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Abstract:

A study was conducted during summer 1981 to determine the effects of grazing on plant composition
in the big sagebrush (Artemisia tridentata)-Idaho fescue (Festuca idahoensis) habitattype in
southwestern Montana! Thirty stands ranging from ungrazed to severely grazed were sampled for
percent canopy cover and frequency of each species and an index of Idaho fescue vigor was obtained.
Computer-generated ordination as well as manual and computer-assisted clustering techniques revealed
two distinct vegetation gradients in the stands sampled. An Idaho fescue gradient was inversely related
to grazing intensity. A big sagebrush gradient was apparently related to environmental variables not
measured during the study but was not related to grazing intensity. The response of most other species
to grazing was highly variable. It was concluded that range, condition criteria for the big
sagebrush-Idaho fescue habitat type should be based primarily on Idaho fescue cover.

A preliminary range condition classification is presented for the habitat type. Idaho fescue vigor was
generally inversely related to grazing intensity but was not a reliable indicator of range condition.
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ABSTRACT

A study was conducted during summer 1981 to determine
the effects of grazing on plant composition in the big
sagebrush (Artemisia tridentata)-Idaho fescue (Festuca
idahoensis) habitat type in southwestern Montana. Thirty
stands ranging from ungrazed to severely grazed were
sampled for percent canopy cover and frequehcy of each
species and an indéx of Idaho fescue vigor was obtained.
Computer-generated ordination as well as manual and computer-
assisted clustering techniques revealed two distinct vege-
tation gradients in the stands sampled. An Idaho fescue
gradient was inversely related to grazing intensity. A big
sagebrush gradient. was apparently related to environmental
variables not measured during the study but was not related
to grazing intensity. The responsé of most other species
to grazing was highly variable. It was concluded that range
condition criteria for the big sagebrush-Idaho fescue habi-
tat type should be based primarily on Idaho fescue cover.

A preliminary range condition classification is presented
for the habitat type. Idaho fescue vigor was generally in-
versely related to grazing intensity but was not a reliable
indicator of range condition. ‘ v




" CHAPTER 1
INTRODUCTION

The habitat type concept (Daubenmire 1968) has been
widely used as a basis for land classification and manage-
ment in the weéterﬁ'United Stafes‘(Daubenmire 1968, 1970;
Pfiéter et al. 1977; Pfister l981;'Mueggler and Stewart
1980). Daubenmire (1970) defihed é "habitat type" as the
aggregate of all environmentally equivalent areas and used
as an indicator of their similarity their ability to sup-
port the same primary climax vegetation. Since habitat
types reflect the inherent productivity of the land as
indicated by the climax vegetation, £he system provides a
framework for intensive land managemeht.

Mueggler and Stewart (1980) recently developed a
habitat typé classification for the rangelands of western
Montana. The USDA Fores£ Service's Region I now requires
'thét ité range allotments be mapped at the habitat type
level in all areas where this classification applies
(USDA 1977). However, since seral communities cover ‘much
'of the landscape; they'must beﬂdescribed before the system
can be fully applied to rangeland management (Arno 1981;
Hironaka 1979; Tisdale and Hironaka 1981). Hironaka (1979)

noted that combined information on climax communities and




)
their attendant seral communities permits interéretation
of where a particular vegetation is in relation ﬁo its
potential and also suggests the probable successional
pathway of the current vegetatibn, since all the seral
communities afe related to a single climax and to each
other. . R

Rangeland habitat type identificatién is difficult
on severely disturbed ranges because several (even rathér
dissimilar) climax communities may converge té the same
seral‘plant community (Huschle and . Hironaka 1980) . Also,
relatively pristine examples of a climax rangeland com-
munity are often not found adjacent to disturbed sites
because of the long history of livestoék grazing 6n
western ranges. Munn et al. (1978) suggested that soil
and climate may be the best guide to the habitat type on.
severely disturbed ranges. Descriptions of fhe seral
communities associated with each habitat type, when com~
bined with soil and climatic information, will supplement
these features in habitat type identification.

"Range condition" is defined by the ForéstlService'
as the deviation of the ecosystem from the climax condi-
tidén in plant compoéitiqn, vigor of.key species, and soil
stability. Range condition classes have long been
thought to represent the mdjor successional stages of the
range types (Parkef 1954). Howe&er, tﬁe climax plant .

composition may vary considerably'within the fairly broad




3

range types often used in range-condition analysis.
Several climax communities may occur within these brdadly_
defiﬁed'range types,.indicéting the variability of site
potential within them. Evanko and Peterson (1955) found
that the variability in species composition.between high
condition fescue grassiands in southwestern Montana was
often greater than the variability due to different graz-
ing intensities within them. This emphasizes the desira-
bility of using a finer environmental typing system such
as provided by Mueggler and Stewart (1980). Evanko and
Peterson (1955) also noted that the response of a plant
species to grazing depended upon site characteristics and
associated spedies. Similarly, Mueggler and Stewart
(1980) documentéd differential species response to .grazing
between hébitat types, indicating a need for more site-
specific range condition evaluations.

This étudy was conducted during summer 1981 to
describe vegetation chaﬁges causedlby graéing in the big

sagebrush-Idaho fescue (Artemisia tridentata-Festuca

idahoehsis——Artr/Feid) habitat type in southwestern

Montana and to evaluate Forest Service range condition

‘criteria used for plant communities in this habitat type.




CHAPTER 2
STUDY AREA

The study was qonducfed within a 5680 squaré km area
of sQuthweéfe;n Montana including parts of the Gallatin,
Madison, Ruby and Beaverhead River drainages (Figure 1).

Geologic pareﬂt materials include primarily Ter-
tiary volcaﬁic'rocks in the Gallatin and Madison River"
drainages, earlf Precambrian gneisses'ahd schists in
the Tobacco Root Mountains and mixed conglomera£es;
shales, sandstones and mudstones of the Kootenai Formation
and Montana Group in the Ruby River drainage (Ross et al.
1955; VesethznuiMontagne 1980). Based on a sample.bf
three, Munn et al. kl978) described the soils of the
Artr/Feid habitatifype as Pachic Cryoborolls of the
coarse-to-fine loémy-families with ustic moisture regimes,
although Typic Cryoboralfs may be found near forest mar-
gins. Weaver (1978) summarized the physical and chemical
characteristics of 11 soil samples from Idaho fescue
grasslands. Surface horizons were loam in texture and
high in organic matter (about 7%). Thése characteristics
are consistent with those of the Cryoborolls described by

Munn et al..(l978).
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Figure 1 Study area and location of sample sites. The shaded portion of the map
shows the location of the study area In southwestern Montana.
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The Artr/Feid type falls within the 36- to 75-cm
annual precipitation range with ébout 52% occurring froﬁ
May thrbugh September (U. S. Dept. Commerce 1968-79; Ross
and Hunter 1976), Short, cool summers and lqng winters
are characteristic. Weaver (1979) summarized climatic
characteristics of Idaho fescue grasslands based on data
from 17 stations in Montana, Wyoming, Idaho and Washington.
Average'annual precipitation was 48 cm. Peak precipita-
tion occurred from late May-June for dry to average sites
~and in January and June for the wetter sites. There were
4 months with.less than 6 frosts. The_meaﬁhtemperature of
the coolest and warmeét months was ;BOC and l7oC, respec-
tively.

Sample stands Were located between i750 and 2400 m
elevation on a variety of combinations of slope, aspect”
and topography. The plant community varied from scaftered .
parkland withip forest.types to large expanses of uninter- '
rupted sagebrﬁsh grassland.

Artemisia tridentata spp. vaseyana was the dominant

shrub on all sites, but A. tridentata spp. tridentata

occurred in two streambottom stands. Idaho fescue domi-

nated the understory vegetation with préirie Junegrass

(Koéleria pyramidata), Sandberg bluegrass (Poa sandbergii)




7

and bluebunch wheatgrass (Agropyron spicatum) as con-

spicuous associates. Lupine (Lupinus sericeus) and

pussytoesI(Antennaria épp.)'were common forbs found in

the vegetation.




CHAPTER 3
METHODS

Thirty sample stands were chosen to represént £he full
grazing sefe including those grazed little or not at all .to
sites severely disturbed by graéing’and trampling. Wﬁenevér.
possible, fenceline pairs were éampled where relaﬁiveiy
undisturbed stands were found adjacent to Standé represeﬁting
various grazing intensities.

Sampling.methods were based on those used by Mueggiér
and Stewart (19805. A 20x20 m mécroploﬁ'containing t&o ‘

' randomly locatéd 15-m line transects was established af éach
site. Ten 2x5 dm quadrats were evenly spaced along.eachpof
the two transects and canopy cover (%) of baré ground, rpék, 
litter, mosses, lichens énd all vascular_plants.wés esti~ -.
mated within them using the coveragé classes of Daubeﬁmifé' .
(1959). Plant nomepclature followed Hitchcock and Crdnqﬁiét
(1973). |

An index of vigor for Idaho fescue was obtaingd by ciassi-
fying the first 30 fescue plants intercepted by the tgaﬁsectx".
according to basal diameter class (<«1", 1-2", 2—4", 4-6",

6-8", >8“) and by counting the number of seedstalks per

plant.
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Fecal counts were'conductéd within the macroplots to
qdantify use by livestock and big game. |

A 100-hit step¥loop'transect (Parker 1951) was also
conducted along the transects for use in range condition
evaluation. Range condition was determined using the -
Mountain Grassland Scorecard (UspA 1977) and the step-loop
data. | |

Additional iﬁformation recorded at each site included
aspect, percgnt slope and eleVation; Color photographs weré
also taken at each site. |

| Data analysis included computer-generated ordinaﬁionf
(Swan et al. 1969) and cluster analysis (Sokal and Sneath
1963) of cahopy cover data as aids in Qrdering the saﬁple
stands according to their Vegetational similarity. Soren-
son's (1948) index of similarity was used in these mefhods.
Association table analysis (Mueller-Dombois and Ellenberg
1974) was used in conjunction with - these methods to determine
the species moét responsible for the qlustering of stands
and to identify patterns of secondary species associated
with grazing intensity or environméntal variables. -

Linear regression aﬁalysis was used to determine the
reiationship between major species encouﬁtered in the A;tr/
Feid habitat type and a t-test was used ﬁo identify sig— |
nificant (p = 0.05) differences in a given species abundance

for the fenceline contrasts sampled.
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CHAPTER 4
RESULTS AND DISCUSSION

Cluster Analysis

The cluster analysis (Figure 2) resulted in the five
clusters of stands and four outliers as detailed in Appendix
A. Clusters A-D were all simiiar.to each other at the‘75
‘percent level or greater, while custer E showed little
similarity to the others. Association table analysis, using
vertical alignment of species and horizontal alignment of
the clusters of stands, indicated that spécies bresence/
absence was of little value in differentiating the clusters.
Insgead, candpy cover of Idaho fescue.proved to be fhe major
differentiating.criterion. Quantities of major species in
the five clusters are compared in Figure 3. Idaho fescue
cover showed a general decrease across the clusters, being
greatest in cluster A, intermediate in clusters B-D, and
lowest in cluster E. The four outlier stands had inter-
mediate values. Big sagebrush. cover was significantly lower
in clusters A and D, but showed n§ consistent patterh across
the groups. Lupine cover showed.a slight tendency to de-
crease acrbss the clusters while Sandberg bluegrass cover
showed the opposite trend. It was concluded that Idaho

fescue cover provided the most ecologiéally sound basis for
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Figure 2. Simplified dendrogram derived from the cluster analysis (Appendix A).
Numbers 1inside the boxes identify sample stands iIn each cluster. The
scale at the left indicates the level of similarity (0O- no similarity;
100 = high similarity).



Figure 3.
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ABCDE AB C D E ABODEABODE
FEID ARTR LUSE POSA

Comparison of major species®™ mean canopy cover
among groups identified by cluster analysis.
ABCDE designate the clusters from Figure 2.

Feid = ldaho fescue, Artr = big sagebrush;

Luse = silky lupine and Posa = Sandberg bluegrass.
The brackets around each mean represent the 95%
confidence level.
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ordering the sample stands into a gradlent related to grazing
1nten51ty or into supposed succe551ona1 plant communltles

within the Artr/Feld habitat type.'

Ordination

The results of the ordination (Appendix B) complimented
those of the cluster analysis. The x-axis was'strongly
related to Idaho fescue cover (Figure.4) and the y-axis was
related generally to big sagebrush eover (Figure 5). A
comparison of the ordination (Appendix B) and the dendro-
gram (Figure 2) shows that clusters A, C and E specify an
Idaho fescue gradlent (shown below to be a gra21ng gradient).
and clusters B, C and D along with.the four outlier stands
spe01fy a cross gradient related to big sagebrush cover.

Huschle and Hironaka (1980) found that secondary suc-
‘cessional gradients were represented by the major axes in
their ordination of seral sites. The ordination in this
study (Figure 4) suggested that arranging the sample stands
in order of decreasing Idaho féscue cover (x-axis) generally
represents a retrogressive successional gradient caused by
increasing intensity oflgrazing in the Artr/Feid habitat
type. Arrangement of the stands according to big sagebrush
(y=axis) cover_(Figure 5) does‘not correlate with grazing
. intensity. This species is generally considered unbalatablewu
to livestock (Daubenmire 1970). The relationship between

Idaho fescue and big sagebrush is discussed later.




Figure 4.

Figure 5.
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Ordination of ldaho fescue canopy cover.
Progressively larger circles represent
canopy cover of ~10, 10-20, 20-30, 30-40, 40-
50 and >50 percent. A dash represents absence.

Ordination of big sagebrush canopy cover.
Progressively larger circles represent canopy
cover of <10, 10-20, 20-30, 30-40, 40-50, 50-
60 and 60-70 percent.
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Evanko and Peferson (1955) found that Idaho fescue
cover decreased with increasing grazing intensity in moun—~
taln grasslands within my study area. Several other éuthors
have also shown the detrimental effects of 1ncrea51ngly
heavy grazing on Idaho fescue (Hurd 1959; Klemmedsdon 1956;
Mueggler and Stewart 1980; Pond 1560; Trilicaiet al. 1980).

Factors othef than grazing could conceivably affect
the amount of Idaho fescue cover on a given site. These
include slope, elevation, aspect, topographic position and
soil characteristics. Munn et al. (l978)~found that the
depth of the mollic epipidon'was highly correlated with the
productivity of rangeland habitat types in wesfern Montana.
No soils information was collected during this study. How-
ever, plotting slope, aspect and elevation on the ordination
revealed no patterns associated with the Idaho-fescuegradient
_Since combinations. of these three factors greatly gffect the
availability of soil moisture fér plant growth, it is assumed
that they represent an index of potential site préductivity,
Thus, it is concluded that with few exceptions,‘the Idaho
fescue gradient observed in this study represents a résponse
to grazing. Daubenmire (1940) also arranged a series of
stands accordihg to the abundance of the dominant palatable
vspecies and concluded that "the decrease of palatable plants
and increase of non—palatéble ones both point to the vaiidity
of my assumptions of proper sequential arrangement of |

stands."
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Stands No. 20 and No. 22 (Appéndix B) are likely
exceptions to. the grazing relationship. Although these
stands had infermediate Idaho fescue cover (28 and 24 per-
cent, respeqtively), they may be producing near their
maximum because they occur on dry, rocky ridges which
probably represent the lower end of site potential within

the Artr/Feid habitat type. The presence of 22 percent

needle-and-thread (Stipa comata) cover in stand No. 20,

the highest found in this study, indicates relatively
coarse soils (Tisdale and Hironaka 1981) and possibly lower
site potential. Mueggler and Stewart (1980) found'that
needle-and-thread habitat types were relétively low -in site
potential in wesﬁern Montana.

Figures 6-11 further support the contentioﬁ fhatAthe
x~axis of the ordination represents a grazing gradient.
Figure 6 shows that the amount of bare ground generally
increased along the grazing gradient while Figure 7 shows
the opposite trend for litter cover. Exceptions occur in
both cases, however;. Ellison (l960) reviewed many sfudieé
in which bare ground and litter were associated with'grazing
intensity in this same manner. Evanko and Peterson (1955)
found a:trend toward less litter cover and more bare ground
on Heavier grézed grasslands within my study area, but
poiﬁtea out that ﬁany e%ceptions occur on specific sites
in relation to facfors such as runoff, slope, exposure and

amount and kind of vegetation.




17

Figure 6. Ordination of percent bare ground. Progressively
larger circles represent 1-5, 5-10, 10-20, 20-30
and > 30 percent. A + represents a trace.

Figure 7. Ordination of percent litter cover. Progressively
larger circles represent litter cover of <50, 50-
60, 60-70, 70-80, 80-90 and 90-100 percent.
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Figure 8. Ordination of total perennial grass cover.
Progressively larger circles represent perennial
grass cover of <20, 20-35, 35-50, 50-65 and> 65
percent.



Figure 9.

Figure 10.
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Ordination of the percent of 30 Idaho fescue
plants iIn the <l1l-inch basal drameter class.
Progressively larger circles represent 1-5, 5-20,
20-30, 30-40 and >40 percent.

Ordination of the mean number of ldaho fescue
seedstalks per plant (for plants >2-i1nch basal
diameter). Progressively larger circles represent
1-5, 5-10, 10-15, 15-20, 20-25 and >25 seedstalks
per plant.
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Figure 11. Ordination of the number of cattle, horse or
elk fecal piles per 20x20 m macroplot. Progres-
sively larger circles represent low (<10),
medium (10-20) and high (20) values.



21

The five stands in the upper right of the ofdination
(Figures 6, 7) had relatively less bare ground and mqré
litter than might be expected consideriné the trends
described above. Leaf fall from abundant big sagebrush
(Figure 5) and an increase of secondary pereﬁnial grasses
and forbs probably explains these apparent exceptions to
the effects of_graziﬁg.

Total perenniai grasé cover (Figure 8) generally.de—
creased on the right (heavier grazed) end of the ordination,
although the trend was not as clearly aefined as that of
Idaho fescue cover (Figure 4). A decreasé in the perennial
.grass component as a function of grazing has peen documented
in the literature (Parker 1951; Evanko and Peterson 1955;

" Ellison 1960) although exceptions often occur on.sites
whefe'rhizomatous grésses increase with grazing‘(Daubenmife
1968). This is the case on site No. 18 (Appendix B) where
Idaho fescue\cover has been reduced to 18 pefcent, but

Kentucky bluegrass (Poa pratensis), with 14 percent cover,

in combination with several small bunchgrasses, has kept

the total perennial grass cover relatively high. The heavily
grazed site No. 28 (Appendix B) had only 4 percent Idaho
fescue cover but alsé had 14 percent Kenfucky.bluegrass

cover which, together with the other rhizomatous grasses

thickspike wheatgrass (Agropyron dasystachyﬁm) and plains

_reedgrass (Calamograstis montanensis) and relatively high

coverage of bluebunch wheatgrass and Cusick's bluegrass
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(Poa cusickii), kept total perennial grass cover higher

than might be expected. Site No. 29 (Appendix B), al-
though show1ng 51gns of heavy llvestock ‘use, had a diverse
assemblage of perennlal grasses and the 15 pexcent coverage

of threadleaf sedge (Carex flllfolla), together with con-

tributions from thickspike wheatgrass and Canada bluegrass

(Poa compressa), resulted in high perennial grass cover.

Many studies (Evanko and Peterson 1955; Hurd 1959;
Mueggler 1967; Mueggler 1975; Ratliff and Reppert 1974;
Pond 1960) have shown that vigor of Idaho fescue is markedly
reduced as grazing intensity increases. Ellison (1960)
stated that heavy grazing of bunchgrasses results in a
shift in the population toward a higher proportion of smaller
plants. Evanko and Peterson (1955) found this true of Idaho -
fescue within my study area.and indicated that basal area
of this grass was a sensitive indicator Qf response te graz-
ing. Figure 9 shows a trend toward a higher proportion'of
small Idano fescue plants (1" basal diameter) on the right
(heavier grazed) side of the ordinatien. Figure 10 shows
some trend toward a decreasing number of seedstalks per
plant associated with increasing grazing intensity. Ratliff
and Reppert (1974) found that flower stalk production of
Idaho fescue was reduced by grazing but was also highly .
dependent upon spring precipitation. Spring precipitatibn
was very high during this study and seedstalk production

was exceptional. The numerous exceptions to these general
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trends in Figures é—lo may result from many factors. ' Sites

which have been severely grazed and then rested for several
years may show hlgh v1gor. Species comp051tlon changes
would occur much more slowly. The relationship between class
of stock and season of use also may affect the vigor of the
plahts. Laycock (1967) fdund that heavy fall grazing by -~
sheep on sagebrush grass ranges favored vigor of the peren—'
niél grasses but spring grazing reduced vigor. Pondﬁ(1960)
found that grazing is much more harmful to Idaho fescue
plants growing on granitic soils than on sedimentafy soils,
both of which occurred in my study area. |

Fecal counts in the macroplots (Figure 11) also indi-
cate.a trend toward heavier use associated with decreasing
Idaho fescue cover, further supporting the coﬁtention that
the x—a#is represents a'grézing gradient.

Table 1 summarizes available information on the history
of use of the sample stands. This information is compatlble
with the conclusion that the x-axis of the‘ordination rep-
resenté a grazing gradient.. Note that stand No. 25, which
had no Idaho fescue (Appeﬁdix B; Figure 4) and was farthest
to the right on the ordination, was described as beiné-

" severely grazed (Table 1). 'Stand No. 2, with 64 percent
Idaho feécue cover'gnd farthest to the left on the ordination,

was described as essentially ungrazed in Table 1.
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Table 1. History of use of sample stands.,l
Stand
Number " Grazing History Source
1 Last grazéd in 1978; fairly heavy Richard Duncan,

10

15

cattle use prior to 1978; now a
Forest Service horse pasture with
light use.

Light or no use since the 1930s;
probably very light use prior to
that.

Classifiea as deteriorated elk
winter range in 1956; present evi-
dence of heavy.winter-spring elk
use.

Exclosure constructed by Paul Packer
in 1956 on deteriorated elk winter
range; range condition has changed
from good to fair as sagebrush has

- increased inside. the exclosure.

Elk winter range.
Elk winter range.

Cattle grazing prior to 1920; sheep
and horse grazing 1920-1934; heavy

Range Conser-
vationist, USDA-
Forest Service,
Bozeman, MT

horse and mule use since 1934; Forest

Service reported overuse in 1934 and
currently classifies it as fair con-
dition with a downward trend.

Horse pasture with véry light use.

No grazing since highway was con-
structed because the stand is

"located between the highway and a

pasture fence.

Marianne Neville,
Range Conserva-
tionist, USDA-
Forest Service,
Sheridan, MT

Personal obser-
vation.
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Table 1 -continued-

Stand
Number Grazing History Source
16 Spring-fall cattle range; stocking Tom Whitmar,

17

18

19

20

22

25

26

rate is probably fairly light.

No grazing since highway con-
struction because the stand is
located between the highway and
a pasture fence. ' '

Heavily grazed sheep range (year-
long) from mid 1960s into the
1970s; now a cow/calf pasture with
no specific management system.

Pasture grazed by 275 cow/calf
pairs May 20-June 4; then 30 head
remain in pasture for the rest of
the season; this is a fairly light
stocking rate but cattle may con-
centrate along the fence in this
stand during spring.

Pasture grazed by 50-60 yearling
cattle June 5-October 15 for the
last 10-15 years; this is a light
stocking rate.

Range condition has improved
during the last 12 years under
a rest-rotation grazing system;
year-long elk and mule deer
range.

Very heavy cattle use because it
is near water and in a pasture
corner where cattle concentrate
while waiting to be moved to the
next pasture.

Heavy cattle use prior to 1955;
series of modified rest-rotation
systems since 1955; history of
heavy elk use.

Range Conser-
vationist, USDI-
BIM, Dillon, MT

Personal obser-
vation.

" Tom Whitmar,

Range Conser-
vationist, USDI~

- BLM, Dillon, MT

Tom Whitmar,
Range Conser-
vationist, USDI-
BIM, Dillon, MT

Marianne Neville,
Range Conserva-
tionist, USDA-. -
Forest Service,
Sheridan, MT
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Table 1 -continued.

Stand ..
Number Grazing History . Source

27 Has been exclosed from grazing for E "
many years. .

29 Sheep use has been excessive for 25 : "
- years; season of use has decreased )
from 180 days (1919-1961) to 127
days since 1961. '

30 Primarily sheep range since the late "
1800s; changed to cattle use in 1974;:
now in a 4-pasture rest-rotation
system.

lHistory of use information was not available for
all stands. Some stands were located in very large
pastures where the grazing history was not site-specific
enough to apply to this study. A few stands were located
on private land and the owners could not be located.
Information was most available for stands located on
federal lands (USDA Forest Service and USDI Bureau of
Land Management)-. '
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Species Response to Grazing Based on the Ordination

Table 2 summarizes the results presented above and
shows the decreaser and increaser species associated with
the grazing gradient. Species shéwing no response to
grazing are listed in Table 3.'

Idaho fescue cover {(Table 2) generaily exceeded 30
percent on the 1i§htly grazed sites but decreased to less
than 10 percent under heavy grazing. The high éalatability
of this bunchgrass (Mueggler and Stewart 1980), combined -
with the fact that it was the only_abundant foraég species,
explain this response. Evanko and Peterson (1955) found. .
that Idaho fescue was a decreaser on sites where it was
dominant within ﬁy sfudy area.. As mentioned above, the é8
and 24 percent Idaho fescue cover on sites 20 and 22, fespecf'
tively, may repfésent near climax amounts sinée_these stands
appeared to be on sites with a reiatively'low potential.

The indirect effects of grazing may account for thé_
response of the remaining decreasers in. Table 2. Onidn‘

(Allium sp.) and bluebell (Mertensia viridis) are succulent

spfing forbs and their decreaser response may be partly due

to grazing by all classes of stock early in the year. How-

ever, arnica (Arnica sororia), besseya (Besseya wyomingensis),

sulfurflower (Eriogonum umbellatﬁm), alumroot (Heuchera sp.)

and silky. lupine (Lupinus sericeus) are relatively low in

palatability (Mueggler and Stewart 1980), and other factors
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Table 2 Summary of selected stand characteristics and
coverage of decreaser and jncreaser species.l

Stand No. 2 14 17 15 11 13 27 1 6 4 5 10 20 12 24
Pair No. 1 13 18 16 14 2 5 3 6 19 23
LOCATION
R aE 5W 3w 2w oW 6w 3w 4E SE 4E SE 4w aw ew 3w
T 6S 125 6s 6S 128 125 9s 6S 9s 7s 9s 125 128 10s
s 1 31 25 16 36 36 14 1 7 16 7 13 36 3
DROPPINGS2
1 5 42 36 10 12 13 55 4
H 19
E 54
DEGREE OF
GRAZING3 L L L L L M L M L M M L M M
RANGE CONDITION4 -
Comp 9 8 9 8 9 8 8 9
Vigor 5 4 4 3 4 3 4 3
RPPD 5 5 5 5 5 5 5 3
Class G G G G G G = G F
FEID VIGOR
Basal diameter5
3 3 23 19 53 16 43 16 23 17 45 16 47 70 20
3R 37 60 48 43 61 37 32 43 57 48 50 37 27 67
58 57 17 32 3 23 20 48 33 27 6 34 16 3 13
6 3
NO. SEED STALKS
PER PLANT6 5
<1 3.0 5.0 2.9 2.3 1.9 0.2 1.7 5 0.1 1.8 1.0 4.8 1.3 1.1 2.3
1-2" 5.6 18.9 4.6 10.3 5.0 6.7 7.7 2.9 1.7 2.9 7.1 5.8 4.4
2-4" 15.4 37.1 23.0 20.6 1.0 19.0 8.0 § 5.6 6.1 9.0 16.3 15.4 3.0 18.0
4-6" 35.0 75.0
SPECIES DIVERSITY7 0.84 0.94 0.90 0.82 1.10 0.90 1.03 0.97 0.56 0.80 0.83 1.0 0.97  1.08 1.0
RICHNESS8 26 26 22 19 30 26 29 29 18 19 27 33 21 30 20
EVENNESS9 0.60 0.66 0.67 0.64 0.74 0.62 0.71 0.66 0.45 0.63 0.58 0.e6 0.73 0.73 0.76
£ BARE GROUND 1 2 2 14 + 6 + 1 1 9 16 4 10 3 12
% LITTER COVER 85 83 91 72 89 78 86 95 87 74 41 88 71 86 38
DECREASERS
@ CANOPY COVER)
Festuca idahoensis 64 58 47 44 44 43 a2 38 37 36 34 33 25
Allium sp. 4 1 4 2
Arnica sororia 5 6 4
Besseya Wyoming-
1
Eriogonum
umbel latum 1 3 1 1 4
Heuchera sp. 1
Lupinus sericeus 9 27 9 7 39 21 16 19
Mertensia vindis + + + + +
INCREASERS
(@ CANOPY COVER)
Bromus carinatus
Calamogrostis
montenensis 7 1
Danthonia
intermedia 3
Poa sandbergii 9 1 3 7 2 4 5 1 17
Stipa richardsonii
Antennaria
parvifolia 5
Aster campestris 2 2
Phlox hoodii 1 1
Sedum sp. 1 2 5
Chrysothamnus
nauseosus 1
C. viscidiflorus + 1 +
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Table 2 - continued

Stand No. 22 3 30 9 8 18 23 21 16 29 19 26 28 7 25
Pair No. 21 4 17 24 22 15 20
LOCATION
aw 4E 3w 4E 5E 3w 3w aw 2W 3w 4aw gg ?gs SE ?VOVS
T 46 7S 12s 9s 9s 6S 58 12s 295 gs " 21 !
S 35 16 14 11 7 25 3 2 16 7 4
DROPP1 NGSIC 5 s 5 . ) ® - 15 o 19 w2
H 29 10 58
E 42 8
DEGREE OF H H
GRAZING3 L H M M M M H M H M H M H
RANGE CONDITION4
Comp 7 7 6 7 8 7 tli g fIS 43
Vigor 3 3 2 2 3 2 4 5 4
RPPD 4 5 5 3 3 3 E N 7 E
Class F F F F F F
FEID VIGOR
Basal diameter5 -
20 47 33 a7 20 42 25 13 33 gg ‘:S [5{3 é(gl
63 47 53 40 43 45 53 63 67 43 0 o >
17 6 13 13 37 13 a7 13 20 go
NO. SEED STALKS
PER PLANT6 B
0.7 0.5 1.4 1.3 0.7 1.7 0 0.9 1.3 1.2 0.1 %g 22 21
8.2 1.0 5.6 3.9 0.5 3.6 2.0 3.9 9.6 6.2 0.3 10.7 1.7 o
10.2 3.5 9.3 7.3 1.5 9.3 2.8 3.0 21.2 17.2 - - -
i ’ . 15.0
SPECIES DIVERSITY7 0.94 0.85 1.15 1.02 0.69 1.05 0.97 0.93 1.02 1.34 1.00 0.98 1.05 (2);91 25.94
RICHNESS8 19 21 29 22 14 29 24 20 25 33 26 27 23
EVENNESS9 0.74 0.64 0.79 0.76 0.60 0.72 0.70 0.71 0.73 0.88 0.71 0.69 0.77 0.64 0.67
26
1 BARE GROUND 22 10 7 4 6 3 20 22 27 7 13 3 42 : -
I LITTER COVER 59 62 84 57 66 90 56 60 38 78 76 77 44
DECREASERS
(1 CANOPY COVER) o
Festuca idahoensis 24 23 23 20 18 18 16 15 14 12 8 7 4 3
Allium sp.
Arnica sororia + +
Besseya wyomlng-
Erlogonum 5
umbel latum 3
Heuchera sp. s
Lupinus sericeus 10 13 4 28 8 4 7 11
Mertensia virldls
INCRLASERS
(@ CANOPY COVER) . > + +
Bromus carinatus 3
Calamogrostis 5 5 3 . 5
montenensis ! !
Danthonia | . 4 +
intermedia 1 1 L 2 3 4 3 4 . 6
Poa sandbergii 3 9 2 1
Stipa richardsonii
Antennaria . o 17 .
parvifolia 11 11 2 : '
Aster campestrie 3 1
Phlox hoooii 3 1 R ;23 3
Sedum sp. + +
cKrysothamnue s )
nauseosus

o N
N

C. viscidiflorus

1Stande arranged in order of decreasing ldaho fescue cover.
"No. of fecal piles per 20 m2 macroplot. C m cattle, H - horse, E m elk.

3Estimated from history of use information and the relative abundance of palatable forage species.
L - light or none, M - moderate, H - heavy.

4Range condition calculated using the Mountain Grassland Scorecard (USDA For. Serv. 1979) and the step-loop
data. Comp * t composition of desirables, intermediates, least desirables: 601 of condition score; Vigor -
rating based on vigor data in this table; 151 of condition score; RPPD - relaTlve perennial plant density -
perennial plant density + litter: 251 of total score. Range condition was not calculated for stands J-V l.euaus*
100 - rock 57 an error in the step-loop procedure.

5Percent of 30 ldaho fescue plants within the basal diameter size classes listed.
6Mean no. of seedstalks per plant by basal diameter size class
7Species diversity - li= -~(n") log (™) - -fPj log P1. n. - importance value for each species; N = total of

FT FT importance values; P. - importance probability
~ B for each species.
8Richness - no. of species per stand.

9Evenness = e » H

. H - Shannon Index.



Table 3. Percent canopy cover of species showing no apparent response to grazing

Stand No. 2 14 17 15 11 15 1 & 4 5 16 io 12 24 22 3 50 9 8 16 23 21 16 23 19 26 26 7

GRASSES
Agropyron
dasystach-
yum 10 8 + + 1 3 + 14 + 12 12 + 6
A. spicatum 6 7 13 7 3 I+ 6

Koeleria
pyramidata 3 5 4 7 4 2 2+ 3 7 + + 6 3 3 3 3 7 3 6 4 2+ 3 3 +

Poa cusickii 3 + 1 5 6
P. pratensis 4 + 29 2 3 14 1 + 2 1 14
Stipa comata + + + 7 22 + 8 + 6 2
S. occiden-

tails i o+ 6 + 10 + + 6 5 3 6 1

SEDGES
Carex
obtusata 1 15 + 12
C. pennsyl-
vanica + + + 1+ 6 2 3 |

=
+
+
w
©
(o
N
w
~

Cc . steno-
piiylla 1 15 2 2 + 2

FORBS
Achillea
mille-
folium  § 4 4 7 2 4 + 1 6 5 7 5 3 6 2 1 2 2 7 1 4
Androsace

septen- + +
tnonalis

-
+
+
+

al

Antennaria
micro-
phylla 3 2 4 2 + 6 1 1 1 6

Antennaria
unuxinella 3 5 7 4 16 ¥ 1 13 22



Table 3 - continued

Stand No. 14

Arenarxa
congesta

Arabia
nuttallii

A. sp.

Astragalus
agqrestxs

A. drumondii

A. miser 6

Castelleia
sp.

Cerastium
sp.

Collinsia
parviflora

Comandra
umbel latum

Crepis sp.

Draba
nemorosa

IK sp.

Erysimum
asperum

Geum tri-
florum

Penstemon
procerus

Phlox multi-
flora

P. sp.

Rumex pauci-
folius

17 15 11 13 27

9
| +
+ 1 1
5
13 1
3 5 3
2
1 +
1 +
2
3
19
5 3

5

10 20

12

24 22 3

9

1+

30

6

—+

9

10

18

23 21

16 29

19 26
4 2

+ +
+

28

7

25



Table 3 - continued

Stand No. 2 14 17 15 11

Senecio
streptanthi-
folius

Solidago

Missouri-

ensis

Taraxicum

officinale ? q 1 12
Viola

nuttallii [ 3 2

SHRUBS
Artemisia
frigida 1
A. triden- )
tata a 9 61 21 30

Tetradymia
canescens

AStands arranged

13

25

+

according to decreasing

27 1 6
+
1
3 7
2 |
28 22 66
2

15

5 10 20

31 40 37

. 5

Idaho fescue cover.

12 24 22 3 30 9 8

15

13 32 40 39 A 47

18 23 21

383 33 339 24

16 29

19 26 28

16 47 38 32

6

10

31

25

19
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————

must explain the observed decreaser response. Daubenmire =~

(1940) indicated that the removal of the larger, perennial
forage species by grézing makes the environment less hospita-
ble for certain smaller plants which depend upon them for
protection from wind and intense solar radiation. Ellison®
(1960) noted that heavy grazing changes the microcliméte
because £he removal of vegetation and litter results in
warmer soil-sﬁrface temperatures and increased evaporation.
The net result is a drier, warmer environment which induces
drought and invasion by weédy species. Excessive grazing

has also been found to alter the biotic component of the

‘ecosystem. Fewer earthworm casts and beetles.and more grass-

hoppers were associated with heavily grazed-fanges while

rodent and lagomorph populations showed variable response

'depending on the specific circumstances (Elliéon 1960)Q

Reduced earthworm and beetle act1v1ty may decrease soil

fertility by slow1ng rates of organic matter decomposition.

A combination of the above factors plus dlrect'damage from

trampling may'be responsible for the decreaser responée of
the species shown in Table 2. Muéggler and Stewart (1981)
fouhd that sulfurflower was the fourth most abundant species
on a highly productive site within the Artr/Feid habitat
type but was absent or a minor component on .less productive
sites. Léwered site'productivity caused by the indirect

effects of heavy grazing may account for the decrease in

- sulfurflower observed in this study. Mueggler and Stewart

§
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(1980) found that the variable grazing response of-Lupinus
spb. made a general'categorization of its response to
Qrazihg_impossible, although it appeared to be a decreaser
based oﬁ my data. |

Species éhowing an incféase in cover and/or constancy
with increasing grazing intensity.are shown ih Table'z.
Sandberg bluegrass has also been described és an increaser
in other studiés within and near my study area (Mueggler
and Stewart 1980; Evanko and Peterson 1955; Vogl and Van
Dyne 1974). Mueggler and Stewart (1980) also categorized

timber oatgrass (Danthonia intermedia), Hood's phlox

(Phlox hoodii) and rubber rabbitbrush (Chrysothamnus

nauseosus) as increasers but did not classify pussytoes

(Antennaria spp.) because of variable response to grazing.

However, Mueggler and Stewart (1981) found that Antennaria

parviflora was an abundant species on Artr/Feid sites of

- low productivity and less abundant on better sites. ‘The
increaser response of,pussyfoes in this study may reflect
the lowering of site.quality caused by the indirect effect
of grazing.as'well 'as a release from competition from-
decreaser species. The limited occurrence of the remain-
ing increaéers in Table 2 makes their classification less
reliable. Mueggler and Stewart (1980) described Bromus .

marginatus (treated as a variety of California brome [E.,.

carinatus] by Hitchcock et al. [1973]) as a decreaser
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which contrasts witH the apparent increaser response in
this study. I have often observed this grass on disturbed
areas, howéver, and it may have increasea on disturbed
soil resulting from livestock trampling or rqdént écti—
vi£y. Evanko and Peterson (1955) -and Vogl and'Van Dyne
(1974) found plains reedgrass to be unaffected by grazing
in contrast to the increaser response shown in Table 2.
The many spécies showing né apparent reéponse to grazing
(Table 3), including big sagebrush, emphasize the diffi-
culty of generalizing species response based'on these -
data. |

The lack of alien invader species was characteristic
of even the most heavily grazed sites eﬁcountered_during
this study. This is in contrast to the sagebrush grass
region as a whole where the annual cheatgrass (Bromus
tectorum) may permanently replace native species'under'.

abusive grazing .(Daubenmire—l9.70; Tisdale—and~Hironaka

N .

1
1981; Young and EZiiifigzg)' The éompetitive advantage \
of cheatgrass is greatest'in habitats similar to those of \
its Mediterranean origin, where aridic and xeric moisture
regimes prevail. 'The raéid early development of this

gréss and an extensive root system permit depletion of | B
available soil moisture prior to extended summér,drought,“ /
to the detriment of native species. Daubenmire (1970)

indicated that the Bromus'dommunity seems to leave no
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unused surplus of the crucial‘spil moisture resourée that
might permit réinvasion by native species. Where the
ustic moisture regimen occurs, as in this sﬁudy, the lack
of an extended summer drought may limit the éompetitive
ability of cheatgrass because more soil moisturé is
availabie for native plant feinvasion and gréwth follow--
ing abusive grazing. Cryic temperature conditions may .
further limit the comﬁetitiveness of cheatgrasé in these
areas by limiting early growth. |

Species richness, measurea as the.total number of
species encountered per stand,:éeemed to vary randoﬁIQ'
along the Idaho fescue gradient (Table 2);- Grime (1979)
presented a modei.showing species diversity to beAgfeatest
under moderate levels of disturbance and lower.in'severe
and no disturbance situations. In thié study, it waé ex~-
bected that spécies diversity would be greatest in stands
having medium coverage of Idaho fescue because this grass
. dominates the ground cover in undisturbea‘sténds and ﬁeévy
grazing and'trampling maké seve:ély disturbed sites very
inhospitable for ﬁany species. Variability in potential
site productivity, management,‘availability'of propagﬁles
and many other factors probably account for the lack of
pattern in species diversity across the ordination.

Appendix C summarizes the canopy'coﬁer data for
species which occurred in less than 10 percent of the

sample stands.
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Species: Response to Grazing Based on
Fenceline Comparisons

Taﬁle 4 summarizes the response of plant épecieé-énd
life forms to graziﬁg based on nine fenceline chparisons.‘
This permits an evaluation of species'béhavior on a site~-
speéific'basis._ Environmental characteristics were eéual
on either side of the fence.

| Shrub response was variable, reflecting the unpre~
~dictable behavior of big sagebrush, the major épecies in
this category. Sagebfush cover was significantly gréater‘
(p = 0.05) in the ungrazed (or most lightly grazed) sténd
in two cases (Pairs C and F). In fact;‘the greatest sage-
brush cover encountered during the study occurred on sites
6 and 17 (66 and 61 percent, respectively), both of which
" have béen protected from grazing for many years. Big
. sagebrush showed an incréaser‘response'in three cases
(Pairs B, D, I) and was not significantly affected by
grazing in four cases.

The dense sagebrush cover in stands no. 6 and 17 was
interesting. Stand no. .6 was in an exclosure constructed
in 1956 on depletéa elk winter range, and stand no. 17
odcupied the aréa between a highway and a ﬁasture fence,
gffectively an exclosure for many years (Table 1). Sage-
brush cover was about twice as great on these unérazed
areas as on the adjacent grazed sites. This increasé in

sagebrush cover following protection from grazing may have




Table 4. Percent canopy cover of species sampled in nine fenceline pairs

Stand No. 1 vs 2 3vs 4 5 vs5 6 13 vs 14 15 vs 16 17 vs 18 19 vs 20 21 vs 22 23 vs 24
Pair A B C D E F G H 1
Level of Grazing None Mod. Mod. Heavy  None g,..q Light Mod. None Heavy  None Mod. Mod. Heavy Light Mod. Mod. Heavy
Est. Site Potential H NI M M M M+ L L M
COVER CLASS
Shrubs 41 22 15 40 67 32 9 25 21 24 61 38 413 52 2 40 16 41
Perennial Grass 79 76 44 35 39 49 90 59 65 26 58 51 71 24 49 37 60 45
Sedges 1+ i - 5 + i 1 — 2 1 3 5 7 2 2 — 2
Annual Forb 1 3 i 1 -— + i + - 1 + 1 1 1 4 + 1 -
Biennial Forb + + i + — + i 1 - — + - - - i + + +
Perennial Forb 33 33 25 4 22 30 47 63 20 22 54 49 24 32 21 24 23 15
Bryophytesl 22 2% 4 3 15* i 1 1 - 6 4 1 - 16 6+ 17 17
Bare Ground 1 1 9 10 1 16* 2 6 14+ 27 2 3 10 13 22 22 12 20
Litter 85 95* 74 65 87 41* 83 78 72* 38 91 90 79 76 59 60 33 56+
Rock 2 o+ - 1 2 6* 3 2 g 21 - + - + 3 4 11 6
Lichen 1 - 1 3 2 4 1 + 3 2 4+ + + + + 2 14 3*
Richness 26 29 19 21 18 27 26 26 19 25 22 29 21 26 19 20 20 24
SHRUBS
Artemisia
tridentata 41 22 15 40* 66 31* 9 25% 21 24 61 38* 37 47 32 39 13 33+
A. frigida 1 i
Chrysothamnus
nauseosus | 5 2
C . viscidiflorus + + i i 6
Tetradymia
canescens + +
GRAMINOIDS
Agropyron
dasystachyum + 1 10 + 14 12
A. spicatum 1 + 6 7 13 8 7 3 6 2 11 9
Bromus cari-
natus i
Calamagrostis

montenensis 7 + |



Table 4 - continued

Stand No. 1 vs 2 3vs 4 5vs 6 13 * 14 15 vs 16 17 vs 18 19 vs 20 21 vs 22 23 vs 24

Carex rossii i+ 1 + + 1
C. stenophylla 5 2
Danthonia

intermedia 1 + 1
Festuca

idahoensis 64 38* 36 23* 37 34 58 43* a4 14* 47 28
Koeleria

pyramidata 3 2 3 3 1 ™ 5 4 7 2* 4
Poa cusickii 1 3 +
P . pratensis 4 29* 1 1
P . sandberqii 4 9* 2 S+ 9 3* 1 3 +
Stipa comata 7 + + +
S. occidentalis i + +
S. richardsonii +

?

24 15 25 16

w

+
Y
w
I
w
[¢2)

iy
*

17 6*

*R&

=N
w
N

- N

ANNUAL FORBS
Androsace
occidentalis + 1 +
A. septentrionalis + + + + 1 + + 1
Colinsia parviflora i 1 + + 2
Draba nemorosa + + + +
D. sp- + + 1 +

BIENNIAL FORBS
Arabis drummondii +
A. hoelbollii +

A. sp. + + 1 + | + +
Erysimum asperum i + +

PERENNIAL FORBS
Achillea
millefolium 1 i3 + 1+ 4 2 4 1+ 5 7 3 5 2+
Agoseris glauca +
Allium sp. 4 2 + 1 + +
Antennaria
microphylla 2 1 + 3 2 6 i
A. parvifolia i 6 6 5 1
A. sp. 2
A. umbrinella 3 4 16 13 + 7 1



Table 4 - continued

Stand No. 1 vs 3vs 4

Arenaria congesta 4 5 4 9
Arnica sororia 5 4 +
Astragalus

aggrestis

5vs 6

A. drummondii 1 4

A. miser
Aster campestrus
Castelleia sp. 1 +
Cerastium arvense
C. sp.
Comandra umbellatum 4
Crepis acuminata
C. sp.
Cymopterus
bipinnatus
Delphinium bicolor
Erigeron compositus
Eriogonum umbel latum +
Erasers speciosa
Fragaria Virginians
Geum triflorum 1 .
Geranium viscos-
sissimum
Heuchera sp. +
Lithophragma
parviflora + + +
Lupinus sericeus 9 3* 16 19
Mertensia viridis 1
Penstemon aridus
P . procerus
Phlox hoodii i 3
P. multiflora 4
P. sp.
Rumex paucifolius 1
Sedum sp.
Senecio streptan-
thifolius a

-
-
+
+

Solidago missouriensis 1 4

Taraxicum officinale 2 ™ a 4
Trifolium sp. a

U.l. forb
Viola nuttallii 3 2 2 3

+
-
-

From here on in this table a "t" test was used to determine significant differences for common forage species,
species which occurred in both stands of a pair in more than half of the pairs,

‘Differences between means are statistically significant at the 5% level.

~Differences between means are statistically significant at the 10% level.

13 vs 14

+

i

+

2 i

1

27 39+
4 [
2 5

15 vs 16

and for bare ground,

It 19 vs 20 2l vs
2 3 4
+
3
4
1 3
+
3 5
1 1
¥
N
+
28* 10 1 10
+
2 + 2

litter, and

22

rock.

23 vs 24
2
2
+
i i
+
4 1
5 +
3 ax
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resulted froﬁ rapid-seedling establishment from residual
seéd in the soil (Mueggler 1956) on heavily grazed and/or
trampled sites soon after protection from. herbivore use.
These seedlings would then have been free from trampling
and browsing by herbivores and abl? to develop a dense-
canopy béfore,competition from herbaceous species‘became
significant.: ' : 0
Bartolome and Head; (1978) found that most sagebrush ;;\ \
reestablishment occurred in the first several years after
various treatmen£s in southeastern Oregon. Harniss and” %
McDonough (1975, 1976) found that sufficient sagebrush /
seed is able to germinate in any given year to contrlbute ;
to reinvasion of this shrub. Stewart—(1982) noted that ;
sagebruéh can reestablish itself into a dense stand of ~
. Idaho fescue within the Artr/Feid habitat type i4.years
after herbicide treatment. However,.sagebrush canopy
cover is generally less than 30 percent on high condition
sites (Mueggler and Sﬁewart 1980), possibly‘reflecting
competition from perennial grasses, notably Idaho fescue.

In summary,'the.inCOQSistent response of big sage-
brush to grazing noted during this study combined with
high coverage éf'this shrub in some exclosures indicates

that big sagebrush is not a reliable indicator of range

condition in the Artr/Feid habitat type.
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The response of the perenniél grasses to grazing
varied with fhe éite,sampled (Tabie 4); Perennial grass
cover was little affected by grazing on the moré pfodué—
tive.sités (Pairs A and F) largely due to an increase of
the rhizomatous Rentucky bluegrass. This is consistent‘
with the idea that grazing-resistant, competiti&e‘spécies
may form a proclimax vegetation on productive sites when
the more stress—tolerant climax species are weakened by
disturbance (Grime 1979). Daubenmire (1970) indicated
that Kentucky bluegraés forms a Zéotié climéx oﬁ‘éites
with no-lime accumulation in the soil‘profile.':Peréhnial
grass cover appeared to decrease with grazing on the other
fenceline'pairs,sampled. Idaho fescue was the only peren-
nial.graSS'showing a consistent, significant (p = Of05)
decreaser response, except for Péir C, where competifion
from big sagebrush may have limited the increase of this
species after pfotectipn_from'elk use, and for Pairs H'and
I in which the‘differences.were'not significant (p = Ofl),
although fescue cover appéared to decrease with grazing.
It may also be possible in the case of Pair C that Idaho
fescue cover has not beén significantly deéreased by elk
use on the'grazed.étand'and that Idahé fescue covér on
both sides of'the_fence is close to the climax améuﬁt.
The response of the other perennial grasses to grézing

was variable on the sites sampled.
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The respohse of the remaining life fdrms to grazing
was highly variable (Table 4). The response of all
annuals is érobably variable regardless ofvgrazing history,
and the biennial forbs.were too scarce to show any trends.
As a group, pereﬁniél forbs increased with grazing on 4
of the 9 pairs'éampled, decreased in 2 cases, and showed
no apparent response in 3 of the.pairs. Individual species

within this group varied gredtly in response to grazing

except for sandwort (Arenaria congesta), which appeared to
be an increaser in all 4 pairs in which it occurred.

Percent cover of bryophytes, rock and lichens seemed
to vary independent of grazing intensity.

Bare ground .and litter cover (Table 4) was also
highly variable in response to grazing intensity among
the pairs.sampled. On the more productive'sités, bare
ground cover was kept low and litter cover high by the
increase of Kentucky bluegrass in the more heavily graéed
standé. The cover of big sagebrush also explains somé of
the variability in the reéﬁonse of baré ground and litter
cover to grazing. Where sagebrush cover was quite high
(i.e., Pair G, stand 19){ bare ground cover was relatively
low and litter cover fairly high (even on very heavily

grazed stands) bgcause of leaf litter produced by this

shrub.
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Table 4 shows that species diversity (total numbef of
species per stand) was greater on the more heavily grazed
sites in 8 of thé 9 fenceline pairs sampled. Di#ersity
was the samé in stands 13 and 14 (Pair D) where Idaho
- fescue cover was Qery Similar; Tﬁis’increased diversity
on more heavily grazed sites probably results from the
reduction of dominance by Idaho fescue which results in
ipéreased space, nutrients and soil moistu;e_for a greater
variety of species.

Conclusions regarding the response of. the plant
community tq grazing based on the fenceliné cqmparisons..
are similar to those based on the ordinatiop, but even,
fewer generalizations can be made.. Comparison of fence-
line cohtrasté eliminates other variables, such as site
differences, and:gives a clearer picture of grazing re-
sponse. Idaho féscue, a decreaser,'was the only séecies
showing a consistent response to grézing. The response
of other species was more variable ahd éeemed to be very
site—specific. 'Perennial grassgs;.as a group, tended to
decrease with heavier grazing intensitf except on the
more proadctive sites, where Kentucky bluegrass ‘increased
in cover. Thelincreaée in percent bare ground with
heavier grazing was limited on productive sites by Ken-
tucky bluegrass aﬁdf on some bther sites,fby.big sagebrush

litter. Litter cover. showed the opposite relationship to
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grazing. These resulté afé similar to those of Evanko and
Peterson (1955) who found that species résponse to grazing
was highly variable in.mountain grasslands within'my stﬁdy
area.,

Relationship of Idaho Fescue and Big
Sagebrush to Grazing Intensity

'Figures 12 aﬁd 13 show that big sagebrush cbvef did
not significantly increase as Idaﬁo fescue cover was re-
duced by grazing.in this study. 'Cover of these two species
was poorly correlated-(r2 = 070095. Th;s contrasts with
many studies in which big sagebrush waé described as an
increaser (Bartolome and Heady 1978; Daubenmire 1970;
Johnson and.Péyne 1968; Morris et al. 1976; Muégglér and'
Stewart 1980; Tueller and Blackburn 1974; and others).
The variable respohse of sagebrush to grazing in this
study probably results from a combination of factors.
Tisdale éndAHironaka (1981) noted £hat intensity and
season of use, kind of livestock and type of Qegetatipn
contribute to-the varying reaction of any particular area
of sagebrush range to grazing. Daubenmire (1970) de-
scribed wide variation in big sagebrush cover in eastefn
Wéshington ana felt this was related to changes in 'subsoil
depth across the landscape. Daubénmire (1970) noted that
sagebrush generally increases under abusive grazing, but.

may decrease if heavy concentrations of livestock result
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Figure 12. Relationship between ldaho fescue (solid line) and big sagebrush (dotted
line) canopy cover (stands arranged iIn order of decreasing ldaho fescue
cover).
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IDAHO FESCUE CANOPY COVER
Figure 13. Regression of big sagebrush canopy cover on

Idaho fescue canopy cover (@ = 34.78, b =
-0.076, r2 = 0.009).
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in trampling and subsequent breakagé-of'the shrubs. 1In
this study, heavy browsing by elk and mule deer on winter
ranges ana trampling by cattle in concentration areés may
account for the greater sagebrush cover on the more lightly
grazed sites in some cases. Idaho fescue is highly pala-
table to all classes of livestock and big game using the
Artr/Feid habitat type. This expléins its éonsistent
decreaser response. Big sagebrush is generally low in
palatability.but may be used heavily in some cases, which

provides a partial explanation of its variable response

..—..Ap

to‘grazing. Tisdale and Hironaka (198l) summarized sev- 7%
eral studies which indicated that sagebrush recovers
slowly from severe defoliation and can withstand only
about 35 percent use during late spring. Heavy use on
winter/spring range may explain some of ﬁhe cases in this
study in which sagebrush appeared to decrease on the more
.heavily grazed sitgs. “ ’ | T
The fact that big sagebrush and Idaho fescue both
had rglatively high coverage on some sites- (Figure 12)
indicates that they are adapted to coexist in the climax
vegetation of this habitat type. Daubenmire (1970) noted
thét big sagebrush and perennial grasseé have complimentary
ecologies becausé sagebrush cén'rely on subsoil moisture
supplies when the grasses have become dormant in summer.

Sagebrush activity at this time maintains nutrient cycling
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and litter accumulation ahd prevents a wasfe of solar
energy when other species are inactivé.' Tisdale and N
Hiroﬁaka (l981)hsummarized,many studies which substaﬁtiﬁge
Daubenmire's (1970) claim that saéebrush is adapted tor
draw on deep as well as shallow moisture supﬁlies.A\Idaho
fescue begins to senesce in this study area during eafly
August (Mueggler 1972). At this time, sagebrush remains
active by utiiizing deeper moisture sﬁpplies unavailable

)

to the shallow-rooted fescue. Bartolome and Heady (1978)~
noted that sagebrush-grass ranges may contain a high.pro—
portipn ofrsagebrush befpre gras$ production is adversely -

affected, which substantiates the above evidence that

sagebrush and perennial grasses are adapted to coexist in
- ;'

the climax vegetation. ‘ . ~
Table 5 shows that canopy cover of major.species.on
the good.conditibn étands in this study was not signifi—
cantly different (p = 0.05) than that recorded by Muegglep
and Stewart (1980). However, big sagebrush cover averaged
32 percent in this study and only l§ percent in Muegglér
and Stewart's (1980) study. This'may indicate that sage-
brush generally increaseé with-grazing in the Artr/Feid
habitat type since ﬁy stands were probably used more
heavilyt. Héwever; sagebrush_cover also varied greatly in
Mueggler and Stewart's (1980) relatively pristine standé

ranging from 3 to 44 percent, further indicating the

PR
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difficulty in éeﬁeraiizing the behavior of this shrub.
Shrub cover frem‘the two studies may not be comparable
without bias since stands with sagebrush cover as low as
3 perceht were not sampled in thie spudy.because they did
not appear to have a distinctly shrubland aspect The
two studies do indicate, however, that big sagebrush may
be abundant in the climax composition of the Artr/Feid
habitat type. |
Table 5. Comparison of average percent_candpy cover of

: dominant species between Mueggler and Stewart's

(1980) stands and the high condltlon stands in
this study.l

Average Canopy Cover (fange)

' Mueggler and Stewart This Study,
Species . (1980), 7 stands® 12 stands
Agropyron spicatum 5.3 (2-10) 3.1 (0-13)
Festuca idahoensis 42.7 (17-59) 43.0 (33-64)
Koeleria pyramidata 3.6 (0-8) 3.2 (0-7)
Poa sandbergii 1.4 (0-4) 2.0 (0-9)

Artemisia tridentata 19.4 (3-44) . 32.4 (9-66)

lNo 31gn1f1cant dlfferences were found in these
comparisons using a t-test (p = 0.05).

2Mueggler and Stewart (1980) defined the Artr/Feld
habltat type - Feid phase on 'the basis of 8 stands. One
of these 8 stands was descriked as severely disturbed and
was therefore omitted from this analysis.
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Range Condition

As shown in the above discussion, Idaho fescue was

the only species having a consistent, predictéble_response'

" to grazing in this study. It was concluded that range

condition claéses should be based.primari;y on the devia-
tion of Idaho fescue cover from the climax améunt. Trilica
et al. (1980) also cdncluded that more emphasis should be
placed on the desirable forage speciés for rénge coﬁdition
analysis_of Idaho fescue grasslands in the Bighorn Moun-
tains of Wyoﬁing;

Figure 14 shows proposed condition classes based on
Idaho fescue cover for the sites saﬁpled during this study.
Excellent condition stands have greatér than 50 perceht
fescue. cover, good condition sites 30-50 percent, fair.

condition sites 10-30 percent, and poor condition range

has less than 10 percent cover of this grass. Range con-

dition classes based on the Moﬁntain Grassland scorecard.
currently used by ﬁhe U. S. Forest Service have been
plotted on the ordination in Figure 14 for él of the’
sites. The first 9 sites were excluded because of an
error in the step;loop procedure. The two methods of
determiniﬁg range condition gave very similar résults.
The major diffefences occurred in the excellent and poor
condition élasses.' The Forest Service method vielded no‘

excellent condition stands and only half as. many poor
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Proposed range condition classes based on
percent ldaho fescue cover superimposed on
ordination of range condition scores based
on the Mountain Grassland scorecard (USDA
1977). Circled stands are discussed iIn the
text. G = good, F = fair, and P = poor.



53

condition sitgé as 'did the method based on Idaho fescue
cover. This substantiates comments by range conservation-
ists heard during‘this.study in@icétiﬁg that- sites must
be either exceptionally good or extreme}y abused to be
classified in the excellent or poor condition clasées,
respectiVely, using the Mountain Grassland scorecard.
The only other difference between the two methods of range
condition determination involved'stand no.‘20 (circled in
Figure 14),.rated in good condition using the Mountain
Grassland scorecard and in fair conditioh based on Idaho
fescue cover. As discussed above, stands 20 and 22 kboth
circled in Figure 14) occurred'on'dry; rocky ridges of
‘relatively low site potential. Thése stands are probably
both in good condition relaEive.to.site potential and
rebresent exceptions to ‘the condition classes based on
Idaho fescﬁe“cover°

The agreement between these two methods of range -
condition determinatiop is soméwhatAsurprising because
the FOrest'SerQice mefhod is not based solely on plant
composition (60 percent of total score) but also includes
plant vigor (15 percent of total SCOfe) and "relative
pérennial plant density," a measure of ground cover (25
percent of total écore)a Table 2 shows that_the plant
composition~500res 6verlapped considerably between‘Forest

Service condition ratings. Since plant vigor and relative
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perennial plant denéity'both decreased with intensity of
graéing (Table 2, Figures 6, 7, 9, 10), these féctors
apparently compensated for the overlap in plant composi-
tion scores and resulted in close agreement between the
two methods usedlto determiné ranéé condition. The use
of a vigof rating within the rangé condition score.may be
gquestionable. since two sites could have different'ﬁigor_
ratings, but identical plant composition; The scattered
desirable plants on very poor condition rangé coula héve
_excellent vigor if protected from grazing for a relatively
short time since competition from neighboring.plants
would be reduced. Vigor is.thus‘very useful as an indi;
cator of trend in range condition,‘but may bé misleading
as an indicator of condition itself. Evanko and Petersoﬁ
(1955) and Trilica et él. (1980) pointed out the need for
accurate criteria for assessing vigor so that_managemeht
can be adjusted befo;e species composition is adversely
affected by grazing. The use of relative perennial plant
density values in the range éondition rating mﬁst be tied
closely to site potential since drier sités may have ﬁore
bare ground than mdre.productiQe sites and still be in
good ecological range condition.

The classifications desirable, intermediate,'andf
least desirable, uséd,by the Forest Servicé, do not corre-

spond directly with the terms decreaser, increaser and
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inﬁader, used by Dyksterhuis (1949) to indicate a réla—
tionship to the climax vegetation. Instead,'the Forest
Service categofies are a compromise between the. relation-
ship of a species. to the climax, its forage value and
value in soil stabilization (Parker 1954). Big sagebrush
covgr{ for example, averages about 20 percent of the
climax plant cover in the Artr/Feid habitat type (Mueggler
énd Stewart 1980). In situations where .sagebrush will
increése with abuéive livestock grazing, an amouﬁt equiva-
lent to 20 percent sagebrush cover should be allowed in
the increasér category for range condition determination,
if such a determination is based on deviation from the
climax condition. However, the.Mountain Grassland scoré—
card requires that all sagebrush encountered be classified
least desirable (plants that are normally not present in =~
fhe climax, are poor forage, or havé little value in soil
stabilization).- Sagebrush.is-present in the climax,.is
good winter fdrage for some browsers and is valuable as a
soil stabilizer. Cénversely, Agropyron spp. are éli
classified'as desirables in the Mountain Grassland score-
card. The results of this study indicate that'AgroEyron
spp. exhibited no definable response to grazing (Tables 3
.and 4), and should therefore be élassified asintermédiates.
If the above changes in the classifiéation of big sagé—

brush and the wheatgrasses were made in the Mountain
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Grassland scorecard, little ehange'in condition scores
would be exbected since a number of hits on sagebrush
equivalent to 20 percent cever would beé moved from the
least desirable to the intermediate category and all
wheatgrass hrts would be moved from the desirable to the
intermediate category. Although this would result in a °
condition rating more reflective ef the deviation from
climax plant composition, - it would place even more empha-
sis on.the intermediate grouping, whlch has been discour-
aged by Trilica'et al. (1980). The best.sdlution may be
to’plaCe more empnasis on the abundance of ;daho fescue
as an indicator of range conaition because it was found te
be a consistent decreaser within the Artr/Feid habitat
type. If this is'done, a larger sample size for step-loop
transects will_be‘necessary. The correlatien between per—'
cent composition of Idaho fescue based on the Daubenmire .
transects and the step-loop transects was low (r2 = 0. 08).
Since the Daubenmire cover data represents a much larger_
sample than the step-loop transects, data from the latter
is probably inadequate, Table 6 summarizes the relation-
ship between range,condition classes based on Idaho fescue

canopy cover and the step-loop transect data.
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Table 6. Avérage number of hits and near-hits on
Idaho fescue by condition class based on
21 step—loop transects.l

Exc. - Good . = | Fair -  Poor:
Hits (range) 21 18 (7-29)  11.(4-17) 2 (0-5)
Near-hits (range)2 10 13 (4-22) 9 (1-20) 3 (0-6)

Hits + Near-hits 31 31 (25-40) 20 (7-37) 6 (0-11)
(range) _ _

No. of sites 1 8 8 . - 4

lCondition classes based on coverage of Idaho fescue.

2A near-hit was recorded when no live vegetatlon
occurred in the loop. In such a case, the nearest plant
to the left rear guadrant from the loop was recorded.

Neither metﬁod of range condition assessmént was
completely sensitive to the range in site potential which
exists within the Artr/Feid habitat type. Judgﬁent must
be used with either method so that the range condition
rating can be adjusted to reflect site potential. A mofe
objective alternative would involve the development of
one scqrecérd for'eaéh site potential unit within the

habitat type. Site potential units could be defined on

' the basis of soil characteristics such as the depth of

the A horizon (Munn et al. 1978; Trilica et al. ;980) or

on a combination of soils, climate and £opography as used
by the USDA Soil Conservation Service (SCS). Hann (1982)

defined site potential units in forest and rangeland
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habitat types which were similar to SCS range sites.
Range condition scorecards based on site potential units
within specific habitét types should yield‘accurafe and

objective range condition ratings.
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CHAPTER 5
'SUMMARY AND CONCLUSIONS

Climax plant‘associations can be considered to be
integrators of environmental variables and are useful in
identifying areas of the landscape (habitat types) with
Similar Fesource potentials and management needs. In
th1s study, the effects of grazing on vegetation in the
.~ Artr/Feid habitat type were examined to determine the’ best
field indicators of grazing intensity.

Variation in tne community abstract was investigated
using ordination and both mechanized_and,hand—clustering
techniques. These procedures produced paraliel pictures of
Vegetation pattern within the stands sampled. Two Vege-'
tation gradients were discovered using these techniques.

. First, an Idaho fescue gradient was represented py
the x-axis of the ordination and bydassociation clusters
A~-C~E (also see Figure 3). Idaho fescue cover decreased
to the right on the ordination and decreased'significantly
from Clusters A to C to E. Supplementary data suggested
that this gradient was directly related to grazing inten-
sity. The number of fecal piles per 20x20 m macroplot .

decreased to ‘the right on the ordination. Percent bare
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ground increased to the right on the ordination, while
percent litter cover showed the opposife trend. 'Thé
number of.Idaho fescue .seedstalks pgf plant decreased and
the number of small Idaho fescué.planfs increased to the
rigﬂt on the ordination. Finaiiy, tétal perennial graés

cover decreased to the right on the ordination. This

. grazing gradient was further substantiated by data from

fenceline contrasts (Table 4) Whiéh showed that Idého fes-
cue is a decreaser.

Secondly, a.big sagebrush gradient was fepresented
by the y-axis of the ordination and by association clusters
B-C~D and four ou;lier stands (see also Figure 3). Thié
gradient appeared to be unrelated to grazing intensity and
probably resulted from environmental factors that were mnot
measured in this gtudy. These may include soil character-
istics as well as class of stock and season of use. At
two fencéline comparisons, big sagebruéh'ébver was consid-
erébly greater within grazing exclosures than in the .
adjacent grazed pastures.

The behavior of other species in response to grazing
was highly variable. Onion, blﬁebeil, arniqa, besseYa;
éulfurflower; alumroot and silky lupiﬁe appeared to be
decreasers but data from the fenceline pairs indicated that
few statistically significant decreases occurred. Species'

appearing to increase with grazing included Californié'
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brome, piains reedgrass, timber oatgrass, Sandberg blue-

grass, Richardson's needlegrass (Stipa richardsonii);

pussytoes, meadow aster (Aster campestris), Hood's phlox,

stonecrop (Sedum sp.), rubber rabbitbrush and green rabbit-

brush (Chrysothamnus viscidiflorus).

| idaho fescue cover appeared to be the most .reliable
'indicatof d% range condition within. the Artr/Feid habitat
.type. 'Eveﬁvso,-range condition determinations based on
Idaho fescue cover and on the Mountain Grasslénd scorecard
used by the Forest Service were remarkably similar.

Judgment- must bé used when determining range condi-

tion within this habitat type fo account for thé variation
in site potential caused by soils; topography and climate.
Refined range.condition scorecards could be.developed by
subdividing the Artr/Feid habitat type into site potential

units.
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APPENDIX A

DENDROGRAM OF .SAMPLE STANDS




42 ISIT 27 21 22 8 3 1023 20 9 29 122430262825

PERCENT SIMILARITY COEFI CIENT

STAND NUMBER

Figure 15. pendrogram of sample stands. The scale at the left denotes the percent
similarity (O = no similarity; 100 = complete similarity).
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APPENDIX B

TWO-DIMENSIONAL ORDINATION OF SAMPLE STANDS




Figure 16. Two-dimensional ordination of sample stands
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APPENDIX C

PERCENT CANOPY COVER OF SPECIES OCCURRING IN
LESS THAN TEN PERCENT OF THE SAMPLE STANDS



Table 7.
of the sample stands.

Stand No. 2 14 17 15 11 13 27 1
GRASSES
Agropyron caninum 1

A. trachycaulum
Agrostis scabra
Bromus tectorum

Muhlenbergia
richardsoms

Phleum pratense
Poa compressa

P~ sp. 11

Pj_sp. 12

Unidentified grass
SEDGES/RUSHES

Carex petasata

Ci sp. 14 n
C. sp. #

Cm sp. #6

Ci sp. 17

Cm sp. 48

Juncus effussus
FORBS

Aqoseris glauca
Androsace occidentalis
Antennaria sp.
Arabis drummond

i
Arabis holboellii

Percent canopy cover of species occurring

in less than ten percent

6 4 5 10 20 12 24 22 3 30 9 8 18 23 21 16 29 19 26 28 7 25

24



Table 7 -

Stand No.

continued

2 H

Artemisia ludoviciana
Astragalus purshii

A. adsurgens

Cirsium scariosum

Clematis hirsutissima

Colomia liniaris
Crepis acuminata

Cymopterus bipinnatus
Cynoqlossum officinalis
Delphinium bicolor

Draba verna

Erigeron compositus

sp. #1
E1 sp. #

Fragaria virqginiana

Frasera speciosa

Geranium viscossissimum

Hackelia sp.

Haplopappus acaulis
Heterotheca villosa
Lesquerella alpina
Linanthus septen-

trionalis

Lithophragma parvi-

flora

Lithospermum ruderale
Lomatium triternatum

Lupinus lepidus

17 15 11 13 27

6

4

5

10 20 12 24 22 3

30

9

8

18 23 21 16 29 19 26 28 7

25



Table 7 - continued

Stand No. 14 17 15 11 13 27 1 4 5 10 20 12 24 22 3 30 9 8 18 23 21 16 29 19 26 28 7

Melilotus officinalis |
Microseris cuspidate
Myosotis sp.

Oxytropis sp.

Penstenon aridus

P. sp.

Phacelia liniaris
Polygonum douglasii
Potentilla gracilis

PN sp. #1

P~ sp. #2

Ranunculus sp.
Saxifrage inteqrifolius
Senecio canus

S. integrifolius
Sisymbrium loesellii
Smilacena stellata
Thlaspi parvifolia
Trifolium sp.

u. I. forb 1

u. 1. forb 2

u. L. forb 3

u. I. forb 4 + 2 +
Zvgadenusvenosus
SHRUBS/SUBSiIRUBS/TREES
Artemisia sp.

Juniperus scopulorum
Mahonia repens

Pinus flexilis
Potentilla fruticosa
Rosa sp-

Xanthocephalum sarothrae
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