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Abstract 

Native vertebrate population levels were examined in grazed and 
ungrazed habitats dominated by big sagebrush (Artemisia 
tridentata) and crested wheatgrass (Agropyron cristatum) in 
southeast Idaho. Our objective was to determine the species 
diversity and relative density of birds, mammals, and reptiles in 
these habitats with and without grazing pressures by sheep. In a 
habitat dominated by sagebrush, grazing did not significantly alter 
the species diversity or the density of reptiles or nesting birds. 
However, both the diversity and the relative density of small 
mammals were significantly reduced. Crested wheatgrass 
plantings, regardless of sheep use, supported fewer nesting bird 
species and a lower density of birds, mammals, and reptiles than 
did areas dominated by sagebrush. The synergistic effects of 
planting with crested wheatgrass followed by grazing were most 
evident in (1) a significant reduction in the relative density of small 
mammals, and (2) the occurrence of only one nesting bird species: 
the horned lark (Eremophila alpestris). 

At one time over 100 million ha of the western rangelands 
in the United States were covered with sagebrush, mostly big 
sagebrush (Artemisia tridentata) (Beetle 1960). Historically, 
the primary use of sagebrush rangeland has been for 
livestock grazing. Many areas formerly dominated by 
sagebrush have been burned, chained, disced, plowed, or 
sprayed and reseeded with grasses to improve forage for 
livestock. Additionally, crested wheatgrass (Agropyron 
cristatum) is being planted in the Intermountain West in an 
attempt to reclaim strip-mined lands. Braun et al. (1976) 
estimated that a minimum of 10% of the native sagebrush 
vegetation in western U.S. has been treated in one way or 
another. In Idaho alone, 650 thousand ha of public land 
(BLM document 1974) and 200 thousand ha of private land 
(L. Sharp, pers. comm.), mostly dominated by sagebrush, 
have been reseeded with crested wheatgrass. Until recently, 
little concern was expressed about the potential effects of 
alteration of sagebrush range on wild animals. The objective 
of this study was to determine the response of native 
vertebrate populations (birds, mammals, and reptiles) to 
different land use practices on the Idaho National 
Engineering Laboratory (INEL) Site. 

Study Areas 

The INEL Site, located approximately 48 km west of Idaho 
Falls, Ida., is a nuclear reactor test facility administered by the U.S. 
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Department of Energy. In 1975 the 2,3 15-km2 site was designated 
as a National Environmental Research Park. As such, stringent 
controls have been placed on the alteration of habitat and the 
harassment of wildlife. A notable exception to this is that sheep 
and cattle are allowed to graze the periphery of the Site, and in 
those grazed areas predator control is permitted. The climate, 
topography, and vegetation of the INEL Site are representative of 
the Upper Great Basin and are characterized by hot summers and 
cold winters, flat to gently rolling landscape, with big sagebrush as 
the dominant vegetation. 

Four areas of different land treatment were selected for study. 
Two of these were dominated by big sagebrush, and two were 
former sagebrush range reseeded with crested wheatgrass. One 
sagebrush and one crested wheatgrass study area were located just 
within the southern boundary of the INEL Site. These two areas, 
each covering over 100 km2, were contiguous and were a portion of 
a grazing allotment used by l,OOO-1,200 sheep each spring since 
1960. The crested wheatgrass here was planted in 1958 or 1959 
(INEL Site records vary) after disc removal of the native 
sagebrush. These areas will be referred to as Grazed Sage and 
Grazed CWG. The other two study areas were approximately 12 
km northwest of the grazed areas, within that portion of the Site 
protected from grazing. The sagebrush here (Ungrazed Sage) was 
periodically grazed prior to 1950 but had no domestic livestock on 
it for over a quarter of a century. This was the control area for the 
study. The adjacent crested wheatgrass habitat (Ungrazed CWG) 
was planted in the summer of 1960, after winter flooding inundated 
and killed the native sagebrush (A. Olson, pers. comm.). Livestock 
have never been permitted in this reseeded area. 

Materials and Methods 

Detailed descriptions of the materials and methods used in this 
study can be found in Reynolds (1978). Briefly, the vegetation in 
each study area was sampled at 160 sampling points with 0.1 m2 
sampling frames. The number of plots in which a species occurred 
(frequency) and the estimated canopy coverage (Daubenmire 
1959) were recorded for each plant species. Data concerning birds 
and large mammals were gathered via visual observation. This 
information was the result of equal time spent in a 4-ha grid in each 
of the study areas. Small mammals were sampled using Museum 
Special snap traps set in a Type-A trap line (Calhoun 1959). 
One-hundred and twenty snap traps were set concurrently in all 
four study areas for three nights each month from January 1976 
through February 1977. The traps were moved each sampling 
period to ensure that population densities, rather than recruitment 
levels, were being measured. Reptiles were sampled by a series of 
pitfall traps in a 4-ha grid system with the traps at 50-m intervals. 
All reptiles collected in the traps, and those captured within the 
study areas by hand or with a noose, were marked with indelible 
ink for individual identification. For all taxa, the number of 
individuals encountered and/or collected in any study was 
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considered to be an indication of the relative density of that 
particular species in that habitat. Differences in the relative 
densities were tested with the Chi Square test (Sokal and Rohlf 
1969). A species diversity index was calculated independently for 
vegetation, birds, and mammals using the transformation of the 
Shannon-Weiner function (Zar 1974): 

H=nlogn-zflogf 
n 

wheref was the frequency of each species and n was the total 
frequency of occurrence of all species. Differences in species 
diversity were compared with the t-test developed by Hutcheson 
(1970). The level of significance for all statistical tests was P<O.O5. 

Results 

Vegetation 
The control area (Ungrazed Sage) contained 31 plant 

species (Table 1) and had a species diversity index (H) of 
2.85. This was significantly higher than all other study areas. 
Big sagebrush occurred in 66V0 of the sampling plots in the 
control area and accounted for 41% of the total canopy 
coverage. The Grazed Sage contained only 9 species of 
plants (Table I). Here sagebrush was found in 71% of the 
sampling plots and provided 65Yo of the total canopy cover. 
Crested wheatgrass was found in all 160 sampling plots in 
the Ungrazed CWG and in 154 plots (96%) in the Grazed 
CWG, providing 98% and 89% of the total canopy coverage 
respectively. 

Table 1. Percent coverage (%) and frequency (f) of plant species in grazed 
and ungrazed habitats dominated by sagebrush (Artemisia tridentata) 
and by crested wheatgrass (Agropyron cristutum) on the INEL Site. Only 
those species with frequency of 10 or more, or a percent coverage of at 
least 1% are included. 

Ungrazed Grazed 
Crested Crested 

Sageb;ush Wheatgrass Sagebrush Wheatgrass 
% f % f % f f f 

Opuntia polya- 
cantha 1.3 

Chenopodium 
leptophyllum 0.6 

Artemisia tri- 
dentata 17.00 

Aster 
scopulorum 0.7 

Chrysothamnus 
nauseosus 0.2 

Arabis 
spersijlora 0.3 

Agropyron 
cristatum 1.9 

Agropyron 
spicatum 6.0 

Oryzopsis 
hymenoides 5.2 

Poa sanbergii 1.8 
Sitanion hystrix 3.0 
Astragalispurshii I .9 
Phlox hoodii 
Halogeton 

glomeratus 

13 

17 

105 25.00 

23 

3 1.6 

11 1.0 15 

15 52.0 160 

35 

34 0.2 3 
16 
35 9.2 
16 

1.4 

1.4 

113 0.5 5 

15 0.4 5 

39.4 154 

93 

11 

4 3.9 13 

Total numbers 
of species 

Total % 
coverage 

31 3 9 5 

41.6 53.2 38.7 44.1 
Species diversity 
(H) 2.85 0.37 1.17 0.54 
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Nesting Birds 
A total of 71 bird nests, representing 10 species of birds, 

was found during the study (Table 2). There were no 
significant differences in either the density or the diversity of 
birds nesting in the Ungrazed and Grazed Sage habitats. 
Conversely, both crested wheatgrass habitats had 
significantly lower species diversity and relative density of 
nesting birds than both the control areas and the Grazed 
Sage. 

Table 2. Number of nests located in grazed and ungrazed habitats domi- 
nated by sagebrush (Artemisiu trident&z) and by crested wheatgrass 
(Agropyron cristutum) on the INEL Site, 1976 and 1977. 

U ngrazed Grazed 

Crested Crested 
Species Sagebrush Wheatgrass Sagebrush Wheatgrass 

Sage grouse 0 0 1(1* 0 
Centrocercus 
urophasianus 

Mourning dove 5(2) 0 i (0) 0 
Zenaida macroura 

Short-eared owl l(l) l(1) 0 0 
Asio flammeus 

Loggerhead shrike l(1) 0 l(1) 0 
Lanius ludovicianus 

Horned lark 0 4(3) l(0) 4(2) 
Eremophila alpestris 

Western meadowlark l(1) 4(3) 0 0 
Sturnella neglecta 

Sage thrasher g(5) 0 14( 10) 0 
Oreoscoptes 
montanus 

Vesper sparrow 0 l(1) 0 0 
Pooecetes gramineus 

Sage sparrow 7(3) 0 9(6) 0 
Amphispiza belli 

Brewer’s sparrow 4(l) 0 3(O) 0 
Spizella breweri 

Area Totals 27( 14) lO(8) 30( 18) 4(2) 
Species diversity 
index (H) 1.67 1.19 1.40 0.00 

* Number of successful nests in parenthesis. 

Small Mammals 
A total of 548 small mammals, representing 9 species was 

collected during 20,160 trap nights (Table 3). The relative 
density of small mammals was significantly greater in the 
control area than in any other habitat examined. Although 
the Grazed CWG area had a relative density of small 
mammals significantly below that in all other study areas, 
this was the only area that did not have a species diversity 
index significantly below that found in the control area. 

Large Mammals 
Visual sightings, as a sampling technique, are biased 

favor of large diurnal animals. Thus, to reduce this bias, 
observations of the pronghorn antelope (Antilocapra 
americana) were not included in the relative density and 
species diversity comparisons for large mammals. The 
number of large mammals sightings are given in Table 
The relative density of large mammals was essentially the 
same between the two habitats dominated by sagebrush, but 
was significantly below the control in both of the crested 
wheatgrass areas. This same trend was apparent in the 
species diversity comparisons. 



Table 3. Small mammals collected by snap traps in grazed and ungrazed Table 5. Number of reptiles encountered in grazed and ungrazed habitats 
habitats dominated by sagebrush (Artemisia trident&z) and be crested dominated by sagebrush (Artemisiu trident&z) and by crested wheat- 
wheatgrass (Agropyron cristatum) on the INEL Site, 1976-1977. grass (Agropyron cristatum) on the INEL Site. 

Species 

Number collected 
Ungrazed Grazed 

Crested Crested 
Sagebrush Wheatgrass Sagebrush Wheatgrass 

Number encountered 

Ungrazed Grazed 

Crested Crested 
Species Sagebrush Wheatgrass Sagebrush Wheatgrass 

Short-horned lizard 17 4 26 7 
(Phymosoma doug- 

lassi) 
Sagebrush lizard 37 5 21 0 

(Sceloporus 
graciosus) 

Gopher snake 0 0 2 0 
(Pituophis melano- 

leucus) 
Great Basin rattlesnake 0 0 3 3 

(Crotalus viridis) 

Peromyscus 
maniculatus 

Reithrodontomys 
megalotis 

Eutamias minimus 
Onychomys leucogaster 
Dipodomys ordii 
Citellus to wnsend 
Perognathus parvus 
Lagurus curtatus 
Microtus montanus 

131 96 130 31 

11 56 8 2 

12 
2 
4 
3 
2 
1 

Total number 
collected 

Number of species 
Species diversity 
index (H) 

187 158 159 44 

9 5 6 
diversity of lizards between the two sagebrush habitats. 

Discussion and Conclusions 

Grazing and crested wheatgrass planting significantly 
reduced the plant species diversity. The Grazed Sage had 
only l/ 3 as many plant species as the control area. This 
paucity of species richness affected the plant species 
diversity, but the overall physiognomy of the area remained 
unchanged. Big sagebrush was still abundant and provided 
the overstory, while grasses and forbs, albeit few species of 
each, comprised the understory. As such, the relative density 
and diversity of nesting birds, large mammals, and lizards 
were essentially unchanged from the control condition. 
Insects are the major food source for passerine birds on the 
Snake River Plain during the summer months, while lizards 
feed extensively on ants (Guyer 1978). Although the 
distribution of insect species may be altered by changes in 
vegetation, the availability of insect prey is not necessarily 
affected. Active ant mounds are ubiquitous on the Snake 
River Plain and appear to be as common (or even more so) 
in grazed habitats as they are in ungrazed areas. 
Additionally, birds as well as large mammals are highly 
mobile species, able to move large distances in search of 
food. Thus, any changes in the vegetation caused by grazing 
in a habitat dominated by sagebrush apparently did not 
affect either the food base or the use of the habitat by birds, 
lizards, or large mammals. 

Populations of small mammals were, however, 
significantly reduced in the Grazed Sage study area. Small 
mammals are, for the most part, vegetarians, feeding on 
seeds or herbaceous material. The decrease in the forbs and 
grasses suitable for rodent forage was most likely 
responsible for the reduced diversity and density of small 
mammals in this area. 

Planting a former sagebrush range to crested wheatgrass 
has a more widespread affect on wildlife populations. Not 
only is the vegetational diversity reduced to a virtual 
monoculture, but the entire structure of the habitat is 
altered. Many species of animals that have evolved in a 
sagebrush habitat are so tightly tied to that habitat that they 
apparently are unable to colonize other environments. 
Notably, the Sage Grouse, Sage Thrasher, Sage Sparrow 
and Brewer’s Sparrow are considered to be sagebrush 
obligates almost entirely dependent on the sagebrush 

1.11 0.85 0.69 1.04 

Reptiles 
Four species of reptiles were encountered during the 

study. Two of these were serpentine species: the gopher 
snake (Pituophis melanoleucus) and the Great Basin 
rattlesnake (Crotalus viridis), which were found only in the 
grazed study areas (Table 5). Linder and Sehman (1977) 
state that these two species are common and widespread 
over the INEL Site. Sehman (1978) further states that the 
maximum dispersal distance recorded on the Site from a 
winter hibernaculum is less than 2 km. From this, we must 
assume that the two ungrazed study areas were greater than 
2 km from a suitable denning site. This indicated a bias in 
our sampling technique, and serpentine species were 
therefore eliminated from further analysis. 

The lizard data, however, were comparable. Both the 
Grazed and &grazed CWG study areas had a relative 
density of lizards significantly below that found in the 
control area, although the diversity of lizards was 
significantly lower only in the Grazed CWG habitat. There 
were no statistical differences in either the density or the 

Table 4. Number of mammals observed in grazed and ungrazed habitats 
dominated by sagebrush (Artemisiu tridentatu) and be crested wheat- 
grass (Agropyron cridtum) on the INEL Site. 

Species 

Number of observations 

Ungrazed Grazed 

Crested Crested 
Sagebrush Wheatgrass Sagebrush Wheatgrass 

Mustela jrenata 
Canis latrans 
Eutamias minimus 
Neotoma cinerea 
Citellus townsendi 
Lepus californicus 
Sylvilagus nuttalli 
Sylvilagus idahoensis 

Total registrations 
Number of species 
Species diversity 
index 

1 0 
8 9 

18 0 
1 0 
1 1 
1 0 
1 0 
0 0 

31 10 
7 2 

0 0 
0 
5 
0 
5 
0 
0 
0 

10 
2 

19 
0 
1 
2 
2 

26 
6 

1.22 0.33 1.00 0.69 
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environment (Braun et al. 1976). Additionally, the two 
species of lizards encountered in this study may be similarly 
linked to the sagebrush habitat (Dumas 1964). Thus, it is not 
surprising that the study areas dominated by crested 
wheatgrass contained population densities below those 
found in the control area for all the vertebrate groups 
examined. It is of interest to note that although the relative 
densities of small mammals and lizards in the crested 
wheatgrass areas were below the control, neither the 
diversity of reptiles in the Ungrazed CWG, nor the diversity 
of small mammals in the Grazed CWG were significantly 
altered. We do not believe that this accurately reflects the 
response of these groups to different land use practices but 
demonstrates a shortcoming inherent in all diversity indices: 
unequal response to unequal sample size. There is an inverse 
relationship between the number of individuals in a sample 
and the magnitude of the effect the addition or deletion of a 
species has on the species diversity index. Thus, with only 9 
lizards found in the Ungrazed C WG, and only 44 mammals 
trapped in the Grazed CWG, the important aspect is not the 
quality of the diversity indices, but the actual reduction in 
the respective populations. 

In summary, the alteration of native sagebrush on the 
INEL Site was accompanied by a differential response of 
native vertebrate populations to each land management 
practice. Although small mammal populations were 
reduced in the Grazed Sage, the planting of crested 
wheatgrass had a more severe effect on wild animal 
populations than did grazing by sheep. However, the 
synergistic effect of both grazing and reseeding resulted in 
the lowest population levels of all the vertebrate classes 
examined. Birds seemed to receive the brunt of the 
synergistic effects. The horned lark (Eremophila alpestris) 
was the only species found to nest in the area that was both 
planted and grazed. And, during both years of the study, 
even though horned larks were nesting in the Ungrazed 
CWG, they did not begin nesting activities in the Grazed 
CWG until almost 2 weeks after the sheep had been moved 
to a different range. Thus, physical disturbances, as well as 
vegetation changes brought about by different land use 
practices, have an effect on wildlife. 

In the Intermountain West we have been fortunate to 
have a thriving and successful agribusiness without the total 
loss of good wildlife habitat. However, as the need for more 

agricultural products increases, and more and more 
rangeland is altered to meet these needs, we run the risk of 
seriously reducing, perhaps even losing, the populations of 
many of our native vertebrate species. We do not advocate 
that agriculture production be reduced so tha t a few birds, 
mammals, and reptiles can survive: but we do feel that with 
foresight and the proper mitigation measures we can 
continue to have the best of both worlds. Setting aside 
portions of the public lands as wilderness or primitive areas 
would ensure the survival of many species that otherwise 
may be extirpated by modern agricultural practices. 
Additionally, these refugia would, like the INEL National 
Environmental Research Park, serve as a yardstick with 
which to measure the impacts of land management practices 
in the future. 
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