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The Pine Hollow aspen (Populus tremuloides) 
exclosures on the Ashley National Forest in eastern 
Utah were sampled in 1984, 19 years after they were 
established. The effects of 2,4-D, wildlife, and cattle 
on plant succession were evaluated. Two exclosures 
were used to protect the sprayed area from (1) all 
animal use and (2) only livestock use. A third 
sprayed area was left open for use by all animals. 
The aspen overstory was killed as a result of spray­
ing, with sufficient reproduction occurring to restock 
the stand. However, animal use drastically altered 
the aspen reproduction, as well as the understory 
production. Total protection favored desirable 
understory species while the open area had fewer 
desirable species. 
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Old Forest Service administrative studies help us 
gain insight into current management problems. 
The Pine Hollow wildlife and cattle exclosures are 
an example. Old files and the collection of new data 
have enabled us to follow the effects of 2,4-D and of 
wildlife and cattle on plant succession in aspen over 
a 19-year period. A similar approach proved benefi­
cial in interpreting vegetation changes associated 
with clearcut aspen on the Fishlake National Forest 
in southern Utah (Mueggler and Bartos 1977). 

SETTING 

The Pine Hollow exclosures are on the eastern 
edge of the Taylor Mountain Plateau on the Ashley 

1Authors are operations research analyst and range scientist 
(retired), Intermountain Research Station, Logan, UT. 

National Forest in eastern Utah. Aspen (Populus 
tremuloides Michx.) in this area occupies relatively 
arid marginal sites that grade into sagebrush 
steppe. As a consequence, aspen is generally low 
in stature and scrubby in form (fig. 1). Similar 
scrub aspen occurs on vast areas between 2,286 and 
2, 743 m elevation across the southern slopes of the 
Uinta Mountains. This vegetation type borders 
lodgepole pine (Pinus contorta Dougl.) at the upper 
limits and sagebrush-grass at the lower elevations. 
The landscape of the aspen scrub type consists of 
large expanses of aspen interspersed with shrub­
dominated openings. The understory vegetation 
consists primarily of grass and sedges with an abun­
dance of big sagebrush (Artemisia tridentata Nutt. 
vaseyana [Rydb.] Beetle). Big sagebrush also domi­
nates the interspaces. Some areas support an abun­
dance of dwarf juniper (Juniperus communis L. var. 
saxatilis Pall.). Broadleafforbs such as geranium 
(Geranium viscosissimum F.& M.), lupine (Lupinus 
spp.), and aster (Aster spp.) are present but not 
abundant. The area would be classified as a 
Populus tremuloides I Artemisia tridenta, Populus 
tremuloides/Juniperus communis, or Populus 
tremuloides/Juniperus communis/Lupinus argenteus 
community type (Mueggler 1988). 

Historically this area has been important summer 
range for livestock and is used extensively by wild 
ungulates. The exclosures were established within 
an area considered important mule deer (Odocoileus 
hemionus) and elk (Cervus elaphus) range. Elk use 
the area on a yearly basis while deer use it mainly 
during the spring and fall with periodic use occur­
ring during "open" winters. From 1966 through 
1971, deer made considerably more use of the site 
than elk during the summer (Davis 1989). 

By the mid-1900's, overuse of forage on this range 
became obvious. This abuse was attributed in large 
part to livestock, in particular sheep. Intensive 
rest-rotation grazing practices were implemented 
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on the grazing allotment, which appears to have re­
duced the overuse problem. Wildlife appeared not 
to have contributed significantly to the overuse 
problem because oflow densities distributed across 
large areas. 

Prior to the treatment, land managers believed 
that these scrub aspen sites were producing less 
than their potential in resource products. These 
managers anticipated that removing the existing 
aspen overstory by a herbicide treatment would 
temporarily reduce the competitive effects of both 
aspen and sagebrush. This would then permit an 
increase in the vigor and production of grass and 
grasslike species and a profusion of aspen suckers. 
No negative effects on ground cover or watershed 
values were expected. Apparently the deleterious 
effects of the herbicide on the broadleaf vegetation 
were not emphasized because of the lack of desir­
able forbs on the site prior to treatment. 

APPROACH 

On June 23, 1965, about 40 ha of scrub aspen 
were sprayed by helicopter with low-volatile 2,4-D 
ester at a rate of2.2 kg acid equivalent per hectare 
using a diesel-oil carrier. The treated site is on the 
Vernal District of the Ashley National Forest ap­
proximately 28 km north of Vernal, UT. The Pine 
Hollow administrative study (Laycock 1969) is a 
part of the Brush Creek Grazing Allotment at the 
lower edge of the aspen zone at about 2,530 m eleva­
tion in Sec. 3, T2S., R21E., Uintah County. Four 
0.8-ha macroplots were established in the area; 
three were sprayed and the fourth served as a con­
trol. One sprayed macroplot consisted of a game 
exclosure where the vegetation was protected from 
use by all large ungulates. An adjacent sprayed 
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Figure 1-General view of Pine Hollow in 
1965 prior to treatment by herbicide. Note 
the highlining of the aspen. 

macroplot was an exclosure that excluded livestock 
but was open to wildlife use. The third sprayed 
macroplot was an adjacent area open to use by both 
wildlife and livestock. The control area was some 
distance removed and was open to use by both wild­
life and livestock. The two exclosures were con­
structed of woven wire (2.4 m high for the game 
exclosure and 1.2 m for the livestock exclosure) 
immediately after the site was treated. 

Aspen reproduction, other vegetation, and animal 
use were sampled in 1965, 2 weeks prior to treat­
ment to determine pretreatment conditions. Within 
each of the four areas, 30 plots were systematically 
laid out. Alternate plots were permanently marked 
with steel angle iron. All plots were evenly placed 
in three transects with 10 plots (9 m apart) per 
transect. The early data collectors used a 0.09-m2 

circular quadrat at each plot location to determine 
species composition, production (kglha), and ground 
cover using the "hoop-weight estimate method" 
(U.S. Department of Agriculture 1983). Production 
was expressed on a dry weight basis. In addition, 
individual stems of aspen trees and percentage of 
cover of trees and shrubs were determined on the 
15 even-numbered plots using a 9.3-m2 circular 
quadrat (18.6-m2 circular quadrats were used in 
1966, 1967, 1968, and 1969). Animal use was moni­
tored on the three areas that animals had access to. 
Fecal counts were made on 18.6-m2 circular quad­
rats at each plot center to determine relative use by 
deer, elk, and cattle. Quadrats were swept to deter­
mine animal use. Vegetation and animal use meas­
urements on these quadrats were repeated in 1966, 
1967, 1968, 1969, and 1984. The control area was 
not sampled in 1966 or 1968. Such measurements 
enable tracing the sequence of successional change 



after herbicide treatment and of change attributable 
to protection from grazing. 

Our objective in 1984 was to duplicate the earlier 
sampling as closely as possible. All the initial meas­
urements were repeated except for production and 
cover of understory vegetation, which we modified. 
We used the 0.09-m2 circular quadrat at each plot 
location to estimate cover, and then each quadrat 
was clipped to determine production and species 
composition. The quadrats were clipped by species 
to ground level, dried, and weighed. Production was 
expressed as an average of 30 quadrats converted to 
kilograms dry weight per hectare. Aspen trees and 
suckers were counted by size classes on a 9.3-m2 

circular quadrat on the 15 even-numbered plots. 
Trees representing different size classes in each 
treatment were cored and aged. We were unable 
to locate the exact boundaries of the original control 
area; therefore, we sampled an area near the origi­
nal control site that conformed to the initial criteria 
and that probably contained part of the original site. 

Reliable data on changes in wild ungulate and 
cattle grazing pressure on the Pine Hollow site over 
the 19 years are not available. We know, however, 
that although prudent management dictated reduc­
tion in numbers of livestock from their high levels 
early in the century, substantial numbers of cattle 
were in the area over the period of this study. 
Cattle did not use the site during 1966 (Davis 1989). 
We also know that the general area is within an 
important deer and elk range. Interpretation of 
vegetation differences between treatments is there­
fore based upon the presence or absence of cattle 
use versus wild ungulate use rather than on abso­
lute changes in animal numbers. 
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Statistical analysis of vegetation production and 
sucker numbers included an analysis of variance 
to determine if differences exist for main effects: 
(1) treatment (two exclosures and an open area) and 
(2) years (1984 minus 1965) and treatment-year 
interaction. Tests using Tukey's multiple compari­
son procedure were used to determine differences 
that existed within treatments. 

RESULTS AND DISCUSSION 

Manipulation of aspen ecosystems by spraying or 
other means (such as burning or cutting) has been 
used to set back plant successioJl and to perpetuate 
the aspen community (Bartos and Lester 1984). 
Usually, however, these treatments are done under 
conditions of use (sometimes heavy) by livestock or 
wild ungulates or both. The primary purpose of this 
study was to show the effects of livestock and wild­
life on aspen regeneration and understory produc­
tion following site manipulation. 

Prior to treatment in 1965, the Pine Hollow site 
consisted of scrubby aspen interspersed with sage­
brush dominated meadows (fig. 1). Total understory 
production sampled in mid-June 1965 was quite 
low, about 366 kg/ha. Most of this pretreatment 
understory production consisted of grasses and forbs 
characteristic of the site. 

Changes that occurred on the site due to treat­
ment are pronounced when viewed for the entire 
19 years as evidenced by pictures of the game exclo­
sure (figs. 2,3,4). Three years after spraying (fig. 3), 
the aspen overstory was uniformly killed across the 
treated area. Aspen subsequently reestablished 
itself where it was totally protected from animal use 
(fig. 4). 

Figure 2-General view of game exclosure 
in 1965 prior to treatment by herbicide. 



Tree Response 

Prior to treatment, the scrubby aspen on the site 
were 50 to 90 years old and were usually less than 
9 m tall. Early observers of the site stated that as­
pen heart rot was common. As indicated above, all 
of the mature trees were killed by the herbicide. 

The initial control area was selected for compara­
bility of the aspen clone to the clone on the treated 
area. The control area selected in 1984 was near 
the original control site and may have contained 
part of it. The following information was obtained 
from the dominant trees on the 1984 control: mean 
age 68 years, range 43 to 83 years; mean height 
11 m, range 5.5 to 14 m; and mean diameter at 
breast height 21.3 em, range 12.5 to 26.7 em. Keep 
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Figure 3--General view of game exclosure in 
1968 showing dead aspen that resulted from 
treatment by herbicide. 

Figure 4-General view of game exclosure 
in 1984 showing current condition of aspen 
protected from use. 

in mind these values were obtained 19 years after 
the study was established. 

When the aspen overstory is killed by spraying 
(as with any other type of manipulation) an ample 
number of aspen suckers usually occurs to reestab­
lish the stand (Harniss and Bartos 1985). Pine 
Hollow was no exception. Peak numbers of suckers 
occurred shortly after treatment (fig. 5). These 
values were achieved in the open area (8,649 
suckerslha) in 1966 and in both the game (21,498 
suckers/ha) and livestock (21,251 suckerslha) exclo­
sure in 1968. The control area had 14,579 suckers/ 
ha in 1965 and only 4,695 suckers/ha in 1984. By 
1984, sucker numbers decreased to about 4,942/ha 
in both the exclosures and only 1,236/ha in the open 
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area. These declines can be attributed to natural 
mortality and animal use. A fenceline comparison 
(fig. 6) between the game exclosure and open area 
for all animal use shows differences between the 
two areas. Suckers in both exclosures are develop­
ing into trees similar to what occurred prior to 
treatment. However, suckers in the open area, as 
well as the control, are small and less vigorous (we 
observed many to have been repeatedly browsed). 

The difference in sucker numbers in 1965 between 
the open area (south end of the clone) and the game 
exclosure (north end of the clone) is attributed in 
large part to soil differences (Davis 1989). In the 
game exclosure we observed a 3.5-fold increase, in 
the livestock exclosure a 1.8-fold increase, and in 
the open area a 3.7-fold increase. These increases 
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are low compared to a twenty-fold increase in 
sucker production reported for an aspen clearcut in 
southern Utah (Mueggler and Bartos 1977). All of 
the suckers measured at Pine Hollow are less than 
the maximum of 76,000/ha that we reported for 34 
sprayed sites in the Western United States (Harniss 
and Bartos 1985). Most of the aspen stands associ­
ated with sagebrush spraying were on dry sites or 
had poor site quality. The Pine Hollow stands are 
of poor quality based on the regeneration measured 
and the earlier descriptions of the site. 

Numbers alone do not tell the whole story about 
aspen suckers within the three treated areas. The 
game and livestock exclosures had virtually the 
same number of suckers after 19 years, but they 
were distributed differently. Within the game exclo­
sure suckers were uniformly distributed across the 
site, while in the livestock exclosure suckers were 
primarily confined to the upper northwest quarter 
of the exclosure. We attribute these differences 
within the two exclosures to clonal pattern, soil dif­
ferences (Davis 1989), or a combination of the two. 
In the open area where suckers occurred however 
they were not real visible. Those observ~d in 1984 
were short and were either repeatedly browsed back 
or were not over 1 or 2 years old. 

Deer and elk use in the livestock exclosure and 
the open area was approximately 25 deer-days and 
25 elk-dayslhalyr for most of the first 5 years. How­
ever, in 1969 there was more than a doubling of 
deer use in the livestock exclosure. This extra ani­
mal pressure may have resulted in fewer suckers 
surviving in this exclosure. 

Suckers from these scrubby aspen appear to be 
less vigorous than suckers on normal sites. In 1968, 
peak number of suckers (21,498/ha) occurred in the 

Figure 6-Fence line comparison between 
the game exclosure and open area. 



Table 1-Suckers (percent) by size categories that occurred 
on the three treatments at Pine Hollow 1984 

Treatment 

Open-sprayed 
Livestock enclosure 
Game enclosure 

Sucker categories 
c0.5 m 0.5-2 m >2 m 

- - - - - - - - - - Percent - - - - - - - - -

50 
11 
3 

39 
78 
36 

11 
11 
11 

game exclosure. However, they were hardly visible 
(fig. 3). By 1984, the game exclosure site was ~till 
fully stocked with young aspen trees. We consid­
ered all stems as suckers even though some were 
taller than 2 m, which is the usual dividing line 
between suckers and trees. Suckers greater than 
2m had an average age of 15.6 years, with a range 
of 11 to 19 years; those 0.5 to 2m had an average 
age of 15 years, wit~ a range of7 to 19; and those 
less than 0.5 m had an average age of 5.3 years, 
with a range of 3 to 8 years. 

Distribution of aspen suckers by size categories 
(table 1) is a good indicator of sucker response to 
spraying with herbicide and browsing. In the open 
area, 50 percent of the suckers were less than 0.~ m 
tall while 61 percent were greater than 2m tali In 
the 'wildlife exclosure. Most of the suckers in the 
livestock exclosure (78 percent) occurred in the 
0.5- to 2-m-tall category. 

Aspen composition of total undergrowth vegeta­
tion paralleled the amount of protection provided 
by the exclosures. The vegetative component in 
1984 contained 53 percent aspen suckers in the 
wildlife exclosure, 13 percent in the livestock exclo­
sure, and less than 1 percent in the open area. Dis­
tribution of sucker composition substantiates the 
fact that browsing by animals has a negative effect 
on aspen reproduction. 

Response of Understory Vegetation 

Understory vegetation production was summa­
rized by categories for each treatment (table 2). 

· Grasses responded to spraying with a tenfold in­
crease in production the year following treatment 
regardless of location in or out of the exclosures. 
However, it did not remain high for the entire 
period. This agrees with observations made in 
Canada by Hilton and Bailey (1974) who found ini­
tial increases in grass and grasslike species. No de­
finitive trend was observed in the forb category, but 
basically it remained static for the first 4 years after 
treatment. There was no marked reduction in forbs 
as a result of spraying, as Bowes (1978) reported for 
aspen in western Canada. Shrubs showed an in­
crease that was most pronounced for the open area 
in 1984. These results agree in large part with 
expectations of broad leaf herbicide treatments 
(Anderson 1977). 

Understory production was poor prior to treat­
ment. All understory categories increased as a 

Table 2-Vegetation production (kg/ha) for three treatments applied on the Pine Hollow site in eastern Utah 

Treatment 1965 1966 1967 1968 1969 1984 

Game exclosure 

Grasses 90 975 537 653 523 581 
Forbs 158 186 216 114 163 633 
Shrubs 112 66 21 278 151 653 

Total 360 1,227 775 1,046 837 1,867 

Livestock exclosure 

Grasses 124 1,302 493 766 912 1,046 
Forbs 154 137 189 90 126 466 
Shrubs 74 74 30 136 107 426 

Total 353 1,488 713 946 1,144 1,938 

Open sprayed 

Grasses 121 1,079 503 562 521 680 
Forbs 180 209 225 165 170 353 
Shrubs 45 56 45 146 195 4,520 

Total 346 1,344 773 872 887 5,555 
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result of removing the aspen overs tory by herbicide. 
It is difficult to say anything definitively about 
trends because of the compounding factor of use or 
nonuse by large herbivores. Most of the shrub cate­
gory in 1984 consisted of common juniper (fig. 7). 
The abundance of juniper was most dramatic in the 
open sprayed area that was used by all large herbi­
vores. One explanation for the large increase in 
juniper would be the combination of tree removal 
(both overstory and suckers) and the continued use, 
by animals, of the competing forbs and grasses. 

One ofthe primary purposes ofresampling the 
Pine Hollow plots was to see what changes had oc­
curred over time for the three exclosure treatments. 
Significant differences were observed for each vege­
tation type (grass, forb, shrub, and total) for the 
main effect of years (1965 vs. 1984). Mean differ­
ences (1984 minus 1965) and associated 95 percent 
confidence limits were plotted (fig. 8). For the main 
effect, treatment, we did not find statistically sig­
nificant differences for each vegetation type as we 
had for the years effect. Further analyses were 
done to determine the cause of the differences ob­
served in the two main effects. 

All three treatments produced significantly 
(P = 0.05) more grass in 1984 than prior to treat­
ment in 1965 (fig. 8A). This increase is due in part 
to the effects ofherbicide and various combinations 
of protection. There were significantly more forbs 
produced (fig. 8B) in 1984 than in 1965 for the game 
and livestock exclosures. However, the open area 
showed differences that were not statistically differ­
ent. We infer that after 19 years oflarge ungulate 
use, forb production remained relatively stable and 
where protected there were significant changes. 

Just the opposite occurred with shrubs (fig. 8C). 
The open area produced significantly more shrubs 
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in 1984 than in 1965, which can be attributed solely 
to the presence of common juniper. The two exclo­
sures showed some difference in the amount of 
shrubs produced. However, they were not statisti­
cally significant. Total understory production 
(fig. 8D) was dominated by shrubs, and trends for 
the exclosure were similar to what was observed for 
the shrub category. 

Shrubs were a consistent portion of the total pro­
duction for the game exclosure (31 percent for 1965, 
35 percent for 1984) and livestock exclosure (21 
percent for 1965, 22 percent for 1984). However, 
the open area was different (13 percent for 1965, 81 
percent for 1984). Suppression of competing species 
by ungulates may have contributed to the prolifera­
tion of common juniper in the open area or it may be 
due to site condition. This area is at the toe of a 
slight ridge and, therefore, may be wetter. 

All the analyses done for the various vegetation 
categories were conservative. Therefore, no separa­
tion occurred for the three exclosure treatments. At 
this level of analysis, we only found separation for 
the main effect of years. 

Early workers assigned individual plant species 
to the following desirability categories for ungulate 
use: desirable (such as Carex spp., Stipa comata 
Trin. & Rupr., Agropyron smithii Rydb., geranium, 
lupine, and so forth) ; intermediate (Poa pratensis 1., 
Stipa lettermani Vasey, Galium boreale 1., aster, 
Smilacina spp., big sagebrush, Rosa woodsii 1indl., 
and so forth); and least desirable (Collinsia spp., 
Senecio spp., common juniper, and so forth). We 
duplicated this effort, and comparisons were made 
between 1965 and 1984 (fig. 9). Excluding all use 
favored desirable and intermediate species with a 
marked reduction in least desirable species. We 
saw the opposite occur for the livestock exclosure 

Figure 7-Dense common juniper as it 
occurred in 1984 on the area open to all 
use. 
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and open area. Where just livestock were excluded 
there was a decline in desirable and least desirable 
species and a doubling of intermediate species. A 
sharp increase in least desirable (common juniper) 
was found in the open area. Similar shifts in com­
position were seen on the control area as were seen 
in the open-sprayed area but of less magnitude. 
Increases in least desirable species occurred even 
though the site was not sprayed. These shifts in 
species dramatize the effect animal use has on the 
system. 
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