared to

the 1978-79 bighorn diet and revealed a moderate dietary overlap.

Both diets represented forage selection averaged over the entire study

area. Principal forages mutually used by bighorn and cattle were

muhlys, fescues, sedges, saltbush, and winterfat. Three events, in

particular, could cause an increase in the degree of overlap between

bighorn and cattle diets: (1) Increased stocking rates or delayed

removal of cattle from range in the fall could result in greater browse

consumption by cattle. (2) Greater use of upland sites by cattle,

particularly on the Trickle Mountain allotment, could result in

increased utilization of fringed sagebrush by cattle. (3) Heavy

snows, covering low-growing fringed sagebrush, could cause greater

grass consumption by bighorn.

Although summer diets of cattle and winter-spring diets of bighorn

were moderately similar on the Trickle Mountain study area, overlap of
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cattle and bighorn range was minimal CFigure 6). Separation of bighorn

and cattle range has also been reported by McCullough and Schneegas

(1966) and Dean (1975). Factors limiting cattle use of bighorn range

were topography, availability of water, and aspect. Cattle were

reluctant to wander over 1.5 km from water (Figure 8), avoided slopes

greater than 5° (Table 2), and used northern aspects (Figure 7) more

often than did wintering bighorn. Northern aspects may be relatively

moist and thus have more forage to attract cattle during summer.

Overlap of bighorn and cattle ranges in the 1.3 ha of meadow vege-

tation type on critical area 7 within the Cross Creek allotment con-

tributed significantly to cattle impacts on bighorn forage. Cattle

were frequently observed in this area (Table 15) and were responsible

for much forage utilization. Cattle range also overlapped critical

area 6 in this allotment. Forage utilization was heavy in the 5.6 ha

of shortgrass vegetation type on this critical area.

The meadow type was preferred by both bighorn and cattle (Table 3).

This similar preference creates a setting for forage competition in

meadows. However, due to the reliance of bighorn on nearby escape

terrain, range overlap should be expected only on those meadows within

240 m of bighorn escape terrain.

Food habits and distributions are dynamic characteristics of any

ungulate population. These characteristics can vary in response to

change in population size or in response to habitat change. On the

Trickle Mountain study area, overlap in food habits and distribution

could increase if either cattle or bighorn numbers should increase.

In addition, range improvements, especially water developments, that
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would expand the distribution of cattle could cause greater overlap of

ranges used by bighorn and cattle.

IMPACTS OF CATTLE GRAZING ON BIGHORN CARRYING CAPACITY

This study was based on the assumption that winter forage resources

limit the size and/or productivity of the Trickle Mountain bighorn herd.

Other possible limiting factors are water, summer forage, predation,

disease, and intrinsic mechanisms. Intrinsic mechanisms, behavioral

and/or physiological processes that reduce reproduction and survival as

population density increases, have not been demonstrated for ungulates

(Pimlott 1967, Keith 1974). Effects of disease on Trickle Mountain

bighorn are unclear and effects of predators are unknown. Summer forage

and water appear to be abundant and available to the Trickle Mountain

herd.

Estimates of bighorn forage removed by cattle had wide confidence

intervals (Table 14). Therefore, conclusions regarding the effects of

cattle grazing on the bighorn population can only be tentative. The

data indicated that cattle grazing had a relatively minor impact on

bighorn carrying capacity of the Poison Gulch allotment (Table 14).

The Trickle Mountain allotment has the largest amount of bighorn

critical area and produces the most bighorn forage (Table 12). There-

fore, a moderate percent utilization of bighorn forage by cattle

resulted in removal of large amounts of forage (Table 14) and indicated

large impacts on bighorn carrying capacity (Table 18). These impacts

are best substantiated on critical areas 5 and 6 where a total of 29

cattle were observed (Table 15).
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Cattle used similar amounts of critical areas on the Trickle

Mountain and Cross Creek allotments. However, percent utilization of

bighorn forage by cattle was greater on the Cross Creek allotment

(Table 14). Considering limitations of data obtained in this study,

impacts of cattle grazing on bighorn carrying capacity of the Trickle

Mountain study area were most clearly shown on the Cross Creek allot-

ment. Within this allotment, critical areas 6 and 7 were overlapped

by cattle range and showed heavy forage utilization. They most clearly

demonstrated impacts of cattle grazing. Opportunities for manipulating

cattle grazing to improve winter forage conditions for bighorn are

greatest on these 2 areas.

Presently, there are no objective, data-based estimates of the

number of bighorn on the Trickle Mountain study area. It is therefore

difficult to put estimates of bighorn numbers that could be supported

by the forage removed by cattle into perspective. Wide confidence

intervals for estimates and the unproven assumption that winter forage

resources limit the bighorn population further confound conclusions.

Despite these limitations, this investigation suggests that the Trickle

Mountain, Cross Creek, and Poison Gulch allotments could support an

additional 117 bighorn in the absence of cattle grazing.

The Trickle Mountain study area is managed under a multiple-use

policy (Federal Land Planning and Management Act 1976). Complete

removal of cattle is therefore not likely. However, manipulation of

cattle grazing holds some promise for reducing the impacts of cattle

on bighorn. Bighorn critical areas comprise only a small portion of

BLM allotments (Figure 4). Fences and water developments could be

located to discourage cattle use of critical areas. This strategy
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could be most effectively applied to critical areas 6 and 7 on the Cross

Creek allotment and critical areas 5 and 6 on the Trickle Mountain

allotment.



9
CONCLUSIONS

1. Observations of marked bighorn suggested the existence of 2 sub-

herds on the Trickle Mountain study area. One apparent sub-herd

winters south of Trickle Mountain and uses lambing grounds near

Buffalo Pass. The other possible sub-herd winters in the Poison

Gulch-Ford Creek area and uses newly-identified lambing grounds

along Middle Creek and Jack's Creek.

2. Based upon observed consistent and frequent concentrations of

bighorn, 18 areas were identified as critical to bighorn welfare

during winter and spring. Seven areas were on the Trickle Mountain

allotment, 7 were on the Cross Creek allotment, and 4 were on the

Poison Gulch allotment.

3. In 1979, summer cattle range overlapped only 4% of the bighorn

winter-spring range on the Trickle Mountain, Cross Creek, and

Poison Gulch allotments. Within these allotments, cattle were

observed during summer on 5% of the range identified as critical

areas

.

4. Factors limiting cattle use of bighorn range and critical areas

were topography, availability of water, and aspect. Cattle were

reluctant to wander over 1.5 km from water, avoided slopes greater

than 5°, and used northern aspects more often than did wintering

bi ghorn

.

98
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5.

6 .

7.

8 .

Winter-spring habitats of bighorn generally consisted of areas on

south or west-facing slopes of at least 16°, within 240 m of

escape terrain. Cliffs and rock outcrops used as escape terrain

were characterized by steep slopes {Y = 72°) and little or no

vegetation. Escape terrain was at least 200 m long and 8 m tall.

The meadow vegetation type was preferred by both cattle and big-

horn. This similar preference creates a setting for forage com-

petition in meadows within 240 m of escape terrain. Both bighorn

and cattle avoided timbered areas. Cattle may have difficulty

maneuvering through dense timber. Timber restricts bighorn

vision and thus interferes with their evolved predator evasion

strategy.

Information on bighorn habitat preferences and on characteristics

of escape terrain was used to identify 12 areas as potential

bighorn winter-spring habitat. These areas were unused by bighorn

but had the characteristics of preferred habitats and adequate

escape terrain. In a management program emphasizing bighorn, they

would be protected as future bighorn habitat.

Although the May-October cattle diet was dominated by grasses and

grass-like plants, browse constituted about 24% of the 1979 diet,

being most often utilized during September - October. Muhlys,

blue grama, wheatgrasses , fescues, sedges, and rushes were impor-

tant foods during both 1978 and 1979.

Important winter-spring forages of bighorn were fringed sagebrush,

sedges, muhlys, fescues, blue grama, saltbush, winterfat, and yucca.

9 .
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Fringed sagebrush, accounting for approximately 36% of the 1978

diet, was the predominant browse utilized. However, bighorn diets

of 1978 and 1978-79 were only 58% similar. Between-years variation

in diets was primarily due to differences in snowfall affecting

forage availabilities.

10. The 1978 summer cattle diet and the 1978-79 winter-spring bighorn

diet were 73% similar. Mutually utilized forages responsible for

most of this moderate dietary overlap were: muhlys, fescues,

sedges, saltbush, and winterfat.

11. Approximately 355 ha of critical area on the Trickle Mountain

allotment produced an estimated 67,451 kg of bighorn forage.

Approximate sizes of critical areas and associated estimates of

bighorn forage production for the other allotments were: Cross

Creek, 237 ha and 48,570 kg; Poison Gulch, 186 ha and 55,207 kg.

12. Percent utilization of bighorn winter-spring forage by cattle was

greatest on critical areas within the Cross Creek allotment.

However, cattle removed the most kg of critical bighorn winter-

spring forage from the Trickle Mountain allotment. Utilization

of bighorn forage by cattle on the Poison Gulch allotment was

relatively low. Estimates for cattle utilization of bighorn

winter-spring forage had wide confidence intervals.

13. Daily forage intake of an average Trickle Mountain bighorn was

estimated at 1.64 kg. This animal would require 221 kg of forage

during winter (December 1-April 15).

Q
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14, Estimated impacts of cattle grazing on bighorn carrying capacities

reflected the wide confidence intervals for utilization values.

Despite this limitation, this study suggests the following reduc-

tions in bighorn carrying capacities due to cattle grazing:

Trickle Mountain allotment, 46 bighorn; Cross Creek allotment,

39 bighorn; and Poison Gulch allotment, 32 bighorn.

15. Distributions and food habits of bighorn and cattle may vary in

response to changes in population sizes or in habitat conditions.

Impacts of cattle grazing on bighorn may therefore change.

Management opportunities for reducing cattle impacts on bighorn

include: fencing of selected critical areas, locating water

developments over 1.5 km from critical areas, and limiting cattle

numbers during fall to reduce utilization of bighorn browse.



o
MANAGEMENT RECOMMENDATIONS

Specific goals for the size of the Trickle Mountain bighorn herd

and for annual harvests from the herd have not been formally established.

Development of such goals through mutual decisions by the Colorado

Division of Wildlife and federal land management agencies, especially

the BLM, is desirable. In developing these recommendations, it was

presumed that goals will include maintaining the Trickle Mountain herd

at least at current levels.

1. Monitor distributions of bighorn and cattle. Variations in animal

numbers and habitat changes are the primary factors expected to

influence distributions. Bighorn critical areas should be closely

monitored to determine the amount of use by cattle. Factors which

may increase cattle use of bighorn critical areas include:

(1) water developments near bighorn critical areas, (2) changes

in stocking rates, and (3) changes in seasons of cattle grazing.

2. Cattle distribution was restricted by water availability (Table 8).

Cattle of the Trickle Mountain study area were not observed over

1.5 km from water. Therefore, developing water sources at least

1.5 km from bighorn critical areas will discourage use of these

areas by cattle.

3. To assure adequate habitat for the Trickle Mountain bighorn herd,

cattle use of bighorn critical areas (Figure 4) should not be
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increased. Reducing cattle use of critical areas 6 and 7 on the

Cross Creek allotment and critical areas 5 and 6 on the Trickle

Mountain allotment should be considered. Cattle use of these

areas may be reduced by (1) fencing, (2) moving cattle to other

sites, especially those sites where water supplies can be

developed, and (3) removing cattle in early September to reduce

utilization of browse species that are important bighorn forage.

4. Evaluate the impacts of bighorn feeding and treatment operations.

Areas requiring further investigation include: (1) influence on

bighorn distribution, (2) effectiveness of treatment in reducing

lungworm infestations, and (3) possibility that concentrating

animals may increase transmission of lungworms and/or contagious

ecthyma. Lambrewe and yearling:ewe ratios from the treated sub-

herd should be compared to ratios from the untreated sub-herd.

5. Experienced personnel should periodically determine the conditions

of cattle range (Figure 5) and bighorn critical areas (Figure 4).

Trends in forage production can be correlated with changes in

cattle and/or wild ungulate numbers and distributions.



FUTURE RESEARCH NEEDS

1. Test the assumption that winter forage limits the Trickle Mountain

bighorn herd. This assumption can be tested in 2 ways:

a. The habitat-population system can be analyzed in greater detail.

Seasonal patterns of bighorn forage production, removal, and

availability on bighorn winter ranges could be measured more

precisely. This would require replicated plots, some with

cages, to measure (1) forage removed by cattle during summer,

(2) forage available to and removed by bighorn during winter,

and (3) forage remaining before the growing season begins. If

it can be demonstrated that quality forage is available to

bighorn throughout the winter, the assumption that this forage

is limiting to bighorn will be questionable.

b. Lamb production and survival can be tested for correlation with

variation in forage resources. Lamb:ewe ratios obtained

periodically during summer and fall for several years would

provide a measure of lamb production and survival. Variation

in availability of forage could be measured at various times

during winter over several years. These data could be analyzed

to test if years with poor availability of winter forage on

critical areas are also years with low lamb:ewe ratios. A

positive correlation would support the assumption that winter

forage limits the bighorn population. Due to natural variation
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2 .

3.

4.

in forage availability caused by among-years weather variation,

many years may be necessary for this test. However, the test

may be accelerated by actively manipulating forage in order

to provide extremes of forage availability within a relatively

few years. Varying cattle numbers among years or restricting

cattle from certain critical areas may be used to influence

forage supplies.

Improve methodology for relating forage resources to bighorn

numbers. Forage intake rates of free-ranging bighorn should be

investigated. Also, incorporating food habits information into

calculations would strengthen estimates of population responses

to variations in forage availability.

Increase sample sizes in any future studies of forage utilization.

This would reduce confidence intervals, thus increasing the

precision of estimates of forage utilization. Number of range

cages required can be calculated from existing standard deviations

(Appendix 2) and standard statistical formulae (Mendenhall et al

.

1971). If budgetary constraints limit the number of cages avail-

able, studies should he conducted only in those portions of bighorn

range receiving heavy cattle use.

Investigate impacts of cattle on bighorn forage within the Robb

Ranch allotment and on private lands. Estimated amounts of forage

removed can then be related to forage requirements of bighorn.

These findings, combined with existing results (Table 18), will

indicate the impact of cattle on the entire Trickle Mountain

bighorn herd.
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5 . Investigate the existence of 2 sub-herds of bighorn on the Trickle

Mountain study area. Some of the suspected eastern sub-herd should

be marked. If these animals are not observed west of Jack's Creek,

the presence of 2 sub-herds will be confirmed.

O
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Appendix 1

.

Vertebrate fauna observed on Trickle Mountain study area,
Colorado, 1978-79.

Common Name Scientific Name

MAMMALS

Bighorn sheep
Mule deer
Elk

Pronghorn

Bobcat
Coyote
Short- tailed weasel
Striped skunk
Spotted skunk

Cottontai

1

White-tailed jackrabbit
Porcupi ne

Gunnisons prairie dog
Abert squirrel

BIRDS

Mallard
Green-winged teal

Ruddy duck

Goshawk
Red-tailed hawk
Rough-legged hawk
Golden eagle
Marsh hawk
Great horned owl

American kestrel
Prairie falcon

Ki 1 1 deer
Common snipe
Sandhill crane
Snowy egret

Morning dove
Blue grouse

Ovis canadensis
Odoooileus hemionus
Cervus canadensis
Antilocapra amevicana

Lynx vufus
Canis latvans
Mustela emrinea
Mephitis mephitis
Spilogale putovius

Sytvitagus audubonii
Lepus townsendii
Ere thison dorsatim
Cynomys gunnisoni
Sciurus aberti

Anas platyrhynchos
Anas carolinensis
Oxynra jamaicensis

Accipiter gentilis
Buteo jamaicensis
Buteo lagopus
Aquita chrysaetos
Circus cyaneus
Bubo virginianus
Falco sparverius
Falco mexicanus

Oxyechus vociferus
CapeVla gailinago
Grus canadensis
Leucophoyx thuZa

Zenaidura macroura
Dendragapus obscurus
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_ Appendix 1. Continued.

Common Name Scientific Name

Stellar's jay
Gray jay
Clark's nutcracker
Pinyon jay
Black-billed magpie
Common raven
Common crow

Common flicker
Yellow-bellied sapsucker
Williamson's sapsucker

Cyanooitta stelleri
Perisoreus accncdensis
Nuaifraga aolumbiana
Gymnorhinus gyrmorhinus
Piaa pica
Cowus corax
Corvus brachyrhynchos

Colaptes cafer
Sphyrapicus vaxius
Sphyrapicus thyroideus

Western meadowlark
Red-winged blackbird
Loggerhead shrike
Horned lark
Hobi n

Mountain bluebird
Townsend's solitaire
Gray-crowned rosy finch
Red crossbill
Oregon junco
Gray-headed junco
Tree sparrow
White-breasted nuthatch
Pigmy nuthatch
Mountain chickadee
Ruby-crowned kinglet

StumetZa neglecta
Apelatus phoenicens
Lanius ludovicianus
Eremophi la alpestris
Turdus nrigratorius
Sialia currucoides
Myadestes townsendi

'

Leucosticte tehrocotis
Lokia curvirostra
Junco oreganus
Junco caniceps
Spizella arrorea
Sitta carolinensis
Sitta pigmaea
Parus gambeli
Regulus calendula

REPTILES

Prairie rattlesnake Crotalus viridis
Garter snake Thamnophis spp.

O
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Appendix 2. Mean percent utilization of bighorn forage by' cattle and
associated standard deviations. Trickle Mountain study area,
Colorado. _ _

A1 lotment Stratum
Sample
Si ze^

%

Utilization
. -

i

Standard
Deviation

Trickle Mountain 1 7 25 40
2 7 24 28

... . 3 7 4 40

Cross Creek 1 7 42 37
2 7 24 49
3 7 3 34

Poison Gulch 1 4 68

2 3 19 30

3 4 19 12

'

“k
- '•

y -

^Number of paired plots. : '”''oT

negative utilization (-17%) was indicated. '9''

f rf'^
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