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Resource partitioning among feral horses, cattle, and pronghorn

was studied in the cold desert biome from May 1979 through March 1981.

The seasonal niche of each herbivore species was defined by its food

habits and habitat occupancy. Other variables examined were nutrient

content of diets, watering behavior, and patterns of spatial distri-

bution.

Seasonal diets were determined by microhistological analysis of

feces. More than 88? of the mean annual diets of feral horses and

cattle consisted of grasses. Dietary overlap was high in all seasons

(61.7-77.6?). Principal species consumed were Sitanion hystrix,

Agropyron spicatum, and Stipa thurberiana. Pronghorn diets consisted

mostly of woody Artemisia species in fall and winter; and a mixture

of forbs in spring and summer. Dietary overlap between horses and

pronghorn varied from 7.L (summer) to 25.3°/ (winter). Overlap be-

tween cattle and pronghorn varied from 8.3°/a winter) to 25.O (spring).

Seven of the 1k plant communities described comprised more than

95 of the study area. Horses and cattle shared more than 6O0' of the

same plant communities each season, and demonstrated significant

spatial association during spring and summer. Habitat overlap between

horses and pronghorn varied from 33°, (summer) to 7O? (spring). Sig-

nificant spatial association was observed between these two species

each season. Cattle and pronghorn exhibited 38°i habitat overlap in

winter, and 7k in spring. Spatial association between these species
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was significant only during summer months.

Crude protein content of horse and cattle diets was similar;

peaked atabout i6 (spring) and reached its lowest level during

winter at about I-a. Pronghorn diets followed a similar trend. Spring

diets of horses and cattle contained about 327 acid-detergent fiber

(ADF) while fall and winter diets were composed of roughly 50°/a.

Pronghorn diets contained consistently less ADF than horse or cattle

diets.

The studied herbivores demonstrated preferred times for watering.

Horses preferred to water roughly between noon and sunset. Cattle

were observed at water primarily between 0800 and 1700 hrs, and

pronghornpreferred to water shortly after sunrise. Free water was

not scarce during the study, and no overt aggression was observed

withinor between species watering simultaneously. However, horses

spent significantly more, and pronghorn significantly less time at

water when cattle were present.

Potential exploitative interactions were studied using multi-

dimensional measurements of niche overlap (ucompetition coefficients).

Competition coefficients were high each season between feral horses

and cattle due to high similarities in dietary and habitat preferences.

These data were interpreted to suggest competition could occur

between these species under conditions of limited forage availability.

The potential for direct expolitative interactions between pronghorn

and the other ungulates, as indicated by low to moderate competition

coefficients, is not as severe as between horses and cattle.
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ECOLOGICAL RELATIONSHIPS AMONG FERAL HORSES, CATTLE,

AND PRONGHORN IN SOUTHEASTERN OREGON

INTRODUCTION

The principal goal of resource management on multiple use lands

is to provide for sustained yields of a variety of animal and plant

products. The Wild Free-Roaming Horse and Burro Act (PL 92-195) of

1971 recognized feral horses (Equus caballus) as "an integral part

of the natural system", and mandated their preservation and protection

"in thriving ecological balance with other legitimate uses of public

lands". Other important ungulates of Oregon's cold desert are cattle

(Bos taurus) andpronghorn (Antilocapra americana). To achieve an

ecological balance among such ungulates, management systems must be

based upon sound knowledge of the manner in which individual species

utilize and partition resources available to them (Hudson 1976).

Despite the wide distribution of feral horses and alleged

severity of their impact on western rangelands (N.A.S. 1979, Cook

1975), quantitative data regarding the biology of these animals are

remarkably limited. Prior to 1971, unrestricted removal of feral

horses from public rangelands maintained populations at relatively

low levels. After passage of PL 92-195, McGuire (1973) predicted

that protection afforded by the law would reverse this trend. Indeed,

the rate of increase for two feral horse herds in southeastern Oregon

is estimated to be about 2O per year (Eberhardt et al. 1982). At

this rate a herd will more than double in four years. Such burgeoning

populations may increase the potential of competition for resources

among large herbivores or result in deterioration of the forage base.

Description of relationships existing between feral horses and other

range animals will aid in developing criteria for multiple use manage-

ment on public rangelands that support a variety of animals.



This study was initiated to examine the dietary and spatial

relationships among herbivores within a community of feral horses,

cattle, and pronghorn in the shrub-steppe of southeastern Oregon.

Specific objectives were to:

Identify and describe plant communities used by each species

of herbivore;

Measure forage production within major plant communities;

Establish and compare seasonal diets of herbivores;

Determine crude protein and acid-detergent fiber content

of seasonal diets of herbivores;

Establish and compare seasonal distribution of herbivores

relative to plant communities.

2



LITERATURE REVIEW

Feeding Habits and Nutrition

Feral Horses

Several recent reviews (Slade and Robinson 1970, Mehren and

Phillips 1972, Robinson and Slade 1974, Hintz and Schryver 1978,

N.R.C. 1978) have discussed digestive physiology and nutrient require-

ments of domestic horses. However, few data exist on the nutrition of

free-ranging equids in the western United States (N.A.S. 1980).

Dawson et al. (1945) reported growth of horses grazing native range

was less than expected, citing inadequate nutrition as the probable

cause. Indeed, range animals may undergo cycles of inadequate and

adequate nutrition throughout the year (Cook and Harris 1977).

Rittenhouse et al. (1982) measured forage quality and intake of

horses under free-grazing conditions in Colorado. These authors

reported crude protein and phosphorous content of diets fell below

those recommended by N.R.C. (1978) by late summer. Salter and Hudson

(1979) measured fecal nitrogen and acid-detergent fiber of feral

horses to infer seasonal trends in diet quality. These data, when

compared to N.R.C. (1978) maintenance requirements, were interpreted

to indicate diets deficient in crude protein during winter months.

However, the applicability of N.R.C. requirements to free-

ranging horses is unknown. Nitrogen cycling in horses (Robinson and

Slade 1974:1052) may lower the maintenance requirement during seasons

of plant dormancy when crude protein availability is low (N.A.S. 1980:

103). Moreover, it has been suggested that as nonruminant cecal

digestors, horses have evolved a digestive strategy which enables

them to maintain the same absorption of nutrients per unit time as

ruminants by having a greater feed intake and shorter passage time of

digesta at the expense of a reduced efficiency of cellulose digestion

and protein utilization (Bell 1969, Janis 1976, Hanley 1982, Van Soest

3



1982). Such a digestive system would require horses spend more time

foraging, and consume less diverse graminoid diets than ruminants

(Demment 1980, Manley and Hanley 1982).

Indeed, behavioral studies have demonstrated horses spend the

majority of their time foraging (Tyler 1972, Blakeslee 1974, Feist

and McCullough 1976, Berger 1977, Salter and Hudson 1979, Ganskopp

1984). While studies of comparative foraging times are rare, Arnold

and Dudzinski (1978:13) reported horses grazed 2 hours longer than

cattle in winter, and 6.5 hours longer in summer. Borman et al. (1982)

observed mares grazed an average of 6 hours longer than cows during

summer months.

Nutritional evidence that horses are not highly selective

feeders has been gathered by Rittenhouse et al. (1982) who found

lower levels of crude protein and phosphorous in diets than available

on the range. This difference resulted from a high available shrub

component, but diets that were high in grasses. Furthermore, a summary

of several studies describing the botanical composition of diets of

feral horses grazing western rangelands (Table 1) shows grass was the

principal forage class consumed in every season and vegetation type

examined. Studies conducted within shrub-steppe communities (see

Table i) indicate a mean annual diet of 902 grasses, 7? forbs, and

3? shrubs. Important grasses consumed in these communities were

Agropyron spicatum1, Sitanion hystrix, Stipa thurberiana, and Festuca

idahoensis. Forbs, especially Phlox, were locally important during

winter and spring months.

1

Scientific plant names are used throughout the text. Common and
scientific names are shown in Appendix 1.



Table 1. Monthly diets of feral horses grazing western rangelands.1

Dietary Composition (percent)
Type of Vegetation, Location, Date
Type of Analysis, Number of Animals

Grass Forbs Shrubs Principal Species2

SPRING

big sagebrush-bluebunch wheatgrass,
EC Oregon March (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgrass.
EC Oregon March (1 yr)
fecal analysis; 6 animals

cheatgrass-sandberg bluegrass, EC Oregon
March (1 yr)
fecal analysis; 5 animals

sagebrush-grass, NE Calif., NW Nevada
March-May (1 yr)
fecal analysis; 600 fecal groups

juniper-sagebrush-grass. SE Oregon
March-April (2-yr avg)
fecal analysis; 24 animals

big sagebrush-bluebunch wheatgrass,
EC Oregon April (1 yr)
fecal analysis; 5 animals

big sagebrush-hisebunch wheatyrass,
EC Oregon April (1 yr)
fecal analysis; 6 animals

cheatgrass-sandberg bluegrass, EC Oregon
April (1 yr)
fecal analysis; 6 animals

boreal forest foothills, W. Alberta
April-May (1 yr)
fecal analysis; 50-100 fecal groups/Iso.

desert grassland. S New Mexico
April-June (1 yr)
fecal analysis; 50 fecal groups

77 18

92 5

85 15

86 9

97

99 1

99 1

99 1

93 2

59 28

3

Reference

Sneva and Vavra (nd)

Sneva and Vavra (nd)

Sneva and Vavra (nd)

Hanley (1980)
USD1. (nd b)

Vavra and Sneva (1978)

Sneva and Vavra (nd)

Sneva and Vavra (nd)

Sneva and Vavra (nd)

Salter and Hudson (1979)

Hansen (1976)

U,

5 !Si9p hystrx, 33
Stipa thurberiana, 31
?h]oc spp.. 17

2 opy.r spicatum. 29
25

Festuca idahoensis, 18

0 Arqpyron spicatum, 29
Stipa thurberiana, 21
Sitanion ystrix, 16

4 Festuca spp. , 17

Stipa spp. , 13

Carex spp. , 12

- Festuca idahoensis
Stipa spp.3

Sitanion hystrix, 53
Festuca idahoensis, 21
Stipa thurberiana, 20

Sitanion hystrix, 46
Festuca idahoensis. 29
Aropyron spicatuxi. 19

t Festuca idahoensis, 50
Si tanion hystrix, 38

3 Carex spp. , 42
Festuca spp. , 22

Elymus innovatus. 18

9 Sporobo)us spp. , 20
Koeleria cristata, 19
Salsola kali, 28



Table 1. (Continued).

Prosopis uliflora, 28

Dietary Composition (percent)
Reference

Grass Forbs Shrubs Principal Species2

99 1 0 Sitanion hystrix, 66 Sneva and Vavra (nd)
Stipa thurberiana, 25

100 0 Festuca idahoensis. 40 Sneva and Vavra (nd)

73 23 4 ropyron !pjcatum, 53 U.S.D.I. (nd a)
Phlox spp., 23

99 - Festuca idahoensis3 Vavra and Sneva (1978)
Stipa spp7T

99 1 t Carex spp. 41 Salter and Hudson (1979)
Festuca spp. 24
Elyinus innovatus, 21

95 4 Festuca spp. , 33 Hanley (1980)
Stipa spp. , 14

92 9 0 Sitanion hystrix, 64 Sneva and Vavra (nd)

99 1 0 Sitanion ystHx, 37 Sneva and Vavra (nd)
Agopyron spicatum, 32
Festuca idahoensis, 29

76 23 2 Stipa thurberiana, 30 Meeker (1979)

58 13 28 Sperobolus spp. , 27 Hansen (19/6)
Salsola kali, 13

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

SPRING (continued)

big sagebrush-bluebunch wheatgrass,
EC Oregon May (1 yr)
fecal analysis; 6 animals

cheatgrass-sandberg bluegrass, EC Oregon
May (1 yr)
fecal analysis; 6 animals

sagebrush-grass, central Idaho
"spring (1 yr)
fecal analysis; no. animals not reported

SUMMER

juniper-sagebrush-grass, SE Oregon
May-June (2-yr avy)
fecal analysis; 24 animals

boreal forest foothills, W. Alberta
June-August (1 yr)
fecal analysis; 50-100 fecal groups/mo.

sagebrush-grass, NE Calif., NW Nevada
June-August (1 yr)
fecal analysis; 800 fecal groups

big sagebrush-bluebunch wheatgrass,
EC Oregon July (1 yr)
fecal analysis; 3 anisals

big sagebrush-bluebunch wheatgrass,
EC Oregon July (1 yr)
fecal analysis; 6 animals

sagebrush-grass, NW Nevada
July (1 yr)
fecal analysis; 20 animals

desert grassland, S New Mexico
July-Septeiiiber (1 yr)
fecal analysis; 50 fecal groups



SUMMER (continued)

juniper-sagebrush-grass, SE Oregon
August-September (2-yr avg)
fecal analysis; 24 animals

sagebrush-grass, central Idaho
"suamier" (1 yr)
fecal analysis; no. anhiiials not reported

FALL

sagebrush, grass, EC Oregon
September (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgrass,
EC Oregon September (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgraSS,
EC Oregon September (1 yr)
fecal analysis; 6 animals

cheatgrass-sandberg bluegrass, EC Oregon
September (2-yr avg)
fecal analysis; 9 animals

boreal forest foothills, W. Alberta
September-October (1 yr)
fecal analysis; 50-100 fecal groups/lao.

sagebrush-grass, NE Calif., NW Nevada
Septerirber-Noverriber (1 yr)
fecal analysis; 800 fecal groups

desert grassland. S New Moxico
October-December (1 yr)
fecal analysis; 50 fecal groups

boreal forest foothills, W. Alberta
November-December (1 yr)
fecal analysis; 50-IOU fecal groups/mo.

Carex spp. , 23
Festuca spp. , 19

Grass

Dietary Composition (percent)
Reference

Forbs

0

5

Shrubs Principal Species2

100

91

0

4

Festuca idahoensis3 Vavra and Sneva (1978)

U.S.D.I. (nd a)

Stipa spp7]

gropyron spicatum, 40
!tsica idahoensis, 19

100 t4 0 Stipa thurberiana, 75 Sneva and Vavra (nd)
itanion hystrix, 14

96 4 0 Sitanion hystrix, 39 Sneva and Vavra (nd)
Stip thurberiana, 38

90 8 1 Festuca idahoensis, 70 Sneva and Vavra (rid)

88 12 t Festuca idahoensis, 47 Sneva and Vavra (nd)
Stipa thurberiaria. 22

96 2 2 Elymus innovatus, 32 Salter and hudson (1979)
Carex spp. , 24
Festuca spp. , 23

95 2 3 Festuca spp. , 49 Hanley (1980)
Stipa spp. , 16 U.S.D.I. (nd b)
Aropyron spp. , 12

38 31 28 Sporobolus spp. , 23 hansen (1916)
Salsola kali, 31
Prosopsis juliflora, 22

89 4 5 ElymuS innovatus, 38 Salter and HudsOn (1919)

Table 1. (Continued).

Type of Vegetation, Location, Date
Type of Analysis, Number of Animals



Table 1. (Continued).

co

Reference
Dietary Composition (percent)

Grass Forbs Shrubs Principal Species2

83 10 7 ropyron pjcatum, 78 U.S.D.I. (nd a)

93 6 1 Festuca idahoensis, 64 Sneva and Vavra (nd)
Sitanion hystrlx, 22

95 5 Festuca idahoensis, 44 Sneva and Vavra (nd)
Sitanion ystrix, 25

82 7 12 Festuca spp. , 25 Hanley (1980)
Aqropyron spp. , 13 U.S.D.1. (nd b)

91 4 5 Sitanthn hystrix, 46 Sneva and Vavra (nd)
Stipa thurberiana, 36

45 52 3 Sitanion hjstrix, 15 Sneva and Vavra (rid)
P-ilp2 spp. , 50

97 3 t4 Festuca idahoensis. 38
rppyro spicatum, 34

ocin hCjx, 21

Srreva and Vavra (nd)

98 2 0 Festuca idahoensis, 72 Sneva and Vavra (nd)

99 t 0 Festuca idahoensis3 Vavra and Sneva (1978)
Stipa spp. .3
Sitanion yStrix'

37 42 21 Koeleria cristata, 18 Hansen (1976)
Salsola kali, 42

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

FALL (continued)

sagebrush-grass, central Idaho
fall' (1 yr)

fecal analysis; no. aniiiials not reported

WINTER

big sagebrush-bluebunch wheatyrass,
EC Oregon Decefllber (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgrass,
EC Oregon December (1 yr)
fecal analysis; 6 animals

sagebrush-grass, NE Calif., NW Nevada
December-February (1 yr)
fecal analysis; 600 fecal groups

sagebrush-grass, EC Oregon
January (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgrasS,
CC Oregon January (1 yr)
fecal analysis; 6 animals

big sagebrush-bluebunch wheatgrass,
EC Oregon January (1 yr)
fecal analysis; 6 animals

cheatgrass-sandberg bluegrass, EC Oregon
January (1 yr)
fecal analysis; 6 animals

juniper-sagebrush-grass, SE Oregon
January-February (2-yr avg)
fecal analysis; 24 animals

desert grassland, S New Mexico
January-March (1 yr)
fecal analysis; 50 fecal groups



Table 1. (Continued).

Type of Vegetation, Location. Date,
Type of Analysis, Number of Animals

WINTER (continued)

boreal forest foothills, W. Alberta
January-Parch (1 yr)
fecal analysis; 50-100 fecal groups/mo.

sagebrush-grass. central Idaho
winter (1 yr)
fecal analysis; no. animals not reported

sagebrush-grass, SW Wyoming
year-round (1 yr)
fecal analysis; no. animals not reported

mountain shrub, NW Colorado
year-round (2-yr avy)
fecal analysis; 50 fecal groups

pion-junipei. NW Colorado
year-round (2-yr avg)
fecal analysis; 50 fecal groups

vtn shrub/piion-juniper ecotone
NW Colorado
year-round (2-yr avg)
fecal analysis; 50 fecal groups

.juniper-sagebrush-grass. NW Colorado
year-round (1 yr)
fecal analysis; 500 fecal groups

juniper-sagebrush-grass, NW Colorado
year-round (1 yr)
fecal analysis; 500 fecal groups

1Soine values presented are based on recalculations of
literature values.

Dietary Composition (percent)

Stipa spp. .27
Agropyron spp. 14

2Principal species are those contributing 15 or more of the total.
Pean value is presented. Figures appearinq in parentheses are ranqes.

Shrubs Principal Species2
Reference

Salter and Hudson (1979)

U.S.D.I. (nd a)

6

14

c_ares spp., 35
Elymus innovatus, 28
Festuca spp. , 15

A9ropyron spicatum. 43
Phiox spp., 20

5 A9ropyron spp. . 37 Olsen and Hansen (1977)
Stlpu spp., 36

15 carex spp. , 46 (23-69) Hubbard and Hansen (1976)
Koeleria cristata, 12 (5-19)
Amelanchier utahensis. 8 (0-19)

7 Stipa comata, 32 (16-48) Hubbard and Hansen (19Th)
Ilromus spp. , 13 (2-24)
Ppa spp. , 13 (0-31)
Agropyron spp. , 10 (3-17)

2 Stipa comata, 24 (11-35) Hubbard and Hansen (1976)
Cares spp. . 20 (9-31)
Agropyron spp. . 18 (5-31)
Bromus spp. , 12 (5-19)

4 Stipa spp., 54 (33-75) Hansen etal. (1977)
Agropyron spp. , 17 (8-26)

r9iRP spp. , 9 (1-17)

3 carex spp. , 27 Hansen and Clark (1977)

3Values not reported. 4Trace. Less than L.

Grass Forbs

88 3

60 25

92 1

85 1

89 1

97 t4

94 -

90 -



Cattle

Compared to equids, ruminant animals have evolved a digestive

strategy based on high efficiency of cellulose digestion and protein

utilization resulting in a reduced rate of intake and longer passage

time of digesta (Bell 1971, Janis 1976, Hanley 1982). Further, the

rumino-reticular volume to body weight ratio of a ruminant determines

the type of food a ruminant is most efficient in digesting (Hanley

1982). Small ruminants compensate for rapid rumen fill by selecting

easily digestible diets containing high proportions of cellular

contents (Nagy et al. 1969, Hoffman and Stewart 1972, Hanley 1982).

Conversely, cattle have relatively high rumino-reticular to body weight

ratios, and relatively slow rumen turnover rates (Hanley 1982). There-

fore, cattle are best adapted to a high cellulose content consisting

primarily of graminoids (Hoffman and Stewart 1972, Hanley 1982, Hanley

and Hanley 1982).

Indeed, a recent review (Theurer et al. 1976) indicated grasses

are the most important component in the diets of cattle grazing a

variety of range types. Studies conducted within shrub-steppe range-

lands (Table 2) revealed a mean annual diet of 88? grasses, 72 forbs,

and 3 shrubs. Important grass species consumed within these commun-

ities were Agropyron spicatum, Sitanion hystrix, Stipa spp., and

Festuca idahoensis. Forbs were locally important only during spring

and summer months (Iiresk and Rickard 1976, Vavra et al. 1982, Hansen

1982).

A number of reviews of livestock nutrition on rangelands are

available (Halls 1970, Raleigh and Lesperance 1972, Rittenhouse and

Vavra 1979, Kothmann 1980, Van Soest 1982, Welch 1983), and nutrient

requirements of cattle have been discussed by N.R.C. (1976). Nutrient

requirements of free-ranging cattle are basically the same as confined

animals with the exception that a grazing animal must expend consider-

able energy to harvest its diet from a forage base of fluctuating

10



Table 2. Monthly diets of cattle grazing shrub-steppe rangelands.
1

Type of Vegetation, Location, Date,
Type of Analysis. Nuiiiber of Animals

SPR I ND

juniper-sagebrush-grass, SE Oregon
11arch-April (2-yr avg)
fecal analysis; 24 focal groups

sagebrush-grass. NE Calif. NW Nevada
rlarch-May (1 yr)
fecal analysis; 350 fecal groups

cheatgrass-Sandberg bluegrass, E Oregon
April (1 yr)
fecal analysis; 6 focal groups

sagegrush-grass, E Oregon
April (1 ye)
focal analysis: 6 focal groups

big sagebrush-bluebunch wheatgrass,
S Washington
April (1 yr)
fecal analysis; 20 fecal groups

big sagebrush-bluebunch wheatgrass.
S Washington
Hay (1 yr)
focal analysis; 20 focal groups

cheatgrass-sandberg bluegrass, E Oregon
flay (1 yr)
focal analysis; 3 fecal groups

sagebrush-grass, E Oregon
Hay (1 yr)
focal analysis; 5 focal groups

sagebrush-grass, NW Nevada
Nay (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, NW Nevada
niid-flay (1 yr)
focal analysis; 20 fecal groups

Dietary CompoSition (percent)

Grass Forbs Shrubs Principal Species2

100 0 0 Festuca idahoensis, 59
A9ropron spicatum. 15

94 4 2 Stipa spp. 21

Sitanin spp 16
Carex spp., 13
Agropyron spp. 12

96 4 0 Bromnus tectoruin. 46
Sitanion hystrix. 20
Ajropyron 5P ti, 11

96 4 t3 Sitanion hystrix. 42
Festuca idahoensis, 38
Agropyrpn syicatum, 13

68 31 0 Poa cusickii. 36
Agropyron spicatuin, 19
Stipa 11

Crepis atrabarba. 29

70 22 0 Agropyron spicatum. 45
Poa cusickii. 14
Stipa thurberiana. 13
crepis atrabarba, 16

81 19 0 Bronius tectorumn, 72

96 4 t Festuca idahoensis, 48
Sitanion hytrix, 36

91 9 0 Flordeunt brachyatheruni. 19
Festuca idahoensis, 15

65 t 1 Poa spp. 40

Reference

Vavra et al. (1982)
Vavra and Sneva (1978)

Hanley (1980)
tl.S.D.I. (nd b)

Vavra et al. (1982)
Sneva and Vavra (nd)

Vavra et al. (1982)
Snova and Vavra (nd)

Uresk and Rickard (1976)

Uresk and Rickard (1976)

Vasra et a]. (1982)
Srieva and Vavra (rmd)

Vavra et al. (1982)
Sneva and Vavra (nd)

Hansen (1982)

Megay (1980)



Table 2. (Continued

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

SPRING (continued)

sagebrush-grass, E Oregon
spring' (2-yr avg)

fecal analysis; no. samples not reported

SUMMER

juniper-sagebrush-grass, SE Oregon
Hay-June (2-yr avg)
fecal analysis; 24 fecal groups

sagebrush-grass, NW Nevada
early June (1 yr)
fecal analysis; 20 fecal groups

playa lake, NW Nevada
late June (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, NW Nevada
June (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass. NW Nevada
July (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, NE Calif. NW Nevada
June-August (1 yr)
fecal analysis; 1,100 fecal groups

sagebrush-grass, NW Nevada
August (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, central Idaho
"summer' (1 yr)
fecal analysis; no. samples not reported

Grass Forbs Shrubs

92 6 3 Bromus tectorum, 23
Poa sandbergii. 20

Dietary Composition (percent)

Principal Species2
Reference

Vavra et al. (1982)

Vavra et al. (1982)
Vavra and Sneva (1978)

McNay (1980)

McNay (1980)

Hansen (1982)

Hansen (1982)

Henley (1980)
U.S.D.1. (nd b)

Hansen (1982)

US.D.I. (nd a)

96 1 3 Stip thurberiana, 46
Festuca idahoensis, 24

100 t3 Poa spp. 40
Carex spp. 23

97 t Eleocharis spp., 54

?2 spp., 17

80 16 4 Hordeum bracjyatherum, 21
Festuca idahoensis, 18

77 20 1 Hordeum brachyatheruiii. 19
Festuca idahoensis, 18

91 3 6 Festuca spp., 35
ip spp. 12

opyron spp. , 9

72 18 1 riii brachyatherum, 19
Festuca idahoensis, 12

98 1 1 Agroplron spicatum, 57
Festuca idahoensis, 18
Carex spp., 18



Table 2. (Continued).

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

FALL

juniper-sagebrush-grass, SE Oregon
August-September (2-yr avg)
fecal analysis; 24 fecal samples

sagebrush-grass, NW Nevada
September (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, NE Calif. NW Nevada
September-November (1 yr)
fecal analysis; 650 fecal groups

sagebrush-grass, NW Nevada
October (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, NW Nevada
November (1 yr)
fecal analysis; 20 fecal groups

sagebrush-grass, E Oregon
"fall" (2-yr avg)
fecal analysis; no. samples not reported

WINTER

sagebrush-grass, NW Nevada
December (1 yr)
fecal analysis; 20 fecal groups

juniper-sagebrush-grass. SE Oregon
January-February (1 yr)
fecal analysis; 12 fecal groups

sagebrush-grass, southcentral Idaho
"late winter" (1 yr)
fecal analysis; 200 fecal groups

95 0 5

89 7 2

93 4 3

95 3 1

89 8 1

94 3 3

90 8 1

100

63 1 32

Dietary Composition (percent)

Grass Forbs Shrubs Principal Species2

Festuca idahoensis, 40
Sflpa thurberiana, 32

Hordeum brachyatherum, 27
Festuca idahoensis, 40

Festuca spp. , 37

Elymus spp., 17
Stipa spp., 11
Agropyron spp., 10

Flordeum brachyatherum. 20
Festuca idahoensis, 17

Festuca idahoensis, 19
Hordeum brachyatherum, 18

Poa sandbergii, 27
Bromus tectorum, 24

Festuca idahoensis, 20
Hordeum brachyatherum, 16

0 Stipa thurberiana, 39
Festuca idahoensis, 10

Eurotia lanata, 29 (11-48)
Bromus tectorurn, 26 (7-44)
Oryzois yrnenoides, 15 (9-21)
Stipa comata, 12 (-l9)

Vavra et al (1982)
Vavra and Sneva (1978)

Hansen (1982)

Reference

Hanley (1980)
U.S.D.I. (nd b)

Hansen (1982)

Hansen (1982)

Vavra at al. (1982)

Hansen (1982

Vavra et al (1982)
Vavra and Sneva (1918)

Johnson (1979)



Table 2 (continued).

3Trace. Less than 1%.

YEAR-ROUND

sagebrush-grass, SW Wyoming 83 t3 15 gropyron spp.. 54
"year-rounds' (1 yr) Stipa spp., 11
fecal analysis; 80 fecal groups Atriplex spp., 9

Reference

Olsen and Hansen (1977)

'Some values presented are based on recalculations of 2Principal species are those contributing 10% of more of the total.
data. Mean values are presented. Figures appearIng in parentheses are ranges.

Type of Vegetation, Location, Date, Dietary Composition (percent)

Type of Analysis, Number of Anliiials
Grass Forbs Shrubs Principal Species2
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quality (Raleigh and Lesperance 1972). Deficiencies most common on

western rangelands are protein, energy, phosphorous, and carotene

(Cook and Harris 1977).

Pronghorn

Salwasser (1980) observed pronghorn are "opportunistic herbivores

that select the most palatable and succulent forage available at any

given time". Small ruminants in general have adapted a digestive

strategy which makes them capable of maintaining themselves on a food

supply so sparse that the rate of intake would not satisfy larger

animals (Bell 1969). Pronghorn are energetically expensive ruminants

to maintain because of their high metabolic rate (Wesley et al. 1973).

Further, prorighorn have relatively small rumeris that fill quickly

during feeding (Hanley and Hanley 1982). To compensate, pronghorn

are highly selective feeders that exploit such high cell soluble

forages as forbs, browse, and young grasses (Hoover et al. 1959,

Hanley 1982).

A summary of several studies detailing the diets of pronghorn in

the sagebrush-grass vegetation type (Table 3) indicates that they

consume forbs and young grasses when available, but browse species

form the bulk of the annual diet. These studies show that grasses such

as Poa sandbergii, Bromus tectorum, and Sitanion hystrix occur most

frequently in the diet during spring and fall and average 12°' and 11,

respectively, of the total diets. Forbs are most abundant in spring

and summer diets, averaging 31° and 38°,, respectively, of the total

diets. Important forb genera include Phlox, Iva, Sphaeralcea, Erigeron,

and Descurainia. Shrubs make up 55?, 59, 672, and 77?, respectively,

of the mean spring, summer, fall, and winter diets (Table 3). Woody

Artemisia species are the principal shrubs consumed. However,

Chrysothamnus viscidiflorus, Purshia tridentata, and Prunus fasciculata

may be locally important.



Table 3. Monthly diets of pronghorn grazing western rangelands.1

Dietary Composition (percent)

Grass Forbe Shrubs Principal Species2
Reference

3 0 97 Artemisia spp., 97 Mason (1952)

20 45 32 Artemisia arbuscula. 23 Hansen (1982)

51 1 48 Poa sandbergii3 Sneva and Vavra (1978)
Artemisia spp., 40 (25-54) Vavra and Snev (1918)

2 16 82 Artemisia spp., 74 LJ.S.D.I. (nd b)
.i_ spp., 9 Hanley (1980)
Descurainia spp., 5

O 68 32 !!i!9 spp., 68 Mason (1952)
Arternisia spp., 32

48 12 39 Poa sandbergii3 Sneva and Vavra (1978)
Artemisia spp., 30 (28-31) Vavra and Sneva (1978)

6 39 52 Arteniisia arbuscula, 48 Hansen (1982)
Erigeron linearis. 20

3 68 27 Arteiiiisia arbuscula, 21 Hansen (1982)
Erigeron linearis, 42

O 32 68 Artemisia spp., 68 Mason (1952)

8 51 26 Strepthanthus cordatus3 Sneva and Vavra (1978)
Artemisia spp. , 16 (15-17) Vavra and Sneva (1978)

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

SPRING

sagebrush-grass, SE Oregon
March (1 yr)
rumen analysis (volumetric); 2 animals

sagebrush-grass, NW Nevada
March (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
March (2-yr avg)
fecal analysis; 12 fecal groups

sagebrush-grass, NE Calif., NW Nevada
March-May (1 yr)
fecal analysis; 700 fecal groups

sagebrush-grass, SE Oregon
April (1 yr)
rumen analysis (volumetric); 3 animals

sagebrush-grass, SE Oregon
April (2-yr avg)
fecal analysis'; 12 animals

sagebrush-grass, NW Nevada
April (1 yr)
fecal analysis; 20 animals

sagebrush-grass, NW Nevada
May (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
May (1 yr)
runien analysis (volumetric); 4 animals

sagebrush-grass, SE Oregon
May (2-yr avg)
fecal analysis; 12 animals



Table 3. (Continued).

Dietary Composition (percent)
Reference

Grass Forbs Shrubs Principal Species2

1 27 72 Artemisia nova, 31 (7-55) Smith and Malecheck (1974)
Artemisia spinescens, 25 (7-43)
Sphaeralcea grossulariaefolia, 11 (2-20)

0 20 80 Artemisia frigida, 32 (4-60) Stijith and Malechek (1974)
Artemisia tridentata. 37 (0-78)

t4 32 66 Artemisia spp. 65 McNay (1980)
Descurainia spp., 28

9 23 66 Arternisia tridentata, 56 Yoakuin (1958)
Yoakun; (1980)

2 35 64 Arteinisia tridentata. 41 Ferrel and Leach (1950)

7 5 88 Artemisia tridentata, 55 Severson et al. (1968)
Chrysothamnus viscidiflorus, 3D

t 35 59 Artemisia spp. 56 McNay (1980)
Descurainia spp., 31

2 52 40 Arteinisia arbuscula, 24 Hansen (1982)
Erigeron linearis, 18

0 82 18 Artetnisia spp., 18 Mason (1952)

2 27 70 Strephanthus cordatus3 Sneva and Vavra (1978)
Purshia tridentata, 64 (54-73) Vavra and Srieva (1978)

Type of Vegetation, Location, Date
Type of Analysis, Number of Animals

SPRING (continued)

salt-desert shrub, SW Utah
May (2-yr avg)
ocular estimate of utilization

sagebrush-grass, SW Utah
May (2-yr avg)
ocular estimate of utilization

sagebrush-grass, NW Nevada
mid-May (1 yr)
fecal analysis; 120 fecal groups

sagebrush-grass. NE California
spring' (1 yr)

rurnen analysis (volumetric); 39 animals

SUMMER

sagebrush-grass, NE California
May 29-June 14 (1 yr)
rumen analysis (volumetric); 20 animals

sagebrush-grass, S Wyoming
May 1-September 15 (1 yr)
runien analysis (volumetric); 8 animals

sagebrush-grass, Nil Nevada
early June (1 yr)
fecal analysis; 120 fecal groups

sagebrush-grass, NW Nevada
June (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
June (1 yr)
ruinen analysis (volumetric); 1 animal

sagebrush-grass, SE Oregon
June (2-yr avg)
fecal analysis; 5-1 animals



Table 3. (Continued).

Co

Dietary Composition (percent)
Reference

Grass Forbs Shrubs Principal Species2

O 74 26 Oenothera trichocalyx, 22 (0-47) Smith and Malechek (1974)
Penstemon spp. , 19 (17-21)

O 16 83 Artemisia nova, 34 (25-43) Smith and Malechek (19/4)
Prunus fasciculata, 32 (26-38)

1 32 63 Artemisia spp. , 54 Mcllay (1980)
Descurainia spp. 23

5 27 68 Purshia spp. , 32 USD1. (ed b)
ilanley (1980)Artemisia spp. , 24

Iva spp. , 14

0 23 77 Artemisia nova, 24 (13-35) Smith and Malechek (1974)
Prunus fasciculata, 34 (22-56)

0 48 52 Chrysothainnus spp. , 23 (7-39) Smith and Malechek (1974)

O 52 48 PhlOX 16 Mason (1952)
Purshia tridentata, 36
Plantago lanceolata, 15

3 54 44 Erioqonum spp. , 12 (8-16) Meeker (1979)
P,rtemisia spp. , 18 (12-24)
Chrysothamnus viscidiflorus, 14 (10-18)
Purshia tridentata, 11 (-l5)

1 55 40 Purshia tridentata, 26 Hansen (1982)

Johncon (1979)

Type of Vegetation, Location, Date
Type of Analysis, Number of Animals

SUMMER (continued)

sagebrush-grass, SW Utah
June (2-yr avg)
ocular estimate of utilization

salt-desert shrub, SW Utah
June (2-yr avg)
ocular estimate of utilization

playa lake, NW Nevada
late June (1 yr)
fecal analysis; 120 fecal groups

sagebrush-grass, NE Calif., NW t1evada
June-August (1 yr)
fecal analysis; 700 fecal groups

salt-desert shrub, SW Utah
July (2-yr avg)
ocular estimate of utilization

sagebrush-grass, SW Utah
July (2-yr avg)
ocular estimate of utilization

sagebrush-grass, SE Oregon
July (1 yr)
rumen analysis (volumetric); 3 animals

sagebrush-grass, NW Nevada
July (1 yr)
fecal analysis; 20 animals

sagebrush-grass, NW Nevada
July (1 yr)
fecal analysis; 20 animals

sagebrush-grass, S Idaho
July (1 yr)
fecal analysis; fecal groups



Table 3. (Continued).

Dietary Composition (percent)

Reference
Grass Forbs Shrubs Principal Species2

0 39 61 Crysothamnus spp., 16 (3-29) Smith and Malechek (1974)
Purshia tridentata. 30 (0-69)

0 29 72 aera1cea ossu1ariaefolia, 23 (2-45) Smith and Malechek (1974)
Artemisia nova, 15 (6-24)
Prunus fasciculata, 43 (34-52)

1 45 49 Purshia tridentata, 28 Hansen (1982)

12 16 69 Artemisia spp., 22 (4-40) Sneva and Vavra (1978)
Purshia tridentata, 46 (1-91) Vavra and Sneva (1978)

t4 42 58 Artemisia nova, 49 (29-69) Beale and Smith (1970)

2 32 65 lye axillaris, 14 (0-100) Tsukamoto and Diebert (1968)
Purshia tridentata, 21 (0-93)
Artemisia arbuscula, 18 (0-94)

4 49 43 Penstemon albornarginatus. 15 Tsukamoto and Diebert (1968)
Artemisia nova, 33

t 45 55 Purshia tridentata, 15 Richardson (1972)

1 50 47 Artemisia tridentata. 35 Ferrel and Leach (1950)

1 32 65 Poljigonum spp. , 11 Yoakum (1958)
Artemisia tridentata, 35 Voakurn (1980)

Purshia tridentata, 24

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

SUMMER (continued)

sagebrush-grass, SW Utah
August (2-yr avg)
ocular estimate of utilization

salt-desert shrub, SW Utah
August (2-yr avg)
ocular estimate of utilization

sagebrush-grass, NW Nevada
August (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
August (2-yr avg)
fecal analysis; 12 animals

northern desert-shrub, W Utah
August-September (7-yr avg)
rumen analysis (wt. separation)
31 animals

sagebrush-grass, NW Nevada
August-September (2-yr avq)
r!mei nalysis (point-grid)
115 animals

northern desert-shrub, NW Nevada
August-September (1 yr)
rumen analysis (point-grid); 11 animals

sagebrush-grass, SE Oregon, NW Nevada
August-September (3-yr avg)
runien analysis (volumetric); 52 animals

sagebrush-grass, NE California
August-September (1 yr)
rumen analysis (volumetric); 36 animals

sagebrush-grass, NE California
"suneier' (1 yr)
rumen analysis (volumetric); 23 animals



Table 3. (Continued).

Dietary Composition (percent)

Grass Forbs Shrubs Principal Species2
Reference

12 79 Artemisia spp. 70 U.S.D.I. (nd a)

3 0 97 Chrysothamnus viscidiflorus, 86 Severson and May (1967)

0 23 77 Artemisia nova, 28 (0-59) Smith and Malechek (1974)
Prunüs fasciculata, 23 (12-34)

2 29 70 Chrysothamnus spp. , 25 (6-44) Smith and Malechek (1974)
Purshia tridentata, 19 (0-42)

0 24 75 Artemisia spp., 68 Sneva and Vavra (1978)
Vavra and Sneva (1978)

5 51 36 lea axillaris, 36 (0-51) Good, Sneva and Vavra (1979)
Artemisia spp. 36 (11-53)

t4 31 69 Artemisia spp. , 47 Elnarsen (1948)

2 11 88 Artemisia spp. 70 U.S.D.1. (nd b)
Purshia spp., 14 Hanley (1980)
Iva spp. 7

6 9 78 Artemisia tridentata, 49 Severson et al. (1968)
Chrysothamnus viscidiflorus. 28

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

SUMMER (continued)

sagebrush-grass, central Idaho
"sunmier" (1 yr)

fecal analysis; no. animals not reported

sagebrush-grass, S Wyoming
summer' (2-yr avg)

ocular estimates of utilization

FALL

Salt-desert shrub, SW Utah
September (2-yr avg)
ocular estimate of utilization

sagebrush-grass, SW Utah
September (2-yr avg)
ocular estimate of utilization

sagebrush-grass, SE Oregon
September (1 yr)
fecal analysis; 1 animal

playa lake, SE Oregon
Hart Mtn. Nati. Antelope Refuge
September (1 yr)
fecal analysis; no. animals not reported

sagebrush-grass, central Idaho
September (1 yr)
rumen analysis; 31 animals

sagebrush-grass, NE Calif., NW Nevada
September-November (1 yr)
fecal analysis; 750 fecal groups

sagebrush-grass, S Wyoming
September 15-November 30 (2-yr avg)
rumen analysis (volumetric); 6 animals



Table 3. (Continued).

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

FALL (continued)

sagebrush-grass, NW Nevada
October (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
October (2-yr avg)
fecal analysis; 20-24 animals

sagebrush-grass. SE Oregon
November (1 yr)
rumen analysis (volumetric); 2 animals

sagebrush-grass, SE Oregon
November (1 yr)
fecal analysis; 3 animals

sagebrush-grass, NW Nevada
November (1 yr)
fetal analysis; 20 animals

sagebrush-grass, NE California
'fall (1 yr)

rumen analysis (volumetric); 87 animals

sagebrush-grass, S Wyoming
Fall and Winter" (1 yr)

ocular estimate of utilization

WINTER

sagebrush-grass, SE Oregon
December (1 yr)
rumen analysis (volumetric); 2 animals

sagebrush-grass, SE Oregon
December (1 yr)
fecal analysis; 5-6 animals

sagebrush-grass, NE California
December (1 yr)
rumen analysis (volumetric); 27 animals

Dietary Composition (percent)

Grass Forbs Shrubs Principal Species2
Reference

2 46 50 Artemisia arbuscula, 23 Hansen (1982)
Purshia tridentata, 17

46 5 49 Juniperus occidentalis, 20 (0-40) Sneva and Vavra (1978)
Purshia tridentata, 18 (0-35) Vavra and Sneva (1978)

O 57 43 Artemisia spp. 43 Mason (1952)
1lox spp., 27

Erigeron austinae, 31

30 0 70 Junjrus occidentalis. 50 Sneva and Vavra (1978)
Artemisia spp. , 19 Vavra and Sneva (1978)

3 35 58 Artemisia arbuscula, 31 Hansen (1982)
Artemisia tridentata, 16

13 21 66 Artemisia tridentata, 41 Voakum (1958)
Artemisia arbuscula, 10 Yoakum (1980)

O 0 100 Artemisia tridentata, 51 Severson and May (1967)
Chrysothamnus viscidiflorus, 46

0 7 93 Artemisia spp. , 91 Mason (1952)

19 5 75 Artemisia spp. , 55 Sneva and Vavra (1978)
Juniperus occidentalis, 20 Vavra and Sneva (1978)

2 2 96 Artemisia tridentata, 95 Ferrel and Leach (1952)



Table 3. (Continued).

Some values presented are based on recalculations of 2Principal species are those contributing l5 or more of the total.
literature values. Mean value is presented. Figures appearing in parentheses are ranges.

3values not reported. 4lrace. Less than 1%.
N.)

Dietary Composition (percent)

Grass Forbs Shrubs Principal Species2
Reference

3 37 57 Artemisia arbuscula, 21 Hansen (1982)
Artemisia tridentata, 28

1 8 91 Artemisia spp. 90 U.S.D,I. (nd b)
Hanley (1980)

3 1 91 Artetnisia tridentata, 78 Severson et al. (1968)
Chrysothamnus viscidiflorus, 12

10 48 38 Artemisia arbuscula, 30 Hansen (1982)

8 t4 92 Arteinisia spp. , 42 (30-53) Sneva and Vavra (1978)
Juniperus occidentalis, 45 (38-51) Vavra and Sneva (1978)

2 11 66 Artemisia tridentata, 65 (50-80) Johnson (1979)

16 0 85 Artemisia spp., 84 Mason (1952)

11 41 44 Artemisia arbuscula, 30 Hanser (1982)

6 7 85 Artemisia tridentata, 57 Yoakum (1958)
Artemisia arbuscula, 26 Yoakum (1980)

Type of Vegetation, Location, Date,
Type of Analysis, Number of Animals

WINTER (continued)

sagebrush-grass, NW Nevada
December (1 yr)
fecal analysis; 20 animals

sagebrush-grass, NE Calif., NW Nevada
December-February (1 yr)
fecal analysis; 350 fecal groups

sagebrush-grass, S Wyoming
December 1-April 30 (2-yr avg)
rumen analysis (volumetric); 20 animals

sagebrush-grass, NW Nevada
January (1 yr)
fecal analysis; 20 animals

sagebrush-grass, SE Oregon
January (1 yr)
fecal analysis; 10-12 animals

sagebrush-grass, S Idaho
January-March (1 yr)
fecal analysis; 350 fecal groups

sagebrush-grass, SE Oregon
February (1 yr)
rumen analysis (volumetric); 2 animals

sagebrush-grass. NW Nevada
February (1 yr)
fecal analysis; 20 animals

sagebrush-grass. NE California
winter (1 yr)

rumen analysis (volumetric); 40 animals
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Despite an abundance of studies regarding the botanical comp-

osition of pronghorn diets, relatively few workers have examined

dietary quality. Voakum (1980) noted the lack of nutritional data

for pronghorn, and suggested such information is necessary to make

proper decisions regarding forage allocations. Nutritional require-

ments of pronghorn are unknown but have been compared to domestic

sheep (Ovis aries) (Smith and Malechek 1974) and deer (Odocoileus

spp.) (Schwartz et al. 1977). Dirschl (1963) found a positive seasonal

correlation of crude protein and utilization of preferred forages in

Saskatchewan. Jacobs (1973) conducted digestion trials using confined

pronghorn to show Artemisia tridentata wyomingensis is a good quality

feed, high in nutrients and easily digested. Smith and Malechek

(1974) concluded protein and phosphorous content of pronghorn summer

diets in Utah probably met minimum requirements for growth, gestation,

and lactation. Schwartz et al. (1977) determined chemical constituents

of pronghorn diets on shortgrass prairie under light and heavy cattle

grazing regimes. These authors concluded crude protein of the diet

was adequate for maintenance, but dietary phosphorous was inadequate

during August and January in both pastures, and March and October in

the heavily grazed pasture.

Habitat Use and Watering Behavior

Feral Horses

In general, wild and free-roaming horse populations inhabit

geographical areas within the following plant associations: pinyon

juniper, sagebrush-grasslands, salt desert shrub, ponderosa pine, and

mixed woodlands (N.A.S. 1979, Salter and Hudson 1979). Feral horses

are found within a variety of habitats and range from valley floors

to high mountain passes (Blaisdell and Thomas 1977). Feist (1971)

observed feral horses in the Pryor Mountains of Montana adhered to

relatively well-defined home ranges. The home ranges of two or more

bands may overlap because horses frequently use common areas (Feist
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1971, Miller 1983b). Home range size varies from 0.9 km2 to 303 km2

(Pellegrini 1971, Welsh 1975, Green and Green 1977, Miller 1983b,

Ganskopp 1984). Home range size is reported to vary with band size

(Pellegrini 1971); forage availability (Hall nd, Pellegrini 1971,

Tyler 1972, Green and Green 1977, Salter and Hudson 1979); water

distribution and availability (Hall nd, Green and Green 1977);

behavioral traditions (Feist and McCullough 1976, McCort 1984); topog-

raphy (Tyler 1972); and weather conditions (Hall nd).

Occupancy of habitats within home ranges may vary seasonally as

forage and water availability change. Salter and Hudson (1978, 1979)

reported selection of spring range was related to stage of forage

growth. Previously grazed meadows and disturbed areas were the first

to green-up and were heavily used for feeding. Nelson (1978:8) observed

an increase in use of revegetated rangelands by horses in early spring

because these areas began vegetative growth 3 to 5 weeks earlier than

adjacent native range. Miller (1983b) stated horses in the Red Desert

of Wyoming followed a rotation grazing system in which the same

pasture was used during the same season each year. Range use by feral

horses appears strongly associated with availability and distribution

of free water. Generally, horses concentrate near water during hot,

dry months and disperse with increasing precipitation (Hall nd, Welsh

1975, Hansen 1976, Hansen et al. 1977, Berger 1977, Green and Green

1977, Salter and Hudson 1979, Miller 1983a). Feist (1971:25) reported

Pryor Mountain horses stayed within 6.4 to 8.0 km of free water.

Green and Green (1977:62) observed feral horses in Nevada normally

stayed within 4.8 to 6.4 km of watering sources during summer months.

However, when spring rains or snowfall occurred and water collected

in natural depressions, horses extended their range an additional

6.4 km. Kitchen et al. (1977) suggested development of new permanent

water sources could lead to a more even distribution of horses on

range lands.

Data are not available regarding the amount of water needed or

consumed by feral horses (Zarn et al. 1977). Water requirements of
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a domestic L5k kg horse vary from 15 to 19 liters daily (Ensminger

1951, Evan et al. 1977) or 2 to 4 liters per kg of dry matter intake

(N.R.C. 1978). However, the water requirement is affected by many

factors. Caljuk (1961) reported a rise in environmental temperature

from 13°C to 25°C increased the water requirement 15 to 20%. Work

may increase the water need 20 to 300%, and lactation may increase

it 50 to 100% above maintenance (N.R.C. 1978). indeed, Feist (1971:

25) reported feral lactating mares spent more time watering than

other feral horses.

Observed patterns of daily watering are inconsistent. Pellegrini

(1971:29) reported horses in Nevada preferred to water in the

evenings. Further, Miller (1980:82) stated horses in the Red Desert

watered at dusk and dawn. However, other workers (Feist 1971 :24,

Blakeslee 1974:62) observed no such consistent watering pattern. A

band may water on alternate days (Pellegrini 1971:29), once or twice

a day (Feist 1971:24), or many times throughout the day (Blakeslee

1974:63) depending, at least partially, on weather conditions (Feist

1971:24). Unlike feral burros that may congregate around reservoirs

for hours (McKnight 1958), feral horses rarely spend more than 30

minutes at water (Feist 1971 :26, Blakeslee 1974:62, Ganskopp 1984:77).

However, Miller and Denniston (1979) observed horses waiting up to 5

hours to drink under conditions of scarce water.

Cattle

Many factors are known to affect distribution of cattle grazing

rangelands. These have been classified as environmental, behavioral,

and managerial (Gillen 1982). Cattle on the study area are not

intensively managed. Such practices as herding, vegetation manipula-

tion, and fencing are minimal, and cattle may be considered free

ranging. Salting and water developments are the two principal tools

of cattle husbandry on the area.
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Vegetative characteristics of plant communities are influential

in determining habitat use by cattle. Cook (1966), Miller and Krueger

(1976), and Pinchak et al. (1980) reported cattle prefer areas in

which palatable plants make up large proportions of vegetative comp-

osit ion. Cook (1962) showed significant correlation between use of

rangelands and proportion of palatable forage species in the desert

shrub of Utah.

While animals may move to new habitats in response to seasonal

changes in plant palatability (Skovlin 1961), Van Vuren (1982:5+)

reported cattle remained in restricted areas despite deteriorating

forage quality and quantity. However, he observed that cattle dis-

tribution showed a strong negative correlation to slope and distance

to water.

Other research supports Van 'Juren's conclusion that slope and

distance to water are important factors influencing animal distribu-

tion. Mueggler (1965) reported percent slope and distance up slope

from water accounted for 81? of the variation in use of mountain

bunchyrass range in Montana. Cook (1966) studied 21 factors affecting

use of mountain terrain in Utah. He concluded distance to water and

five expressions of slope interacted to influence site utilization.

Slopes of 30 to 40? appear to be the upper limit of extensive cattle

use (Gillen 1982:6), and cattle prefer valley bottoms and more level

land near water (Cook 1966). Several authors have shown cattle con-

centrate around water, and use of rangelands progressively decreases

as distance from water increases (Valentine 1947, Phinney 1950,

Stoddart 1960, Miller and Krueger 1976).

Range cows drink a minimum of 9.5 liters of water daily during

winter and up to 46 liters in summer (N.R.C. 1976). However, frequency

of drinking, and quantity of water drunk varies with moisture and

salt content of forage, air temperature, and distribution of water

(Arnold and Dudzinski 1978:43). Several authors have reported cattle
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grazing summer range drink one to three times daily (Dwyer 1961,

Wagnon 1963, Sneva 1970), while cattle on winter range drink twice

daily (Box et al. 1965). The pattern of watering by cattle varies

little on rangeland, with the first drink occurring after the major

morning period of grazing (Arnold and Dudzinski 1978:44). Dwyer (1961)

observed cows first visited water between 7 and 8 a.m., and again

after 11 a.m. Sneva (1970) reported steers grazing sagebrush-grass

range varied in their visits to water; 30 of all visits occurred

between 6 a.m. and 12 noon, 53? from noon to L p.m., and l7 between

4 and 8 p.m. While cattle may rest for several hours near water

(Dwyer 1961), they spend only about 17 minutes per day drinking

(Sneva 1970).

Pronghorn

Several authors have discussed characteristics of pronghorn

habitat relevant to managemant of the species in sagebrush-grassland

types (Yoakum 1974, Autenrieth 1978, Saiwasser 1980, Yoakum 1980).

Yoakum (1974, 1975, 1980) listed the optimum habitat requirements for

pronghorn occupying sagebrush-grassland communities (Table 4).

Open space is a high-priority item in pronghorn habitat

(Saiwasser 1980). Pronghorn use land forms typified by undulating,

expansive terrain (Yoakum 1974). Slopes used by pronghorn generally

do not exceed 30? (Kindschy et al. 1978). While the amount of land

area required for pronghorn is variable, the smallest known year-long

area is 65 km2 (Voakum 1980). Most pronghorn in the Great Basin,

however, appear to inhabit ranges 259 km2 or larger in size (Yoakum

1980).

Highest pronghorn densities appear to be within regions averag-

ing 25 to 38 cm precipitation per year (Yoakum 1974). Populations

in zones receiving more or less than this average have lower survival

rates and densities (Sundstrom et al. 1973, Yoakum 1974). Pronghorn



Table 4. Summary of habitat requirements for pronghorn in sagebrush-
grassland communities (Yoakum 1980).

Habitat Factors Pronghorn Requirement

ABIOTIC

1. Physiography

Climate
- Precipitation 25-38 cm
- Snow depth Not over 25-38 cm for prolonged periods
- Temperature Not a factor

Soils Not a determining factor except to soil-
site relationships in which some sites do
not grow the proper vegetation.

Water 1-6 liters per day. Water distribution
every 1-6 km.

Large expanse areas (65 km2 minimum)

- low rolling terrain
- no major physical barriers
- less than 30? slope

28

BIOTIC

Vegetation Ground cover: most ranges are 502 nonvegeta-

ti ye.

Composition: 30-402 grass

10-30? forbs
5-30? shrubs

Variety of plant species: Grass - 5-10
Forbs - 10-50
Browse - 5-10

Succulence: The more available year-round
the better in all plant species.

Communities: variety and diversity important
(meadows, intermittent lake beds,
burned areas, etc.)

Height: no higher than 60 cm, preferably a
mean of 38 cm.

Fotage requirement: Approximately 1 kg air-

dry forage daily.

Animal Big game: Tolerable of all species
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transferred to areas of higher precipitation have not become estab-

lished (Yoakum 1980).

Most pronghorn ranges receive some snow (Yoakum 1980), but when

snowfall accumulations exceed 25 to 38 cm, pronghorn frequently have

difficulty in obtaining sufficient forage (Yoakum 1980). Pronghorn

are opportunistic migrants (Bruns 1977) and travel only so far as

necessary to reach the most snow-free areas of their winter range

(Salwasser 1980). Within this area, pronghorn seek microhabitats of

lower wind velocities and reduced snow accumulations such as creek

beds, dikes, and lee sides of thick sagebrush stands (Salwasser 1980,

Bruns 1977), and engage in activity patterns that minimize heat loss

(Bruns 1977). Despite claims that pronghorn are chinophobes (Pruitt

1960) that do not readily paw through snow to obtain feed (Van

Wormer 1969), Bruns (1977) routinely observed such behavior during

winter months. Bruns (1977) further observed much pawing for

Artemisia cana below snow level even though portions of the bushes

were numerous above snow. He suggested pawing may benefit pronghorn

because forage from below snow contained higher levels of moisture,

protein, calcium, and phosphorous, and lower levels of crude fiber.

The necessity of free drinking water varies seasonally. While

some pronghorn herds in Colorado never require drinking water

(Hoover et al. 1959), animals in other states rely on free water in

all seasons except winter when snow and ice are used as substitutes

(Bruns 1977). Actual daily intake is related to the physiological

status of the animal, ambient temperature, and availability of suc-

culent forage (Saiwasser 1980). Pronghorn may not need free water

when forage exceeds 75 moisture content (Beale and Smith 1970).

Sundstrom (1968) reported a daily water requirement of about 0.5

liter in April. During parturition and lactation (mid-May through

summer) habitat use by females is dependent on ready access to free

water (Salwasser 1980). During summer months, a pronghorns require-

ment for water increases while the availability of water decreases

(Salwasser 1980). At this time pronyhorn have been observed to
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remain near water sources (Sa]wasser 1980) or use more succulent

forage on intermittent lake beds and playas (Good and Crawford 1978).

Sundstrom (1968) recommended sources of free water 6 to 8 km apart.

Voakurn (1974) prefers water distribution every 2 to 6 km., and sug-

gested daily water needs vary from 1 1iter when forage is succulent

to 6 1iters when forage is dry.

Voakum's (1974) survey of pronghorn habitat in the sagebrush-

grassland revealed pronghorn prefer low vegetative structure averag-

ing 38 cm. Yoakum (1980) listed the following criteria for year-long

pronghorn ranges: 50P total vegetative cover composed of 30 to 40?

grasses, 10 to 30 forbs, and 5 to 30 shrubs. Salwasser (1980) noted

vernal wetlands providing succulent forage through the dry summer

months should be present for optimum pronghorn performance.

Interspecific Relationships

Studies examining the degree to which ecologically similar

species partition common resources are of interest for theoretical

and applied reasons. Theoretical ecologists use such studies to

examine the nature of evolutionary processes by noting the manner in

which competition causes and maintains niche separation (Schoener

1974b). Resource managers use such studies to plan allocation of

limited resources among individual species within multi-species

systems.

Most theoretical work on resource partitioning within animal

communities has been conducted using birds (Cody 1974) or rodents

(Schoener 1983); species that display obvious ecological diversity.

However, numerous species of large herbivores in the Serengeti exist

in complex sympatric communities through intricate partitioning of

resources (Lamprey 1963, Bell 1969, 1971, Harris 1972). Examples of

studies with moderately complex communities of large herbivores are

found in North America (Stevens 1966, Mackie 1970, Hudson 1976, 1977,
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Anthony and Smith 1977). While the number of resource dimensions that

can be examined is virtually limitless, dietary specialization

(Vessey-Fitzgerald 1965, Schoener 1974b) and habitat divergence

(Ferrar and Walker 1974) account for much of the niche separation

observed in large herbivore communities. The next several paragraphs

summarize research of dietary and habitat relationships among feral

horses, cattle, and pronghorn.

Dietary Overlap

Most studies. have reported free-ranging horses and cattle inhab-

iting a variety of vegetative types are grazers throughout the year

(Tables I and 2). Further, species of Agropyron, Sitanion, Stipa,

Festuca, Bromus, Koeleria, and Carex were common dietary constituents

of both herbivore species. Therefore, it is of no surprise that many

workers have reported substantial overlap in the diets of these

species. During spring months, indices of similarity between horse and

cattle diets averaged 6O? in three studies, and ranged from 28 to 76

(Olsen and Hansen 1977, Vavra and Sneva 1978, Hanley 1980). Studies

conducted during summer months averaged 692 dietary overlap; ranging

from 61 to 8O (Olsen and Hansen 1977, Vavra and Sneva 1978, Salter

and Hudson 1980, Hanley 1980, Krysl et al. 1984). Two studies were

conducted during the fall (Olsen and Hansen 1977, Hanley 1980) and

reported 69? and 74? overlap, respectively. Similarity of diets during

winter months averaged 6O? for three studies (Olsen and Hansen 1977,

Vavra and Sneva 1978, Krysl et al. 1984), and ranged from 21 to 88°'.

Dietary overlap between feral horses and cattle grazing common

sagebrush-grassland range in eastern Oregon averaged 67?, 69, and

72 during spring, summer, and winter, respectively (Vavra and Sneva

1978).

Unlike horses and cattle, pronghorn select diets containing large

amounts of shrubs (Table 3). However, prorighorn utilize young grasses

and forbs as they become available during spring, summer, and fall
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months (Table 3). Dietary comparisons of sympatric feral horses and

pronghorn (Olsen and Hansen 1977, Vavra and Sneva 1978, Meeker 1979,

Hanley 1980) have shown means of 9, 14?, 9°i, and 9 overlap between

these herbivores for spring, summer, fall, and winter, respective'y.

Values for cattle and pronghorn (Olsen and Hansen 1977, Vavra and

Sneva 1978, Johnson 1979, Hanley 1980) averaged 9?, 16?, 13, and

6 for spring, summer, fall, and winter, respectively.

However, Vavra and Sneva (1978) demonstrated a potential for

higher levels of dietary similarity. Working in the shrub-steppe of

eastern Oregon during a normal precipitation year, these authors

reported pronghorn consumed substantial quantities of Poa sandbergii

and Strepthanthus cordatus, while cattle and horses preferred Stipa

thurberiana, Festuca idahoensis, Sitanion hystrix, and Agropyron

spicatum. Dietary overlap between horses and pronghorn was 6?, 7,

and 1 during spring, summer, and winter, respectively. Overlap be-

tween cattle and pronghorn for the same seasons was 5, 14?, and 1°,

respectively. Drought conditions the following year reduced the

production of Poa and Strepthanthus, and pronghorn switched to a diet

high in large perennial grasses. Dietary overlap between horses and

pronghorn during spring, summer, and winter months increased to 2O,

37, and 2O, respectively. Further, similarity of cattle and prong-

horn diets rose to 22? and 19 during spring and summer, respectively.

Habitat Overlap

Quantitative studies detailing the spatial and habitat relation-

ships among feral horses, cattle, and pronghorn are scarce. In an

investigation of habitat occupational patterns by sympatric horses

and other ungulates, Salter and Hudson (1980) noted the seasonal

presence of animal sign in study plots. Horses demonstrated a broad

niche and non-specialist strategy of habitat occupation, and much of

the habitat overlap observed between horses and cattle (900,o) was

noncontemporaneous. Further, these authors reported spring grazing by
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horses did not deplete ranges preferred later in the season by cattle,

but certain common use areas were overgrazed by autumn.

Ganskopp (1984) reported 732 overlap in use of plant communities

between cattle and feral horses. Habitat separation resulted from the

horses' preference for ridgetops and benches while cattle preferred

basin areas. Further, horses were less specific in habitat occupation-

al patterns because they used areas farther from water than cattle.

Mifler (1983a) compared seasonal habitat use of feral horses and

cattle in the Red Desert of Wyoming. Positive association between

horses and cattle was observed in April, June, and July when animals

were concentrated near water. The author also reported horses used

a greater diversity of plant communities, and showed stronger affinity

for ridges than did cattle.

Several authors have noted syrnpatry between feral horses and

pronghorn (Ellis and Travis 1975, Olsen and Hansen 1977, Vavra and

Sneva 1978, Meeker 1979, Hanley 1980). However, little more than

anecdotal information exists to describe habitat relationships between

these species. Meeker (1979, 1982) reported the two species watered

and foraged together freely, and suggested a possible behavioral

symbiosis between them. However, the intensity of such a relationship

may depend upon the availability of resources. Miller (1983a) observed

interspecific aggression in watering behavior of sympatric horses,

cattle, and pronghorn during drought periods. During these times,

pronghorn were displaced from waterholes by horses and returned only

when there was room to drink without getting closer than 3 m to a

horse or cow.

Habitat relationships between cattle and pronghorn have received

slightly more attention. Many authors (Becker 1972, Campbell 1972,

Voakum 1975) agree pronghorn are compatible with cattle. Pronghorn

evolved in a commensal relationship with bison (Bison bison) (Yoakum

1980). Currently, 98? of all lands occupied by pronghorn are in dual
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use with livestock, primarily cattle (Yoakum 1980). Voakum (1975)

suggested cattle have replaced bison as a companion grazer to

pronghorn. However, Kindschy et al. (1982) warned grazing by live-

stock may affect pronghorn by altering the structural and vegetal

components of plant communities. Yoakum (1980) claimed rangeland

carrying capacity for pronghorn in the Great Basin has been reduced

by conversion of shrub-steppe to shrublarids by livestock grazing.

McNay (1980) and McNay and O'Gara (1982) suggested livestock be

managed to increase vegetative height and plant diversity to provide

better bedsites for pronghorn fawns. Heady and Bartolome (1977:106)

reported an increase of 143? in the number of pronghorn 7 years after

the initiation of a major brush control and seeding program in the

Vale, Oregon, District of the Bureau of Land Management.

Relationships between cattle and pronghorn may be more direct.

While Buechner (1950) observed no avoidance of cattle by pronghorn in

the Trans-Pecos of Texas, Pyrah (1971) reported they avoided cattle

during summer months in Montana. Further, McNay (1980) and McNay and

O'Gara (1982) concluded cattle on fawning areas in Nevada may cause

pronghorn does to select less favorable, sites because pre-parturient

does avoided the larger animals.



DESCRIPTION OF STUDY AREA

Location and Extent

The study was conducted in the northern portion of the Great

Basin in southeastern Oregon. Situated in southwestern Maiheur County,

the Sheepshead Mountains and Palomino Hills (Figure 1) are about 129

km southeast of the town of Burns. The small community of Burns

Junction is located immediately southeast of the study area at the

junction of State Highway 78 and U.S. Highway 95. Specific borders of

the study area are as follows: south along U.S. Highway 95 from Burns

Junction to a road immediately north of Crooked Creek; west along this

road to the Harney County line; north along this boundary to an east

west line at the border of Townships 29 and 30; east to State Highway

78; and southeast along the highway to Burns Junction. These boundar-

ies encompass about 66,992 ha.

Phys iography

The Sheepshead Mountains are located in the northeastern section

of the Basin and Range Physiographic Province and are bordered by the

Owyhee Upland Physiographic Province to the east (Raisz 1941). They

are north-trending mountains sloping gently to the east. The north-

west side of the Sheepshead Mountains is a scarp extending about 14.5

km to an elevation of 1,708 m at the north end. Toward the southeast,

the Sheepshead Mountains merge with the hilly terrain of the Palomino

Hills. Elevation at Burns Junction, located on the lowlands at the

base of these hills, is about 1,197 m. Streams flowing from the area

are intermittent. Drainage from the east side is toward the Owyhee

River. Other drainage is largely internal, and the area is punctated

with many small undrained playa lakes.

35



Figure 1. Location of study area in southeastern Oregon.
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Geology

Although the geology of the Sheepshead Mountains has not been

intensively examined, clues of their lithic structure may be found

in the well-studied surrounding areas of Steens Mountain and the

Owyhee Physiographic Province. Pre-Cenozoic nonfossiliferous sedimen-

tary and volcanic rocks probably underlie the entire region (Mckee

1972). Upper Oligocene and lower Miocene strata consisting of a wide

variety of volcanic flows, pyroclastic units, and minor interbeds

of non-marine sedimentary rocks occur in many areas but are not well

exposed (Mckee 1972). The Steens Basalt (late Miocene) covers an area

of several thousand square kilometers (McKee 1972) and may have been

influential in the Sheepshead Mountains. It is a prominant series of

100 separate flows (McKee 1972) containing lathlike feldspar crystals

from which the remaining melt has been strained leaving numerous

intercrystal openings (Baldwin 1976). The Owyhee Basalt, similar to

the Steens Basalt in lithology and stratigraphic position (Baldwin

1976), is the most prominent unit in the Owyhee Upland (Mckee 1972).

This basalt may be traced directly from Steens Mountain to the Owyhee

Canyon (Baldwin 1976). The Pliocene stratigraphic record of the region

consists mostly of thin sheets of basalt and welded tuff interbedded

with pumiceous sandstones, shales, and claystones (McKee 1972). During

the Pleistocene, basalt erupted from along the northern margin of the

Sheepshead Mountains and poured northward into the Owyhee Valley

(Baldwin 1976).

Soils

Standard soil surveys have not been completed for the study

area (Hossler 1982). The following discussion is based upon small

scale classification units of Lovell et al. (1969) and Lindsay et al.

(1969).

37
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Soils of the study area fall into two principal orders. Aridisols

are represented by three subgroups: (1) Xerollic Durargids are shallow,

loamy, well-drained soils with cemented pans. They are restricted to

the southern and southeastern portion of the study area on fans and

low terraces. Principal species on these sites are Artemisia

spinescens, Atriplex confertifolia, Artemisia tridentata wyomingensis,

Sitanion hystrix, and Poa sandbergii; (2) Lithic Xerollic Haplargids

cover extensive portions of the study area. They are loamy, shallow,

very stony, well-drained soils over basalt, rhyolite, or welded

tuff. Important species of these soils are Artemisia tridentata

wyomingerisis, Artemisia arbuscula, Agropyron spicatum, and Poa

sandbergii; (3) Xerollic Paleargids are limited to the northwestern

portion of the study area. These are shallow, clayey, very stony,

well-drained soils occurring at elevations above 1,373 m. Artemisia

tridentata wyomingensis, Agropyron spicatum, and Poa sandbergii are

important species on these soils.

Entisols are represented by a single subgroup. Lithic Torriothents

are very shallow, very stony, rocky, well-drained soils covering

extensive upland portions of the study area. Artemisia arbuscula and

Poa sandbergi i are the principal species occurring on these soils.

Vegetation

The entire study area lies within the salt desert shrub and

shrub-steppe regions described by Franklin and Dyrness (1973). The

salt desert shrub communities are restricted to low elevations of

the southern portions of the study area and are often intermingled

with communities dominated by Artemisia tridentata wyomingensis.

Principal shrubs of these salt desert shrub communities are Atriplex

conferti fol ia, Grayia spinosa, and Artemisia spinescens. Important

grasses associated with these shrubs are Sitanion hystrix, Oryzopsis

hymenoides, and Bromus tectorum.
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Uplands support characteristic shrub-steppe communities dominat-

ed by Artemisia tridentata wyomingensis. Principal grasses found in

association with this shrub are Agropyron spicatum, Poa sandbergii,

Stipa thurberiana, and Sitaniori hystrix. Artemisia arbuscula associ-

ations are common on the shallow, stony soils of ridgetops. While

Poa sandbergii is the principal graminoid of these areas, Festuca

idahoensis may be found on more mesic sites.

Although limited in extent, several other steppe comunities are

found on the study area. Juniperus occidentalis dominates a small area

near the highest elevation of the Sheepshead Mountains. On some mesic

northern upland slopes, Artemisia tridentata wyomingensis is associat-

ed with Symphoricarpos oreophilus and Ribes cereum. Localized grass-

land communities include Agropyron spicatum-Poa sandbergii on some

southern slopes; and Bromus tectorum occupying an old burn. Artemisia

cana dominates the several playa lakes of the study area.

C i mate

The semiarid climate of the study area is in a transition zone

between continental and Pacific coastal types (Heady and Bartolome

1977), with widely fluctuating seasonal temperature and precipitation

(Figure 2). The Sheepshead Mountains area typifies the Great Basin

region in climate and is called a cold desert (Heady and Bartolome

1977). The mean annual precipitation recorded at Burns Junction from

November, 1972 through November, 1981 was 208 mm. While summer thun-

derstorms contribute to the total precipitation, much of the rainfall

comes during spring months, with April being the wettest month of the

year (Figure 2). Snow accumulation occurs throughout the winter, but

is greatest during January. The ten-year mean annual accumulation of

snow at Burns Junction was 106.6 mm. Temperatures fluctuate widely

during the year, commonly falling below 0°C during winter months and

exceeding 38°C during July (Figure 2).
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METHODS OF STUDY

Botanical Nomenclature

Scientific names are used throughout the text, and follow

Hitchcock and Cronquist (1973). Acronyms are used in some figures

and tables, and follow Garrison et al. (1976). Plant species

occurring on the study area are listed in Appendix 1.

Sampling Periods

Field work extended from May 1979 through March 1981. Actual

sampling dates are indicated in each of the following sections, but

were plooed by season as follows: springMarch through May; summer

June through August; fall=September through November; and winter=

December through February.

Habitat Descriptions and Availability

Plant communities were identified using the dichotomous key

developed by Martin (1970) for classification of salt desert shrub

and shrub-steppe communities in southeastern Oregon. Major plant

communities (those covering extensive portions of the study area or

regularly frequented by feral horses, cattle, or pronghorn) were

sampled during June 1981 to determine percent canopy cover of annual

and perennial grasses, forbs, and shrubs by species; density of

perennial grasses, forbs, and shrubs by species; frequency of annual

and perennial grasses and forbs; shrub height; and percent cover of

rock, litter, bare ground, and moss.

Selection of sample stands followed the reconnoissance procedures

of Muller-Dombois and Ellenberg (1974). Two stands were sampled for

each plant community. Canopy cover, frequency, and density of

41
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herbaceous species, rock, bare ground, litter, and moss were estimated

in each of 65, 0.2 m2 (30.00 X 66.67 cm) quadrats placed at 2 m

intervals along three 50 m transects located parallel to the contour

in each stand. Canopy cover of shrubs was measured along six 50 m

transects in each stand using the line intercept method of Canfield

(1941). Rooted shrub density was measured in each of twelve 25 X 1 m

plots located within each stand. Data from each of the two stands

per community were pooled.

Proportions of each plant community occurring on the study area

were estimated using the nortmapping technique of Marcum and

Loftsgaarden (1980). Fifty random points were located on each of 53,

1:20,000 black and white aerial photographs covering the study area.

Each of these points was visited on the ground and identified as to

plant community using Martin's (1970) dichotomous key. These points

were tallied by plant community and converted to a percentage basis.

A Bruning planimeter was used to estimate the size of the study area.

The percentages of each plant community were then converted to a

hectare basis.

Forage Production

Grasses and Shrubs

Yields of herbaceous species were measured during spring, summer,

and fall in each major plant community. A double sampling system

(Wilm et al. 1944) was combined with the weight estimate of Pechanec

and Pickford (1937). Green weights of the proportion of plant species

rooted within each of the first five of 20, 0.5 m2 (0.5 X 1 m)

quadrats placed at 5 m intervals along 100 m transects were estimated,

then clipped to ground level, and weighed. Clipped samples were oven

dried at 60°C for 48 hours, and reweighed to establish dry weight

conversions. Green weights of plant species rooted within the remain-

ing 15 quadrats per transect were estimated. These estimates were
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corrected through simple linear regression based upon data gathered

in the first five quadrats. The total number of quadrats sampled was

based upon an estimate of samples required to obtain weight yield of

major species within 10°i of the mean at the 0.10 probability level

using Stein's (1945) two-stage sampling procedure. Data from sampling

stands were pooled seasonally for each community and expressed as

kg/ha (dry weight).

Shrubs

Regression techniques similar to those used by Rittenhouse and

Sneva (1977), Bryant and Kothmann (1979), and Zamora (1981) were

used to estimate browse yields of Artemisia tridentata wyomingensis,

Artemisia arbuscula, Atriplex confertifolia, and Grayla spinosa in

each of the major plant communities where these species occurred.

During September 1979 and 1980, 50 individuals of each species

were selected by locating the plant nearest each 5 m mark along 50 m

transects placed throughout the study area. Plant height and two

measurements of crown width were recorded to the nearest cm for each

individual (Rittenhouse and Sneva 1977). Plant height (Ht) was

measured from ground level to the tallest living plant tissue. The

first crown width measurement (Wi) was taken across the longest

intercept, and the second (W2) was measured at the longest intercept

perpendicular to the first. Voids in the canopy less than 3 cm were

ignored. Following these measurements, all leaves, petioles, spurs,

and flowering stalks were removed from the plant, placed in a paper

bag, oven dried at 60°c for at least 48 hours, and weighed.

All possible additive combinations of Ht, Wi, and W2 were tested

as independent variables against browse yield (g dry weight) in least

squares regression models. Additional independent variables tested

were canopy area (A) (Rittenhouse and Sneva 1977) and canopy volume

(Vol), respectively defined as follows:



A = (ivx Wi X W2)14.0

Vol = (Ht X Wi X W2)

Stepwise regression analysis (Neter and Wasserman 1974) was used to

select predictive models.

During fall 1979 and 1980, measurements of I-It, Wi, and W2 were

recorded for each shrub rooted within 1 X 25 m quadrats located in

representative sites of each major plant community. Measurements were

taken during periods of flowering to seed ripening, and represent

probable maximum browse availability. Estimates of browse yield (g dry

weight) were determined for each shrub using the selected predictive

model, and expressed as kg/ha (dry weight).

Dietary Relationships

Dietary Composition

Diets of feral horses, cattle, and pronghorn were determined by

microscopic analysis of fecal material. Analysis was conducted at the

Eastern Oregon Agricultural Research Center in Union. Three fecal

samples per season were prepared for each studied species of herbivore

from summer 1979 through winter 1981. Each sample consisted of five

subsamples collected from observed animals during the middle of each

month of the season. Each subsample was a composite (equal by weight)

of feces collected from six to ten individuals. Feces were preserved

by rapid air drying.

Subsamples of fecal material were soaked overnight in 5O° ethyl

alcohol; blended 90 seconds in a Waring blender; washed in water over

a 200-mesh screen until the filtrate became clear; oven dried; and

ground in a Wiley mill through a 20-mesh screen. One microscope slide

was prepared for each subsample according to the procedures of Sparks

and Malechek (1968) and 20 fields per slide were examined.



A reference collection consisting of dried plants, microscope

slides of epidernial tissues, and photomicrographs was prepared to aid

identification of plant fragments found in the feces using such

anatomical characteristics as discussed by Stewart (1965). Data from

microscope slide readings were expressed as percentage dry weight

composition (Sparks and Malechek 1968).

Dietary Overlap

Seasonal dietary overlap between pairs of herbivore species

(horses vs. cattle; horses vs. pronghorn; and cattle vs. pronghorn)

was calculated by suming the lesser mean proportions of forage species

shared by pairs of herbivores (cf. Whittaker 1975, Anthony and Smith

1977, Hurlbert 1978). This index may vary from O (no overlap) to

1OO (complete overlap). The contribution of each forage species and

class to the overlap index was then calculated on a percentage basis.

This index is numerically equivalent to Kulczynski's similarity index

(Oosting 1956) frequently used in comparative diet studies, and may be

compared directly with them.

Dietary Similarity

To further study the relationships among diets of herbivores,

a hierarchical, agglomerative, pair-wise cluster analysis (Clifford

and Stephenson 1975, Keniston 1978) was performed comparing the

similarity of each seasonal diet with all others. The clustering

algorithm was:

100
lxii -Xik

(cf. Bray and Curtis 1957)

where n was the total number of forage species in two diets; XIJ and

Xik were proportions of forage species Xi in the diets of herbivores
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j and k, respectively. The resulting measurements of similarity were

numerically equivalent to the overlap index used above. Results of

the cluster analysis were summarized as a dendogram using the complete

linkage (furthest neighbor) clustering strategy.

Dietary Quality

Samples of forage species known to be important to feral horses,

cattle, and pronghorn (Tables 1, 2, and 3) were collected concomitant

with fecal material each month. Between 50 and 100 g of those plant

parts thought to be selected by the studied herbivores were air dried

and ground separately in a Wiley mill through a 20-mesh screen.

Nutrient analyses were conducted at the Eastern Oregon Agricultural

Research Center in Burns. Percent crude protein (Kjeldahl nitrogen X

6.25) was determined using the procedures of A.O.A.C. (1970). Acid

detergent fiber (ADE) was determined following the procedures of Van

Soest and Wine (1967).

Dietary chemical composition (Ni) was determined seasonally for

each species of herbivore by summing the mean dry weight composition

of each forage species in each diet (Xi) times the mean percentage

chemical attribute of that species (Yij):

N= (Westoby 1974, Schwartz et al. 1977).

This procedure accounted for more than 90 of the chemical

composition of most diets. Remaining percentages were established

using mean values of similar forage species.

Spatial Relationships

Spatial distribution of herbivores was studied using two tech-

niques: (1) radio-tracking of horses fitted with transmitters, and
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(2) observations of animals along regularly driven routes. Each of

eleven mature horses from separate bands was immobilized with

approximately 3 cc of Succostriri® (succinyichol me chloride) using a

Cap_Chur®dart rifle fired from a helecopter. Each horse was then

equipped with a battery-powered Telonics® transmitter collar. These

bands were relocated, approximately bimonthly, from November 1979

through March 1981. Cattle and pronghorn were observed bimonthly from

the ground along driven routes. Animal locations were plotted to the

nearest 0.2 km on a 1:62,500 scale map, and the occupied plant

community recorded. Observational data were analyzed to determine

home range sizes and locations of feral horses; seasonal distribution

and spatial overlap of herbivores; and plant comunity preferences

and overlap among the studied herbivores.

Seasonal Movements

Annual home range of each band was determined using the minimum

convex polygon (MCP) method (Mohr 1947, Hayne 1949, Southwood 1966)

by pooling all seasonal observations for each band. The MCP method is

simple and can yield estimates close to the true home range (Schoener

1981 :283). Home range areas were measured with a planimeter. Seasonal

core use areas were estimated by compositing locations of all bands

within each season. Outliers were defined as 5 of those observations

with the greatest distance from the geometric center of all observa-

tions, and were deleted from analysis (Schoener 1981 :Appendix 5).
Since individual cattle and pronghorn could not be identified, home

ranges of these species were not described. Rather, seasonal locations

of animal groups were indicated on a map as described above.

Spatial Overlap

Seasonal spatial overlap between pairs of studied herbivore

species was determined using the coincidence index (ci) of Dice (1945).

A grid system consisting of 1 X 1 km squares was overlaid on the map
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of animal locations, and CI was defined as 2h/a+b, where h = number

of grids in which species A and B occurred together; a = number of

grids in which species A occurred alone; and b = number of grids in

which species B occurred alone. This grid size was selected to yield

normal distribution of data points. This index provides a measure of

the amount of association between two species being compared (Dice

1945) and ranges from 0.0 (lack of association) to 1.0 (complete

association). Observed numbers were then compared with expected

numbers using chi-square analysis to test the hypothesis that the

association of species A and B was due to chance errors in random

sampling. When the null hypothesis was rejected, it was concluded

there was significant spatial association between species A and B.

Habitat Occupancy and Overlap

Seasonal occupancy of plant communities by animal groups was

based upon observational data as previously described. Seasonal

preferences of specific plant communities was determined using two

techniques. First, chi-square analysis was used to test the null

hypothesis that each studied species of herbivore occupied each

plant community in exact proportion to its availability during each

season. When the null hypothesis was rejected, plant communities

contributing 1O? or more to the overall cM-square value were consid

ered preferred if observed frequency of use was greater than expected,

and avoided if observed frequency of use was less than expected.

Secondly, a relative preference index (Di) of each community was

determined for each species of herbivore:

ri - pi

Di = (Jacobs 1974)
(ri p1) - (2ripi)

where ri = proportion of observations within the ith plant community;

and p1 = proportion of the ith plant community within the study area.

This index may vary from -1.0 to +1.0. Values between 0 and -1.0

indicate increasing avoidance, and values between 0 and +1.0 indicate

increasing preference.
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Seasonal overlap in use of plant communities by pairs of studied

herbivore species was calculated by summing the lesser mean propor-

tions of observations within plant communities shared by those

herbivores (cf. Whittaker 1975, Anthony and Smith 1977, Huribert

1978). This index may vary from 02 (no overlap) to 100? (complete

overlap).

Watering Behavior

The watering behavior of feral horses, cattle, and pronyhorn

was studied during July and August, 1979 and 1980 using three battery-

powered Sankyo®EM_6OXL Super-8 movie cameras. These were concealed

in vegetation near reservoirs and set to expose one frame of film at

1 minute intervals during daylight hours. The area recorded on film

included the entire water surface and its surrounding bank. Exposed

film was examined to determine the following: (1) preferred watering

times, (2) time spent per visit, (3) proportion of time engaged in

various activities while at water, (4) if different species of

herbivores water simultaneously, and (5) if the watering behavior

of one species was altered by the presence of other species watering

s i mu 1 taneous I y.

Exposed film was examined frame by frame using an 8 mm movie film

editor. When animals appeared within 15 m of water, the time of day,

species of herbivore, and number of individuals in one of two activity

categories was recorded. An animal was considered to be drinking if

observed standing at or in water with its head down. An animal was

said to be loafing if observed with its head up, nursing, standing

with its head down away from water, engaging in eliminative behavior,

or playing.

Each day recorded on film was divided into 12 equal periods,

averaging 76 minutes in duration. Frames in which at least one animal

was observed were tallied by species and period. The number of "horse
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frames", "cattle frames", or "pronghorn frames" thus observed in

each period was compared to the expected number using chi-square

analysis to test the null hypothesis that animals visited water in

equal proportions across periods. When the null hypothesis was re-

jected, pairs of proportions within periods were tested by obtaining

90? simultaneous confidence intervals using the Bonferroni approach

(Marcum and Loftsgaarden 1980) to identify preferred periods for

visiting water. 4ext, the significance of use between preferred

periods was tested by chi-square analysis at the 90? probability

level.

The length of each visit to water by groups of feral horses,

cattle, and pronghorn was recorded separately. The percentage of time

engaged in each of the two activity categories was obtained by tally-

ing the number of animals observed in each frame of film. The mean

time spent at water by one species alone was compared to that spent

in the presence of another species during the same periods using

the t test for unpaired observations and unequal variance.



RESULTS AND DISCUSSION

Habitat Descriptions and Availability

A total of 2,650 random points was located on aerial photographs.

However, since some of these points fell outside the boundaries of

the study area and were discarded, 2,636 points were visited on the

ground. Fourteen plant communities were identified on the study area

(Table 5). Only one of these (Arternisia cana) was not described by

Martin (1970). Rock scree, principally devoid of vegetation, was an

additional habitat category listed. Plant communities fell within two

vegetation regions of Franklin and Dyrness (1973): (1) salt desert

shrub, and (2) shrub-steppe. Salt desert shrub communities were re-

stricted to the southern portion of the study area at low elevations.

Shrub-steppe communities were widespread, and were grouped into four

general categories: (i) Artemisia cana, (2) Artemisia arbuscula,

(3) Artemisia tridentata, and (4) grasslands (Table 5).

Major plant communities were those which comprised extensive

portions of the study area, or were regularly frequented by the studied

herbivores. Vegetation characteristics of these communities are

summarized in Table 6 and detailed in Appendix 2. A brief description

of each major community follows.

1. Atriplex confertifolia-Artemisja spinescens/Bromus tectorum (ATCO-

ARSP/BRTE).

This community comprised 6.6 of the study area and was restricted

to the southern portion at elevations below 1,300 m, where it often

formed a mosaic with Arternisia tridentata wyomingensis-Atriplex

confertifolja/ Sitanion hystrix. ATCO-ARSP/BRTE may represent a low

seral stage of Atriplex confertifolia/Sitanjon hystrix communities

(Billings 1949), and is of value as winter range despite low forage

production (Martin 1970). Important forage species were Bromus

tectorum, Sitanion hystrix, and Atriplex confertifolia.

51



Table 5. Identification and extent of habitats occurring on the study area.

1 Plant couwnunity symbols follow Martin (1970)
2 Plant conwuunity not described by Martin (1970)

Flabi tats Symbol
1

Random
PoInts

Percent of
Study Area Hectares

SALT DESERT SHRUB COMMUNITIES

1. Atrlplex confertlfollaArtemisia sInescens/
Bromus tectorum 112 175 6.6 4,It48.3

2. Sarcobatus vermiculatus/Dlstichlis stricta 154 1 0.1 26.8

SHRUB-STEPPE COMMUNITIES

I. Artemisla cana Coimiunity
200 11 0.4 281.41. Artemisla cana2

II. Artemisla arbuscula Coninunity
323 312 11.8 7,931.81. Artemisia arbuscula/Poa sandberqll

III. Arjemlsla tridentata Coninunitles
413 22 0.8 556.11. Artemisla tridentata tridentata/Elymus clnereus

2. Artemisia tridentata wyominqensis/Aqropyron smlthil 416 2 0.1 53.6

3. A. tridentata wyominqensis/Aqropyron splcaum 418 385 14.6 9,780.8

4. A. tridentata wyominqensls-AtrioIe, confertlfolla/
Sitanion hystrix 432 443 16.8 11,254.6

5. A. trdentata wyominqensis/Poa sandberqll 433 599 22.7 15,220.5

6. A. tridentata wyomlnqensls/Bromus tectorum 434 564 21.4 14,336.3

7. A. tridentata wyominqensis-Symphoricarpos
449 10 0.4 254.6oreophi%ls/Aqropyron splcatum

IV. Grassland Comunities
1. Bromus tectorum/Sisymbrium altlssimum 731 41 1.6 1,045.1

2. Agropyron spIcatumI sandberciii 742 63 2.4 1,601.1

3. Carex/Hordeum brachyantherum 781 3 0.1 73.7

ROCK SCREE 5 0.2 127.3

Total 2,636 100.0 66,992.0



Table 6. Vegetation characteristics of major plant communities.

Plant Conimunitles1

2 Trace. Less than 0.1/rn2

ATCO=Atriplex confertifolia; ARSP=Artemisia spinescens; BRTEBromus tectorum; ARIRWArtemisia tridentata wyomingensis; ARAR=Artemisla
arbuscula; POSA=Poa sandbergii; AGSPAgropyron spicatum; SlHYSltanIon hystrix; SIALS1symbrium altissimum.

Vegetation Characteristics
ATCO-ARSP/

BRIE
ARAR/POSA ARTR/AGSP ARTKW-ATCO

SIHY
ARTRW/POSA ARTRW/BRTE BRIE/S IAL

Cover ()
Graminolds 36.3 25.0 33.8 15.4 21.1 26.5 62.1.
Forbs 0.2 10.0 3.4 1.3 3.1 0.2 12.4
Total herbaceous 36.5 35.0 37.2 16.7 24.2 26.7 71s.8

Shrubs 5.8 13.1 8.6 8.6 10.3 10.5 0
Moss 1.3 0.5 3.5 0.6 0.5 0.4 0.3
lotal vegetation 43.6 48.6 '.9.3 25.9 35.0 37.6 75.1

Rock 42.6 42.4 46.2 59.9 48.0 40.6 1.0.2
Bare ground 11.8 21.1 10.8 10.9 39.0 13.3 4.5
Litter 50.6 29.3 28.1 28.5 13.5 46.0 68.0

Density (#/m2)
Perennial graminolds 2.3 50.2 48.2 1.3 26.8 3.0 3.1
Perennial forbs 0.3 30.0 20.3 t' 12.1 t2 16.5
Shrubs 1.4 9.6 0.6 1.7 1.0 0.9 0

Shrub Height (cm) 21.7 14.8 41.3 32.1 48.1 1.3.2
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Artemisia arbuscula/Poa sandbergii (ARAR/POSA).

This community occupied uplands and exposed slopes at elevations

above 1,600 m, and covered 11.8 of the study area. ARAR/POSA is

recognized as a discrete habitat type in Idaho (Blaisdell et al.

1982), but may represent a low seral stage of Artemisia arbuscula/

Agropyron spicatum (Franklin and Dyrness 1973) on Sheepshead Mountain.

Artemisia tridentata wyomingensis/Agropyron spicatum (ARTRW/AGSP).

These sites covered 14.6 of the study area and were common on

undulating uplands and exposed slopes above 1,400 m. ARTRW/AGSP is

recognized as the most widespread association of southeastern Oregon

(Franklin and Dyrness 1973), and is also common in Idaho and Montana

(Blaisdell et al. 1982). The most prominent grass was Agropyron

spicatum, with a mean canopy cover of 21.7. 1-lowever, Poa sandbergii,

Stipa thurberiana, and Sitanion hystrix also occurred on these sites.

This community is very productive when in good condition (Martin

1970).

Li.Artemisia tridentata wyomingensis-Atriplex confertifolia/Sitanion

hystrix (ARTRW-ATCO/SIHY).

This community was common on bottomlands below elevations of

1,300 m, and made up i6.8 of the study area. It was often intermin-

gled with Atriplex confertifolia-Artemisia spinescens/Bromus tectorum.

5. Artemisia tridentata wyomingensis/Poa sandbergi i (ARTRW/POSA).

This community occupied 22.7? of the study area and was most

abundant on terraces, rolling uplands, and colluvial slopes between

elevations of 1,300 and 1,600 m. ARTRW/POSA has been recognized as

a discrete habitat type in Idaho (Blaisdell et al. 1982), but may

represent an intermediate seral stage of Artemisia tridentata

wyomingensis/ Agropyron spicatum in southeastern Oregon (Tuller 1962).

Important forage species found on these sites were Agropyron

spicatum and Sitanion hystrix.
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Artemisia tridentata wyomingensis/Bromus tectorum (ARTRW/BRTE).

These sites were common on terraces, fans, and rolling uplands

at elevations between 1,300 and 1,600 m. Tuller (1962) reported this

community may represent a low seral stage of the Artemisia tridentata!

Agropyron spicatum habitat type in southeastern Oregon. Other grasses

were present, but formed only minor components of total canopy cover.

ARTRW/BRTE formed an extensive portion of the study area (21.').

Bromus tectorum/Sisymbrium altissimum (BRTE/SIAL).

This community was limited in extent, covering only i.6 of the

study area. Total herbaceous cover was relatively high (7Lt.82) due

principally to Bromus tectorum and Sisymbrium altissimum. Forage

production was high during spring months, but declined rapidly as

the season progressed. BRTE/SIAL is a very low seral stage of several

possible climaxes (Martin 1970), and may result from burning (Wright

et al. 1979).

Forage Production

A grazer's perception of forage availability is difficult to

quantify (Nudds 1980) and varies with animal species (Marten 1978).

However, a measure of forage availability is necessary to assess the

potential for competition between sympatric herbivores, and to estab-

lish stocking rates.

Grasses and Forbs

A total of 3,71i2, 0.5 rn2 quadrats was used to estimate herbaceous

plant production in seven communities (Appendix 3). Major species

(those which contributed significantly to total forage production or

dietary composition) were Agropyron spicatum, Si tanion hystri x, Poa

sandbergii, Stipa thurberiana, Bromus tectorum, Phlox hoodii, Phlox

longifolia, Phoenicaulis cheiranthoides, and Balsamorhiza hookeri.
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Coefficients of determination (r2) comparing estimated and actual

green weights of major species ranged from 0.31 to 1.00, averaged

0.87, and did not depart significantly (p<0.05) from 1:1 relationships.

Mean production of each major species was pooled by seasons

within each community (Table 7). Grasses composed the majority of

herbaceous yield in each community. Bromus tectorum/Sisymbrium

altissimum was the most productive community in spring and summer, but

forage availability declined rapidly during fall months (Figure 3).

Such strong seasonal fluctuations in total herbage availability were

not apparent in other communities. Periods of maximum production

were inconsistent among communities, but coincided with phenology of

major species. Communities in which Agropyron spicatum or Sitanion

hystrix dominated the understory were most productive during summer

months when these species produced seed heads. Available herbage in

communities dominated by Bromus tectorum or Poa sandbergii was

greatest during spring months and declined through summer as these

species cured. Availability of forbs was greatest during spring, and

steadily declined through summer and fall in all communities (Table

7).
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Table 7. Mean seasonal production (kg/ha) of selected herbaceous
species.

Plant Comunity
Species

Ilerbaceous Production (kg/ha)

Spring Suimer Fall

1. Atriplex confertifolia-Artemisia spinescens/

-

170.2
97.7
22.1
a

152.6
74.4

3.6
0.5

Bromus tectorum (112)

Bromus tectorum
Sitanion hystrix
Poa sandbergii
Stipa thurberiana

Total grasses 290.0 231.1
Total forbs 19.7 3.8

2. Artemisia arbuscula/Poa sandbergii (323)

Agropyron spicatum 1.6 2.2 0

Bromus tectorum 1.7 3.6 6.8
Sitanion hystrix 11.0 20.8 12.5
Poa sandbergii 82.1 74.4 129.9

Total grasses 96.4 101.0 149.2
Phlox longifolia 27.8 15.1 0.1

Total forbs 78.7 '45.2 0.1

3. Artemisia tridentata wyominqensis/Agropyron spicatum (418)

Agropyrori spicatum 192.9 287.2 263.1
Bromus tectortgn 3.5 5.4 1.7
Sitanion hystrix 13.4 6.9 9.4
Poa sandberqii 42.1 43.5 43.7
Stipa thurberiana 4.1 4.7 1.5

Total grasses 256.8 348.3 319.5
Phlox lonqifolia 8.0 13.9 2.0

Total forbs 22.0 20.7 2.0

4. A. tridentata wyomingensis-Atriplex confertifolia/
Sitaniàn hystrix (432)

Agropyron spicatum 0.1 0 0

Bromus tectorum 12.2 22.7 0.5
Sitanion hystrix 68.7 99.9 98.9
Poa sandbergii 0 1.9 0

Total grasses 81.0 124.5 99.4
Total forbs 11.1 6.5 0



Table 7. (Continued).
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Plant Connunity Herbaceous Production (kg/ha)

Species Spring Si.uiwner Fall

5. A. tridentata wyomingensis/Poa sandbergii (433)

3.3
48.2
58.2

106.4
0

10.5
26.0
69.2
75.1
4.2

Agropyronspicatum
Bromus tectorum
Sitan ion hystrix
Poe sandbergii
Stipa thurberiana

Total grasses 216.1 185.0
Phlox longifolia 14.2 18.9

Total forbs 28.2 21.6

6. A. tridentata wyomingensis/Bromus tectorum (434)

Bromus tectorum 219.4 270.9
Sitanion hystrix 35.4 10.0
Poasandberqii 17.4 3.7

Total grasses 272.2 284.6
Phlox lonqifolia 4.9 0

Phlox hoodji 7.2 0
Total forbs 15.2 0

7. Bromus tectorusn/Sisymbrium altissimum (731)

Bromus tectorum 579.3 536.4 255.7
Sitanion hystrix 6.4 1.7 0
Poe sandberqii 24.1 6.8 0
Stipa thurberiana 0 2.6 0

Total grasses 609.8 549.5 255.7
Phlox lonqifoUa 20.0 3.7 0

Total forbs 84.4 49.5 0
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Shrubs

The relationship between yield and canopy measurements (Ht, Wi,

and W2) of shrubs was best described by the first-order model:

Y=b +...bX
0 nfl

where Y = yield (g dry weight), b = value of the nth parameter, and

X = value of the nth independent variable.

The independent variables tested by regression analysis, and the

resulting models are shown in Appendix 4. Generally, models contain-

ing combinations of canopy measurements accounted for more variability

in yield than models using only one measurement. However, either

crown width measurement (Wi or W2) was a better predictor of yield

than plant height alone. The ability of Wi versus W2 to account for

more variability in yield was inconsistent, and varied by species.

Models containing canopy area (A) or canopy volume (Vol) generally

accounted for more variability in yield than models including

combinations of Ut, Wi, and W2 alone, and were consistently selected

by stepwise regression analysis (Table 8).

A total of 396, 1 X 25 m quadrats was used to estimate browse

production in six major plant communities (Table 9). Atriplex

confertifolia was common in salt desert shrub communities at lower

elevations on the study area. Although leaf fall occurred during

October, leaves and fruits accumulated in depressions to form "feed

pocketsu (Sampson and Jespersen 1963). Grayia spinosa formed only

minor proportions of total browse availability. Artemisia tridentata

wyomingensis contributed greatly to total forage availability in

several plant commumities. Artemisia arbuscula was confined to the

Artemisia arbuscula/Poa sandbergii community and composed roughly

5O of total forage availability on these sites.
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Table 8. Regression models used to estimate browse yields as determined by stepwise regressi1n
analysis. Regressions do not depart significantly (p<O.Ol) from 1:1 relationships.

1979 1980

1 Models fit the linear regression function V=b + ... b x
0 nfl

of the nth variable.

where Vshrub yield; b= value of the nth parameter; and xvalue

2 Ht=height; A=canopy area (itX Wi X W2/4.0); Vol=canopy volume (Ht X WI X 142); and Wl and W2 are crown widths.

Species Model2 R2 Model2

Artemisia tridentata wyorningensis Y 9.12 + 0.0l(Vol) 0.90 V 4.20 + 0.02(A) 0.78

Artemisia arbuscula V 0.93 + 0.05(Ht) + 0.01(A) 0.91 -0.11 + 0.01(A) 0.94

Atriplex confertifolia V 11.99 + 0.01(Vol) 0.87 V -26.31 + 1.60(Ht) + 0.04(A) 0.94

Grayia spinosa V = -2.34 + o.61(Ht) 0.02(A) 0.84 V - -2.34 + o.61(Ht) + 0.02(A) 0.84



Table 9. Production (kg/ha dry weight) of browse species within major plant communities, fall

1

Sample size (n) refers to number of 1 x 25 m quadrats.

1979 and 1980.

Plant Comunity Species Year n

Browse Production
(kg/ha)

nan S.E.
Atriplex confertifolia-Artemisia spinescens/

Atriplex conferti fol Ia 1980 2. 1*17.6 23.5Bromus tectorum
Grayla spinosa 1980 214 31.5 5.1

Artemisia arbuscula/Poa sandbergli Artemisia arbuscula 1979 8 231.9 22.1
1980 S. 258.5 37.1

Artemisia tridentata wyomingensis/
Artemisia tridentataAgroyron spicatun

wyomingensis 1979
1980

21*

214

181.2
332.2

16.5
20.

Artemisia tridentata wyomingensis-
Artemisia tridentataAtriplex confertifolia/Sitanion hystrix

wyomingensls 1979 2. 166.0 11.8
1980 214 198.14 214.8

Atriplex confertlfolla 1979 214 177.2 25.1
1980 214 2414.1* 35.6

Grayia spinosa 1979 214 28.7 7.7

Artemisia tridentata wyomingensis/

1980 214 23.0 7.3

Poa sandberqii Artemisia tridentata
1979
1980

214

21.
226.5
365.1.

12.9
18.1

wyomingensls

Grayia spinosa 1979
1980

21.

21*

66.8
55.3

12.7
10.6

Artemisia tridentata wyomlngensls/
Artemisia tridentataBromus tectorum

wyomingensis 1980 24 325.8 19.0
Grayla spinosa 1980 21* 130.6 25.14



Dietary Relationships

Dietary Composition

Feral Horses

Eighteen forage species were identified in the diets of feral

horses (Appendix 5). Unidentifiable forage species (mostly grass) in

the feces averaged 5.1 on an annual basis, and reached a maximum of

8.22 in winter 1981. Mean annual composition of grasses, forbs, and

shrubs in feral horse diets was 88.62, 7.72, and 3.6?, respectively.

Horses primarily consumed perennial grasses throughout the year

(Figure lA). Principal among these was Sitanion hystrix, forming a

mean annual composition of Following in order of importance

on a mean annual, basis were Agropyron spicatum (16.9?), Stipa

thurberiana (i6.i), Poa sandbergii (9.O?), and Bromus tectorum

(7.5?). Other grasses totaled only 5.72 of the mean annual dietary

compos i t i on.

Use of many grasses by horses varied seasonally. Use of Sitanion

hystrix was greatest in winter months (p<O.05), declined steadily

throughout the year, and reached its lowest level during summer. Poa

sandbergii consumption followed a similar pattern, with fall, winter,

and spring use higher than summer (p<O.05). Use of Agropyron spicatum

exhibited a reverse pattern. Bromus tectorum was more heavily consum-

ed during spring and summer months than other seasons (p<O.05).
Consumption of Bromus tectorum and Stipa thurberiana was greater in

summer 1980 than summer 1979 (p<O.05). Greater mean precipitation

during May-June 1980 (22.6 mm) compared with the same period in 1979

(11.7 mm) may have increased the yield and retarded phenological

development of these species in 1980, possibly resulting in increased

palatability to feral horses.
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Few forbs and shrubs were consumed by horses (Appendix 5). Use

of these forage classes was especially minimal during spring months.

Phlox hoodii was the principal forb consumed, forming 13.3? of the

diet in fall 1980, and 9.6 of the diet in winter 1981. Other forbs

totaled only 1.7? of the mean annual diet. Ceratoides lanata was the

most heavily consumed shrub, but contributed only 2.1 to the mean

annual diet.

Cattle

Twenty-one forage species were identified in cattle feces

(Appendix 5). Spring and summer diets were more diverse in number of

taxa consumed ( = 16) than fall and winter diets ( = 10). Mean

annual composition of unidentifiable forage species (mostly grass)

was 7.7?, and ranged from 3.9? in winter 1980, to 11.0? in summer

1980. Grasses, forbs, and shrubs formed a mean annual composition of

88.8?, 4.3, and 7.O, respectively.

Graminoids formed the bulk of seasonal diets (Figure 1B). Spring

and summer diets contained slightly more grass than fall and winter

diets (p<O.1O). Sitanion hystrix composed a large proportion of the

annual diet (kO.3). Use of this species was highest during winter

months (p<O.01), steadily declined throughout the year, and reached

its lowest level during summer. On an annual basis, Sitanion was

followed in order of importance by Agropyron spicatum (2O.z?), Bromus

tectorum (9.2). Poasandbergii (5.L), Stipa thurberiana (4.4),

and Carex spp. (1.9). Cattle showed seasonal patterns of use of these

species. Consumption of Agropyron spicatum was greatest during summer

months (p<O.05), and least during winter. Bromus tectorum and

sandbergii were more important in spring and summer diets than during

other seasons (p<0.05). Consumption of these species was greater

during summer 1980 than summer 1979 (p<O.05). This may have resulted

from increased precipitation during late spring and early summer 1980

compared with 1979.
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Use of forbs and shrubs varied seasonally. Forbs occurred more

frequently in spring and summer diets than fall and winter diets

(p<0.01), while shrub consumption showed the reverse trend (p<0.01).

Atriplex confertifolia was the most heavily consumed shrub, and

formed 5.9°. of the mean annual diet. Use of this species was slight

during spring and summer months, but formed lL.2 and l2.0? of cattle

diets during winters 1980 and 1981, respectively.

P ronghorn

Twenty-five forage species were identified in pronghorn diets

(Appendix 5). Numbers of taxa consumed ranged from 18 in spring to 9

during winter months. Unidentifiable epidermal fragments (mostly

forbs) varied from 3.1 to 7.l, and averaged 5.2°/ on an annual basis.

Mean annual composition of grasses, forbs, and shrubs in pronghorri

diets was 13?, 44.3, and 42.3?, respectively.

Unlike horses and cattle, pronghorn principally consumed forbs

and shrubs throughout the year (Figure kC). Use of these forage

classes showed wide seasonal fluctuations that coincided with the

availability of forbs. A number of forbs were important dietary

constituents as plant growth began in spring (Appendix 5). Forb use

peaked during summer months, then declined through fall and winter.

Phlox longifol Ia was the most commonly used forb throughout the year.

Phoenicaulis cheiranthoides and Balsamorhiza hookeri were the two

other most heavily consumed forbs, with greatest use during summer.

During fall months, forbs became less available with advancing

phenological development, and pronghorn switched to a diet dominated

by shrubs. Artemisia arbuscula and Artemisia tridentata wyomingensis

could not be distinguished microhistologically, but collectively

formed the bulk of fall and winter diets.

Consumption of grasses (principally Poa sandbergii) was greatest

during winter months and steadily declined through the remainder of
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the year. Brornus tectorum was the second most consistently consumed

grass, but formed very little of the mean annual diet (3.6).

Dietary Overlap

Horses vs. Cattle

Twenty-one forage species were identified in the collective

annual diets of cattle and feral horses. Of these, 17 (8i) were

used in common. Absolute overlap exhibited modest, but inconsistent,

seasonal variation (Figure 5). On an annual basis, the index averaged

7O.7, and ranged from 61.7 (fall 1980) to 77.6? (fall 1979).

The contribution of grasses, forbs, and shrubs to the absolute

overlap is shown in Figure 5. Since few forbs and shrubs were

consumed, these forage classes accounted for little of the overlap

during any season. The contribution of grasses was high during all

seasons, averaging 94.2°, on an annual basis. Collectively, Sitanion

hystrix and Agropyron spi.catum formed roughly 5O or more of the

absolute overlap during every season. Following in order of importance

were Bromus tectorum, Stipa thurberiana, and Poa sandbergii. Marked

seasonal fluctuations in the contribution of individual grass species

were apparent (Figure 5 and Appendix 6). Common use of Sitanion

hystrix was greatest during winter months, steadily declined through-

out the year, and was least in summer. Use of Agropyron spicatuni and

Bromus tectorum followed the reverse trend, with greatest overlap

occurring during summer months. Common use of Poa sandbergi i was

greatest during spring. Overlap in the use of Bromus tectorum was

higher in summer 1980 than summer 1979, reflecting increased consump-

tion of this grass by horses and cattle in 1980.
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Horses vs. Pronghorn

Twelve (48°) of the twenty-five forage species identified in the

collective annual diets of feral horses and pronghorn were used

commonly by both species of herbivores. Absolute overlap peaked in

winter, steadily declined through spring, and reached its lowest

levels during summer months (Figure 6). On an annual basis, the index

averaged 15.5, and ranged from 7.1 (summer 1980) to 25.3 (winter

1981). These modest figures reflect the earlier observation that

horses consumed primarily grasses while pronghorn diets were composed

principally of forbs and shrubs.

Relative seasonal contribution of grasses, forbs, and shrubs are

illustrated in Figure 6 and detailed in Appendix 7. Shrubs accounted

for less than 89 of the absolute index during each season. Common use

of shrubs did not occur during summer. The contribution of forbs

showed no consistent seasonal trend among years, but generally formed

greater proportions of the dietary overlap during summer than other

seasons. Phlox hoodii and Phlox longifolia accounted for most of the

overlap wIthin this forage class throughout the year. On an annual

basis, however, overlap in use of these species averaged only 2.O

and O.6?, respectively. Grasses (principally Poa sandbergii) formed

most of the dietary overlap between horses and pronghorn on an annual

basis. Common use of Poa sandbergii peaked during winter months,

gradually declined through spring, and reached its lowest level

during summer. Following in order of importance was Bromus tectorum.

Overlap in use of this species, however, was never greater than 4.3?

(spring 1980).
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Cattle vs. Pronghorn

A total of 31 forage species were observed in the collective

annual diets of cattle and pronghorn. Thirteen (e2) of these were

consumed by both species of herbivores. While absolute overlap clearly

peaked during spring 1980 (25.O?), trends in other seasonal fluctua-

tions were inconsistent among years (Figure 7). On an annual basis,

the index averaged 13.5°/a, and reached its lowest level during winter

1980 (8.39). As in the comparison of pronghorn with horses, dietary

overlap between pronghorn and cattle was not high. This resulted

from the preponderance of grasses in cattle diets, while pronghorn

diets contained principally forbs and shrubs.

The contribution of grasses, forbs, and shrubs to seasonal diet-

ary overlap is illustrated in Figure 7 and detailed in Appendix 8.

t4ean annual overlap of shrubs was trivial (O.8°'). The disproportion-

ately large overlap of shrubs in winter 1981 (4.1?) compared with

other seasons resulted from the inordinate consumption of Atriplex

confertifolia by pronghorn during that season (Appendix 5). This

elevated the absolute overlap index of tinter 1981 compared with

winter 1980 (Figure 7).

Common use of forbs averaged k.2°/0 on an annual basis, peaked

during spring 1980 (8.5), steadily declined through summer and

fall, and reached its lowest level during winter months. There was

good agreement of this trend among years. Unidentifiable forbs

accounted for much of this overlap.

Common use of grasses accounted for the rnajori ty of the mean

annual overlap. Two grasses, Poa sandbergii and Bromus tectorum,

collectively formed roughly 5O or more of the absolute overlap

during every season except summer 1979. Common use of these species

was highest during the onset of growth in the spring, and during fall

following late summer precipitation.
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Dietary Similarity

A similarity matrix comparing all seasonal diets to one another

is shown in Appendix 9. Results of the cluster analysis of similarity

indices are illustrated in Figure 8. In this diagram, diets may be

compared at any level of similarity. However, they have been

arbitrarily grouped into four uclassesil with threshold levels of 1O°',

4O°i, and 6O°,, respectively.

Analysis of diets into discrete clusters emphasizes the differ-

ences in forage consumption among and within species of herbivores.

Class 2 (Figure 8) shows two clusters; one which contains all of the

collective cattle and feral horse diets, and a second that contains

all of the pronghorn diets. These two clusters are joined in class 1

at about 4 similarity. The reason for separation of these groups is

clear; horses and cattle consumed diets composed principally of

grasses, while pronghorn diets were dominated by forbs and shrubs

(Figure 4).

In class 3, diets of feral horses and cattle are further

separated into two clusters. The first combines the collective fall

and winter diets of these herbivores at about 58 similarity, and

the second joins the collective spring and summer diets at about 56?

similarity. This resulted from significant shifts in diets of horses

and cattle from the spring-summer period to the fall-winter period

(Table 10). For horses, use of Sitanion hystrix and Poa sandbergii

increased during the fall-winter period compared to spring-summer,

while Agropyron spicatum and Bromus tectorum decreased. For cattle,

consumption of Sitanion hystrix and Atriplex confertifolia was greater

in the fall-winter period, while use of total grasses, Agropyron

spicatum, Bromus tectorum, Poa saridbergii, and total forbs was less

(Table 10).
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Table 10. Resu)ts of t test comparing dietary composition of forage species between spring-summer
vs. fall-winter periods for feral horses and cattle.

1/ ns, **, *, and +, respectively, refer to not significant, significant at the 99 level of probability, significant at the

95 level, and significant at the 9O level.

Forage Class
Forage Species

? Dietary Composition

FERAL HORSES

Significance' Dietary Composition

CATTLE

Computed Significancei"(±S.E) Computed (±S.E.)

t valuest values
springsummer fallwinter

n=3 n.4

springsummer fallwinter

n=3 n=4

Total Grasses 92.0(3.2) 86.1(2.5) 1.4700 ns 91.7(0.8) 86.6(1.8) 2.3037 +

Agropyron spicatum 26.6(2.8) 9.6(1.7) 5.6356 31.4(6.4) 11.6(2.0) 3.4244 *
Sitanion hystrix 20.4(6.4) 43.2(2.8) 3.6418 * 18.6(6.4) 56.6(2.5) 6.2770 **
Bromus tectorum 13.3(3.1) 3.1(0.4) 3.8715 * 13.9(3.3) 5.6(1.3) 2.5966 *
Poa sandbergii 5.0(3.2) 11.9(1.3) 2.2242 8.5(1.2) 3.1(0.8) 3.9977 *
Stipa thurberiana 20.5(3.9) 12.9(2.1) 1.8704 ns 4.9(1.0) 4.0(2.5) 0.3174 ns

Total Forbs 4.8(1.7) 9.9(1.9) 1.9234 ns 7.3(0.6) 2.0(0.4) 7.3512 **

Total Shrubs 3.2(2.0) 4.0(1.0) 0.4141 ns 1.0(0.6) 11.4(2.0) 4.2744 **

Atriplex confertifolia 0.5(0.5) 10.0(2.5) 3.1908 *
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However, there was little difference between the spring-summer

diets of horses vs. cattle, while fall-winter diets of horses varied

significantly from fall-winter diets of cattle (Table ii). For this

reason, the fall-winter diets of horses were segregated from the

fall-winter diets of cattle into two clusters in class 4 of Figure 8,

while the separation of spring-summer diets between horses and cattle

was indefinite.

The collective fall-winter diets of pronghorn were clustered at

about 77? similarity in class It. This was the result of the prepon-

derance of Artemisia in these diets compared to spring-summer (Figure

4). The spring 1980 diet was more similar to the collective fall-winter

diets than to those during the spring-summer period.



Table 11. Results of t test comparing dietary composition of forage species between feral horses
and cattle during spring-summer and fall-winter periods.

SpringSunmer FallWinter

1/ ,**, and *, respectively, refer to not significant, significant at the 99% level of probability, and significant at the
95% level.

Feral Horses

n=3

Cattle

n=3

Feral Horses

n=4

Cattle

n=4

Total Grasses 92.0(3.2) 91.7(0.8) 0.0855 ns 86.1(2.5) 86.6(1.8) 0.2160 ns

Agropyron spicatum 26.6(2.8) 31.4(6.4) 0.9932 ns 9.6(1.7) 11.6(2.0) 0.6400 ns
Sitanion hystrix 20.4(6.4) 18.6(6.4) 0.3002 ns 43.2(2.8) 56.6(2.5) 9.0528 **

Bromus tectorum 13.3(3.1) 13.9(3.3) 1.1606 ns 3.1(0.4) 5.6(1.3) 1.8574 ns
Poa sandbergii 5.0(3.2) 8.5(1.2) 0.9439 ns 11.9(1.3) 3.1(0.8) 4.8600 *

Stipa thurberiana 20.5(3.9) 4.9(1.0) 5.3911 * 12.9(2.1) 4.0(2.5) 4.9992 *

Total Forbs 4.8(1.7) 7.3(0.6) 1.0870 ns 9.9(1.9) 2.0(0.4) 4.2297 *

Total Shrubs 3.2(2.0 1.0(0.6) 0.9774 ns 4.0(1.0) 11.4(2.0) 3.3604 *

Forage Class Dietary Composition (±S.E.) Computed Significance!" Dietary Composition tS.E.) Computed Significance!'
Forage Species t values t values



Dietary Quality

Crude Protein

Protein is considered an important nutrient for animals (Dietz

1970). Crude protein (CR) represents both protein and nonprotein

nitrogen (Dietz 1970), and is correlated with digestible protein, dry

matter digestibility, and desireable nutritional components (Kothmann

1980, Leslie 1983). As such, CR content of a plant may serve as a

reliable index of its nutritional value (Sullivan 1962).

Monthly CR levels of important forage species (Table 12) agreed

reasonably well with other studies conducted in the Great Basin

(Hickman 1975, Spalinger 1980, Urness 1966). On the average, grasses

contained more CR than forbs of shrubs during early spring (Figure

9A). However, CR content of grasses decreased rapidly through late

spring and summer months, and fell to levels below forbs and shrubs

in winter. Little variation in CP composition of grass species

occurred each month as indicated by low standard errors of monthly

means (Table 12). Mean CR content of forbs was generally comparable

with grasses in late spring, but declined more slowly through summer,

and finally reached levels intermediate to grasses and shrubs in

winter months (Figure 9A). While shrubs contained less CP than grasses

or forbs in early spring, CR of this forage class varied little

throughout the year (8.6-13.6c), and was higher than in grasses or

forbs during winter.

Crude protein content of horse and cattle diets was similar

throughout the year; peaked at about i6 in spring, declined to about

6 in summer, and reached its lowest levels during winter at roughly

4 (Figure 10).
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While pronghorn diets followed a similar trend, relative dietary

CR content was higher in all seasons except spring when it reached



Table 12. Monthly crude protein composition (? dry weight) of major forage species.

Percent Crude Protein Composition (dry weight)

Forage Species

1979

Sp Jan Feb Mar Apr May Jun

1980

Jul Aug Sep Oct Nov Dec

1981

Jan

Grasses

Agropyron spicatum 4.37 2.85 2.83 19.27 20.05 10.77 9.54 4.14 3.29 3.09 1.84 1.72

Bromus tectorum 2.84 2.32 23.47 19.08 9.50 11.58 2.36 4.22 3.68 2.58

Elymus cinereus 3.59 2.19 21.10 13.39 3.32

Oryzppsis hymenoides 6.73 8.09 2.62

Poa sandbergii 3.20 6.73 6.78 19.96 14.26 7.51 3.44 2.38 3.12 5.69 3.98

Sitanion hystrix 8.65 3.60 3.71 20.40 20.72 11.28 9.69 3.22 6.23 3.35 3.83 3.82

Stipa thurberiana 5.25 3.66 2.98 16.82 18.07 7.08 8.11 4.82 2.70

mean 4.9 3.6 4.1 20.0 18.9 9.2 9.1 3.0 3.5 4.7 3.2 2.8 2.8

±S.E. 0.8 0.7 0.9 1.1 1.0 0.8 1.2 0.6 0.3 0.8 0.3 1.0 1.1

Forbs

Balsamorhiza hookeri 10.97 10.24

Crepis acuminata 11.91 11.63

Iva axillaris 17.00 11.02

Lepidium perfoliatum 20.51 17.74

Penstemon speciosus 8.04

Phlox longifolia 14.22 8.64 5.71 5.93 5.60

Phoenicaulis cheiranthoides 27.32 10.79

Sisymbrium altissimum 22.40 29.36

Sphaeralcea grossulariaefolia 14.45

Tragopogon dubius 11.37

mean 19.1 17.3 13.6 8.4 5.9 5.6

±S.E. 8.2 2.5 2.2 2.7 - -

Shrubs

Artemisia arbuscula 9.96 9.32

Arteniisia tridentata wyo. 11.40 11.54 14.46 13.87 10.62 11.87 9.49 10.35

Atriplex confertifolia 8.38 6.65 15.64 14.61 8.35 9.24 8.70

Ceratoides lanata 8.93 8.88 10.84 10.21 5.49

mean 9.6 9.0 13.6 12.9 9.9 10.0 8.6 9.4 9.5

±S.E. 0.9 1.4 1.4 1.4 0.6 1.8 0.1 0.8
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16.1?. Dietary CP declined in summer and fall to about 1O and 7°',

respectively, then rose slightly during winter months to roughly 8?.

Schwartz et al. (1977) observed CP intake of pronghorn varied between

7.3? in January to 21.L during April on shortgrass prairie in north-

eastern Colorado. Smith and Malechek (197k) determined that dietary

CP of pronghorn varied from 1O to 222 between early May and late

September on desert ranges in Utah. These workers concluded that

dietary CP was probably adequate for maintenance throughout all periods

stud i e d.

Domestic horses require 8.5°' CP for maintenance, 11.O for

gestation, 14.O? during the first three months of lactation, and 12

until the foal has been weaned (N.R.C. 1978). While newborn foals

were observed during late March on the Sheepshead Mountains, most

parturition seemed to occur in April and May. Thus, the dashed line

in Figure 1OA would seem a reasonable approximation of minimal CP

requirements for breeding mares throughout the year. Assuming CP

requirements for domestic horses, diets of feral horses would appar-

ently be protein deficient in all but spring months.

Beef cows require 5.9 CP for maintenance and 9.2? for lactation

(N.R.C. 1976). While cattle diets exceeded the requirements for lac-

tation in early spring when calves were born, dietary CP declined

rapidly through summer and apparently failed to meet lactation

requirements then (Figure lOB). Maintenance requirements were only

slightly different than CP content of fall and winter diets.

Al though nutritional requi rements of pronghorn are largely

unknown (Smith and Malechek 1971+), recommended CP values are available

for deer (Odocoileus spp.). Dietz (1965), Bissell and Strong (1955),
French et al. (1955), and Murphy and Coates (1966), have suggested

about 7°/a CP as basal maintenance requirements. White-tailed deer

(Odocoileus virginianus) females fed diets containing less than 13%

CP developed slowly, were in poor breeding condition, and were unable
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to successfully raise all of their fawns. Ulrey et al. (1967) found

12.7 protein produced maximum gains in female white-tailed deer

fawns, but 2O0 was required for males. As most parturition in

pronghorn occurred during May on the study area, the dashed line in

Figure bC approximates their minimal seasonal CP requirements,

assuming these requirements are similar to deer. Pronghorn diets very

nearly met or exceeded maintenance requirements for CP during all

seasons. Furthermore, dietary protein was probably in excess of

requirements during late gestation and early lactation. However, as

forage matured during summer months., dietary CP declined, and may

have been inadequate to meet the needs of lactating females.

Acid-Detergent Fiber

Acid-detergent fiber (ADF) represents the fibrous portion of a

feed containing cellulose, I igni fled nitrogenous compounds, heat

damaged proteins, keratin, and silica (Van Soest 1966), and shows a

reasonably strong inverse relationship with digestibility and dietary

quality (Van Soest 1963, 1965).

Monthly levels of ADF in important forage species are shown in

Table 13. ADF content of all forage classes increased with decreasing

levels of crude protein as the growing season progressed (Figure 9).
On the average, shrubs varied less than grasses or forbs in ADF through-

out the year, and contained less ADF during all but spring months

when amounts were similar among all forage classes (Figure 9B). Mean

ADF content of grasses exceeded 5O during fall and winter, but rapid-

ly declined in March before rising steadily as plants matured.

ADF composition of seasonal diets of horses, cattle, and

pronghorn is shown in Figure 11. Since grasses predominated in the

diets of horses and cattle, dietary ADF was similar for these

herbivores, and followed seasonal trends resembling those established

for individual grass species. Spring diets contained about 32 ADF



Table 13. Monthly acid-detergent fiber composition ( dry weight) of major forage species.

Percent Acid-Detergent Fiber Composition (dry weight)

Forage Species

1979

Sep Jan Feb Mar Apr May

1980

Jun Jul Aug Sep Oct Nov Dec

1981

Jan

Grasses

Agropyron spicatum 52.73 55.04 54.83 30.83 32.67 39.10 43.02 49.04 50.13 55.93 59.04 59.29

Bromus tectorum 51.82 54.87 16.52 20.24 34.14 36.45 47.68 45.40 51.02 54.58

Elymus cinereus 54.96 55.42 30.39 37.68 53.61

Oryzopsis hymenoides 51.24 41.05 49.95

Poa sandbergii 51.56 50.81 51.61 25.16 29.33 38.55 47.78 49.96 49.32 48.63 53.17

Sitanion hystrix 58.58 57.33 56.42 31.52 32.11 41.10 44.49 51.82 56.47 55.64 52.67 52.42

Stipa thurberiana 52.14 54.58 59.17 32.25 31.95 52.00 46.80 54.05 51.06

mean 53.3 54.7 55.5 27.3 29.4 40.9 42.5 48.9 50.6 53.0 53.6 55.9 55.9

±S.E. 1.0 0.9 1.6 2.9 1.9 2.9 1.6 0.6 1.0 1.9 1.0 3.1 3.5

Forbs

Balsamorhiza houkeri 25.56 32.59

Crepis acuminata 29.36 33.99

Iva axillaris 30.52 27.32

Lepidium perfoliatum 27.76 34.50

Penstemon speciosus 28.24

Phlox longifolia 32.95 46.45 47.76 63.40 61.27

Phoenicaulis cheiranthoides 19.00 30.34

Sisymbrium altissimum 23.11 27.15

Sphaeralcea grossulariaefolia 30.66

Tragopogon dubius 30.10

me an 22.3 28.3 32.7 37.5 63.4 61.3

1S.E. 3.3 2.0 1.9 19.3

Shrubs

Artemisia arbuscula 32.56 34.78

Artemisia tridentata wyo. 33.27 32.88 23.67 26.22 30.11 26.48 31.15 32.22

Atriplex confertifolia 20.45 33.01 15.88 19.04 31.28 30.50 28.74

Ceratoides lana4a 44.75 41.30 46.33 42.21 44.94

mean 32.8 35.7 28.6 29.2 32.6 32.4 34.2 30.8 30.5

±S.E. 6.9 2.7 9.1 6.8 2.3 5.5 0.4 1.8
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Figure 11. Acid-detergent fiber (ADF) composition of the seasonal
diets of feral horses, cattle, and prorighorn.
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while fall and winter diets were composed of roughly 500/o, reflecting

the increasing ratio of AOF to cell wall contents as plants matured.

While seasonal trends in ADF composition of pronghorn diets were

variable, they contained consistently less ADF than diets of horses

or cattle (Figure ii). Schwartz et al. (1977) observed consumption of

less fibrous diets by pronghorn than cattle, bison, or sheep. This

trend may reflect differences in feeding strategies of these

herbivores. Large body size and large stomach volume (eg. horses and

cattle) are adaptations to exploitation of high cellulose diets

(grasses) while small body size and small stomach volume (eg.

pronghorn) are adaptations to exploitation of high cell soluble

diets (forbs and shrubs) (Hanley and Hanley 1982).

Utility of Dietary Quality Data

The results cannot be considered definitive, as several sources

of error are apparent. Firstly, hand-compounded samples contain less

protein and more fiber than diets actually selected by free-ranging

herbivores (Edlefsen et al. 1969, Campbell et al. 1968, Kiesling et

al. 1969). Therefore, protein content of horse, cattle, and pronghorn

diets was probably greater than shown in Figure 10, while fiber was

probably less than illustrated in Figure 11.

Secondly, estimates of dietary quality were based on forage

species occassionally totaling less than the actual amounts consum-

ed. Proportions of diets examined varied from 65.5 to lOO

(Appendix 10), and were generally less for pronghorn than horses or

cattle. While 1002 of spring and summer diets were accounted for, fall

and winter diets contained forbs which were not analyzed. Since

estimates for horses and cattle approached or reached 100 of actual

diets, CP and ADF intake of these herbivores was probably not mark-

edly affected. However, CP and ADF levels in pronghorn diets during



fall 1979, winter 1980, and fall 1980 were probably higher than

suggested by the results.

Thirdly, the nutrient requirements of free-ranging herbivores

are not well established, and may be inconsistent with the quality

of forage ingested on ranges supporting healthy animals (Halls 1970).

If reproductive effort is reflective of diet quality, feral horses on

the study area probably did not suffer malnutrition, since the

estimated rate of population increase was over 19.2°/a annually (Wilcox

1977).

Despite these deficiencies, the results provide an initial

comparative analysis of seasonal dietary quality for feral horses,

cattle, and pronghorn. Future research should focus on forage nutrient

intake as related to physiological states, and further elucidate

requirements of free-ranging herbivores.

Spatial Relationships

Home Ranges and Seasonal Movements of Feral Horses

Table 14 shows the home range sizes of ten transmitter-equipped

bands. The eleventh band moved several kilometers south of the study

area early in the study, and was excluded from analysis. Furthermore,

few observations were made of band A, and it was also deleted from

further analysis. Home range sizes of the remaining nine bands varied

from 38.3 to 89.1 km2, and averaged 58.3 km2. These values are within

the ranges reported by other workers (0.9 to 303 km2) (Pellegrini

1971, Welsh 1975, Green and Green 1977, Miller 1983b, Ganskopp 1984),

but are larger than those reported for other feral horses in Oregon

(5.4 to 25.2 km2) (Ganskopp 1984).

If, as defined by Miller (1983b), a herd is a structured social

unit made up of bands following similar movement patterns within a
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Table 1. Home range size, numbers of individuals, and numbers of observations of radio
transmitter-equipped feral horse bands.

Number of Observations

Band Home Range Size

(km2)

No. Horses
at Capture

Spring

(Mar-May)

Summer

(Jun-Aug)

Fall

(Sep-Nov)

Winter

(Dec-Feb)

A 20.7 6 1 1 1 3

B 51.8 10 12 13 12 20

C 55.4 9 8 12 8 10

0 55.2 7 5 11 10 10

E 63.7 7 7 11 10 15
F 89.1 3 8 11 12 17
G 53.1 15 8 8 7 15
H 38.3 5 7 10 9 14

55.7 9 12 12 11 9

J 62.4 10 8 12 11 9
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common home range, there is evidence to suggest the presence of at

least two herds on the study area (Figure 12). Home ranges of bands

within each of these two groups (B-H and i-J) partially overlapped,

and some bands overlapped almost completely (C, D, E, and H). The

number of horses in the transmitter-equipped bands totaled 81 when

captured, and represented an estimated 54 of all horses within the

study area. Other bands were observed in roughly the same areas used

by collared horses, and no horses were seen in the extreme south-

western or southeastern portions of the study area.

Bands within each of the proposed herds followed similar seasonal

movements, and, as reported for Wyoming horses (Miller 1983b), used

different portions of the range throughout the year (Figure 13).

While summer and winter use was confined to nearly separate areas,

spring, fall, and winter use areas overlapped heavily. Bands were

often observed in proximity to one another within each season. This

was especially true during the spring breeding season when as many

as 104 horses were observed within an estimated 1 km2 area.

Seasonal Movements of Cattle and Pronghorn

Figure 14 shows the seasonal distribution of cattle and

pronghorn. Only one licensee is permitted to graze cattle on the

study area. Although most of the study area is not fenced, an attempt

is made to sequentially graze different portions of the range as the

year progresses. The grazing season extends from March 1 through

November 1 each year. During even-numbered years the grazing sequence

is as follows: West Rye Grass (March 1 - March 31); Palomino Hills

(April 1 - May 15); Bone Springs (May 16 - July 15); Dry Lakes

(July 16 - August 31); Palomino Hills (October 1 - November 1)

(Figure 14A). During odd-numbered years the grazing sequence is as

follows: Palomino Hills (March 1 - March 31); West Rye Grass (April

1 - May 15); Dry Lakes (May 16 - July 15); Bone Springs (July 16 -

August 31); Palomino Hills (October 1 - November 1) (Figure 14A).



Figure 12. Location of radio transmitter-equipped feral horse
bands on the study area. Dashed lines represent
boundaries of study area.
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Figure 13. Composite of seasonal distribution of radio transmitter-equipped feral horse bands
on the study area. Spring = March-May; Summer = June-August; Fall = September-
November; Winter = December-February. Dashed lines represent boundaries of study
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In practice, these grazing schedules are not strictly adhered to

because of lack of fencing and changing water and forage availability.

Few pronghorn were observed during spring because they were

widely scattered. However, most observations made during this period

were on lower elevations in the eastern portion of the study area

(Figure 14B). As summer approached, pronghorn banded together on

higher elevations. During fall and winter months, pronghorn again

retreated to lower elevations.

Spatial Overlap

Table 15 reveals the amount of seasonal spatial association

(occurrence of species within 1 km of one another) among feral horses,

cattle, and pronghorn as indicated by the coincidence index of Dice

(19145). Results of chi-square analysis testing the hypothesis of

chance association are also shown. Interpretation of such indices

must be made with caution, as the outcome is influenced by quadrat

size and inherent limitations of chi-square tests (Pielou 19714:258-

266). Use of the coincidence index here is an attempt to express the

spatial occupancy relationships among, these herbivores as indicated

by Figures 13 and 114. As will be shown, this is important because the

potential for direct competition between two species is greater

when they occupy a common plant community in the same geographic area.

The results suggest seasonal differences in spatial overlap

among herbivores. Horses and cattle were closely associated during

spring and summer months, but use of common ground by these species

during fall and winter was low and possibly due only to chance.

However, the latter relationships may have been an artifact of

management as fewer cattle grazed more restricted range. Horses and

pronghorn were strongly associated during each season. This result

was substantiated by Meeker (1979) who went so far as to propose

behavioral facilitation between these species. While this point
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Table 15. Coincidence indices (ci) showing degree of association
in seasonal distribution among feral horses, cattle, and
pronghorn. Each Ci was evaluated by chisquare analysis
such that * indicates significant association at p<O.O5,
and** indicates sigriificantassociationat p<O.Ol.

Coincidence Index

Coinpari son Spring Summer Fall Winter

Horses vs Cattle 0.23* 0.33** 0.16 0.11

Horses vs Pronghorn O.25** O.k2** 0.31** 0.26*

Cattle vs Pronghorn 0.13 0.35** 0.11 0.18



Spring (March-May)

Feral horses, cattle, and pronghorn were found principally in

Artemisia tridentata wyomingensis dominated habitats during spring

months (Table 17). Most horses were observed in Artemisia tridentata

wyomingensis/Poa sandbergii and Artemisia tridentata wyomingensis!

Agropyron spicatum communities, and nearly 60% of all spring obser-

vations of cattle were in Artemisia tridentata wyomingensis/Poa

sandbergii sites. Although pronghorn occupancy of each community was

not significantly different than its availability, Artemisia

tridentata wyomingensis/Poa sandbergi 1, Artemisia tridentata

wyomingensis-Atriplex confertifolia/Sitanion hystrix, and Artemisia
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remains untested, other workers (Kindschy 1981, Meslow 1983) have

observed feral horses in close proximity to pronghorn. The spatial

distribution of cattle and pronghorn was strongly associated only

during summer.

Habitat Occupancy and Overlap

Plant communities identified on the study area are listed in

Table 5. Habitats used in excess of 1O? by at least one species of

studied herbivores during at least one season are listed in Table 16.

Table 16. Plant communities most frequently occupied by feral
horses, cattle, and pronghorn.

Plant Coimwnity Symbol

Atriplex cnfertifoliaArtemisia spinescens/Bromus tectorulTi 112

Artemisia cana
200

Artemisia arbuscula/2j sandbergi i 323

Artemsia tridentata wyominqensis/AqrOPYr011 spicatum 418

A. tridentata wyomingensisAtrlplex confertifolia/SitaniOfl hystrix 432

A. tridsntata wyomingensis/Poa sandbergii 433

A. tridentata wyomingensis/Bromus tectorum
434

Bromus tectorum/Sisymbrium altissimum
731



Table 17. Seasonal mean occupancy (?) and relative preference (Di) of plant communities by
feral horses, cattle, and pronghorn.

(March-May) (June-August)Summer

Plant Community

Spring

Horses (n=76) Cattle (n=43) Pronghorn(n=14) Horses(n=l01) Cattle (n=50) Pronghorn (n=64)

Di Di Di Di Di 2 Di

Atriplex confertifolia-Artemisia

spinescens/Bromus tectorum 3.7 -0.30 0 -1.00 7.1 +0.04 0 -1.00 0 -1.00 0 -1.00

Artemisia cana 0 -1.00 0 -1.00 0 -1.00 3.3k +0.78 10.4k +0.93 20.6k +0.97

Artemisia arbuscula/Poa sandbergii 3.7 -0.56 8.1 -0.21 7.1 -0.27 26.7k +0.46 20.8 +0.32 61.9k +0.85

Artemisia tridentata wyomingensis/

Agropyron spicatum 33.4k +0.49 10.8 -0.17 21.5 +0.23 30.0 +0.43 27.1 +0.37 0 -1.00

A. tridentata wyomingensis-Atriplex

confertifolia/Sitanion hystrix 7.4 -0.43 8.1 -0.39 14.3 -0.09 0 -11.00 0 -1.00 2.9 -0.74

A. tridentata wyomingensis/Poa

sandbergii 37.0k +0.33 59.5k +0.67 35.8 +0.31 23.3 +0.02 8.3 -0.53 2.9 -0.84

A. tridentata wyomingensis/Bromus

tectorum 7.4 -0.55 0 -1.00 0 -1.00 6.7 -0.58 6.3 -0.60 0 -1.00

Bromus tectorum/Sisymbrium altissimum 7.0k +0.67 8.1k +0.70 7.1 +0.66 10.0 +0.75 4.1 +0.46 2.9 +0.31

Others 0 -1.00 5.4 +0.15 7.1 +0.29 0 -1.00 23.0k +0.75 8.8 +0.39

** ** ** ** **
Total chi-square 22.06 44.12 8.49 44.55 143.96 328.43



Table 17. (Continued).

!/ Plant communities contributing at least 10% to significant chi-square total values are underlined and marked + to indicate

preference, and - to indicate avoidance by herbivores. Total chi-square values marked + are significant at p<O.l; those marked

** are significant at p<O.Ol. Unmarked chi-square values are not significant.

Plant Community

Fall (September-November) Winter (December-February)

Horses (n=91)

°, Di

Cattle (n=45)

° Di

Pronghorn (n=31) Horses (n=122)

Di Di

Cattle (n=50) Pronghorn (n=35)

Di Di

Atriplex confertifolia-Artemisia

spinescens/Bromus tectorum l5.8 +0.45 +0.38 0 -1.00 10.4 +0.24 20.8k +0.57 7.4 +0.06

Artemisia cana 0 -1.00 0 -1.00 0 -1.00 0 -1.00 0 -1.00 0 -1.00

Artemisia arbuscula/Poa sandbergii 21.0k +0.33 10.4 -0.07 38.7k +0.65 4.8 -0.45 0 -1.00 7.4 -0.25

Artemisia tridentata wyomingensis/

Agropyron spicatum 17.5 +0.11 0 -1.00 12.9 -0.07 28.8 +0.41 0 -1.00 11.1 -0.16

A. tridentata wyomingensis-Atriplex

24.6 +0.24 24.1 +0.22 0 -1.00 40.8k +0.55 66.7k +0.82 18.5 +0.06confertifolia/Sitanion hystrix

A. tridentata wyomingensis/Poa

sandbergii 10.5 -0.43 31.0 +0.21 25.8 +0.08 8.8 -0.51 6.2 -0.63 29.7 +0.18

A. tridentata wyomingensis/Bromus

tectorum 5.3 -0.66 13.8 -0.26 3.2 -0.78 2.4 -0.83 4.2 -0.72 18.5 -0.09

Bromus tectorum/Sisymbrium altissimum 5.3k +0.56 6.9k +0.65 194k +0.88 4.0 +0.45 2.1 +0.15 7.4 +0.67

Others 0 -1.00 0 -1.00 0 -1.00 0 -1.00 0 -1.00 0 -1.00

** + ** ** **

Total chi-square 30.96 15.09 92.53 102.75 107.27 9.06
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tridentata wyomingensis/Agropyron spicatum accounted for most habitat

use by pronghorn during spring.

All of the studied herbivore species demonstrated strong

preference for the Bromus tectorum/Sisymbrium altissimum habitat as

indicated by high Di values (Table 17). Overlap in use of habitats

by horses and cattle was 66.3? (Figure 15). Overlap between horses

and pronghorn, and cattle and pronghorn was 79.2? and 7Lf.3c;,

respectively. In each comparison, common use of Artemisia tridentata

wyomingensis/Poa sandbergii and Artemisia tridentata wyomingensis!

Agropyron spicatum sites accounted for most of the total overlap.

Summer (June-August)

Habitat occupancy shifted as the studied herbivores moved onto

higher elevation ranges during sumrnermonths. Horses strongly pre-

ferred Artemisia cana and Bromus tectorum/Sisymbrium altissimum

habitats, but were found predominantly in Artemisia tridentata

wyomingensis/Agropyron spicatum (3O.0), Artemisia arbuscula/Poa

sandbergii (26.7°,), and Artemisia tridentata wyomingensis/Poa

sandbergii (23.3°) communities. Cattle also showed a high preference

for Artemisia cana sites, but nearly 5O of all cattle occupied

Artemisia tridentata wyomingensis/Agropyron spicatum and Artemisia

arbuscula/Poa sandbergii sites. Additionally, cattle were frequently

observed in other plant communities. Notable among these was

Artemisia tridentata tridentata/Elymus cinereus (l6.7). While most

pronghorn (61.9) were observed in the Artemisia arbuscula/Poa

sandbergii community, they were also found in Artemisia cana sites

(2O.6?), and exhibited a high preference for both communities (Table

17).

Summer habitat overlap between horses and cattle was greatest

on Artemisia tridentata wyomingensis/Agropyron spicatum and Artemisia
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arbuscula/Poa sandbergii sites, and totaled 66.6 (Figure 15).

Habitat overlap between horses and pronghorn totaled only 32.5°/a, and

was due mostly to common use of Artemisia arbuscula/Poa sandbergii

sites. Total overlap in use of habitats was 45.8°/ between cattle and

pronghorn, principally reflecting dual use of Artemista arbuscula/

Poa sandbergii and Artemisia cana sites.

Fall (September-November)

Habitat use by feral horses was diverse and included Arternisia

tridentata wyomingensis-Atriplex confertifolia/Sitanion hystrix

(24.6?), Artemisia arbuscula/Poa sandbergii (21.O?), Artemisia

tridentata wyomingensis/Agropyron spicatum (17.5), and Atriplex

confertifolia-Artemisia spinescens/Bromus tectorum (15.82). Over 5O?

of all cattle occupied Artemisia tridentata wyomingensis/Poa

sandbergii and Artemisia tridentata wyomingensis-Atriplex

confertifolia/Sitanion hystrix communities. However, Atriplex

corifertifolia-Artemisia spinescens/Bromus tectorum, and Artemisia

tridentata wyomingensis/Bromus tectorum sites each accounted for 13.8?

of the total cattle observations during fall. Bromus tectorum/

Sisyrnbrium altissimum sites were clearly preferred by cattle, but

contributed only about 72 of the total observations. Over 80? of all

pronghorn were observed in Artemisia arbuscula/Poa sandbergii,

Artemisia tridentata wyomingensis/Poa sandberqi i, and Bromus tectorum/

Sisymbrium altissimum communities. However, only Bromus tectorum/

Sisymbrium altissimum and Artemisia arbuscula/Poa sandbergi Si tes

were strongly preferred (Table 17).

Habitat overlap between horses and cattle totaled 69. (Figure

15). Overlap in habitat selection between horses and pronghorn and

cattle and pronghorn was 52.92, and respectively.



Winter (December-February)

The most frequently used habitats by feral horses were Artemisia

tridentata wyomingensis-Atriplex confertifolia/Sitanion hystrix

(4O.8?), and Artemjsfa tridentata wyomingensis/Agropyron spicatum

(28.8). While the predominant habitat used by cattle during winter

months was Artemisia tridentata wyominqensis-Atriplex confertifolia!

Sitanion hystrix (66.7), bovines were also found in Atriplex

confertjfolia-Artemisja spinescens/Bromus tectorum communities (20.8).

Although pronghorn occupancy of habitats was not significantly

different than availability, most use was in Artemisia tridentata

wyomingensis dominated communities (Table 17). Notable among these

were Artemisia tridentata wyomingensis/Poa sandbergii (29.7?),

Artemisia tridentatawyomingensis-Atriplex confertifolia/Sitanion

hystrix (18.5P), Artemisia tridentata wyomingensis/Poa sandbergii

(18.5?), and Artemisia tridentata wyominqensis/Agropyron spicatum

(ii. 1?)

Total habitat overlap between horses and cattle was 61.9,
resulting mostly from common use of Artemisia tridentata wyomingensis-

Atriplex confertifolia/Sitanion hystrix (Figure 15). Overlap between

horses and pronghorn, and cattle and pronghorn was 57.O°/, and 38.4,
respectively.

Watering Behavior

A total of 32,701 frames of film was observed. While most of

these were used in the analysis, 4,729 were discarded because they

represented only partial days. Light sensors attached to the cameras

allowed the first photograph of each day to be taken an average of

49 minutes prior to sunrise. The mean Pacific Standard Time (Psi) of

sunrise was 0504 and varied from 0446 to 0521 PST. The cameras

continued to operate an average of 30 minutes after sunset. Mean

sunset time was 1857 PST and varied from 1833 to 1920 PST.
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Animals were observed at water during each period (Figure 16).

Chi-squareanalysis for the hypothesis of equality among distributions

(Appendix 11-13) resulted in values of 200.43, 2,006.53, and 294.52

for feral horses, cattle, and pronghorn, respectively, and was thus

rejected for each species of herbivore.

Simultaneous confidence intervals (Appendix ii) showed that

feral horses preferred to water during periods 7 through 10 (1151

1655 PSI) and period 12 (1311-1927 PSi). Chi-square analysis of

equality among distributions between preferred periods for feral

horses showed that while there was no difference between the use of

periods 7 and 8, the frequency of use of these periods was greater

than for other periods.

Cattle preferred to water during periods 4 through 10 (0803

1655 PSi), with the frequency of use of period 8 (1307-1423 PSi)

being significantly greater than other periods. Pronghorn preferred

to water during periods 2 (0531-0647 PSi), 5 (0919-1035 Psi), and 11-

12 (1655-1927 PSi), with the early morning period having the greatest

significant use.

A total of 64 visits to water were made by groups of feral horses.

'Iine of these were in the presence of cattle. Feral horses and

pronghorn were not seen watering simultaneously. Visits made by horses

watering alone ranged from 1 to 20 minutes and averaged 5.3 minutes

with 90 confidence limits of 4.7 and 5.9 minutes. Visits made by

horses in the presence of cattle ranged from 2 to 170 minutes and

averaged 30.7 minutes. These statistics are reduced to 2-38 minutes

and 13.3 minutes, respectively, when the 170 minute visit is removed,

and the resulting mean has 90 confidence limits of 6.7 and 19.9

minutes. The t test for the equality of means showed that feral

horses spent significantly more time at water when cattle were present

(calculated t = 1.69 with 9 df and p<0.10). Feral horses spent an

average of 44° of their time loafing when watering alone compared to
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Figure 16. Timing of water use by feral horses, cattle, and pronghorn.



59 when watering simultaneously with cattle.

A total of 52 visits to water were recorded for groups of

pronghorn. Eight of these were in the presence of cattle. Visits by

pronghorn watering alOne varied from 1 to 32 minutes with a mean of

8.4 minutes and 9O confidence limits of 6.9 and 9.9 minutes. Visits

by pronghorn watering in the presence of cattle ranged from 1 to 9

minutes with a mean of 3.3 minutes and 90 confidence limits of 2.4

and 5.2 minutes. The t test for the equality of means showed that

pronghorn spent significantly less time at water when cattle were

present (calculated t = 2.24 with 15 df and p<0.01). Pronghorn spent

57 of their time loafing when watering alone compared to 46? when

watering in the presence of cattle.

Visits to water by groups of cattle varied from 3 to 735 minutes

in duration. The mean length per visit was 91.7 minutes with 902

confidence limits of 54.5 and 128.9 minutes. Jhile at water, cattle

spent an average of 29 of their time drinking and 71? loafing.

These statistics were not altered by the simultaneous presence of

other species at water.

Miller (1980) observed intense inter- and intraspecific aggression

among feral horses, cattle, and pronghorn when water was scarce.

4ater was not scarce in the present study, and no overt aggressive

behavior was noted within or between species watering simultaneously.

However, the events recorded on film may suggest subtle changes in

the behavior of the studied herbivores watering simultaneously as

evidenced by the lengthened visits of feral horses and shortened

visits of pronghorn when watering in the presence of cattle. Further-

more, pronghorn always used that part of the reservoi r unoccupied by

cattle, while feral horses tended to gravitate toward cattle. Cattle

showed little regard for the presence of horses and pronghorns in

most encounters, but did move, whether standing or lying, when

confronted by a horse.

104



Interspecific Relationships

Although the notion of ecological niche has been variously

perceived (Whittaker and Levin 1975), it is most functional when

defined as the set of resources used by an organism (1-lurlbert 1981).

In this study, the (realized) niche of each species of herbivore

was defined in terms of the plant communities (habitats) it used and

the foods it consumed. While this definition may include fewer

resources than the elusive Un_dimensional hypervolurn&' of (-lutchinson

(1957), it allows tangible examination of ecological relationships

among feral horses, cattle, and pronghorn. Furthermore, other studies

have underscored the importance of habitat (Ferrar and Walker 19Th)

and food (Vessey-Fitzgerald 1965) in resource partitioning among

herbivores.

A third variable studied was spatial overlap. As implied earlier,

this index was used as an expression of the geographic location of

one species re1ative to another. Huribert (1981) argued that the use

of Uspacehi in this sense has no relationship to niche. However,

Uspacell as defined here is not considered a niche dimension. The

pattern of spatial distribution becomes important in characterizing

the relationships between the studied herbivores. Julander (1953)

stated that competition cannot occur if animals do not use common

areas.

Table 18 summarizes mean spatial, habitat, and dietary overlap

by seasons between pairs of herbivore species. Additionally, multi-

dimensional measurements of overlap ("competition coefficients" -

Schoener 197ka, May 1975, Anthony and Smith 1977) are shown. The

symbol "a" is a common notation for the competition coefficient

(May 1975, Slobodchikoff and Schulz 1980). However, the cx of niche

overlap is not equivalent to the a's that are the competition

coefficients of the Lottka-Vol terra equations (Slobodchikoff and

Schulz 1980) and convey no information about the phenomena of
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* indicates significant association at p<O.OS, and ** indicates significant association at p<O.Ol as
determined by chi-square analysis.

00'

Table 18. Seasonal mean spatial, habitat, and dietary overlap between pairs of herbivore species.

0/ 0/
10

0/
to Competition Coefficient

Season Spatial Habitat Dietary
Product SummationHerbi yore Comparison Overlap Overlap Overlap

(s) (h) (d) (hxd) (h+d)/2

Spring (Mar-May)
Horse-Cattle 0.23* 0.66 0.76 0.50 0.71
Horse-Pronghorn O.25** 0.79 0.18 0.14 0.49
Cattle-Pronghorn 0.13 0.74 0.25 0.19 0.50

Summer (Jun-Aug)
Horse-Cattle O.33** 0.67 0.70 0.47 0.69
Horse-Pronghorn O.42** 0.33 0.08 0.03 0.21
Cattle-Pronghorn O.35** 0.46 0.12 0.06 0.29

Fall (Sep-Nov)
Horse-Cattle 0.16 0.69 0.70 0.48 0.70
Horse-Pronghorn 0.31** 0.53 0.14 0.07 0.34
Cattle-Pronghorn 0.11 0.46 0.12 0.06 0.29

Winter (Dec-Feb)
Horse-Cattle 0.11 0.62 0.70 0.43 0.66
Horse-Pronghorn O.26** 0.57 0.23 0.13 0.40
Cattle-Pronghorn 0.18 0.38 0.10 0.04 0.24



competitive exclusion (Anthony and Smith 1977).

The multidimensional competition coefficients (a's) were calc-

ulated two ways (Table 18). The arithmetic mean of one-diniensional

resource values (summation a ) is appropriate when resource

dimensions are dependent (Cody 1974, May 1975). The product of

one-dimensional values (product a ) is used when resource dimensions

are independent (Levins 1968, May 1975). In this study, resource

dimensions were not wholly dependent or independent, so summation ci

is an upper bound on the true multidimensional a (May 1975), and

product a is conservative (Anthony and Smith 1977). While statistical

inferences cannot be made about such overlap measurements (Orians and

Horn 1969), they serve to illustrate the degree of niche overlap

between organisms (Colwell and Futuyma 1971, Lawlor 1980, Schoener

1982), and range from 0 (lack of overlap) to 1 (complete niche

overlap).

High competition coefficients between feral horses and cattle

(Table 18) reflect the sympatric nature of these species (Figure 17A).

Not only did they share over of the same habitats each season,

but both consumed a principally grass diet composed largely of

Sitanion hystrix and Agropyron spicatum. Summation a's are probably

a close approximation of niche overlap during spring and summer

because of significant spatial association. Conversely, product a's

for fall and winter reflect lack of significant spatial overlap

during these periods. However, product a's probably underestimate

true multidimensional competition coefficients during fall and winter

because lack of association may have resulted from cattle management

practices rather than resource partitioning by these ungulates.

Seasonal variation of niche overlap was small, but competition

coefficients were highest in spring and lowest during winter months.

Niche relationships between feral horses and pronghorn (Figure

17B), and cattle and pronghorn (Figure 17C) were similar. Low to
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Many authors have followed the lead of MacArthur and Levins

109

moderate competition coefficients between pronghorn and the other

herbivores (Table 18) reflect differences in patterns of resource

use by these species. Most notable was dietary divergence. As has

been demonstrated, horses and cattle selected diets high in grasses

while pronghorn consumed principally forbs and shrubs. Differences

in habitat selection and spatial association were variable. In each

comparison (horses vs. pronghorn, and cattle vs. pronghorn) niche

overlap was greatest during spring when all species were frequently

observed in Artemisia tridentata wyomingensis/Poa sandbergii and

Artemisia tridentata wyomingensis/Agropyron spicatum plant communi-

ties. During summer (the period of lowest niche overlap between

horses and pronghorn), pronghorn were found almost exclusively in

Artemisia arbuscula/Poa sandbergii and Artemisia cana communities,

while horses and cattle used a variety of habitats. The season of

least niche similarity between cattle and pronghorn was winter when

habitat and dietary overlap reached their lowest levels.

In a recent review, Schoener (1974b) found dietary specialization

to be a major method of resource partitioning within animal communi-

ties. Reasons for dietary partitioning among ungulates were recently

explained on the basis of (1) body size, (2) type of digestive system

(cecal or ruminant), (3) rumino-reticular volume, and (1+) mouth size

(Hanley 1982). This model accurately predicted that the very large

cecal digestor (horse) and the small ruminant (pronghorn) should be

positioned at opposite ends of a less selective graminoid diet to a

highly selective forb and browse diet gradient, respectively, with

cattle positioned nearer to the horse than to the pronghorn.

Herbivores in the present study were classified as principally grass

consumers (horses and cattle) or forb and browse consumers (pronghorn)

This fact helps explain the high niche overlap between horses and

cattle, and relatively low niche similarity between pronghorn and

other ungulates.
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(1967) in equating resource overlap between species to the intensity

of competition as an apparent corollary of the theory of competitive

exclusion (see Sale 1974:245, N.A.S. 1980:106). However, overlap in

resource use by two species can be evidence either for or against

the existence of competition depending upon resource abundance

(Colwell and Futuyma 1971, Sale 1974, Schoener 1982). In one case,

competitive interactions would not occur between two species sharing

a common abundant resource which is not limiting (Sale 1974, Lawlor

1980). On the other hand, lack of resource overlap may have resulted

from niche shifts due to interspecific aggression between two ecolog-

ically similar species sharing a limited resource (Schoener 1982).

Interspecific competition must be judged on the basis of two

criteria (N.A.S 1980:105): (1) two species compete when they share

a resource that is present in short supply, and (2) in using the

resource, each species reduces the other's population performance to

levels below what these measures would be in the absence of the other

species. Park (1954) distinguished two mechanisms of competition:

(1) interference, and (2) exploitation. Interference implies

behavioral activities (e.g. territoriality) which exclude a

competitor's access to a resource (Miller 1967). Interspecific

aggression was observed among feral horses, cattle, and pronghorn

watering in Wyoming's Red Desert (Miller and Denniston 1979, Miller

1980). However, interference was not apparent in the present study,

so its importance here could not be assessed. Exploitation results

when individuals use a common resource and reduce its availability

to others (Miller 1967). The competition coefficients of Table 18

are measures of exploitation. However, since these a's convey no

information about resource abundance or demographic performance, they

indicate only the potential for competition (Anthony and Smith 1977:

274). Colwell and Futuyma (1971 :575) stressed that the only acceptable

test for the existence of competition would be to measure community

changes resulting from experimentally removing competitors, by exploit-

ing natural situations in which competitors are absent, or by creating
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an oversupply of a scarce resource. Although it is beyond the scope

of this study to test the hypothesis of competition among horses,

cattle, and pronghorn, it may be possible to examine potential com-

petitive interactions between pairs of these species.

The theory of competitive exclusion (Hardin 1960) states two

species cannot coexist on the same limiting resource. Ecologically

similar species may coexist by partitioning resources among themselves

(Schoener 1974b), particularly during the lean season (Smith et al.

1978). Competition coefficients between horses and cattle, and

pronghorn and cattle were lowest during winter; the presumed season

of lowest forage availability. However, horses and cattle demonstrated

a mean of 70? overlap in their choice of food items even during this

period. Given this high dietary overlap, coupled with high overlap

in selection of habitats, competition could occur between feral

horses and cattle if utilization of common forages reduced their

availability (Nelson 1982).

The outcome of such competition is questionable, but may be

partially dependent upon the respective digestive strategies of

ruminant and non-ruminant herbivores. Ruminants face the problem of

extracting sufficient nutrients from plant cells by pregastric fer-

mentation and rumination. The result is greater digestion of dry

matter and cell wall fractions of forages than in horses (Robinson

and Slade 1974:1049, Koller et al. 1978:211, Rittenhouse et al. 1982:

49). However, rate of passage of digesta through the digestive tract

of ruminants is significantly slower than in horses (Bell 1971:88,

Robinson and Slade 1974:1048). The strategy of horses, on the other

hand, is to maintain the same absorption per unit time as ruminants

by having a greater intake and a faster passage rate of digesta at

the expense of reduced efficiency of cellulose digestion (Janis 1976:

765). Under conditions of abundant young herbage, cattle and horses

will do equally well, though they select different levels of forage

(Janis 1976:765). However, cecal digestion is superior to ruminant
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digestion in dealing with high fiber content provided that intake is

not limiting (Janis 1976:722,FIin.tz et al. 1978:1806, Rittenhouse et

al. 1982:49). Thus, under conditions of abundant mature forage, horses

will continue to do well, but ruminants of similar size may not

maintain themselves (Bell 1971:90, Janis 1976:765). Furthermore,

ruminants will be at an advantage when the quantity, not the quality

of food is limiting, since they require less per unit body weight

than horses (Janis 1976:766).

The potential for direct exploitative interactions between

pronghorn and the other ungulates, as indicated by low to moderate

competition coefficients (Table 18), is not as severe as between

horses and cattle. Of the two resource dimensions examined, dietary

overlap contributed the least to seasonal x's. This was expected

and may be explained on the basis of pronghorn feeding strategy.

Pronghorn are small bodied ruminants with low rumino-reticular volume

to body weight ratios. As such, pronghorn have higher relative

metabolic requirements than horses or cattle, but lack the gastro-

intestinal capacity to store as much digesta. To compensate, pronghorn

exploit such high cell soluble forages as forbs, browse, and young

grasses (1-lanley 1982, Hanley and Hanley 1982) in contrast to the

principally graminoid diets of horses and cattle.

While Kindschy et al. (1982) agreed the potential for direct

competition between pronghorn and horses, or pronghorn and cattle is

low, Yoakum (1980) cautioned that vegetational changes caused by

livestock grazing may influence carrying capacity for pronghorn. The

present study did not test this hypothesis; but given the habitat

requirements of pronghorn (see Voakum l97Li, 1975, 1980) and the

moderate to high similarity of habitat use by pronghorn, horses, and

cattle (Table 18), such a hypothesis in not unreasonable.



SUMMARY AND CONCLUSIONS

In 1971, the Wild Free-Roaming Horse and Burro Act (PL 92-195)

recognized feral horses as an '9ntegral part of the natural systemu

to be managed "in thriving ecological balance with other legitimate

uses of public lands". To assist in meeting this mandate, this study

was initiated to examine resource use and partitioning within a

community of feral horses, cattle, and pronghorn in the cold desert

of southeastern Oregon.

The seasonal niche of each herbivore species was defined in

terms of the foods it consumed and the plant communities it used.

Other variables examined were nutrient content of diets, watering

behavior, and patterns of spatial distribution. Field work extended

from May 1979 through March 1981. Data were pooled seasonally as

follows: spring = March-May; summer = June-August; fall = September-

November; and winter = December-February.

Seasonal diets of each species of herbivore were determined by

microscopic analysis of fecal material. Feral horses and cattle

primarily consumed perennial grasses throughout the year, while forbs

and shrubs formed the bulk of pronghorn diets. Dietary overlap

between horses and cattle was high every season, ranging from 61.7?

to 77.6?. Collectively, Sitaniori hystrix and Agropyron spicatum

accounted for roughly 5O2 or more of the absolute overlap each

season.

Annual dietary overlap between horses and pronghorn was highest

in winter and lowest in summer, and ranged from 7.4c to 25.3. Common

use of grasses (principally Poa sandbergii) accounted for most of the

overlap.

113

Annual dietary overlap between cattle and pronghorn ranged from
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8.3? to 25.O. Poasandbergii and Bromus tectorum collectively formed

roughly 5O or more of the absolute overlap during most seasons.

Percent dietary crude protein (CP) and acid-detergent fiber

(ADF) was determined seasonally for each species of herbivore. CP

content of horse and cattle diets was similar throughout the year,

peaked at about i6 in spring, and reached its lowest level during

winter at roughly 4?. Pronghorn diets followed a similar trend,

peaking at about 16? in spring, and declining to roughly 8 during

winter. Seasonal trends in dietary ADF were similar for horses and

cattle. Spring diets contained about 32? ADF while fall and winter

diets were composed of roughly 5O. Pronghorn diets contained consis-

tently less ADF than horse or cattle diets.

Seven of 14 plant communities described accounted for over 95

of the study area. Seasonal herbaceous plant yield and maximum browse

yield was measured each year. Each species of herbivore exhibited

seasonal variations in its preferences for plant communities. Horses

and cattle shared over 6O? of the same communities each season, and

demonstrated significant spatial association during spring and summer.

Habitat overlap between horses and pronghorn varied from 33? in

summer to 79°/s in spring. Significant spatial association was observed

between these two species each season. Cattle and pronghorn exhibited

38 habitat overlap in winter, and 742 overlap in spring. Spatial

association between cattle and pronghorn was significant only during

summer months.

The studied herbivore species demonstrated preferred times for

watering. Horses preferred to water roughly between noon and sunset.

Cattle were observed at water primarily between 0800 and 1700 hours,

and pronghorn preferred to water shortly after sunrise. Free water

was not scarce during the present study, and no overt aggression was

observed within or between species watering simultaneously. However,

horses spent signi ficantly more, and pronghorn signi fi cantly less



time at water when cattle were present.

Interspecific competition must be judged on the basis of two

criteria (N.A.S. 1980:105): (1) two species compete when they share

a resource that is present in short supply, and (2) in using the

resource, each species reduces the other's population performance to

levels below what these measures would be in the absence of the other

species. While it was beyond the scope of this study to test the

hypothesis of competition among feral horses, cattle, and pronghorn,

potential exploitative interactions were examined using multidimen-

sional measurements of niche overlap ("competition coefficients":

Schoener 1974a, May 1975, Anthony and Smith 1977).

Competition coefficients were high each season between feral

horses and cattle due to high similarities in dietary and habitat

preferences. The data were interpreted to suggest that competition

could occur between these species under conditions of limiting

forage availability. Some authors (e.g. Sale 197+) believe organisms

may exhibit increased resource partitioning during lean periods,

thereby reducing competition. In this study, however, horses and

cattle demonstrated a mean of 70? dietary overlap even during winter;

the presumed season of lowest forage availability.

The potential for direct exploitative interactions between

pronghorn and the other ungulates, as indicated by low to moderate

competition coefficients, was not as severe as between horses and

cattle. Low dietary overlap between pronghorn and other herbivore

species was not unexpected, and may be explained on the basis of

pronghorn feeding strategy.
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Appendix 1. Alpha code, scientific name, and common name of plant species occurring on the study
area according to the nomenclature of Hitchcock and Cronquist (1973) and Garrison et
al. (1976).

Graminoi ds

AGS M

AGS P

B RTE

CA REX

DIST
ELCI

FEID
FEMI

I-IOBR

HOJ U

JUN CUS

o RI-IY

o RWE

P0 C U

PONE
POSA

P0 MO

SIHY
SIJU
STCO
S TTH

Agropyron smithii Rydb.
Agropyron spicatum (Pursh) Scribn. & Smith
Bromus tectorum L.
Carex L.
Distichlis stricta (Torr.) Rydb.
Elymus cinereus Scribn. & Merrill
Festuca idahoensis Elmer
Festuca microstachys Nutt.
Hordeum brachyantherum Nevski
Hordeum jubatum L.
Juncus L.
Oryzopsis hymenoides (R. & s.)
Oryzopsis webberi (Thurb.) Benth. ex Vasey
Poacusickii Vasey
Poa nevadensis Vasey ex Scribn.
Poa sandbergii Vasey
Polypogon monspeliensis (L.) Desf.
Sitanion hystrix (Nutt.) J. G. Smith
Sitanion jubatum J. G. Smith
Stipa comata Inn. & Rupr.
Stipa thurberiana Piper

western wheatgrass
bearded bluebunch wheatgrass
cheatgrass brorne
sedge
desert saltgrass
giant wildrye
Idaho fescue
small fescue
northern meadow barley
foxtail barley
rush

indian ricegrass
Webber ricegrass
Cusick bluegrass
Nevada bluegrass
Sandberg bluegrass
rabbi tfoot polypogon
bottlebrush squirreltail
big squi rrel tail

need lean dth read

Thurber needlegrass

Alpha Code Scientific Name Common Name



Appendix 1. (Continued).

Forbs

ACMI Achillea millefolium L.
AGGL Agroseris glauca (Pursh) Raf.
ALPA Allium parvum Kell.
ALTO Allium tolmiei Baker ex Wats.
ALAL Alyssum alyssoides L.
AMTE Amsinckia tessellata Gray
ANDI Antennaria dimorpha (Nutt.) 1. & G.
ANLU Antennaria luzuloides T. & G.

ARFIO Arabis holboellii Horrem.
ARFU Arnica fulgens Pursh
ARLU Artemisia ludoviciana Nutt.
ASSC Aster scopulorum Gray
ASPU Astragalus purshii Dougl. ex I-look.
BAI-lO Balsamorhiza hookeri Nutt.
BASA Balsamorhiza sagittata (Pursh) Nutt.
BLSC Blepharipappus scaber Hook.
CABR Calochortus bruneaunis Nels. & Macbr.

CAQU Camassia quamash (Pursh) Greene
CAMI Camelina microcarpa Andrz. ex DC.
CADR Cardaria draba (L.) Desv.
CACH Castilleja chromosa A. Nels.
CAPt Caulanthus pilosus Wats.
CHDO Chaenactis douglasii (Hook.) I-I. & A.

CHTE Chorispora tenella (Pall.) DC.
COPA Collinsia parviflora Lindl.

ya rrow

pale agoseris
on i on

tolmite onion
pale alyssum
tessellate fiddleneck
low pussytoes
rush pussytoes
holboell rockcress
orange arnica
herbaceous sage
crag aster
Pursh loco
Hooker balsamroot
arrowleaf balsamroot
blephari pappus
sego lily
common camas
littlepod falseflax
whi tetop

desert paintbrush
caulan thus

Douglas chaenactis
chori spora

littleflower collinsia

Alpha Code Scientific Name Common Name



Appendix 1. (Continued).

Forbs (Continued)

COGR Collomia grandiflora Dougi. ex Lindi.
COMA Collomia macrocalyx Leiberg ex Brand
COVI Coryphantha vivipara (Nutt.) Britt. & Brown
CRAC Crepis acuminata Nutt.
CRMO Crepis modocensis Greene
CRCI Crypthantha circumscissa (i-I. & A.) Johnst.

CRWA Crypthantha watsonii (Gray) Greene
DEAN Delphinium andersonii Gray
DEPI Descurainia pinnata (Walt.) Britt.
Dil-lO Dimeresia howellii Gray
DOCO Dodecatheon conjugens Greene
EPPA Epilobium paniculatum Nutt. ex 1. & G.
ERCH Erigeron chrysopsidis Gray
ERCA Eriogonum caespitosum Nutt.
ERMI Eriogonum microthecum Nutt.
EROV Eriogonum ovalifolium Nutt.
ERSP Eriogonum sphaerocephalum Dougi. ex Benth.
ERVI Eriogonum vimineum Dougi.
ERLA Eriophyllum lanatum (Pursh) Forbes
ERCI Erodium cicutarium (L.) L'Her. ex Ait.
FRPLJ Fritillaria pudica (Pursh) Spreng.

GAAPE Gal ium aparine echinospermum (Wall r.) Farw.
GISI Gilia sinuata Dougi. ex Benth.
I-IAGL 1-lalogeton glomeratus C. A. Meyer

HYCA Hydrophyllum capitatum Dougl. ex Benth.

col lomia

col lomia

co ryphan tha

tapertip hawksbeard
hawksbea rd

c ryp than tha

cryp than tha

Anderson larkspur
pinnate tanseymustard
di meres Ia

slimpod shootingstar
autumn willowweed
yellow fleabane
mat eriogonum
slenderbrush eriogonum
cushion eriogonum
rock eriogonum
broom eriogonum
wooly eriophyllum
filaree
yellow fritillary
catchweed bedstraw
gil ia

ha loge ton

ballhead waterleaf

Alpha Code Scientific Name Common Name



Appendix 1. (Continued).

Forbs (Continued)

IVAX Ivaaxillaris Pursh
LARI Lathyrus rigidus White
LAGL Layla glandulosa (I-look.) H. &.A.

LEPE Lepidium perfol iatum L.
LERE Lewisia rediviva Pursh
LIU Lithophragma bulbifera Rydb.
LOCO Lomatium cous (Wats.) Coult. & Rose
LOTR Lomatium triternatum (Pursh) Coult. & Rose
LUCA Lupinus cadatus Kell.
LUPU Lupinus pusillus Pursh
MAGR Madia gracilis (Smith) Keck
MAVU Marrubium vulgare L.
MEOE3 Mertensia oblongifolia (Nutt.) G. Don
MITR Microseris troximoides Gray
MIGR Microsteris gracilis (Hook.) Greene
NINA Mimulus nanus H. & A.
MOOD Monardella odoratissima Benth.
MOLI Montia linearis (Dougl.) Greene
NABR Navarretia breweri (Gray) Greene
OEAL Oenothera alyssoides H. & A.
OEBR Oenothera breviflora T. & G.
OECL Oenothera clavaeformis Torr. & Frem.
ORCA Orobanche californica Cham. & Schiect.
ORFA Orobanche fasciculata Nutt.
PESI Pediocactus simpsonii (Engelm.) Britt. & Rose
PEDE Penstemon deustus Dougl. ex Lindl.

poverty sumpweed
peavi ne

whitedaisy tidytips
clasping pepperweed
bitterroot lewisia
woodlands tar
Cous biscuitroot
nineleaf lomatium
tailcup lupine
rusty lupine
ta rweed

common horehound
oblong bluebells
mi croseri s

mi corsteri S

dwarf monkeyflower
pacific monardella
lineleaf indianlettuce
navarreti a

alyssum even ingprimrose
even i ngpr i mrose

even ingprimrose
broomrape
broomrape
hedgehog-cactus
scabland penstemon

Alpha Code Scientific Name Common Name



Appendix 1. (Continued).

Forbs (Continued)

PESE
PESP
PULl

PHI-tO

PH LO

PH CH

P LMA

P0 FR

POAV
RAG L

RATE
RH P L

SAKA
SEINE
SIOR
SIAL
SPGR
S PMU

TAO F

TO FL

TRDU
VIBE
WYAM
ZI VEG

Penstemon serosus (A. Nels.) Keck
Penstemon speciosus Dougl. ex Lindl.
Phacelia linearis (Pursh) Holz.
Phlox hoodii Rich.
Phlox longifolia Nutt.
Phoenicaulis cheiranthoides Nutt.
Plectritis macrocera 1. & G.

Polyctenium fremontii (Wats.) Greene
Polygonum aviculare L.
Ranunculus glaberrimus Hook.
Ranunculus testiculatus Crantz
Rhysopterus plurijugus Coult. & Rose
Salsola kali L.
Senecio intergerrimus exaltatus (Nutt.) Cronq.
Sidelcea oregana (Nun.) Gray
Sisymbrium altissimum 1.
Sphaeralcea grossulariaefolia (H. & A.) Rydb.
Sphaeralcea munroana (Dougi.) Spach ex Gray
Taraxacum officinale Weber
Townsendia florifer (Hook.) Gray
Tragopogon dubius Scop.
Viola beckwithii 1. & G.
Wyethia amplexicaulis Nutt.
Zigadenus venenosus gramineus (Rydb.) Walsh

pens temon

royal penstemon
thread phacelia
Hoods phlox
longleaf phlox
wallflower phoenicaulis
longhorn plectritis
comb leaf

prostrate knotweed
sagebrush buttercup
buttercup
rhysop terus

russianthistle
lambstongue groundsel
Oregon checkermal low
tumbl emus ta rd

gooseberry globemal low
Munro globemallow
comon dandelion
showy townsendia
salsi fy

Beckwith violet
mules ears wyethia
meadow death camus

Alpha Code Scientific Name Common name



Appendix 1. (Continued).

Shrubs and Trees

ARAR Artemisia arbuscula Nutt.
ARCA Artemisia cana Pursh.
ARSP Artemisia spinescens Eat.
ARTRT Artemisia tridentata tridentata Nutt.
ARTRV Artemisia tridentata vaseyana (Rydb.) Beetle
ARTRW Artemisia tridentata wyomingensis Beetle
ATCO Atriplex confertifolia (Torr. & Frem.) Wats.
CELA Ceratoides lanata (Pursh) Moq.
CHNA Chrysothamnus nauseosus (Pall.) Britt.
CHVI Chrysothamnus viscidiflorus (Hook.) Nutt.
GRSP Grayia spinosa (Hook.) Moq.
GUSA Gutierrezia sarothrae (Pursh) Britt. & Rusby.
JUOC Juniperus occidentalis Hook.
RIAU Ribes aurem Pursh
RICE Ribes cereum Dougl.
ROWO Rosa woodsil Lindl.
SAVE Sarcobatus vermiculatus (Hook.) Torr.
SYOR Symphoricarpos oreophilus Gray
TECA Tetradymia canescens DC.
TEGL Tetradymia glabrata Gray
TESP Tetradymia spinosa H. & A.

low sagebrush
silver sagebrush
bud sagebrush
basin big sagebrush
mountain big sagebrush
wyoming big sagebrush
shadscale saltbrush
common winterfat
gray rabbitbrush
green rabbitbrush
spiny hopsage
broom snakeweed
western juniper
golden current
wax current
Woods rose
black greasewood
mountain snowberry
gray horsebrush
little-leaf horsebrush
cottonhorn horsebrush

Alpha Code Scientific Name Common Name
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Appendix 2. Vegetative characteristics of major plant communities.

Community: Atriplex confertifoliaArtemisia spinescerts/Broinus tectorum (112)

Plant Species
Canopy

Cover ()
Frequency Density

() (#/m2)
Shrub
Height (cm)

Grasses
Bromus tectorum 33.9 99.3
Sitanion hystrix 2.4 29.6 2.4
Festuca microstachys t 0.1
Total Grasses 36.3

Forbs
Sisyinbrium altissimum t 1.5
Oenothera alyssoides 0.1 1.5
Sphaeralcea munroana 0.1 2.2 0.2
Descurainia pinnata t 2.9
Lepidium perfoliatum t 0.1
Erigeron chrysopsidis 0 0

0.2
Shrubs

Artemisia tridentata wyomingensis t t
Grayia spinosa 0.3 t
Artemisia spinescens 3.2 0.8 16.7
Atriplex confertifolia 2.3 0.7 26.8
Total Shrubs 5.8

Moss 1.3

Total Vegetation 43.6

Rock 42.6
Litter 50.6
Bare Ground 11.8



Appendix 2. (Continued).

Community: Artemisia arbuscula Poa sandbergii (323)
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Plant Species

Canopy

Cover ()

Frequency

()

Density

(#/m2)

Shrub

Height (cm)

Grasses

Poa sandbergii 20.0 96.0 47.0

Sitanion hystrix 2.7 34.0 3.2

Bromus tectorum 2.3 45.0

Agropyron spicatum t 1.0 t

Total Grasses 25.0

F orbs

Lathyrus rigidus 0.1 6.0 0.3

Phlox longifolia 2.1 54.0 23.3

Lupinus pusillus 0.2 8.0

Balsamorhiza hookeri 0.5 7.0 1.5

Allium parvum t 4.0 0.2

Viola beckwithii 0.3 21.0

Epilobium paniculatum 0.1 12.0

Antennaria dimorpha 1.6 42.0 2.9

Lomatium cous t 3.0 0.3

Agoseris glauca 0.1 7.0 0.4

Collomia grandiflora t 1.0

Microsteris gracilis 0.6 87.0

Arabis holboellii t 4.0 0.4

Aster scopulorum 0 0 0

Oenothera alyssoides t 1.0

Dimeresia howellii t 2.0

Crepis acuminata 0 0 0

Astragalus purshii 0.4 15.0 0.9

Erigeron chrysopsidis 0 0 0

Total Forbs 10.0

Shrubs

Artemisia arbuscula 13.1 9.6 14.8

Chrysothamnus nauseosus 0 0

Total Shrubs 13.1

Moss 0.5

Total Vegetation 48.6

Rock 42.4

Litter 29.3

Bare Ground 21.1



Appendix 2. (Continued).

Community: Artemisia tridentata wyomingensis/Agropyron spicatum (418)

1 41

Plant Community

Canopy

Cover ()

Frequency

()

Density

(#/m2)

Shrub

Height (cm)

Grasses

Agropyron spicatum 21.7 64.0 4.6

Poa sandbergii 9.9 94.0 43.6

Bromus tectorum 1.3 73.0

Sitanion hystrix 0.8 14.0

Stipa thurberiana 0 0 0

Festuca :microstachys 0.1 21.0

Total Grasses 33.8

F orbs

Phlox longifolia 1.1 66.0 16.5

Lathyrus rigidus 0 0 0

Crepis acuminata 0.3 10.0 0.5

Calochortus bruneaunis 0 0 0

Collinsia parviflora 0.1 26.0

Eriogonum sphaerocephalum 0.1 3.0 0.2

Lupinus pusillus t 4.0 0.3

Erigeron chrysopsidis 0.1 8.0 1.0

Lomatium cous 0 0 0

Descurainià pinnata t 2.0 t

Agoseris glauca 0.1 12.0 0.6

Piectritis macrocera t 1.0 t

Astragalus purshii t 2.0 0.2

Antennaria dimorpha 0.1 2.0 0.1

Balsamorhiza hookeri 0 0 0

Penstemon speciosus 0 0 0

Aster scopulorum 0 0 0

Phlox hoodii t 1.0 t

Eriogonum caespitosum 1.5 9.0 0.7

Total Forbs 3.4

Shrubs

A. tridentata wyomingensis 8.6 0.5 41.3

Total Shrubs 8.6

Moss 3.5

Total Vegetation 49.3

Rock 46.2

Litter 28.1

Bare Ground 10.8
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Community: Artemisia tridentata wyomingensis-Atriplex confertifolia/Sitanion hystrix
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(432)

Plant Species

Canopy

Cover ()

Frequency

()

Density

(#/m2)

Shrub

Height (cm)

Grasses

Bromus tectorum 12.3 92.1 1.3

Sitanion hystrix 3.1 20.0

Total Grasses 15.4

For be

Lepidium perfoliatum 0.8 28.6

Caulanthus pilosus t 0.7

Oenothera alyssoides t 4.3

Sisymbrium altissimum 0 0

Descurainia pinnata 0.5 10.7

Halogeton glomeratus t 3.6

Collinsia parviflora t 10.7

Qenothera clavaeformis t 0.7

Sphaeralcea munorana t 0.7

Total Forbs 1.3

Shrubs

Gutierrezia sarothrae 0

Ceratoides lanata 0 0

A. tridentata wyomingensis 5.5 1.1 40.8

Artemisia spinescens 0.2 0.2 13.5

Atriplex confertifolia 2.4 0.4 27.5

Grayia spinosa 0.5 0.3 46.7

Tetradymia spinosa 0 t

Total Shrubs 8.6

Moss 0.6

Total Vegetation 25.9

Rock 59.9

Litter 28.5

Bare Ground 10.9
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Community: Artemisia tridentata wyomingensis/Poa sandbergii (433)
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Plant Species

Canopy

Cover (?')

Frequency

(%)

Density

(#/m2)

Shrub

Height (cm)

Grasses

Sitanion hystrix 7.3 80.0 4.7

Agropyron spicatum 2.9 16.0 1.0

Bromus tectorum 1.2 66.0

Poa sandbergii 9.6 98.0 20.9

Stipa thurberiana 0.1 4.0 0.2

Total Grasses 21.1

Forbs

Phlox longifolia 1.0 30.0 8.8

Eriogonum sphaerocephalum 0.1 16.0 1.5

Lupinus pusillus 0.3 24.0

Penstemon speciosus 0.5 12.0 0.8

Chaenactis douglasii 0.4 10.0 0.7

Sphaeralcea grossulariaefolia 0.7 6.0 0.3

Oenothera alyssoides 0.1 10.0

Total Forbs 3.1

Shrubs

A. tridentata wyomingensis 9.7 0.9 47.6

Grayia spinosa 0.6 0.1 48.6

Total Shrubs 10.3

Moss 0.5

Total Vegetation 35.0

Rock 48.0

Litter 13.5

Bare Ground 39.0



Appendix 2. (Continued).

Community: Artemisia tridentata wyomingensis/Bromus tectoruni (434)

Plant Species

Canopy

Cover (?)

Frequency

(°/.)

Density

(#/m2)

Shrub

Height (cm)

Grasses

Bromus tectorum 24.4 98.3

Sitanion hystrix 1.2 14.4 0.9

Poa sandbergii 0.9 17.8 2.2

Festuca microstachys t 2.8

Total Grasses 26.5

Forbs

Lepidium perfoliatum 0.1 12.2

Collinsia parviflora t 9.4

Erigeron chrysopsidis 0 0 t

Descurainia pinnata t 2.2

Sphaeralcea inunroana 0.1 0.6 t

Penstemon speciosus 0 0

Eriogonum caespitosum 0 0

Lewisia rediviva 0 0

Eriogonum sphaerocephalum 0.1 1.1 t

Total Forbs 0.3

Shrubs

Ceratoides lanata t t

A. tridentata wyomingensis 8.7 0.5 45.3

Grayia spinosa 1.8 0.2 41.2

Total Shrubs 10.5

Moss 0.4

Total Vegetation 37.7

Rock 40.6

Litter 45.9

Bare Ground 13.3



Appendix 2. (Continued).

Community: Bromus tectorum/Sisymbrium altissimum (731)

45

Canopy Frequency Density

Plant Species Cover () () (#/m2)

Grasses

Bromus tectorum 58.1 100.0

Sitanion hystrix 0.8 21.4 1.1

Poa sandbergii 0.8 25.7 1.9

Stipa thurberiana 2.6 1.4 0.1

Festuca microstachys 0.1 24.3

Total Grasses 62.4

Forbs

Sisymbrium altissimum 10.0 5.7

Lupinus pusillus 0.1 2.9

Erigeron chrysopsidis 0.1 5.7 0.3

Phlox longifolia 1.6 64.3 16.1

Salsola kali 0 0

Eriogonum ovalifolium t 1.4 0.1

Descurainia pinnata t 5.7

Crypthantha watsonii t 1.4

Sphaeralcea munroana 0.6 1.4 0.1

Lewesia rediviva 0 0

Gilia sinuata 0

Amsinckia tessellata 0

Total Forbs 12.4

Shrubs

Total Shrubs

Moss 0.3

Total Vegetation 75.1

Rock 40.2
Litter 68.0
Bare Ground 4.5



Appendix 3. Herbaceous biomass (kg/ha ± S.E. dry weight) of major plant communities. Sample
size (n) refers to number of 0.5 m2 quadrats.

Community: Atriplex confertifolia-Artemisia spinescens/Bromus tectorum (112)

Sampling Dates

Plant Species
6-7-79
(n6O)

11-8-80
(n=80)

Grasses
Bromus tectorum 170.2(13.3) 152 .6(7.2)

STtanfon hystrix 97.7(16.5) 74.4(11 .3)

Poa sandbergii 22.1(4.1) 3.6(0.7)
5'ETpa thurberiana 0.5(0.5)

Forbs
Sphaeralcea munroana 13.1 (11.5) 0.5(0.2)
Sisymbrium altissimum 3.3(1 .6)

Descurainia pinnata 0.6(0.6)
Caulanthus pilosus 4.5(2.6)
Phlox longifolia 0.3(0.2)
Penstemon speciosus 0.3(0.3)
Oenothera alyssoides 0.3(0.1)
Lepidium perfoliatum 0.6(0.3)

Total 309.7 234.9



Appendix 3. (Continued).

Community: Artemisia arbuscula/Poa sandbergii (323)

Plant Species
5-13-79
(n=120)

7-6-79
(n=120)

5-20-80
(n100)

7-8-80
(n80)

10-14 -80

(n80)

Grasses
Poa sandbergii 74.3(4.0) 67 .6 (3. 3) 89.9(5.7) 81.1(5.1) 129.9(4.8)
Sitanion hystrix 11.0(1.5) 15.7(1.4) 11.0(1.8) 25.9(6.2) 12.5(3.0)
Bromus tectorum 1 .0(0.2) 5.1(0.7) 2.3(0.2) 2.1(1.0) 6.8(1.6)
Agropyron spicatum 1 .8(0.9) 3.4(1 .7) 1.3(0.9) 0.9(0.5)

Forbs
Collinsia parviflora 1.7(0.2) 1 .0(0.2)
4icrosteris gracilis 31.9(2.3) 24.7(1.7) 47.7(3.4) 25.2(2.0)
é1phinium andersonil 1 .5(0.8)
Allium parvum 0.7(0.3) 0.9(0.2)
Phlox longifolia 24.7(2.3) 17.3(1.0) 30.9(3.5) 12.9(1.9) 0.1(0.1)
tômifium cous 0.4(0.2) 0.3(0.2)
Lupinus pusillus 0.06(0.02) 0.3(0.1) 0.05(0.02) 1.1(0.6)
Antennari a dimorpha 1.3(0.3) 2.4(0.5) 1.6(0.4) 2.7(1.1)
Microseris troximoides 0.01(0.01) 0.3(0.1)
Descurainia pinnata 0.02(0.02)
Aster scopulorum 0.9(0.6) 1.1(1.1)
Viola beci<withii 2.9(1.4)
Balsamorhiza hookeri 1.0(0.5) 0.7(0.4) 2.0(1.6) 0.05(0.1)
Epilobium paniculatum 0.8(0.1) 1.2(0.1) 0.6(0.1)
Crepis acuminata 0.3(0.3)
Erigeron chrysopsidis 0.9(0.3)
Lathyrus rigictus 3.7(0.8)

Total 155.3 139.3 194.8 152.9 149.3



Appendix 3. (Continued).

Community: Artemisia tridentata wyomingensis Agropyron spicatum (418)

Sampling Dates

Plant Species

Grasses

Agropyron spicatum

Poa sandbergii

Sitanion hystrix

Bromus tectorum

Festuca microstachys

Stipa thurberiana

F orbs

Microsteris gracilis

Erigeron chrysopsidis

Lupinus pusillus

Descurainia pinnata

Phlox longifolia

Lomatium cous

Allium parvum

Viola beckwithij

Phlox hoodii

Crepis acuniinata

Antennaria dimor'pha

Collinsia parviflora

Layia glandulosa

Gilia sinuata

Epilobium paniculatum

5-28-79 7-11-79 10-15-79 5-15-80 7-15-80 8-20-80
(n=100) (n=142) (n..220) (n=240) (n=200) (n=100)

177.9(19.5) 238.7(25.7) 176.2(10.6) 207.9(11.9) 335.6(21.9) 350.038.6)
41.5(2.8) 33.9(1.8) 15.6(0.4) 42.7(2.5) 53.1(2.4) 71.7(2.9)
15.5(3.6) 6.9(1.6) 5.0(1.0) 11.2(2.7) 6.8(1.5) 13.8(4.2)
2.1(0.4) 4.2(0.6) 1.9(0.3) 4.9(0.8) 6.5(0.5) 1.4(0.7)
0.8(0.2) 0.5(0.3) 0.9(0.2) 1.0(0.2) 0.4(0.1)
3.9(2.1) 7.6(3.4) 1.8(1.1) 4.2(1.7) 1.7(1.7) 1.1(1.1)

1.7(0.3) 5.8(0.6) 5.8(0.7) 4.3(0.4)
4.2(1.4) 1.5(0.8)

0.7(0.2) 0.06(0.01)
0.8(0.2) 1.4(0.2) 1.0(0.1) 0.6(0.1)
6.7(0.9) 18.4(1.6) 9.3(1.1) 14.3(1.4) 3.9(0.6)
0.7(0.2) 2.1(0.8)

0.3(0.1) 0.4(0.1)
0.3(0.2) 0.08(0.1)

1.4(0.6) 0.1(0.1)
2.3(0.8) 0.1(0.1) 4.4(1.2) 0.6(0.3)

0.i(o.i)

0.6(0.2) 0.1(0.1)

0. 1(0. 04)

0.08(0.03)

0.05(0.04)

Total 260.4 313.2 200.5 296.7 424.7 442.3



Appendix 3. (Continued).

Community: A. tridentata wyomingensisAtriplex confertifolia/Sitanion hystrix (432)

Sampling Dates

Plant Species
5-23-79 6-11-79 11-15-79 5-5-80 6-12-80 10-15-80
(n=60) (n=60) (n..320) (n=320) (n=60) (n=200)

Grasses

Sitanion hystrix 71.4(13.9) 106.4(19.1) 81.6(5.6) 66.0(5.3) 93.4(13.0) 116.1(11.2)
Bromus tectorum 22.9(3.5) 43.5(8.0) 1.4(0.3) 1.8(1.0) 0.9(0.5)
Agropyron spicatum 0.03(0.03)
Poa sandbergii 3.8(1.5)

Forbs

Oenothera alyssoides 3.6(0.8) 0.2(0.2) 0.1(0.1)
Sphaeralcea munroana 0.9(0.7) 1.9(1.6) 0.6(0.5)

Oenothera clavaeformis 0.3(0.2) 0.1(0.1) 0.1(0.1)
Penstemon speciosus 1.7(0.2)

Epilobium paniculatum 4.6(1.9)

Descurainia pinnata 0.6(0.4) 0.5(0.2)
Caulanthus pilosus 2.7(1.2) 0.6(0.3)
Erigeron chrysopsidis 0.9(0.4) 0.2(0.2)
Astragalus purshii 2.7(1.1) 5.2(1.3) 6.9(4.1)
Ranunculus testiculatus 0.1(0.1)
Crypthantha watsonii 0.5(0.3)

Total 108.7 155.7 81.6 75.1 106.9 117.0
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Appendix 3. (Continued).
Community: A. tridentata wyomingensis/Poa sandbergii (433)

Sampling Dates

Plant Species
6-5-79
(n=120)

5-25-80
(n=80)

7-15-80
(n=80)

Grasses
Poa sandbergii 73.1(4.4) 106.4 ( 7.3) 77.1(4. 7)
STtanion hystrix 64.0(8.0) 58.2 (8.9) 74.3(12 . 7)
Bromus tectorum 17.6(3.4) 48.2(6.3) 34.4(3.3)
Agropyron spicatum 5.4(3.8) 3.3(2.3) 15.6(10.0)
Stipa thurberiana 3.9(3.7) 4.4(3.1)

Forbs
Phlox longifolia 18.9(5.0) 14. 2(3. 2) 18.8(2.7)
Epilobium paniculatum 0.3(0.1) 3.9(0.6) 0.3(0.1)
Crepis acuminata 1.1(0.5) 2.6(1.9) 0.2(0.2)
Erigeron chrysopsidis 0.1(0.1) 1 .5(0.9)
Lupinus pusillus 1.5(0.5) 0.2(0.1) 0.5(0.3)
Sphaeralcea munorana 0.8(0.7)
Eriogonum sphaerocephalum 0.5(0.3)
Antennaria dimorpha 0.03(0.02)
Penstemon speciosus 0.2(0.2) 3.0(2.1)
Phlox hoodii 0.8(0.5) 1 .0(0.6)
Descurainia pinnata 0.6(0.1)
Allium parvum 0.4(0.2)

Total 187.4 244.3 225.6



Appendix 3. (Continued).

Community: A. tridentata wyomingensis/Bromus tectorum (434)

Sampling Dates

Plant Species 6-1-79
(n60)

7-14-79
(n=60)

11-11-80
(n=80)

Grasses
Brornus tectorum 301.4(27.3) 137.4(22.6) 270.9(11.8)
Sitanion hystrix 39.9(5.0) 30.8(4.7) 10.0(3.9)
Poa sandbergii 32 .7 (5 .0) 2.1 (0.7) 3.7(0.5)

Forbs
Phlox longifolia 9.8(1.6)
tpiTdbium paniculatum 0.6(0.3) 0.4(0.2)
Oenothera alyssoides 0.3(0.1) 0.1(0.05)
Phlox hoodi 14.3(6.7)
Lupinus pusTlius 0.7(0.4)
Eriogonum sphaerocephalurn 0.5(0.3) 0.2(0.2)
Sphaeralcea munroana 3.1(2.0)
Lepidium perfoliatum 0.3(0.3)

Total 400.2 174.4 284.6



Appendix 3. (Continued).

Community: Bromus tectorum/Sisymbrium altissimum (731)

DatesSampling

Plant Species
11-15-79 5-10-80 7-10-80 10-13-80

(n=240) (n=100) (n=120) (n=40)

Grasses

Bromus tectorum 62.6(2.7) 579.3(13.5) 536.4(19.5) 448.7(17.1)

Poa sandbergii 0.1(0.1) 24.1(2.8) 6.8(0.9)

Sitanion hystrix 6.4(1.2) 1.7(1.0)

Festuca microstachys 2.0(0.5)

Stipa thurberiana 2.6(1.9)

F orbs

Sisymbrium altissimum 45.1(9.0) 39.9(10.0)

Amsinckia tessellata 3.4(1.7)

Descurainia pinnata 7.4(3.4) 2.3(0.4)

Phlox longifolia 20.0(4.2) 7.3(1.6)

Erigeron chrysopsidis 1.0(0.5)

Sphaeralcea munroana 6.9(4.1)

Alliurn parvum 0.02(0.02)

Gilia sinuata 0.6(0.4)

Total 62.7 694.2 599.0 448.7



Appendix 1t. Regression equations for estimating browse yields. Regressions do not depart
significantly (p<O.O1) from 1:1 relationship1.

Artemisia tridentata wyomingensis

Ar'temisia arbuscula

1979 1980

Variab1e' b
0

b1 b2 b3 sy.x b
0

b1 b2 b3 sy.x R2

Ht -51.54 1.85 23.83 0.61 -40.55 1.97 38.56 0.48

Ht + Wi -45.84 0.75 0.89 19.38 0.75 -40.44 0.37 1.24 31.91 0.65

Ht + Wi + W2 -31.11 0.19 0.06 1.39 15.56 0.84 -34.80 0.01 0.38 1.44 26.51 0.76

Wi + W2 -26.83 0.08 1.48 15.49 0.84 -34.72 0.38 1.44 26.23 0.76

W2 -25.86 1.57 15.36 0.84 -28.78 1.83 26.59 0.75
Ht + W2 -30.65 0.19 1.45 15.41 0.84 -33.77 0.22 1.71 26.74 0.75

Wi -29.49 1.26 20.61 0.71 -34.09 1.43 31.84 0.64

A 1.04 0.02 13.37 0.88 4.20 0.02 25.18 0.78
Ht + A -11.66 0.36 0.02 12.98 0.89 -9.89 0.41 0.02 24.84 0.79
Vol 9.12 0.01 12.33 0.90 14.92 0.00 25.76 0.77

1979 1980

Variab1e b
0

b1 b2 b3 sy.x b
o

b
1

b
2

b
3

sy.x

Ht -4.62 0.78 6.88 0.48 -11.19 0.98 7.69 0.68

Ht + Wi -7.16 -0.05 0.61 3.78 0.85 -11.68 -0.03 0.63 4.45 0.89
Ht + Wi + W2 -7.07 -0.06 0.39 0.28 3.56 0.87 -11.78 -0.03 0.65 0.07 4.48 0.89
Wi + W2 -7.45 0.37 0.28 3.54 0.87 -111.94 0.63 0.07 4.44 0.89

W2 -5.87 0.67 4.05 0.82 -11.50 0.84 5.57 0.83
Ht + W2 -6.47 0.08 0.63 4.07 0.82 -12.52 0.19 0.71 5.51 0.84

Wi -7.44 0.59 3.75 0.85 -11.81 0.68 4.40 0.89
A 1.81 0.01 3.59 0.88 -0.11 0.01 3.45 0.94
Ht + A 0.93 0.05 0.01 2.93 0.91 -1.51 0.09 0.01 3.43 0.94
Vol 4.45 0.00 4.21 0.81 3.73 0.00 3.92 0.92



Appendix 4. (Continued).

Atriplex confertifolia

1/ Models fit the linear regression function V = b + ... bnXn where y= shrub yield; b = value of the nth parameter; and

X = value of the nth variable.

2/ H = height; Wi and W2 = crown widths; A canopy area (pi x Wi x W2/4.0); Vol = canopy volume (Ht x Wi x W2).

1979 1980

Variable' b
0

b1 b2 b3 sy.x R2 b
0

b1 b2 b3 sy.x R2

Ht -91.97 5.62 45.16 0.58 -139.75 8.83 67.51 0.70

Ht + Wi -75.58 1.78 2.20 36.09 0.74 -110.97 1.27 3.46 46.76 0.86

Ht + Wi + W2 -76.30 1.37 1.59 1.28 35.72 0.75 -108.80 1.45 1.48 2.27 43.83 0.88

Wi + W2 -60.55 1.85 1.68 36.13 0.74 -94.02 2.08 2.19 44.24 0.87

W2 -57.94 4.19 39.47 0.68 -80.03 4.44 47.35 0.85

Ht + W2 -82.89 2.13 3.03 37.97 0.71 -111.03 2.39 3.50 44.78 0.87

Wi -52.63 2.85 37.14 0.72 -97.94 3.93 46.89 0.86

A 0.25 0.06 31.86 0.79 7.76 0.04 31.63 0.93

Ht + A -33.60 1.65 0.05 30.43 0.81 -26.31 1.60 0.04 29.76 0.94

Vol 11.99 0.01 25.49 0.87 44.72 0.00 43.99 0.87

Grayla spinosa

1980

VariableV b b1 b2 b3 sy.x

Ht -61.42 2.99 58.20 0.47

Ht + Wi -59.98 0.19 2.06 35.98 0.80

Ht + Wi + W2 -56.21 0.08 1.14 1.27 34.01 0.83

Wi + W2 -54.20 1.16 1.28 33.66 0.83

W2 -42.25 2.59 36.16 0.80

Ht + W2 -53.06 0.40 2.40 36.19 0.80

Wi -55.19 2.14 35.69 0.80

A 22.24 0.02 33.02 0.83

Ht + A -2.34 0.61 0.02 32.31 0.84

Vol 43.56 0.00 39.48 0.76



-'P1ant species alpha codes are identified in Appendix 1.
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Appendix 5. Mean percent seasonal diets (±s.E.) of feral horses,
cattle, and pronghorn, Sheepshead Mountains, 1979-1981
Values in parentheses following herbivore species are
the number of fecal groups comprising the mean.

Forage Class

Plant Species1/

Summer 1979 Fall 1979

Horses
(93)

Cattle
(101)

Pronghorn
(84)

Horses
(102)

Cattle
(116)

Pronghorn
(132)

Total Graminoids 91.2 90.d 4.1 89.2 91.6 13.2

AGSM 0.2 (0.17) 0.3 (0.29) -- -- --

AGSP 32.1 (8.26) 40.0 (8.60) -- 14.1 (0.87) 9.5 (1.79) 0.4 (0.29)

BRIE 7.4 (4.33) 7.3 (2.25) 1.2 (0.17) 2.7 (1.21) 5.8 (1.33) 7.0 (0.98)

CAREX -- 6.1 (3.23) -- -- 0.4 (0.46) -

ELCI 0.6 (0.40) 2.2 (1.15) -- 0.2 (0.17)

FEID -- 0.5 (0.23) --

JUNCUS -- 2.5 (0.92) -= --

ORHY 0.5 (0.29) 0.6 (0.12) -.

OR!4E -- -- --

PONE 0.1 (0.12) 0.8 (0.52) -- 0.2 (0.23)

POSA 2.7 (1.15) 6.6 (2.48) 1.9 (0.81) 9.2 (2.48) 4.0 (1.04) 5.0 (0.81)

SIHY 29.4 (7.51) 16.1 (3.58) 0.5 (0.52) 42.6 (3.70) 57.6 (3.29) 0.6 (0.58)

SITH 14.4 (1.96) 3.6 (0.98) 16.5 (3.81) 11.0 (3.12) -

OTHER 3.8 (0.35) 4.8 (1.21) 3.9 (0.58) 3.1 (0.52) 0.2 (0.23)

Total Forbs 6.8 7.0 79.2 6.7 2.8 27.0

ACM I

ASSC -- -- -- --

BAHO 0.2 (0.17) 0.1 (0.12) 17.3 (2.14) 0.9 (0.97)

CRAC -- -- -- --

ERCA 0.2 (0.23) --

CRC! -- 1.5 (1.50) --

HAGL -- --

U/AX --

LIBU 0.7 (0.40)

LOCO. -- -- 1.7 (0.64) -- -- --

PHHO 3.9 (1.15) 2.0 (1.27) 2.9 (0.46) 4.6 (2.42) 0.8 (0.46) 0.5 (0.29)

PHLO 1.0 (0.29) 1.3 (0.64) 17.2 (3.98) 1.3 (0.23) 7.7 (2.25)

PHCH 0.2 (0.17) -- 29.2 (5.66) -- 3.1 (1.27)

POP/i -- 1.2 (0.69) -- --

SPMU - -- 0.2 (0.23) -- 0.8 (0.81) 10.6 (4.56)

OTHER 1.5 (0.12) 3.6 (0.87) 7.1 (0.98) 0.8 (0.46) 1.2 (0.64) 4.2 (0.41)

Total Shrubs 2.0 2.1 16.7 4.1 5.6 59.8

ARAR/ARTRW -- 0.2 (0.17) 16.5 (0.75) 0.7 (0.46) 0.5 (0.23) 59.4 (6.24)

ATCO 0.3 (0.17) 1.5 (0.35) -- 0.3 (0.29) 2.8 (0.64) 0.2 (0.23)

CELE 1.7 (0.92) 0.4 (0.40) -- 3.1 (2.31) 2.3 (1.15) --

ROWO -- 0.2 (0.23) -- 0.2 (0.23)



Appendix 5. (Continued).

"Plant species alpha codes are identified in Appendix 1.
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Forage Class

Plant Species1'

Winter 1980 Spring 1980

Horses
(122)

Cattle
(94)

Pronghorn
(80)

Ho rses

(136)

Cattle

(99)

Pronghorn
(52)

Total Graminoids 89.7 84.0 22.8 98.0 90.9 16.5

AGSM -- -- --

AGSP 8.9 (0.69) 7.1 (2.71) 23.8 (4.85) 19.1 (4.62) --

BRIE 2.4 (1.56) 7.8 (0.81) 3.3 (0.81) 14.6 (5.83) 16.3 (4.16) 4.3 (0.58)

CAREX -- 0.2 (0.23) -- 1.0 (0.75) 2.7 (2.02)

ELCI -- -- -- 0.4 (0.23)

FEID 0.3 (0.35) --

JIJNCUS -- -- 1.0 (0.98)

ORHY 1.1 (0.87) 0.2 (0.17)

ORWE 0.3 (0.29) --

PONE 0.6 (0.58) 0.6 (0.58) -- -- 1.1 (0.87) --

ROSA 12.8 (8.03) 0.8 (0.52) 16.2 (4.16) 11.4 (3.23) 8.3 (2.60) 8.6 (1.27)

SIHY 45.4 (8.20) 61.3 (3.81) 2.3 (1.62) 23.7 (2.37) 30.6 (6.52) 3.0 (0.69)

STTH 15.0 (1.21) 3.3 (0.81) -- 19.4 (0.40) 4.2 (0.98) 0.2 (0.23)

OTHER 4.3 (0.12) 2.9 (0.81) 0.7 (0.46) 3.1 (0.35) 7.0 (2.42) 0.4 (0.23)

Total Forbs 6.9 1.2 21.5 1 .5 8.6 46.9

ACMI -- 1.6 (0.58)

ASSC -- -- -- 1.4 (0.75)

BAHO 2.0 (0.40) 0.2 (0.17) 4.4 (0.75)

CRAC -- 4.7 (3.29)

ERCA -- -- --

ERCI --

HAGL --

IVAX 1.8 (1.10)

LIBU -- 1.5 (0.35)

LOCO -- -- -- -- 1.4 (0.75)

PI-IHO 5.1 (1.91) 0.2 (0.23) -- 0.6 (0.46) 1.7 (0.35) 1.6 (0.58)

PHLO 0.7 (0.69) 14.8 (3.35) 0.2 (0.17) 0.6 (0.58) 6.0 (0.46)

PHCH -- 2.3 (0.87) -- 0.5 (0.52) 9.5 (3.64)

POAV -- 1.1 (0.75)

SPMU -- -- -- -- 2.9 (0.75) 6.3 (1.73)

OTHER 1.1 (0.29) 1.0 (0.52) 2.4 (0.23) 0.7 (0.23) 2.7 (0.87) 5.6 (0.12)

Total Shrubs 3.4 14.8 55.7 0.5 0.5 36.6

ARAR/ARTRW 0.5 (0.29) -- 55.5 (1.67) -- 0.3 (0.35) 36.4 (6.06)

ATCO 2.6 (1.33) 14.2 (4.10) 0.2 (0.17) 0.2 (0.12) -- 0.2 (0.17)

CELE 0.3 (0.29) 0.6 (0.58) -- 0.3 (0.29) 0.2 (0.17)

ROWO --



"Plant species alpha codes are identified in Appendix 1.
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Appendix 5. (Continued).

Forage Class

Plant Species-"

Summer 1980 Fall 1980

Horses
(114)

Cattle
(117)

Pronghorn
(127)

Horses
(139)

Cattle
(156)

Pronghorn
(149)

Total Graminoids 86.8 93.2 7.5 79.0 84.2 13.2

AGSM - - - - - - - -

AGSP 23.9 (1.73) 35.5 (2.08) -- 6.2 (0.64) 15.0 (2.02) 0.3 (0.35)

BRIE 17.9 (4.21) 18.2 (1.85) 2.4 (1.21) 4.3 (2.08) 6.9 (2.83) 3.0 (0.52)

CAREX 3.3 (1.33) 4.2 (0.98) -- --

ELCI 0.5 (0.46) 0.4 (0.17) 0.7 (0.69)

FEID 0.4 (0.17) -- 1.0 (0.98)

JUNCUS 0.2 (0.17) --

ORHY --

ORWE 0.9 (0.23) --

PONE -- -- -- -- -- --

POSA 0.9 (0.69) 10.5 (2.71) 4.1 (0.46) 15.1 (3.23) 3.2 (1.73) 9.6 (0.69)

SIHY 8.1 (2.14) 9.1 (2.94) 0.4 (0.40) 35.8 (1.15) 49.6 (3.70) --

STTH 27.7 (4.45) 6.9 (1.67) -- 13.0 (5.72) 0.7 (0.35) --

OTHER 3.6 (0.81) 7.8 (4.33) 0.6 (0.58) 4.6 (0.81) 7.1 (0.69) 0.3 (0.29)

Total Forbs 6.2 6.4 80.3 14.4 2.5 34.5

ACMI --

ASSC --

BAHO 17.6 (1.89) 3.2 (0.82)

CRAC --

ERCA -- --

ERCI 0.4 (0.40)

HAGL 0.2 (0.17) -- --

IVAX 3.3 (0.75) 1.0 (0.58)

LIBU --

LOcO -- -- 2.0 (0.17) -- --

PHHO 4.9 (1.10) 1.8 (0.92) 1.8 (1.79) 13.3 (1.79) 0.6 (0.29)

P1110 0.3 (0.12) 0.8 (0.52) 20.5 (1.33) -- -- 14.3 (2.48)

PHCH -- 0.6 (0.03) 27.3 (7.85) 9.4 (4.27)

POAV -- 1.4 (0.17) --

sPMu -- -- -- -- -- 3.0 (2.42)

OTHER 1.0 (0.58) 3.2 (0.98) 5.8 (0.81) 1.1 (0.69) 2.5 (1.27) 3.0 (0.52)

Total Shrubs 7.0 0.4 12.2 6.6 13.3 52.3

ARAR/ARTRW -- 0.2 (0.23) 11.9 (3.29) 0.3 (0.29) -- 52.3 (1.79)

ATCO 1.2 (0.75) -- -- 3.5 (0.64) 11.0 (1.91) --

CELE 5.8 (2.08) 0.2 (0.17) -- 2.8 (1.44) 2.3 (0.12)

ROWO -- -- 0.3 (0.29) --
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Appendix 5. (Continued).

Forage Class

Plant Species1'

Winter 1981

Horses
(141)

Cattle
(126)

Pronghorn
(147)

Total Graminoids 86.6 86.7 16.7

AGSM - - -- --

AGSP 9.3 (3.00) 14.9 (2.25) 0.3 (0.29)

BRTE 2.9 (0.29) 1.8 (1.21) 4.1 (0.58)

CAREX 0.4 (0.40)

ELCI -- --

FEID 0.4 (0.40)

JUNCUS 0.4 (0.40)

ORHY -- 0.4 (0.46)

ORWE 0.4 (0.46)

PONE -- -- --

POSA 10.6 (6.29) 4.4 (0.52) 11.7 (3.12)

SIHY 48.8 (5.43) 58.0 (2.60) --

SIll-I 7.0 (0.64) 0.8 (0.81) --

OTHER 7.2 (0.40) 5.6 (0.52) 0.6 (0.29)

Total Forbs 11.5 1.3 20.7

ACM I

ASSC

BAHO 0.9 (0.58)

CRAC

ERCA

ERC I

HAGL

IVAX

LI BU

LOCO

PHHO 9.6 (2.14) 7.4 (4.33)

PHLO 0.9 (0.87) 6.5 (2.77)

PHCH 0.3 (0.29)

POAV

S PMU

OTHER 1.0 (0.58) 1.3 (0.69) 5.6 (1.42)

Total Shrubs 1.9 12.0 62.6

ARAR/ARTRW -- -- 58.0 (4.50)

ATCO 1.1 (0.58) 12.0 (0.17) 4.1 (0.29)

CELE 0.8 (0.87) -- 0.5 (0.52)

ROWO



Appendix 6. Percent dietary overlap (column A), and percent contribution to dietary overlap (column B)
of forage classes and plant species for horses vs. cattle, summer 1979 through winter 1981.

1

Plant species alpha codes identified in Appendix

Forage Class

Plant Species

Summer, 1979

A B

Fall, 1979

A B

Winter, 1980

A B

Spring, 1980

A B

Summer, 1980

A B

Fall, 1980

A B

Winter, 1981

A B

Total Grasses 67.0 92.6 72.9 93.9 62.5 93.8 74.2 97.7 65.0 95.2 54.8 88.8 70.7 97.1

AGSM 0.2 0.3

AGSP 32.1 44.3 9.5 12.2 7.1 10.7 19.1 25.2 23.9 35.0 6.2 10.0 9.3 12.8

BRIE 7.3 10.1 2.7 3.5 2.4 3.6 14.6 19.2 17.9 26.2 4.3 7.0 1.8 2.5

CAREX 1.0 1.3 3.3 4.8

ELCI 0.6 0.8 0.4 0.6

ORHY 0.5 0.7 0.2 0.3

PONE 0.1 0.1 0.6 0.9

POSA 2.7 3.7 4.0 5.2 0.8 1.2 8.3 10.9 0.9 1.3 3.2 5.2 4.4 6.0

SIHY 16.1 22.3 42.6 54.9 45.4 68.2 23.7 31.2 8.1 11.9 35.8 58.0 48.8 67.0

SIIH 3.6 5.0 11.0 14.2 3.3 5.0 4.2 5.5 6.9 10.1 0.7 1.1 0.8 1.1

Other Grass 3.8 5.3 3.1 4.0 2.9 4.2 3.1 4.0 3.6 5.3 4.6 7.5 5.6 7.7

Total Forbs 4.6 6.4 1.6 2.1 1.2 1.8 1.5 2.0 3.1 4.5 1.1 1.8 1.0 1.4

BAHO 0.1 0.1

PHHO 2.0 2.8 0.8 1.1 0.2 0.3 0.6 0.8 1.8 2.6

PHLO 1.0 1.4 0.2 0.3 0.3 0.4

Other Forbs 1.5 2.1 0.8 1.0 1.0 1.5 0.7 0.9 1.0 1.5 1.1 1.8 1.0 1.4

Total Shrubs 0.7 1.0 3.1 4.0 2.9 4.4 0.2 0.3 0.2 0.3 5.8 9.4 1.1 1.5

ARAR/ARTRW 0.5 0.6

ATCO 0.3 0.4 0.3 0.4 2.6 3.9 3.5 5.7 1.1 1.5

CELE 0.4 0.6 2.3 3.0 0.3 0.5 0.2 0.3 0.2 0.3 2.3 3.7

TOTAL 72.3 100.0 77.6 100.0 66.6 100.0 75.9 100.0 68.3 100.0 61.7 100.0 72.8 100.0



Appendix 7. Percent dietary overlap (column A), and percent contribution to dietary overlap
(column B) of forage classes and plant species for horses vs. pronghorn, summer

1979 through winter 1981.

1

Plant species alpha codes identified in Appendix 1.

Forage Class

Plant Species1

Summer', 1979

A B

Fall, 1979

A B

Winter, 1980

A B

Spring, 1980

A B

Summer, 1980

A B

Fall, 1980

A B

Winter, 1981

A B

Total Grasses 3.6 38.3 8.9 71.8 18.2 87.9 16.5 90.7 4.3 58.1 13.2 86.9 14.4 56.9

AGSP 0.4 3.2 0.3 2.0 0.3 1.2

BRIE 1.2 12.8 2.7 21.8 2.4 11.6 4.3 23.6 2.4 32.4 3.0 19.7 2.9 11.5

POSA 1.9 20.2 5.0 40.4 12.8 61.8 8.6 47.3 0.9 12.2 9.6 63.2 10.6 41.9

SIHY 0.5 5.3 0.6 4.8 2.3 11.1 3.0 16.5 0.4 5.4

STTH 0.2 1.1

Other Grass 0.2 1.6 0.7 3.4 0.4 2.2 0.6 8.1 0.3 2.0 0.6 2.3

Total Forbs 5.8 61.7 2.6 21.0 1.8 8.7 1.5 8.2 3.1 41.9 1.7 11.1 9.3 36.8

BMW 0.2 2.1

PHHO 2.9 30.9 0.5 4.0 0.6 3.3 1.8 24.3 0.6 3.9 7.4 29.2

PHLO 1.0 10.6 1.3 10.5 0.7 3.4 0.2 1.1 0.3 4.1 0.9 3.6

PHCH 0.2 2.1

Other Forbs 1.5 16.0 0.8 6.5 1.1 5.3 0.7 3.8 1.0 13.5 1.1 7.2 1.0 4.0

Total Shrubs 0.9 7.2 0.7 3.4 0.2 1.1 0.3 2.0 1.6 6.3

ARAR/ARTRW 0.7 5.6 0.5 2.4 0.3 2.0

ATCO 0.2 1.6 0.2 1.0 0.2 1.1 1.1 4.3

CELE 0.5 2.0

TOTAL 9.4 100.0 12.4 100.0 20.7 100.0 18.2 100.0 7.4 100.0 15.2 100.0 25.3 100.0



Appendix 8. Percent dietary overlap (column A), and percent contribution to dietary overlap (column B)
of forage classes and plant species for cattle vs. pronghorn, summer 1979 through winter

1

Plant species alpha codes identified in Appendix 1.
0'

1981.

Forage Class

Plant Species'

Summer, 1979

A B

Fall, 1979

A B

Winter, 1980

A B

Spring, 1980

A B

Summer, 1980

A B

Fall, 1980

A B

Winter, 1981

A 8

Total Grasses 3.6 33.3 11.0 77.5 7.1 85.6 16.2 64.8 7.5 53.2 6.8 73.1 7.1 56.B

AGSP 0.4 2.8 0.3 3.2 0.3 2.4

BRIE 1.2 11.1 5.8 40.8 3.3 39.8 4.3 17.2 2.8 17.0 3.0 32.3 1.8 14.4

POSA 1.9 17.6 4.0 28.3 0.8 9.6 8.3 33.2 4.1 29.1 3.2 34.4 4.4 35.2

SIHY 0.5 4.6 0.6 4.2 2.3 27.8 3.0 12.0 0.4 2.8

STTH 0.2 0.8

Other Grass 0.2 1.4 0.7 8.4 0.4 1.6 0.6 4.3 0.3 3.2 0.6 4.8

Total Forbs 7.0 64.8 2.5 17.6 1.0 12.0 8.5 34.0 6.4 45.4 2.5 26.9 1.3 10.4

BAHO 0.1 0.9 0.2 0.8

PHHO 2.0 18.6 0.5 3.5 1.6 6.4 1.8 12.7

PHLO 1.3 12.0 0.6 2.4 0.8 5.7

PHCH 0.5 2.0 0.6 4.3

SPMU 0.8 5.6 2.9 11.6

Other Forbs 3.6 33.3 1.2 8.5 1.0 12.0 2.7 10.8 3.2 22.7 2.5 26.9 1.3 10.4

Total Shrubs 0.2 1.9 0.7 4.9 0.2 2.4 0.3 1.2 0.2 1.4 4.1 32.8

ARAR/ARTRW 0.2 1.9 0.5 3.5 0.3 1.2 0.2 1.4

ATCO 0.2 1.4 0.2 2.4 4.1 32.8

TOTAL 10.8 100.0 14.2 100.0 8.3 100.0 25.0 100.0 14.1 100.0 9.3 100.0 12.5 100.0



Appendix 9. Matrix of indices of percent similarity among seasonal diets of feral horses (H),
cattle (C), and pronghorn (F').

a, C)
E o,

H

C 72
C" p 9 11

H 75 52 9_ rJ,cc,Ii 66 47 6 78
L 1

P 14 19 37 12 14

L
Q) c H 68 48 9 89 80 12

4-' coC 0) C 53 41 4 61 82 10 67
:3:: p 12 17 42 18 12 78 21 8

0)
H 78 64 5 71 59 15 66 47 19

L 0) C 72 68 10 68 61 21 63 55 19 76-
C', P 15 22 51 20 15 68 19 10 64 18 25

L
4) H 66 56 7 55 44 11 47 33 9 73 58 12
E

C)- C 67 78 11 50 41 19 46 33 21 71 73 23 68
C/,

c

p 11 14

66 47

88

8

12

80

10

72

36

13

12 5

84 59

41

23

9 14

63 61

51

20

7 14

46 45 11

c 0)
i-'-

63 52

10 15

7

50

71

16

78

11

14

79

69 81

15 6

12

86

54 66

15 20

14

74

40 45

6 18

9

50

62

15 9

a)
H 62 49 8 82 79 12 87 69 19 59 66 19 41 50 11 80 75 16

4-' coC C) C 55 46 5 69 81 9 69 84 11 50 60 11 32 38 8 58 88 8 73
._4

P 15 21 36 21 15 80 25 12 81 18 19 64 14 22 34 29 15 77 25 12

H C P H C P H C P H C P H C P H C P H C P

Summer Fall Winter Spring Summer Fall Winter

1979 1979 1980 1980 1980 1980 1981



feral

1/ Crude protein

2/ Acid-detergent fiber
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Appendix 10. Nutritional attributes of the seasonal diets of
horses, cattle, and pronghorn.

Herbivore eemined
Season % of diet % CP-J--' % ADF-

Fall, 1979
Horses 93.3 6.2 51.0
Cattle 97.2 7.0 53.3
Pronghorn 72.8 7.2 26.7

Winter, 1980
Horses 93.1 4.0 51.1

Cattle 98.8 4.0 52.3
Pronghorn 78.5 7.7 30.3 0

Spring, 1980
Horses 100.0 16.1 33.2
Cattle 100.0 16.6 31.3
Pronghorn 100.0 16.1 25.8

Summer, 1980
Horses 100.0 6.6 46.7
Cattle 100.0 5.9 46.4
Pronghorn 100.0 9.6 35.8

Fall, 1980
Horses 85.6 3.8 45.0
Cattle 97.5 4.7 51.0
Pronghorn 65.5 6.1 22.7

Winter, 1981
Horses 99.2 3.6 54.5
Cattle 100.0 4.0 51.3
Pronghorn 99.5 7.8 41.8



Appendix 11. Chi-square analysis and 9O simultaneous confidence intervals for presence at

water by feral horses.

Percent Horse Frames 1.9 0.8 3.8 3.7 7.1 9.1

Time (pSi) 1151 1307 1423 1539 1655 1811 1927

Period 7 8 9 10 11 12

Observed/Expected 0 £ 0 £ 0 £ 0 £ 0 £ 0 £

Total Frames 1,593.3 1,644.7 1,593.3 1,643.7 1,593.3 1,616.6 1,593.3 1,605.0 1,593.3 1.585.6 1.503.3 1.606.9

Horse Frames 105 54 104 54 76 53 64 52 44 52 65 52

Total 1,698.3 1,697.3 1,669.3 1,657.3 1,637.3 1,658.3

Confidence Interval .104, .066 .103, .064 .055, .022 .035, .004 .313, .339 .037, .005

Percent Horse Frames 16.9 16.7 12.2 10.3 7.1 10.4

Calculated chisquare 200.43

Time (PSI)

Period

Observed/Expected

Total Frames

Horse Frames

Total

Confidence Interval

0415

0

1,593.3

12

1,605.3

.057,

1

0531

2

F 0

1,554.3 1,593.3

51 5

1,598.3

.072 .070,

0647

3

£ 0

1,547.9 1,593.3

50 24

1,617.3

.081 .034,

0803

4

E 0

1,566.3 1,593.3

51 23

1,616.3

.055 .033,

0919

5

E 0

1,565.6 1,593.3

51 44

1,637.3

.059 .313,

1035

6

E 0

1,585.6 1,593.3

52 57

1,650.3

.339 .007,

1151

E

1,598.2

52

.023



Percent Cattle Frames 12.2 13.8 12.6 10.0 8.5 0.7

Calculated chisquare = 2,006.53

Appendix 12.

Time (psi) 0415

Period

Chi-square analysis and 9O simultaneous confidence intervals for presence at
water by cattle.

0531 0647 0803 0919 1035 1151

1 2 3 4 5 6

Observed/Expected 0 E 0 E 0 E 0 E 0 E 0 E

Total Frames 1,592.5 1,272.2 1,692.5 1,342.0 1,692.5 1,544.9 1,692.5 1,809.6 1,692.5 1,867.4 1,692.5 1,927.6

Cattle Frames 0 420 93 444 363 510 715 598 792 617 872 637

Total 1,692.5 1,785.5 2,055.5 2,407.5 2,484.5 2,564.5

Confidence Interval

Percent Cattle Frames

.078,

0

.082 .065, .075 .025,

1.4

.033 .029, .018 .040, .029 .044, .033

5.4 10.7 11.8 12.9

Time (PSI) 1151 1307 1423 1539 1655 1811 1927

Period 7 8 9 10 11 12

Observed/Expected 0 E 0 E 0 E 0 E 0 E 0 E

Total Frames 1,692.5 1,885.5 1,692.5 1,969.7 1,692.5 1,908.0 1,692.5 1,777.9 1,692.5 1,698.3 1,692.5 1,306.7

Cattle Frames 816 623 928 650 846 631 673 588 567 561 46 432

Total 2,508.5 2,620.5 2,538.5 1,365.5 2,259.5 1,738.5

Confidence Interval .044, .033 .060, .049 .049, .037 .0T12, .012 .006, .004 .074, .079



Appendix 13. Chi-square analysis and 90% simultaneous confidence intervals for presence at
water by pronghorn.

Time (PST) 0415

Period 1

0531 0647

2

0803

3

0919

4

1035

5

1151

6

Observed/Expected 0 E 0 £ 0 £ 0 E 0 E 0 E

Total Frames 1,323 1,300.5 1,323 1,393.3 1,323 1,315.2 1,323 1,291.8 1,323 1,335.7 1,323 1,311.3

Antelope Frames 9 31.5 104 33.7 24 31.8 0 31.2 45 32.3 20 31.7

Total 1,332 1,427 1,347 1,323 1,368 1,343

Confidence Interval

Percent Antelope Frames

.045,

2.3

.075 -.22, -.16 .04,

27.1

.08 .07,

6.3

.09 -.06,

0

-.02 .014,

11.7

.045

5.2

Time (PST) 1151 1307 1423 1539 1655 1811 1927

Period 7 8 9 10 11 12

Observed/Expected 0 £ 0 E 0 E 0 E 0 E 0 £

Total Frames 1,323 1,313.2 1,323 1,324.9 1,323 1,300.5 1,323 1,297.6 1,323 1,359.1 1,323 1,332.8

Antelope Frames 22 31.8 34 32.1 9 31.5 6 31.4 69 32.9 42 32.1

Total 1,345 1,357 1,332 1,329 1,392 1,365

Confidence Interval -.28, .32 -.03, .01 .04, .08 .04, .08 -.13, -.07 -.05, -.01

Percent Antelope Frames 5.7 8.9 2.3 1.6 18.0 10.9

Calculated chi-square = 294.52




