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Abstract 

The effects of grazing management systems on plant communities 
in the Great Basin are largely unknown. This study is a quantitative 
description of the response of vegetation from 1973 to 1983 on the 
Goldbanks and Pueblo Mountain cattle allotments in northern 
Nevada managed under a 3-pasture rest-rotation grazing system. 
Shrub canopy cover, basal-area cover of herbaceous species, and 
frequency of occurrence of all species were used to estimate change 
in vegetation characteristics on macroplots representing 9 com- 
munity types. Forage use was heavy in all years and averaged 65% 
in June, 75% in July and August, and 80% in October. Sandberg 
bluegrass [Poe sandbergii Vasey] and sagebrush [Artemisia spp. 
L.] were the most responsive species. Long-term increases or 
decreases in frequency and cover of desirable grasses were found 
on very few sites. Perennial forbs increased on a number of sites. 
Short-term changes in frequency and cover of Sandberg bluegrass 
and in frequency of sagebrush seedlings and young plants were 
attributed to a sequence of dry and wet years and to level of 
competition from herbaceous species. Frequency data indicated 
more significant changes in species composition than did cover 
data. The management system, forage utiliwtion levels imposed, 
and climatic conditions present maintained prestudy range condi- 
tion throughout the study on most sites at Pueblo Mountain. An 
increase in frequency and cover of Wyoming big sagebrush [A. 
tridmtata wyomingensis Beetle] and a decrease in the cover of 
desirable grasses at Goldbanks suggest a downward trend in range 
condition on some sites where either Thurber needle- 
grass [Stzpo thurberhma Piper] or bluebunch wheatgrass [Agm- 
pyron spicatum (Pursh) Scribn. & Smith] is the potential dominant 
grass. 

Many hectares of western rangeland presently are managed 
under intensive grazing systems. By 1978 for example, allotment 
management plans had been implemented on about I I million ha 
managed by the Bureau of Land Management (BLM) (USDI 
1978). About 2 million ha were under intensive management in 
Nevada. In addition, the “Proposed Action” in many current 
Environmental Impact Statements and Resource Management 
Plans indicates that grazing systems will be the primary means of 
range improvement in the future. In many cases, intensive man- 
agement has come to mean deferred or rest-rotation grazing 
systems. 

Hickey (1967) and Herbel(l971) described many kinds of graz- 
ing systems and results obtained. Hormay (1956, 1970) Hormay 
and Evanko (1958) and Hormay and Talbot (1961) discussed the 
reasons for range deterioration and developed a 5-pasture rest- 
rotation grazing system for improving bunchgrass range in nor- 
theastern California. Hughes (1979, 1980) reported the effects of 
rest-rotation management on the Arizona Strip of southern Utah 
and northern Arizona. Laycock and Conrad (1981) evaluated the 
response of vegetation and cattle to several grazing systems on 
mountain rangelands of eastern Utah. Johnson (1965) and Gibbens 
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and Fisser (1975) compared different grazing systems in Wyoming. 
Only Hyder and Sawyer (1951) studied grazing systems in an 
environment and vegetation typical of the Great Basin. These 
authors compared rotation-deferred and season-long grazing. 

This study is a quantitative description of changes in species 
composition on representative plant communities in different seral 
stages. The study was conducted on 2 allotments in northern 
Nevada grazed by cattle in a 3-pasture rest-rotation management 
system. The study was not designed to compare rest-rotation man- 
agement to any other grazing system or to compare rest-rotation 
grazing under management conditions different from those described. 

Experimental Areas 

Goldbanks Allotment 
This 7771-ha allotment is located about 48 km south of Winne- 

mucca, Nevada and is administered by the Winnemucca District, 
BLM. Topography consists of broad alluvial fans, hills, several 
drainages, and a very steep escarpment on I boundary. Elevation 
ranges from 1,500 to 2,700 m. Annual precipitation, mostly snow, 
averaged 26 cm for the period 1974-1983 and ranged from a low of 
15 cm in 1980-81 to a high of 37 cm in 1977-78. Ecological range 
condition on study areas varies from early- to mid-seral. Wyoming 
big sagebrush [Artemisiu tridentata wyomingensis Beetle] is pres- 
ent on all study sites. Decreaser grasses are Thurber needlegrass 
[Stipa thurberiana Piper], bluebunch wheatgrass [Agropyron 
spicutum (Pursh) Scribn. & Smith], and Idaho fescue [Festuca 
iduhoensis Elmer]. Big sagebrush, green rabbitbrush [Chryso- 
thumnus viscidiflorus (Hook.) Nutt.], bottlebrush squirreltail 
[Siranion hystrix (Nutt.) J.G. Sm.], and Sandberg bluegrass [Pea 
sundbergii Vasey] are the principal increaser species. Common 
forbs are desert phlox [Phlox austromontuna Cov.], milkvetch 
[Astrugulus spp. L.], tapertip hawksbeard [Crepis acuminata 
Nutt.], tailcup lupine [Lupinus cuudurus Kell.], and Stansbury 
phlox [Phlox stunsburyi Hel.]. 

A 3-pasture rest-rotation management system for grazing from 
May through October was established in 1973. Actual use in grazed 
pastures has varied between 152 and 1,193 AUM’s (Animal Unit 
Months) of cow-calf use. Average use in grazed pastures has been 
633 AUM’s. The grazing sequence for 1 pasture over a 3-year 
period is: 

A. First year-graze (graze from May I to Oct. 31) 
B. Second year-seedripe (graze from July 15, seedripe, to 

Oct. 31) 
C. Third year-rest (rest year-long) 

Pueblo Mountain Allotment 
This 4,007-ha allotment is located about I60 km north, northw- 

est of Winnemucca, Nevada and also is administered by the Win- 
nemuca District, BLM. Topography consists of mountain slopes, 
small alluvial fans, and several drainages with rimrock and steep 
mountains forming 2 boundaries. Elevation ranges from 1,524 to 
1,981 m. Annual precipitation averaged 36 cm for the period 
1974-1983 and ranged from a low of 25 cm in 1976-77 to a high of 
40 cm in 198 l-82. Ecological range condition on study areas varies 
from early- to late-seral. Basin big sagebrush [Artemisia tridentata 
tridentuta Nutt.] and mountain big sagebrush [A. tridentata 
vuseyuna (Rybd.) Beetle] are the dominant subspecies of big sage- 
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brush on fans and mountain slopes. Low sagebrush [A. arbuscula 
Nutt.] occurs on the steeper slopes on soils with a strong argillic B 
horizon. Antelope bitterbrush [Purshia tridentata (Pursh.) DC.] is 
a common decreaser shrub. Principal decreaser grasses are blue- 
bunch wheatgrass and Idaho fescue. Increaser species include big 
and low sagebrush, green rabbitbrush, squirreltail, thickspike 
wheatgrass [Agropyron dasystachyum (Hook.) Scribn.], Thurber 
needlegrass, and Sandberg bluegrass. Forbs are more prevalent 
than on the Goldbanks Allotment. Important species are: low 
pussytoes [Antennaria dimorpha(Nutt.) T. &G.], agoseris [Agoseris 
spp. Raf.], fleabane [Erigeron spp. L.], crag aster [Aster scopulo- 
rum Gray], tailcup lupine, tapertip hawksbeard, Stansbury phlox, 
and milkvetch. 

A 3-pasture rest-rotation management system for grazing from 
June through October was established in 1972. Actual use in 
grazed pastures has varied between 330 and 636 AUM’s of cow-calf 
use. Average use in grazed pastures has been 491 AUM’s. The 
grazing sequence for 1 pasture over a 3-year period is: 

A. First year-graze (graze from June 1 to July 31) 
B. Second year-seedripe (graze from Aug. 1, seedripe, to 

Oct. 31) 
C. Third year-rest (rest year-long) 

The grazing systems on both allotments were quite similar in 
spite of different periods of time indicated for cattle use in the graze 
pasture. At Pueblo Mountain, normal drift of cattle was followed 
by riding to move all animals from the graze to the seedripe pasture 
soon after July 31. At Goldbanks, all movement of cattle was 
accomplished by drift and most animals were in the seedripe pas- 
ture soon after July 15. Some animals, however, remained in the 
graze pasture until Oct. 31. Remaining cattle grazed the more 
favored areas, such as riparian sites, not the upland sites where 
study sites were located. Because of this, grazing impacts on the 2 
allotments were similar. Management at Goldbanks has now been 
modified to specify removal of all cattle from the grazed pasture by 
riding soon after July 15. 

Low stocking rates at both allotments occurred in years of below 
average precipitation. Fewer head were grazed in these years or 
animals were grazed for a shorter time. High stocking rates 
occurred early in the study when additional cattle numbers were 
authorized above the active preference (temporary non-renewable 
use) through 1976 at Goldbanks and through 1978 at Pueblo 

Mountain. This additional use was given as an incentive for 
ranchers to participate in the allotment management plan. The 
adjustment of stocking rates among favorable and unfavorable 
years resulted in rather uniform utilization of forage as will be 
discussed later. 

Methods 
Study sites were subjectively located in homogeneous stands of 

vegetation that appeared to represent ecological units of different 
potential. Since a synecological study of each allotment was not 
conducted, the ecological sites (range sites or phases of habitat 
types) present could not be determined absolutely. However, soil, 
remnant vegetation, and Ecological Site Descriptions for the Mal- 
hauer High Plateau (USDA 1965) and for the Humboldt Area 
(USDA 1982) were used to make inferences between present vege- 
tation on a study site, termed community type (CT), and potential 
vegetation. We feel that the community types studied represent the 
important potential natural communities on these allotments. 

On the Goldbanks Allotment, 7 study areas represented the 
Wyoming big sagebrush-Thurber needlegrass CT, 3 represented 
the Wyoming big sagebrush-bluebunch wheatgrass CT, 3 repres- 
ented the Wyoming big sagebrush-Idaho fescue CT, and 1 repre- 
sented the Wyoming big sagebrush-Great basin wildrye CT. On the 
Pueblo Mountain Allotment, 5 study areas represented the basin 
big sagebrush-bluebunch wheatgrass CT, 5 represented the moun- 
tain big sagebrush-bluebunch wheatgrass CT, 5 represented the 
mountain big sagebrush-Idaho fescue CT, 1 represented the low 
sagebrush-bluebunch wheatgrass CT, and 2 represented the low 
sagebrush-Idaho fescue CT. 

Vegetation response was based on changes in species composi- 
tion on a 30 X 60-m macroplot at each study site (Fig. 1). Changes 
were evaluated by estimates of basal-area cover of herbaceous 
species, canopy cover of shrubs, and frequency of occurrence of all 
species from 1973 to 1983. All data were collected by the same 
individual throughout the study. Five permanent 0.9-mr quadrats 
were selected along a transect through the center of the macroplot 
by restricted randomization so that at least 2 quadrats were located 
in the 0 to 15-m or in the 16 to 30-m segment of each macroplot. 
Basal area of bunchgrasses and caespitose forbs, ground area 
covered by mat-forming forbs, and canopy cover of shrubs rooted 

Table 1. Number of macroplots on 4 community types at the Goldbanks Allotment on which Irob, W% or forb epefies immmed (+) or decreaees (-) 
signWcmUy or showed no sign&ant change (0) in percent fkequency or percent cover (canopy or basal by chart quadrat and canopy by line intercept) 
during the study period.” Quadrat cover is shown in parentheses. Intercept cover is shown on the second data line for each shrub species. A dash 
indicates that a species did hot occur in the frequency or cover sample. 

Shrub 

Wyoming big sagebrush 

Wyoming big sagebrush/Thurber Community Types 
needlegrass (7)3 and Wyoming big Wyoming big sagebrush/blue- Wyoming big sagebrush/ Idaho 
sagebrush/ Great Basin wildrye (1) bunch wheatgrass (3) fescue (3) 

l _ n + n + n 

Green rabbitbrush 

F-w 
&, 
0 

Grass 
Sandberg bluegrass 
Bottlebrush squirreltail 
Thurber needlegrass 
Bluebunch wheatgrass 
Idaho fescue 
Great Basin wildrye 

Forb 
Milkvetch 
Tapertip hawksbeard 
Tailcup lupine 
Desert phlox 
Stansbury phlox 

5(4) 
5(5) 
l(2) 
- 

4(2) 

o(O) 
- 

o(2) 
l(0) 
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- 

2(3) 
l(0) 

3(l) 
o(O) 
l(0) 
o(O) 

- 

o(2) 
3(3) 
2(3) 
3(2) 
O(1) 
- 

l(O) 
w 
l(O) 
o(O) - 

w-9 
0) 
o(O) 
w - 

3(l) 
l(0) 
o(O) 

ocl) 
o(O) 

o(O) 
o(O) 
o(O) 

s 

o(2) 
2(3) 
l(2) 

3(2) 
2(l) 

l(1) 
o(O) 

g; 
20) 

‘Frequency data are compared between 1974 and 1981 or 1982. Chart-quadmt cover is compared between 1974and 1980,1981, or 1982. Intercept covx is compared between 
1973 and 1980. 
2Signi!icant differences between beginning and ending frequency CIT cover values were determined by Duncan’s multiple range test (H.05). 
‘Number of sites representing the community type. 
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Fig. 1. Illustration ofplots and transects used to sample vegetation within 
a macroplot. 

in or overhanging the quadrat were charted. The quadrat was 
subdivided into 7.5-cm* units to facilitate charting individual 
plants. A dot grid was used to calculate total area of each species 

charted. Cover data were obtained every 3 years on the same 
quadrats in an ungrazed pasture. Shrub canopy cover over the 
entire macroplot was estimated by the line-intercept method (Can- 
field 1941). Measurements were made in 1973 and in 1980 on 10, 
30-m lines originating from 2 opposite corners of each of the 5 
randomly located chartquadrat plots. 

Frequency of occurrence (Hyder et al. 1963) was selected as the 
most objective and sensitive method to detect vegetation change. 
In addition, frequency is rather insensitive to weather fluctuations 
(Range Inventory Standardization Committee 1983). Rooted fre- 
quency of all species was estimated on 20 quadrats on each of 10 
transeets. Frequency transects originated from the same random 
points as did the line-intercept transects. Quadrats were divided 
into sub-units so that frequency of important species was between 
30 and 70%. A 25-cm* quadrat was the sample size for Sandberg 
bluegrass at Pueblo Mountain and for Sandberg bluegrass, desert 
phlox, and Stansbury phlox at Goldbanks. A 50-cm* quadrat was 
used to sample all other species on both allotments. Frequency was 
estimated on the same transect lines in consecutive years from 1974 
to 1979 in seedripe and rested pastures. Since 1980, these data were 
collected every 3 years in a rested pasture. 

Forage utilization was estimated on the 5 chart-quadrat plots on 
each macroplot by the Key Forage Plant Methods (USDI nd). 
From 1974 to 1976 utilization was estimated at the end of the 
grazing season. From 1977 to 1983 utilization estimates were made 
at least once during the growing season as well as at the end of the 
grazing season. 

Individual chart quadrats, intercept lines, and frequency tran- 
sects were at least 4 m apart in the macroplot. Therefore, we 
assumed that these samples were independent and that sample size 
was the number of independent plots and transects in each macro- 

Table 2. Number of macroplots oh 5 community types at the Pueblo Mountain Allotment on which shrub, grass, or forb species increased (+) or decreased 
significantly or showed no significant change (0) in present frequency or percent cover (canopy or bwl by chart quadrat and canopy by tine iatecept) 
during the periodJ2 Qludlrt cover is shown in parentheses. Intercept cover is shown in the second date line for each shrub species. A dash indicates that 
a species did not occur in the frequency or cover sample. 

Basin (5)j and mountain (5) big 
sagebrush/bluebunch 

wheatgrass 

Community Types 
Low sagebrush/ bluebunch wheat- 

Mountain big sagebrush/Idaho grass (I) and low sagebrush/ Idaho 
fescue (5) fescue (2) 

Shrub 
Basin big sagebrush 

Mountain big sagebrush 

Low sagebrush 

Bitterbrush 

Green rabbitbrush 

Grass 

Forb 

Sandberg bluegrass 3(z) 
Bottlebrush squirreltail w9 
Thurber needlegrass l(l) 
Bluebunch wheatgrass 2(l) 
Thickspike wheatgrass wa 
Idaho fescue o(O) 
Great Basin wildrye o(O) 

Milkvetch 
Tapertip hawksbeard 
Tailcup lupine 
Desert phlox 
Stansbury phlox 

l(O) 
w 
WI 

G, 

G 
43 

I 
- 

O(0) 

OiO) 
0 

O(2) 
2(O) 
o(l) 
O(0) 
O(0) 
o(O) 
O(0) 

o(O) 
O(0) 
O(0) 

O(0) 

0 

T5) 
5 

3(4) 
4 

- 

2(3) 

2T4) 
5 

7(o) 
‘56) 
96) 
5(g) 
4(4) 
l(l) 
3(O) 

l(3) 
l(0) 
2(o) 

6(7) 

+ 
- 

3(O) 
0 

- 

O(0) 

2?0) 
0 

;:; 
l(0) 
O(f) 
l(O) 
l(O) 
O(0) 

O(0) 
O(0) 
4(l) 

ocl) 

_ - 
- 

O(O) 
1 

- 

O(O) 

&I 
0 

o(O) 
w-v 
O(O) 
WV 
o(O) 
o(O) 
O(O) 

o(O) 
o(O) 
o(O) 

G 

0 + - - 
- - 

2(5) 
4 

- 3(2) 

l(1) _! 

1:5) o(O) 
4 0 

l(5) 3(3) 
3(3) l(0) 
4(5) o(O) 
5(4) o(O) 
O(0) 
4(5) OCO) 
l(1) - 

4(3) 3(l) 
20) o(O) 
O(4) 2(l) 

2(1) 
L(O) 
l(l) 

- 
- 

o(O) 
0 

- 

o(O) 
0 

o(O) 
O(O) 
o(1) 
o(O) 

6-9 - 

o(O) 
o(O) 
o(O) 
o(O) 
o(O) 

0 - 
- 

- 

o(I) 
2 

- 

2(L) 
2 

o(O) 
2(3) 
l(0) 
3(3) 

2(2) 
- 

Y$; 
l(0) 
o(l) 
2(l) 

‘Frequency data are compared between 1974 and 1981,1982, or 1983. Chartquadrat cover is compared between 1974 and 1980 or 1983; between 1975 and 1981; and between 
1976 and 1979 or 1982. Intercept cover is compared between 1973 and 1980. 
*Significant differences between beginning and ending frequency or cover values were determined by Duncan’s multiple range test (p10.05). 
‘Number of macroplots representing the community type. 
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plot. This assumption is subject to further research to test the 
relation between the independence of data from adjacent plots and 
the distance between those plots. The sample size for quadrat cover 
was 1 observation for each species on each of the 5 chart-quadrat 
plots. The sample size for line-intercept cover and frequency was 1 
observation, composed of the transect mean for each species esti- 
mate, for each of the 10 transects. 

A repeated-measures analysis (Winer 1971) was used in this 
study because data were collected periodically from the same plots 
or transects. A Hartley F-max test performed on percent frequency 
data showed that a transformation was needed. The variance was 
stabilized by the arcsin squareroot technique. A l-way analysis of 
variance with repeated measures was conducted on transformed 
data. If a significant (m.05) F value was obtained, a Duncan’s 
multiple range test was used to determine significant means for 
frequency or cover measured at the start and end of the study, or at 
any point during a management cycle. Although analyses were 
performed on transformed data, untransformed means and stand- 
ard errors are presented in this paper. 

Results 

Macroplot data are presented for 2 time intervals: long term, 
based on frequency and cover data collected at the start of the 
study, and again at, or near, the end of the study; and short term, 
based on frequency and cover data collected every 1 to 3 years 
during the study. The number of macroplots with a significant 
increase or decrease or no significant change in percent frequency 
or cover is given for the Goldbanks Allotment (Table 1) and for the 
Pueblo Mountain Allotment (Table 2). Examples of changes in 
percent frequency and cover, with standard errors, on 4 macro- 
plots are shown in Tables 3-6 (frequency and cover data for all 32 
macroplots are available from the authors). Frequency and cover 
data presented in the text are average values based on the number 
of sites with a significant change. 

Utilization 
Forage use was heavy in each year on macroplots in all grazed 

pastures of both allotments with no significant differences among 
years for each grazing period. Utilization during the grazing season 
averaged 65% in June, 75% in July and August, and 80% in 
October. Utilization after seedripe averaged 80% in October. 
Heavy use throughout the grazing season is probably related to the 
stocking rate established when the management plan was initiated. 
In each case, allowable cattle numbers for the allotment as a whole 
were not reduced, but in some cases were temporarily increased. 
Under a 3-pasture rest-rotation system, therefore, two-thirds of 
each allotment had to support the same number of cattle, or more, 
each year that previously had grazed over the entire allotment prior 
to implementation of the management system. 

Long-Term Changes 
Intercept-Shrub Cover 

Changes in the canopy cover of sagebrush varied with commun- 
ity type, species of sagebrush, and subspecies of big sagebrush 
(Tables l-6). On the Goldbanks Allotment in the Wyoming big 
sagebrush-Thurber needlegrass CT, big sagebrush cover increased 
on 4 of 7 sites from a mean of 15.4% in 1973 to 30.8% in 1980. In the 
same CT, sagebrush cover decreased from 9.8 to 4.4% on 1 site, and 
remained unchanged on 2 sites. Cover of sagebrush in the Wyo- 
ming big sagebrush-bluebunch wheatgrass CT increased on 2 of 3 
sites from a mean of 12.3% in 1973 to 23.4% in 1980 and remained 
unchanged on 1 site. Cover of sagebrush in the Wyoming big 
sagebrush-Idaho fescue CT decreased on 1 of 3 sites, from 7.7 to 
2.2% and remained unchanged on 2 sites. On 1 Wyoming big 
sagebrush-Great Basin wildrye CT, sagebrush cover decreased 
from 24.7% to 9.8%. Rabbitbrush cover was unchanged on the 4 
sites where it occurred. 

On the Pueblo Mountain Allotment, big sagebrush cover did not 

Table 3. Frequency (%), basal cover of berbaceous species (% by chart 
quadrat), and canopy cover of shrubs (% by line intercept and chart 
quadrat) with standard errors on a macroplot representing a Wyoming 
big sagebrush-Thurber needlegrass community type in the Panther 
Canyon Pasture of the Goldbanks Allotment. The 2 entries in the fre- 
quency change column are the values at the beginning (1974) and at the 
end (1982) of data collection. The 2 quadrat-cover entries in the cover- 
change column are the values at the beginning (1974) and at the end 
(1980) of data collection. The 2 intercept-cover entries are data collected 
in 1973 and 1980. 

Frequency Cover’ 
Standard Standard 

Species Change error Change error 

Shrub 
Wyoming big sagebrush 37-60*2 3.8 15.8-23.3* 1.8 

0.7-Is* 0.3 

Grass 
Sandberg bluegrass 60-73 4.9 2.6-1.2 0.4 
Bottlebrush squirreltail 42-29* 3.2 0.3-0.04 0.1 
Thurber needlegrass 03 0.1-0.2 0.04 
Great Basin wildrye 8-11 0.3 0 

Forb 
Milkvetch 0 0 
Tapertip hawksbeard 0 0 
Tailcup lupine 0 0 
Desert phlox 32-48 5.8 0.4-0.2 0.1 
Stansbury phlox 0 0 

IFor shrubs, intercept cover is listed first, followed by quadrat cover. 
*Significantdifferencesbetween beginningandendingfrequencyandcovervaluesare 
indicated by an asterisk and were determined by Duncan’s multiple range test at 
60.05. 
‘Species did not occur in the frequency or cover sample 

increase on any site in any community type. Cover was unchanged 
on all 5 sites in the basin big sagebrush-bluebunch wheatgrass CT. 
In the mountain big sagebrush-bluebunch wheatgrass CT, big 
sagebrush cover decreased on 1 of 5 sites from 53.5% in 1973 to 
34.7% in 1980 and was unchanged on 4 sites. In the mountain big 
sagebrush-Idaho fescue CT, big sagebrush cover decreased on 1 of 
5 sites from 29.3% in 1973 to 19.1% in 1980 and was unchanged on 
4 sites. Cover of low sagebrush increased from 26.2 to 29.4% on 1 of 
2 sites in the low sagebrush-Idaho fescue CT. Cover of bitterbrush 
decreased from 23.3 to 12.6% on 1 of 4 sites in the mountain big 
sagebrush-bluebunch wheatgrass CT. Rabbitbrush cover was 
unchanged on all 11 sites where it occurred. 

Frequency and Quadrat Cover 
On macroplots at Goldbanks, the increaser species Wyoming big 

sagebrush and Sandberg bluegrass, and perennial forbs were the 
most responsive (Table 1). An example of the direction and magni- 
tude of significant and nonsignificant changes for 1 study site in the 
Wyoming big sagebrush-Thurber needlegrass CT is shown in 
Table 3. On sites with Thurber needlegrass the potential dominant 
grass, frequency of big sagebrush increased on 4 of 7 sites from 29 
to 47% and quadrat cover increased on 2 of 7 sites from 2.4 to 4.0%. 
Frequency of sagebrush decreased from 12 to 4% on only 1 site, 
that in the community type with Idaho fescue the potential domi- 
nant grass. An increase in the frequency (57 to 79%) and cover (2.5 
to 5.8%) of bluegrass and in the frequency of milkvetch (11 to 26%), 
of hawksbeard (10 to 41%), and of lupine (10 to 21%) occurred on 
macroplots in the more moist community types and those in mid- 
seral range condition. These community types have bluebunch 
wheatgrass or Idaho fescue as the potential dominant grass. 
Decreases in frequency (46 to 30%) and cover (0.5 to 0.02%) of 
squirreltail and cover (4.2 to 12.s) of bluegrass occurred on sites 
with Thurber needlegrass the potential dominant grass. Also, on 
the same sites, an increase in frequency (28 to 48%) of desert phlox 
accompanied by a decrease in cover (4.4 to 1 .O%) suggest that the 
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large plants of this species with a mat-like growth form are break- 
ing into many, small plants. 

At Goldbanks the frequency and cover of most decreaser grasses 
on most sites did not change during the study (Table 1). Cover of 
Thurber needlegrass decreased (1.9 to 0.5%) on 1 of 3 sites where 
this species was present in the sample and where it is the potential 
dominant grass. In this case, needlegrass responded as a decreaser 
species. Frequency of needlegrass increased (10 to 30%) on 1 of 3 
sites where bluebunch wheatgrass is the potential dominant grass. 
In this instance, needlegrass responded as an increaser species. In 
the Wyoming big sagebrush-bluebunch wheatgrass CT, basal area 
of bluebunch wheatgrass decreased on 1 of 3 study sites from 8.1% 
in 1974 to 0.4% in 1982. The concurrent decrease in frequency (39 
to 30%) was not significant. Cover of Idaho fescue increased (1.4 to 
2.8%) on 1 of 3 sites where this species is the potential dominant 
grass. 

The trend in species frequency and cover on macroplots at 
Pueblo Mountain was similar to that at Goldbanks (Table 2). The 
major difference was that decreaser grasses and perennial forbs 
had significant increases in frequency and cover on a few more 
sites. This difference would be expected because of greater precipi- 
tation, more productive soils, and generally higher ecological 
range condition at Pueblo Mountain than at Goldbanks. Exam- 
ples of the direction and magnitude of significant and non- 
significant changes for the mountain big sagebrush-bluebunch 
wheatgrass CT, the mountain big sagebrush-Idaho fescue CT, and 
the low sagebrush-Idaho fescue CT are shown in Tables 4,5, and 6, 
respectively. 

Basin and mountain big sagebrush and low sagebrush were the 
most responsive shrubs at Pueblo Mountain (Table 2). The mean 
increase in frequency of basin big sagebrush was from 10 to 28% on 
2 of 5 sites, for mountain big sagebrush from 10 to 37% on 5 of 10 
sites, and for low sagebrush from 59 to 82% on all sites where this 
species was the dominant shrub. No species or subspecies of sage- 

Table 4. Frequency (%), basal cover of herbnceous species (90 by chart 
quadrat), and canopy cover of shrubs (90 by line intercept and chart 
quadrat) with standard errors on a macroplot representing a mountain 
big sagebrush-bluebunch wheatgrass community type in the Albertson 
Basin Pasture of the Pueblo Mountain Allotment. The 2 entries in the 
frequency-change column are the values at the beginning (1974) and at 
the end (1982) of data collection. The 2 quadrat-cover entries in the 
cover-change column are the values at the beginning (1976) and at the 
end (1982) of data collection. The 2 intercept-cover entries are data 
collected in 1973 and 1980. 

Species 

Frequency Cover’ 
Standard Standard 

Change error Change error 

Shrub 
Mountain big sagebrush 

Bitterbrush 

Grass 
Sandberg bluegrass 
Bottlebrush squirreltail 

4&28*2 

0s 

Thurber needlegrass 4045 
Bluebunch wheatgrass 52-60 

Forb 
Milkvetch 0 
Tapertip harksbeard l-4* 
Tailcup lupine 21-30* 
Desert phlox 0 
Stansbury phlox 0 

2.9 

2.5 

3.0 
3.9 

0.9 
2.7 

15.9-19.2 
5.0-I 1.3* 

-4 
0.0-1.8 

0.3-O. 1 
0 

1 .o-0.5 
7.6-lO.l* 

0 
0 

0.00-0.04 
0 
0 

2.9 
2.7 

1.0 

0.08 

0.2 
1.1 

0.07 

‘For shrubs. intercept cover is listed first, followed by quadrat cover. 
%ignificant differences between beginning and ending frequency and covervaluesare 
indicated by an asterisk and were determined by Duncan’s multiple range test at 
F9.05. 
‘Species did not occur in the frequency or cover sample. 
‘cover to sparse to calculate a valid mean and standard error. 

Most grasses and perennial forbs with a significant long-term 
change in frequency or quadrat cover showed a trend either to 
consistently increase or to consistently decrease in that attribute 
throughout the study. For example, of 2 19 frequency comparisons 
on both allotments, only 14 showed a significant increase during 
the course of the study followed by a significant decrease in that 
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brush decreased in frequency or cover. Quadrat cover of basin big 
sagebrush did not increase on any of the 5 sites where it is the 
dominant shrub. Cover of mountain big sagebrush increased on 
only 1 of 10 sites where it is the dominant shrub. Quadrat cover of 
low sagebrush increased from 11.3 to 15.6% on both sites with 
Idaho fescue the potential dominant grass. 

Table 5. Frequency (%), basal cover of herbaceous species (9% by chart 
quadrat), and canopy cover of shrubs ($ by line intercept and chart 
quadrat) with standard errors on a macroplot representing a mountain 
big sagebrush-Idaho fescue community type in the Denio Basin Pasture 
of the Pueblo Mountain Allotment. The 2 entries in the frequency- 
change column are the values at the beginning (1974) and at the end 
(1981) of data collection. The 2 quadrat-cover entries in the cover-change 
column are the values at the beginning (1975) and at the end (1981) of 
data collection. The 2 intercept-cover entries and data collected in 1973 
and 1980. 

Frequency Covert 

Species 
Standard Standard 

Change error Change error 

Shrub 
Mountain big sagebrush 

Green rabbitbrush 

Bitterbrush 

Grass 
Sandberg bluegrass 
Bottlebrush squirreltail 
Thurber needlegrass 
Idaho fescue 
Bluebunch wheatgrass 

Forb 
Milkvetch 
Tapertip hawksbeard 
Tailcup lupine 
Desert phlox 
Stansbury phlox 

20-30*2 

14-25; 

6-12 

23-38* 3.5 0.6-0.7 0.1 
IO-8 1.8 0.1-0.2 3.2 
9-10 2.2 0.3-0.4 0.05 

59-72* 3.4 1.6-2.7 0.4 
24-3 1 3.6 0.1-0.4 0.2 

7-10 1.8 0.02-O. 1 
14-24 2.9 0 
5 I-70* 3.2 2.8-2.2 

0’ 0 
0 0 

3.2 16.4-11.2 
2.7-7.6 

2.6 4.0-6.7 
0.3-3.1 

2.3 8.2-7.0 
0 

2.3 
2.0 
1.5 
1.7 
3.4 

0.08 

0.6 

‘For shrubs, intercept cover is listed first, followed by quadrat cover. 
ZSignificant differences between beginning and ending frequency and cover values are 
indicated by an asterisk and were determined by Duncan’s multiple range test at 
F-3.05. 
%pecies did not occur in the frequency or cover sample 

Sandberg bluegrass was the most responsive grass. Frequency 
increased from 20 to 34% on 4 of 5 sites in the mountain big 
sagebrush-Idaho fescue CT and from 32 to 70% on all sites with 
low sagebrush the dominant shrub. Cover of bluegrass increased 
on only 2 of 15 sites where either basin or mountain big sagebrush 
was the dominant shrub and bluebunch wheatgrass the potential 
dominant grass. Bluegrass cover increased (1 .O to 3.0%) on all sites 
with low sagebrush the dominant shrub. An increase in frequency 
(21 to 40%) and cover (1.8 to 4.5%) of Thurber needlegrass and in 
frequency (16 to 24%) of thickspike wheatgrass occurred on sites 
where either bluebunch wheatgrass or Idaho fescue is the potential 
dominant grass. In these instances needlegrass and thickspike 
wheatgrass appeared to respond as increaser species. 

Frequency (6 to 15%) and cover (7.6 to 10.1%) of bluebunch 
wheatgrass increased on 2 sites and frequency (59 to 72Ye) of Idaho 
fescue increased on 1 site where these species are the potential 
dominant grass. On these same sites frequency and cover of the 
more desirable forbs, milkvetch and hawksbeard, and of the less 
desirable forb, tailcup lupine, also increased. 



attribute by the end of the study. Similarly, of 215 cover compari- 
sons only 6 showed a significant increase followed by a significant 
decrease in that attribute. Neither frequency or cover decreased 
significantly then increased significantly during the study. 

Total Quadrat Cover 
Total canopy cover of shrubs and total basal cover of herbace- 

ous species at the start and end of data collection were calculated 
from estimated cover of individual species on chart quadrats on 
each macroplot. Total shrub cover did not decrease significantly 
on any study sites at either allotment. At Goldbanks, mean total 
shrub cover increased on 4 of 12 sites from 1.8 to 3.7% Only 
Wyoming big sagebrush accounted for the increase in total shrub 
cover in community types with either Thurber needlegrass or blue- 
bunch wheatgrass the potential dominant grass. Both Wyoming 
big sagebrush and green rabbitbrush accounted for the increase in 
total shrub cover in the community type with Idaho fescue the 
potential dominant grass. Total cover of herbaceous species 
increased from 6.7 to 9.1% on 1 site in the Wyoming big sagebrush- 
Idaho fescue community type due mainly to an increase in the 
cover of Sandberg bluegrass. Total herbaceous cover decreased 
from 11.6 to 6.5% due to a decrease in basal cover of bluebunch 
wheatgrass and Thurber needlegrass on 1 site in the Wyoming big 
sagebrush-bluebunch wheatgrass CT in mid-seral range condition. 
The decrease in total basal cover would have been greater had the 

Table 6. Frequency ($), basal cover of herbacrous species ($ by chart 
quadrat), and canopy cover of shrubs ($ by tie intercept and chart 
quadrat) with standard errors on a macroplot representing a low 
sagebrush-Idaho fescue community type in the Pueblo Pasture of the 
Pueblo Mountain Allotment. The 2 entries in the frequencyehange 
column are the values at the beginning (1974) and at the end (1982) of 
data collection. The 2 quadrat-cover entries in the coverehange column 
are the values at the beginning (1974) and at the end (19gO) of data 
collection. The 2 intercept-cover entries are data collected ln 1973 and 
1980. 

Species 

Frequency Cover’ 
Standard Standard 

Change error Change error 

Shrub 
Low sagebrush 

Green rabbitbrush 

50-88*2 3.3 26.2-29.4. 3.0 
11.3-15.6* 0.9 

4-8 2.4 -4 
0.44.4 0.01 

Grass 
Sandberg bluegrass 
Bottlebrush sguirrehail 

42-86* 3.1 l.O-3.8* 0.2 
18-22 2.4 0.04-0.2 0.05 

Thurber needlegrass 0’ 0 
Idaho fescue 52-58 3.6 1.3-1.2 0.2 
Bluebunch wheatgrass 8-6 1.3 0.1-0.04 0.03 

Forb 
Milkvetch 40-645 4.3 0.3-1.1* 0.3 
Tapertip hawksbeard 2-2 1.0 0 
Tailcup lupine l-2 1.0 0 
Desert phlox 0 0 
Stansbury phlox 6-12 2.7 0.0-0.8* 0.01 

‘For shrubs, intercept cover is listed first, followed by quadrat cover. 
Wgnificant differences between beginning and ending frequency and cover values are 
indicated by an asterisk and were determined by Duncan’s multiple range test at 
Penn5 _ -_.__. 
Species did not occur in the frequency or cover sample. 
‘Cover too sparse to calculate a valid mean and standard error. 

basal area of bluegrass not increased from 2.3 to 5.6%. Total 
herbaceous cover also decreased from 9.6 to 5.2% due to a decrease 
in basal cover of Sandberg bluegrass, Thurber needlegrass, squir- 
reltail, and desert phlox on 2 sites in the Wyoming big sagebrush- 
Thurber needlegrass CT in early-seral range condition. Total her- 
baceous cover did not change significantly on 10 of 14 study sites. 

At Pueblo Mountain, total shrub cover increased on 4 of 15 sites 
in community types with basin (1 site) or mountain (3 sites) big 
sagebrush the dominant shrub and either bluebunch wheatgrass (2 
sites) or Idaho fescue (2 sites) the potential dominant grass. The 
average increase was from 5.0 to 10.5% with both big sagebrush 
and green rabbitbrush contributing to the change in total shrub 
cover. Total shrub cover, mostly low sagebrush, increased (7.9% to 
11 .O%) in the low sagebrush-Idaho fescue CT. Total herbaceous 
cover increased (6.2% to 12.6%) on 4 of 15 sites in community types 
with either basin or mountain big sagebrush the dominant shrub 
and either bluebunch wheatgrass (1 site) or Idaho fescue (3 sites) 
the potential dominant grass. Total herbaceous cover increased 
(5.4 to 11.1%) on 1 of 2 sites in the low sagebrush-Idaho fescue CT. 
Species contributing to the increase in total herbaceous cover in 
these community types were Sandberg bluegrass, Thurber needle- 
grass, bluebunch wheatgrass, Idaho fescue, lupine, Stansbury 
phlox, low pussytoes, and crag aster. Total herbaceous cover did 
not decrease significantly on any study site in this allotment. 

Short-Term Changes 
Data in Tables 1 through 6 represent changes in frequency and 

cover of individual species on macroplots over a 7- to IO-year 
period. However, the direction, magnitude, and perhaps the per- 
manence of these long-term changes can be influenced by species 
response during the intervening years. We used species frequency 
to quantify these changes because frequency data were collected 
more often than were cover data. Changes in cover, however, 
support the conclusions reached from frequency data. 

Subspecies of big sagebrush, low sagebrush, and Sandberg blue- 
grass were also the most responsive species over the short term. The 
general trend on macroplots at both allotments was an increase in 
the frequency and cover of bluegrass from 1974 to 1977 with little 
change in frequency of sagebrush. Drought conditions in 1976-77, 
18 and 25 cm precipitation at Goldbanks and Pueblo Mountain, 
respectively, resulted in a significant decrease in frequency and 
cover of bluegrass. Frequency and cover of desirable grasses or 
perennial forbs did not decrease on any site on either allotment 
during this dry year. This very dry year was followed by a very wet 
year in 1977-78,37 cm at Goldbanks and 39 cm at Pueblo Moun- 
tain. In the 2 years following this sequence of low and high precipi- 
tation, frequency of sagebrush seedlings increased significantly on 
all 14 study sites at Goldbanks and on 9 of 18 sites at Pueblo 
Mountain. A reduction in bluegrass competition followed by a 
year of high precipitation probably account for good seed germina- 
tion and seedling emergence of sagebrush. Most of the decreases in 
bluegrass frequency and increases in sagebrush frequency were on 
study sites in the Wyoming big sagebrush-Thurber needlegrass CT 
at Goldbanks and in the basin big sagebrush-bluebunch wheat- 
grass, mountain big sagebrush-bluebunch wheatgrass, and low 
sagebrush-Idaho fescue CT’s at Pueblo Mountain. 

After 1978, the frequency of bluegrass continued to increase at 
Goldbanks and by the early 1980’s was higher than predrought 
levels on 7 of 14 sites by an average of 21%. Six of these sites were in 
the more moist community types with either bluebunch wheatgrass 
or Idaho fescue the potential dominant grass. After 1978, bluegrass 
frequency increased on 4 of 18 sites at Pueblo Mountain by an 
average of 30%. By the early 1980’s bluegrass frequency was equal 
to predrought levels on all 5 sites in the basin big sagebrush- 
bluebunch wheatgrass CT and on both sites in the low sagebrush- 
Idaho fescue CT, was greater by 19% on the 1 site in the low 
sagebrush-bluebunch wheatgrass CT, was less on 2 of 5 sites in the 
mountain big sagebrush-bluebunch wheatgrass CT by an average 
of 22%, and was less on 3 of 5 sites in the mountain big sagebrush- 
Idaho fesuce CT by an average of 21%. 

After 1978, the frequency of big and low sagebrush decreased to 
pre-increase levels on many sites on both allotments. In the early 
1980’s, however, 3 sites at Goldbanks, 2 of which were the Wyo- 
ming big sagebrush-Thurber needlegrass CT, had frequencies of 
Wyoming big sagebrush that were higher than pre-increase levels 
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by an average of 14%. At Pueblo Mountain, frequency of sage- 
brush on 3 sites was higher than pre-increase level: by 15% on 2 of 5 
sites in the basin big sagebrush-bluebunch wheatgrass CT, by 10% 
on 2 of 5 sites in the mountain big sagebrush-bluebunch wheatgrass 
CT, and by 12% on both sites in the low sagebrush-Idaho fescue 
CT. 

Discussion 
Significant reductions in intercept cover and frequency of big 

sagebrush occurred on only a few sites and probably were due to 
local disturbances rather than to the grazing system. For example, 
reductions in cover of Wyoming big sagebrush in 3 community 
types at Goldbanks were attributed to damage by the sagebrush 
moth [Arogu websteri Clark]. Reductions in the cover of mountain 
big sagebrush on 2 sites and of bitterbrush on 1 site at Pueblo 
Mountain may have been caused by insect or rodent damage, by 
waterlogged soils following a very wet winter, or by winter-induced 
physiological drought during a very dry winter as described by 
Hanson et al. (1982). All of these perturbations occurred in north- 
ern Nevada during certain years of the study. 

ences in species abundance on macroplots within a community 
type create variability in the competitive status of the community 
and, therefore, in the seed production potential and in the space 
available for growth of existing plants and for establishment of 
new plants from seed. Our ability to obtain an adequate estimate of 
species frequency or cover by the sampling techniques used also is 
dependent on the abundance of that species. Therefore, data from 
a macroplot with sparse cover and frequency of a decreaser grass 
may indicate no significant change in that species, where change 
actually occurred, because of an inadequate sample. In compari- 
son, data from a macroplot with more of a decreaser grass may 
correctly indicate a significant change in composition because our 
sample was adequate. (4) Different kinds of soils, as identified at 
the Family level of soil taxonomy (USDA 1975), are associated 
with macroplots representing each community type. At Gold- 
banks, 6 different soils were associated with the 7 macroplots 
representing the Wyoming big sagebrush-Thurber needlegrass CT, 
2 soils were associated with the 3 macroplots representing the 
Wyoming big sagebrush-bluebunch wheatgrass CT, and 3 soils 
were associated with the 3 macroplots representing the Wyoming 

Significant increases in the cover and frequency of Wyoming big ~ big sagebrush-Idaho fescue CT. At Pueblo Mountain, 4 soils were 
sagebrush at Goldbanks occurred on sites in early-seral range - 
condition and on sites with a reduction in the basal area of 
decreaser grasses. The negative response of decreaser grasses may 
have been due to heavy utilization during the study. In both cases 
little competitive understory vegetation was present to restrict 
growth and reproduction of sagebrush. Significant increases in the 
frequency of basin and mountain big sagebrush and low sagebrush 
at Pueblo Mountain occurred on those sites where shrub reproduc- 
tion has survived for several years in existing stands of vegetation 
under conditions of reduced bluegrass competition and favorable 
precipitation. Heavy grazing also may have reduced the competi- 
tive level of decreaser grasses enough to permit survival of these 
sagebrush seedlings. If these plants establish and grow, secondary 
succession may be slowed or prevented by additional brush compe- 
tition. The localized nature of the factors responsible for increases 
or decreases in shrub cover and frequency may explain some of the 
variability in these parameters encountered among macroplots 
during the study. 

Significant decreases in the cover of Thurber needlegrass and 
bluebunch wheatgrass on 2 sites at Goldbanks suggest at least a 
beginning of a downward trend in range condition on community 
types where these 2 species are the potential dominant grass. An 
increase in cover of Idaho fescue on 1 site was the only example of a 
favorable response of a decreaser grass to the management system, 
utilization level, and climate at Goldbanks during the study. At 
Pueblo Mountain, increased cover and frequency of bluebunch 
wheatgrass and frequency of Idaho fescue on a few sites where 
these species are the potential dominant grass suggest at least a 
beginning of an upward trend in range condition. An accompany- 
ing increase in the frequency of desirable forbs on the same sites 
supports this contention. 

Variability in the response of herbaceous species among macro- 
plots within a community type can be attributed to several factors. 
(1) The study period may have been too short to show a positive or 
negative response to grazing management on a majority of sites. 
The results obtained may just be starting to show a change in 
vegetation composition. (2) Variation in sagebrush cover described 
previously can produce different levels of competition that may be 
responsible for the varied response of understory species. For 
example, sagebrush canopy cover on 14 macroplots on Goldbanks 
ranged from 4.3 to 29.8% in 1980. On 18 macroplots at Pueblo 
Mountain sagebrush canopy cover ranged from 8.4 to 34.7%. 
Although considerable variation in sagebrush cover occurred 
among macroplots within a community type, the small number of 
significant changes in the cover and frequency of decreaser species 
in response to this variation resulted in a sample too small to test 
for a relation between brush cover and species response. (3) Differ- 
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associated with each of the 5 macroplots representing either the 
basin big sagebrush-bluebunch wheatgrass, mountain big sagebrush- 
bluebunch wheatgrass, or mountain big sagebrush-Idaho fescue 
CT%.. The effects of individual and integrated soil profile features 
on species response to grazing management were not determined. 
Therefore, we are unable to discuss the cause and effectfor differ- 
ential species responses due to specific soil differences. These 
effects should be the subject of future research. Research should 
also identify those soil profile features, not now considered in soil 
classification, that may affect plant response to various perturbations. 

The variability in species response among macroplots within a 
community type indicates the difficulty of obtaining an estimate of 
change in species composition on a key management area based on 
data from 1 or a small number of macroplots. If an estimate of 
change is based on data from only 1 macroplot, that estimate will 
not likely be accepted as representative of the “true change”on the 
management area! If an estimate of change is based on data from 
several macroplots with different responses, which composite sta- 
tistic will be selected to represent the “true change” on the man- 
agement area? 

Based on the information obtained in this study, several sugges- 
tions can be made to decrease this variability and to increase the 
value of interpretations made from the data obtained. (1) Consult 
with a statistician who is familiar with finite sampling theory and 
field sampling techniques. (2) Stratify vegetation into units of 
similar potential and select, in cooperation with all interested 
parties, at least 1 area and 1 species in each stratum to be the “key 
area” and “key species” on which management decisions will be 
made. (3) Sample the key area or areas by locating several macro- 
plots according to accepted field-sampling procedures. Macro- 
plots should be located on the same or very similar soil, elevation, 
slope, and exposure and should have enough of the key species to 
ensure that the sampling techniques used will give an adequate 
estimate of the character of that species. (4) Plan on a long-term 
sampling program to allow time for all possible changes to occur. 

Interpretation and Management Implications 
Statistical inference is restricted to results obtained from indi- 

vidual macroplots representing certain community types. We 
believe, however, that trends based on macroplot data allow us to 
make subjective statements about vegetation response on unsam- 
pled but similar community types managed under similar grazing 
systems and utilization intensity and with similar climatic condi- 
tions. The authors are responsible for these interpretations. 

Many claims have been made for the efficacy of a grazing system 
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to improve vegetation. In this study, frequency and cover of 
decreaser grasses were unchanged on a majority of sites after 7 to 
10 years of rest-rotation grazing management under the climatic 
conditions present and the utilization levels imposed. We attrib- 
uted this lack of response to 3 factors: (1) Heavy utilization that 
maintained low plant vigor and restricted basal-area growth and 
seed production; (2) sagebrush competition that reduced the envi- 
ronmental potential for plant growth, seed production, and see- 
dling establishment; (3) ecological range condition when manage- 
ment was initiated that determined the potential for “openings” in 
the stand and the availability of seed of desirable species. 

Grasses and desirable forbs in pastures grazed during the grow- 
ing season or after seedripe were heavily utilized. Damage done by 
heavy grazing, particularly during the growing season, may exceed 
the benefits gained from subsequent, supposedly better, manage- 
ment (Robertsonet al. 1970), Heady 1975, Mueggler 1975). Heavy 
use is sometimes recommended as a means of reducing competition 
between palatable and unpalatable species. Heady (1975) stated 
that most evidence, however, favors the view that heavy defoliation 
reduces the vigor of desirable species more than it helps them by 
lessening competition from undesirable species. Hickey (1967) and 
Hyder and Bement (1977) concluded that no management system 
is entirely satisfactory if that system requires overgrazing during 
the growing season in order to obtain rest or deferment from 
grazing at other times during the grazing season. 

Logic suggests that rest-rotation management should have a 
better chance of success on grasslands, where all species are fairly 
palatable, than on ranges where unpalatable species, such as sage- 
brush, are important components in stands of palatable species 
(Mueggler 1972). In this case, brush can respond to reduced com- 
petition due to defoliation of herbaceous species and become more 
competitive with desirable species,. Bullock (1975) theorized that in 
areas of low growing-season precipitation even moderate use of 
perennial grasses places them at a severe competitive disadvantage 
with nonpalatable and well-adapted shrubs. In mixed stands of 
forage plants and brush, anything approaching full forage use 
inevitably leads to an increase in brush (Day 1979). Brush competi- 
tion also reduces the establishment of seedlings of desirable her- 
baceous species. Many authors have shown the futility of seeding 
semiarid rangelands without adequate weed control, even when 
species with excellent seedling vigor are used. In grazing manage- 
ment, the problem of seedling establishment is compounded 
because seed is not properly planted, most native herbaceous spe- 
cies have low seedling vigor, and resident brush is very competitive 
with seedlings for soil water and nutrients. 

We speculate that an upward trend in ecological range condi- 
tion, as indicated by an increase in the composition of desirable 
species and a decrease in the composition of undesirable species, is 
strongly influenced by ecological range condition at the time man- 
agement is initiated. This concept is in agreement with observa- 
tions made on a BLM allotment in Idaho after about 10 years of 
rest-rotation management (Blaisdell et al. 1982). An upward trend 
on rangelands in early-seral condition will be extremely slow, or 
will not occur at all, because grazing pressure continues on the few 
remaining desirable plants, little or no seed is produced by these 
species, and competition from sagebrush prevents establishment of 
seedlings of desirable species. On sites in late-seral condition, 
upward trend also will be slow because competition within the 
community prevents recruitment of new individuals of desirable 
species except on rare occasions. The best opportunity to obtain an 
upward trend may be on sites in mid-seral condition. Under proper 
management, vigor, growth, and seed production of desirable 
species is enhanced. Then as the less desirable, short-lived herbace- 
ous perennials become senescent and die, the major seed source is 
that of desirable species. At this time the chance for recruitment of 
new individuals of desirable species is enhanced provided condi- 
tions for seed production and seedling establishment are favorable 
over a sequence of years. A downward trend can be measured at all 

levels of range condition by a decrease in the composition of 
desirable species and an increase in the composition of undesirable 
species. If this speculation is correct, land management agencies 
should select trend plot locations on key management areas with 
vegetation in mid-seral condition. In this way, both upward and 
downward trend can be measured on the same site. 

Results of the study showed that both frequency and quadrat 
cover data detected change in understory vegetation. For the more 
responsive species, frequency and cover data tended to support the 
same conclusions, although frequency data indicated significant 
changes on more sites than did cover data. At Goldbanks, fre- 
quency data indicated 35 significant differences, cover data 14. At 
Pueblo Mountain, frequency data indicated 54 significant differ- 
ences compared to 23 for cover data. Others (Hyder et al. 1963, 
Tueller et al. 1972, and Range Inventory Standardization Commit- 
tee 1983) have stated that frequency data are easy to obtain, 
objective, statistically reliable, and cost efficient. In this study, for 
example, the time required per macroplot to obtain an estimate of 
frequency of occurrence was 1 man-day compared with 5 to 10 
man-days for estimating cover on 5 chart quadrats. An adequate 
sample of shrub crown cover by this technique would be too 
expensive for large-scale monitoring purposes. We suggest that the 
line-intercept method be used to estimate growth of desirable and 
undesirable shrubs and to aid in interpretation of changes in 
understory vegetation. 

If rest-rotation grazing will maintain vegetation in late-seral 
condition and improve vegetation in mid-seral condition, it is a 
valuable management tool. If rest-rotation grazing can only main- 
tain early-seral vegetation in an unimproved condition, then these 
areas are candidates for range improvement practices. 

This research should continue through additional grazing cycles 
to further evaluate vegetation response. Based on results to date, 
however, land managers perhaps can consider modifications of the 
grazing plans on these 2 allotments that may retard increases in the 
composition of undesirable species and stimulate increases in the 
composition of desirable species. 

Literature Cited 

Blaisdell, J.P., R.B. Murray, and E.D. MeArthur. 1982. Managing inter- - - 
mountain rangelands-sagebrush-grass ranges. USDA For. Ser. Inter- 
mountain Forest and Range Exp. Sta.. Gen. Tech. Reo. INT-134. 

Bullock, A. 1975. Grazing syitemsm the cold desert biomk. Rangeman’s J. 
2:184. 

Canfield, R.H. 1941. Application of the line interception method in sam- 
pling range vegetation. J. Forest. 39:388-394. 

Day, B.E. 1979. Range management, an ecological art. p. 91-92. In: Range- 
lands policies for the future. USDA Forest Serv. Gen. Tech. Rep. 
wo-17. 

Gibbens, R.P., and H.G. Fisser. 1975. Influence of grazing management 
systems on vegetation in the Red Desert Region of Wyoming. Wyo. Agr. 
Exp. Sta. Sci. Monogr. 29. 

Hanson, C.L., C.W. Johnson, and J.R. Wight. 1982. Foliage mortality of 
mountain big sagebrush ,Artemisia tridentata subsp. vaseyana, in 
southwestern Idaho during the winter of 1976-77. J. Ranae Manage. 
35:142-145. 

Heady, H.F. 1975. Management of seasonal grazing. Chap. II. p. 189-235. 
In: Rangeland Management. McGraw-Hill Book Co., New York. 

Herbel, CrH. 1971. A review of research related to development of grazing 
systems on native ranges of the western United States. USDA, Agr. Res. 
Ser., Jornada Exp. Range Rep. 3. 

Hickey, W.C., Jr. 1967. A discussion of grazing management systems and 
some pertinent literature. USDA, Forest Serv. Rocky Mountain Region 
Office, Lakewood, Colo. 

Hornmy, A.L. 1956. How livestock grazing habits and growth require- 
ments of range plants determine sound grazing management. J. Range 
Manage. 9:161-164. 

Honnay, A.L., and M.W. Talbot. 1961. Rest-rotation grazing. . .a new 
management system for perennial bunchgrass ranges. USDA For. Ser. 
Prod. Res. Rep. 51. 

Hormay, A.L. 1970. Principles of rest-rotation grazing and multiple-use 
land management. USDI and USDA Bull. TT-4. 

JOURNAL OF RANGE MANAGEMENT 39(2), March 1988 173 



Hornuy, A.L., and A.B. Evanko. 1958. Rest-rotation grazing-a manage- 
ment system for bunchgrass ranges. USDA Calif. Forest and Range Exp. 
Sta. Misc. Paper 27. 
Hughes, L.E. 1979. Rest-rotation grazing on the Arizona Strip: an observa- 
tion. Rangelands 1:106-108. 
Hughes, L.E. 1980. Six grazing exclosures with a message. Rangelands 
2:17-18. 
Hyder, D.N., and W.A. Sawyer. 1951. Rotation-deferred grazing as com- 
pared to season long grazing on sagebrush-bunchgrass ranges in Oregon. 
J. Range Manage. 4:30-34. 
Hyder, D.N., C.E. Conrad, P.T. TucUcr, L.D. Calvin, C.E. PO&on, and 
F.A. Sneve. 1963. Frequency sampling in the sagebrush-bunchgrass 
vegetation. Ecol. 44~740-746. 
Johnson, W.M. 1965. Rotation, rest-rotation, and season-long grazing on 
a mountain range in Wyoming. USDA Forest Serv. Res. Paper RM-14. 
Laycock, W.A., and P.W. Conrad. 1981. Responses of vegetation and 
cattle to various systems of grazing on seeded and native mountain 
rangelands in eastern Utah. J. Range Manage. 34:52-58. 
Muegler, W.F. 1972. Influence of competition on the response of blue- 
bunch wheatgrass to clipping. J. Range Manage. 25:88-92. 
Mueggler, W.F. 1975. Rate and pattern of vigor recovery in Idaho fescue 
and bluebunch wheatgrass. J. Range Manage. 28:198-204. 
Range Inventory Standardization Committee. 1983. Guidelines and Ter- 
minology for Range Inventories and Monitoring. Report presented to 
the Board of Directors, Society for Range Management, Albuquerque, 
NM, Feb. 1983. Published by the Society for Range Management, 
Denver, Colo. 

Robertson, J.H., D.L. Neal, K.R. MeAdams, and P.T. TueIIer. 1970. 
Changes in crested wheatgrass ranges under different grazing treatments. 
J. Range Manage. 23:27-34. 
TueIIer, P.T., C. LoraIn, K. Kipping, and C. Wilkie. 1972. Methods for 
measuring vegetation changes on Nevada rangelands. Nev. Agr. Exp. 
Sta. Pub. T-16. 
USDA. 1965. Range Site Descriptions. Malhuer High Plateau. MLRA 23. 
Soil Conservation Service Technical Guide, Section 11E. Reno, Nev. 
Mimeo. 
USDA. 1975. Soil Taxonomy. Soil Conservation Service. Agr. Handb. 
436. Washington, D.C. 
USDA. 1982. Ecological Site Descriptions. Humboldt Area. MLRA24. 
Soil Conservation Service Technical Guide, Section 11E. Reno, Nev. 
Mimeo. 
USDI. 1978. Allotment Management Plans-State Summary. Bureau of 
Land Management. Washington, DC 
USDI. ND. Manual Overview-Rangeland Inventory, Monitoring, and 
Evaluation. Bureau of Land Management. Denver Service Center, 
Denver, Colo. Mimeo. 
Wirier, B.J. 1971. Statistical Principles in Experimental Design. 2nd Edi- 
tion. McGraw-Hill, New York, Ch. 4. Single-Factor Experiments Hav- 
ing Repeated Measures on the Same Elements. p. 261-308. 

c GIANT 
HEAVY DUTY 

INFLATABLE BOATS 
2 MAN $38 
3 MAN $50 
4 MAN $65 

Before Midnight F 

As part of an advertising test, Dunlap 
Boat Mfg. will send any of above size 
boats to anyone who reads and re- 
sponds to this test before the next 30 
days. Each Boat Lot No. (Z-26 PVC) 
is constructed of tough high density 
fabric (resistant to abrasions, sun- 
light, salt &oil), electronically welded 
embossed seams, nylon safety line 
grommeted all around, heavy duty 
oarlocks,3separateairchambefsfor 
extra safety (4 air chambers in 
Cman), self-locking safety valves, 
bow lifting &towing handle and are 
recommended for marine, ocean and 
fresh water recreation, camping, 
fishingorafamilyfunboat.Eachboat 
will bs accompanied with a UFEIIME 
guarantee that it must petform 100% 
or it will be replaced free. Add $7 
handling & crating for each boat 

~TheNe~3ODays 

requsstsd. Dunlap So&M@. pays all 
shipping. If your order is received 
within the next ten days you will 
receive FREE a combined hand lfooi 
inflator/deflator bellows style pump 
for each boat requested. Should you 
wish to return your boat you may da 
soforarefund.Any!&terpostmerkeC 
after 30 days will bs returned. LIMIT 
three (3) boats per address, no ex. 
ceptions. Bend appropriate sum 
tqetherwithyournarneandaddress 
to: Boat Dept. #613-B, Dun@ Boer 
Mfg., 2940 W. Pica Blvd., Los 
Angsles,CA90006.0rforfastestser~ 
vice from any part of the country 
call 1-300-524-9995 for Boat Dept. 
#616-B (Calii. residents call collec! 
213-735~9363), before mldnighi 
seven days a week. Have credii 
card ready. 

__- _---. 
University Micro 

International reproduces this 
publication in microform: 
microfiche and 16mm or 

35mm film. For Information 
about this publication or any 
of the more than 13,000 titles 

we offer, comxe and mail the coupon to: University 
Microfilms International, 300 N. Zeeb Road, AM Arbor, 
MI 48106. Call us toll-free for an immediate response: 
800-521-3044. Or call collect in Michigan, Alaska and 
Hawaii: 313-761-4700. 
0 Please send information about these titles: 

Name 

Companybstitution 

state ZP 

Phone ( 1 

International 

174 JOURNAL OF RANGE MANAGEMENT 39(2), March 1996 


