Oecologia (2013) 173:895-904
DOI 10.1007/s00442-013-2676-x

PLANT-ANIMAL INTERACTIONS - ORIGINAL RESEARCH

Disentangling herbivore impacts on Populus tremuloides:
a comparison of native ungulates and cattle

in Canada’s Aspen Parkland

Edward W. Bork - Cameron N. Carlyle -
James F. Cahill - Rae E. Haddow - Robert J. Hudson

Received: 8 January 2013/ Accepted: 24 April 2013 /Published online: 7 May 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract Ungulates impact woody species’ growth and
abundance but little is understood about the comparative
impacts of different ungulate species on forest expansion in
savanna environments. Replacement of native herbivore
guilds with livestock [i.e., beef cattle (Bos taurus)] has
been hypothesized as a factor facilitating trembling aspen
(Populus tremuloides Michx.) encroachment into grass-
lands of the Northern Great Plains. We used a controlled
herbivory study in the Parklands of western Canada to
compare the impact of native ungulates and cattle on aspen
saplings. Native ungulate treatments included a mixed
species guild and sequences of herbivory by different un-
gulates [bison (Bison bison subsp. bison), elk (Cervus
elaphus) then deer (Odocoileus hemionus); or deer, elk,
then bison]. Herbivory treatments were replicated in three
pastures, within which sets of 40 marked aspen saplings
(<1.8 m) were tracked along permanent transects at
2-week intervals, and compared to a non-grazed aspen
stand. Stems were assessed for mortality and incremental
damage (herbivory, leader breakage, stem abrasion and
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trampling). Final mortality was greater with exposure to
any type of herbivore, but remained similar between
ungulate treatments. However, among all treatments, the
growth of aspen was highest with exposure only to cattle.
Herbivory of aspen was attributed primarily to elk within
the native ungulate treatments, with other forms of physical
damage, and ultimately sapling mortality, associated with
exposure to bison. Overall, these results indicate that native
ungulates, specifically elk and bison, have more negative
impacts on aspen saplings and provide evidence that native
and domestic ungulates can have different functional
effects on woody plant dynamics in savanna ecosystems.

Keywords Browsing - Damage - Herbivore guilds -
Mortality - Multi-species

Introduction

Herbivores have significant impacts on vegetation,
including altered growth, survival, and subsequent com-
munity dynamics. In North America, where prairies and the
plants they consist of evolved with herbivory from multi-
species guilds of endemic ungulates (Milchunas and Lau-
enroth 1989), European settlement since the early 1800s
has led to the partial or complete replacement of these
guilds by domestic livestock. Little information is available
to understand how this change may have altered relation-
ships between herbivory and vegetation dynamics, despite
assertions that the replacement of native guilds with live-
stock has altered ecosystem function and may necessitate a
return to evolutionary herbivory patterns to ensure con-
servation (Fuhlendorf and Engle 2001).

The Aspen Parkland of the Northern Plains is a savanna
environment widely regarded as an ecological tension zone
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(Bird 1961), exemplified by ongoing temporal changes in
the distribution and abundance of plant cover, including
Populus species (Vance et al. 1983; Campbell and Camp-
bell 2000). Trembling aspen (Populus tremuloides Michx.)
is a deciduous tree that reproduces extensively via a large,
creeping root system and associated suckering from
underground root buds (Schier 1973). Sapling densities in
young aspen stands can exceed 10 stems/m?, and eventu-
ally decline with stand development via self-thinning
(Peterson and Peterson 1992).

Recently, aspen cover has fluctuated in North America.
Aspen range is determined by the net balance between
moisture supply and demand (Hogg 1994) and aspen die-
offs are often linked to drought (Anderegg et al. 2013;
Worrall et al. 2013). In addition to being sensitive to cli-
mate, forest abundance in central Alberta reflects alterations
to disturbance patterns such as fire (Vance et al. 1983;
Campbell and Campbell 2000). Historically, wildfires and
fires initiated by First Nations people were important
mechanisms by which aspen was contained (Nelson and
England 1971) although fire can also promote aspen by
reducing the cover of more competitive conifers (Shepperd
et al. 2000). In contrast to declines in other regions of North
America, annual increases in aspen cover as great as 0.76 %
have been observed in the Central Parkland of Alberta
(Scheffler 1976). This expansion has been attributed to fire
suppression associated with European settlement (Strong
1977) and bison extirpation (Campbell et al. 1994).

Tree abundance in savanna ecosystems is known to be
influenced by large mammals. While more is understood on
this ecological process in African savannas (Dublin et al.
1990; Augustine and McNaughton 1998; Goheen et al.
2004) the consequence of replacing native with domestic
ungulates in North American ecosystems has not been
experimentally tested. The Aspen Parkland was heavily
used in the past by native ungulates, particularly Plains
bison (Bison bison subsp. bison) during fall and winter
(Roe 1951; Morgan 1980), but the specific impact of dif-
ferent herbivores on aspen dynamics in the region remains
poorly understood. Contemporary herbivory in much of the
Northern Great Plains is represented by widespread cattle
(Bos taurus) grazing, which have replaced bison as the
predominant herbivore. Both England and DeVos (1969)
and Campbell et al. (1994) proposed that bison influenced
forest cover prior to settlement through browsing, tram-
pling, rubbing, and other direct impacts, and postulated that
bison extirpation or subsequent replacement with cattle
may have been an important factor aggravating recent
aspen spread.

Ungulate species can have varying impacts on vegeta-
tion due to differences in morpho-physiology and associ-
ated dietary preferences (Hoffmann 1989). In comparing
bison and cattle in northern temperate grasslands, Plumb
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and Dodd (1993) concluded that despite being similar as
generalist bulk-feeding grazers, these species exhibit subtle
but important differences in foraging behavior, with bison
relying proportionally more on graminoids in middle to late
summer than cattle. Although bison generally exhibit
limited use of woodland habitats, even when grasslands are
sparse, bison may increase use of woodlands (e.g., Salix
shrublands) during winter (Reynolds et al. 1978), pre-
sumably due to the benefits of shelter from cold or the
potential to access taller forage when snow is deep and
other habitats are depleted of forage. In contrast, native
browsing mule deer (Odocoileus hemionus) and mixed-
feeding elk (Cervus elaphus) demonstrate selective forag-
ing, and are more likely to feed on forbs and woody veg-
etation than cattle and bison (Didkowsky 2006). Although
sustained high herbivory from a mix of native ungulates
[bison, elk, moose (Alces alces) and deer] is known to
impede forest regeneration and reduce structural diversity
of aspen forest (Bork et al. 1997), the specific ungu-
late(s) responsible for this impact remain unclear.

Functional differences may also occur in the impact of
herbivores on vegetation based on whether species graze
alone or in combination (Johnson et al. 2000). Specific
impacts may further depend on the sequence in which
different ungulate species use vegetation, particularly if
exposure to one herbivore alters the quantity and quality of
remaining forage for subsequent species. “Facilitation”
arises when use by one herbivore improves foraging
opportunities for others that follow (McNaughton and
Georgiadis 1986; Odadi et al. 2011). This may occur if
bulk-feeding bison, which strive to maximize the quantity
of grass intake, enhance opportunities for species such as
deer and elk that select higher quality vegetation. Con-
versely, initial use by deer and elk may remove small
amounts of high-quality forage prior to entry by bulk
feeders, which in turn are relegated to using what remains,
a process known as ‘“high-grading” (Murry and Illius
2000). In contrast to sequential herbivory, simultaneous
presence of multiple ungulates may lead to resource par-
titioning, with competitive displacement (i.e., behavioral
avoidance) increasing the use of communities that would
otherwise be avoided if grazed in succession (Voetin and
Prins 1999).

We used a controlled herbivory study employing cattle
and native ungulate species, foraging either together or in
sequence, to compare their impacts on the survival of and
damage to trembling aspen saplings. We focused on sap-
lings because aspen regenerates extensively through veg-
etative means, and saplings, rather than trees, are
susceptible to ungulates, leading to direct impacts on aspen
forest dynamics in Parkland landscapes. We hypothesized
that herbivore systems that include native ungulates would
result in greater impact (mortality, damage and reduced
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size) to aspen relative to cattle. Our secondary objective
was to compare the impact of bison, elk, and deer, and
determine whether differences in the sequence of native
ungulates altered impacts on aspen, hypothesizing that
selective-feeding deer and elk would have a greater impact
than bulk-feeding bison. Finally, we predict that native
ungulate impacts on aspen will be greatest in a facilitation
sequence led by bison compared to a high-grading
sequence in which bison come last. Overall, we hypothe-
size that impacts on aspen will be greatest in the mixed
ungulate treatment because deer and elk (i.e., selective-
browsing species) will avoid grassland habitats occupied
by bison.

Materials and methods
Study area and treatments

We evaluated ungulate impacts on aspen saplings within a
portion of the University of Alberta Kinsella Research
Station, situated 140 km southeast of Edmonton, Alberta,
Canada. The station is located in the Aspen Parkland
Natural Subregion, on an undulating landscape of glacial
moraine with approximately 5—10 m relief. This savanna
consists of a mosaic of upland rough fescue (Festuca hallii)
grasslands, trembling aspen groves, western snowberry
(Symphoricarpos occidentalis) shrublands, and inter-
spersed fresh and saline wetlands. Upland soils range from
Dark Brown to Eluviated Black Chernozems (Wheeler
1976). The area receives a mean annual precipitation of
430 mm, usually peaking in July, with about 120 days of
frost-free growing season (Environment Canada, unpub-
lished data).

Four ungulate herbivore treatments were examined that
included either: (a) beef cattle alone (cattle); (b) a simul-
taneous mix of bison, elk, and mule deer (mixed);
(c) bison, then elk, then mule deer in successive 2-week
intervals (bison-elk-deer); or (4) mule deer, then elk, then
bison in successive 2-week intervals (deer-elk-bison).
Treatments began in 2004, and were repeated in 2005 and
summer of 2006. Each treatment was replicated using three
paddocks. Animals were in each paddock for a 6-week
period in summer (1 Junel5 July) and fall (1 September—15
October), although all measures reported here were taken
during the last period in summer 2006. Paddocks were
surrounded by a 2.3-m-high page-wire fence and ranged
from 3.2 to 10.3 ha in size (Table 1). Each paddock con-
tained a mixture of habitats, thereby allowing selection by
ungulates under relatively free-range conditions. Aspen
forest covered 7.2-8.9 % of the paddocks, while grassland
(51.4-59.2 %), shrubland (30.4-32.6 %) and riparian
meadows (1.5-8.8 %) covered the remaining area

(Didkowsky 2006). The number of individual animals
varied among paddocks to account for variation in paddock
sizes, while standardizing overall stocking rates among
paddocks and treatments at moderate levels for the region
(Table 1). Stocking rates accounted for changes in expec-
ted forage use of animals based on body weight and
number of each species. The native ungulates used in this
study were all descendants of animals recently domesti-
cated. Animals were held in separate pastures containing
the same vegetation types found in the study area. Thus, all
ungulates were familiar with the landscape and conditioned
to using the habitat available. All animal handling was
approved by the Canadian Council on Animal Care.

We established three 10-m-long and permanently
marked transects in each paddock to monitor the response
of aspen. Two transects were established in two randomly
selected aspen stands accessible to ungulates. The third
transect was within a 15 x 30-m ungulate-proof exclosure
constructed around part of a randomly selected aspen stand
within each paddock. In total, we monitored aspen along 24
grazed transects and 12 ungrazed transects.

Sapling assessment

During the summer 2006 study period, impacts of ungulate
exposure were assessed on 20 aspen saplings systemati-
cally located along each transect (n = 720 saplings). The
nearest sapling was selected and marked at 1-m intervals
on either side of each transect in late May 2006, and per-
manently labeled with a metal tag to facilitate repeated
sampling. All saplings were between 30 and 180 cm in
height and healthy (<10 % dead branches).

Saplings were assessed in late May for maximum apical
leader height, basal diameter (at 2 cm height), and the
number of lateral branches, which provide measures of
aspen responses to herbivory in the previous 2 years. To
characterize the initial aspen understory population, the
density of all stems was assessed ina 2 x 10-m belted plot
overlaying each transect. Individual saplings were then
repeatedly examined on 15 and 30 June, and 15 July (i.e.,
coincident with the end of the exposure period to each
consecutive species in the rotational treatments) for evi-
dence of recent mortality (entire sapling broken or
detached), leaf and/or twig herbivory (estimated % biomass
removal), apical leader breakage, trampling (i.e., stem
displacement) and bark abrasion as presence/absence data.
“Trampling” was defined as deviation of the primary stem
from vertical in excess of 10°. “Bark abrasion” is bark
stripping of some or all of the cambium, typically in
response to the impacts of hooves. In the sequential
assessment of damage, saplings previously damaged were
considered affected for all subsequent sampling intervals,
enabling tracking of incremental impacts on the aspen

@ Springer



898

Oecologia (2013) 173:895-904

Table 1 Summary of paddock sizes, animal numbers and associated stocking rates [animal-unit-months of forage demand (AUM )] used during

the 1 June-15 July 2006 study period

Treatment Paddock area (ha) Number of animals Stocking rate (AUM ha !
Cattle Bison Elk Deer

Cattle 7.64 8 - - 1.82
12.98 12 - - - 1.60
7.90 8 - - - 1.76
Mixed 6.62 - 3 3 2 1.47
7.27 - 3 3 2 1.34
6.16 - 3 3 2 1.58
Bison-elk-deer 3.27 - 6 2 2 1.61
3.99 - 8 2 2 1.67
5.20 - 11 2 2 1.67
Deer-elk-bison 3.53 - 6 4 2 1.77
3.93 - 8 4 2 1.60
5.48 - 11 4 2 1.63

cohort along each transect over time, including the
response to different ungulate species in the bison-elk-deer
and deer-elk-bison treatments.

Analysis

Cumulative effects of herbivory among treatments were
assessed at the end of the aggregate herbivory period on
15 July, and enabled comparison among all treatments,
including testing the impact of replacing an historical
native ungulate guild (either together or in sequence) with
contemporary herbivory by cattle, or no herbivory. In
addition, repeated measures were used to assess the
incremental effects of ungulates during each 2-week
period from the start of the herbivory period. Successive
assessments in the bison-elk-deer and deer-elk-bison
treatments coincided with bison, elk and deer, and deer,
elk and bison, respectively. As the individual stocking
rates of bison, elk, and deer were not equivalent over the
6-week period in the sequential native treatments,
emphasis in the temporal analysis was placed on the
detection of changes in aspen responses through succes-
sive sampling intervals rather than on direct comparisons
among treatments. Because it is likely that the saplings in
this study were suckers off the root system of clonal
aspen, we analyzed data at the transect level and indi-
vidual stems were not treated as replicates. Significant
ANOVA results on main effects (P < 0.05) were fol-
lowed with a Tukey mean comparison test to examine
differences among treatments, using a significance of
P < 0.05. All analyses were done in R (R Core Team
2012).

@ Springer

Aspen stem mortality from May to July of 2006 on each
transect was assessed over time within treatments using a
repeated measure ANOVA in which sampling date was
fixed, transect was the repeated measure and paddock
random. Aspen survival over the 2006 season was assessed
between treatments with an ANOVA in which herbivory
treatment was fixed and paddock random. We further
examined the specific relationship between bison densities
in each paddock and the number of stems that died using a
Poisson general linear model (GLM). The extent of her-
bivory (% leaf and twig removal) on aspen stems was
compared over time among treatments with a repeated
measure ANOVA in which sampling date was fixed, stem
was the repeated measure and paddock random. Final
accumulated herbivory on 15 July was compared among
treatments using ANOVA in which herbivory treatment
was the fixed effect and paddock random.

The number of aspen stems on each transect with
damage (leader breaks, trampling and stem abrasion) was
compared over time within each treatment using a GLM
ANOVA against a Poisson distribution. Observation date
was fixed, transects were the repeated measure and pad-
docks random. Final damage counts were compared
between ungulate herbivory treatments using an ANOVA
in which herbivory treatment was the fixed effect and
paddock random.

Finally, the response of aspen basal diameter, height and
number of lateral branches to the ongoing ungulate treat-
ments, were tested with an analysis of covariance
(ANCOVA). Ungulate herbivory treatment was a fixed
effect, aspen stand density was included as a covariate, and
paddock was a random effect. Basal diameter and height
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were log(x 4 1) transformed, while the count of lateral
branches was square root transformed.

Results
Mortality in 2006

Final aspen mortality was influenced by herbivory treat-
ment (Fig. 1; F40 = 4.61, P = 0.008). No stems died in
the exclosures, while 14.2 % died under cattle exposure,
12.5 % in the bison-elk-deer, and 8.3 % in each of the
deer-elk-bison and mixed treatments; aspen stands in the
bison-elk-deer and cattle treatments had greater mortality
than the exclosures (P < 0.05). Biweekly mortality dif-
fered over time in the deer-elk-bison (F; ;3 = 5.60,
P = 0.018), bison-elk-deer (F, ;3 = 6.71, P = 0.01), and
mixed (F7,3 = 4.91, P = 0.026) treatments, but the pat-
tern  was not significant for cattle (F,,3 = 1.34,
P = 0.295) (Fig. 1). In both the deer-elk-bison and bison-
elk-deer treatments, mortality was observed in the survey
immediately after bison had been in the paddock, while
mortality within the mixed treatment was observed after
the first 2 weeks. Subsequent correlation of mortality rates
with bison densities across the native ungulate treatments
indicated aspen mortality increased with bison density
(Fig. 2; Poisson GLM P < 0.001, pseudo R* = 0.53).
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Fig. 1 Aspen mortality in four herbivory treatments sampled over
time (mean + SE). Herbivory treatments were: not grazed (Exclo-
sure), continuous herbivory by cattle (Cattle), grazed sequentially by
deer-elk-bison (DEB), grazed sequentially by bison-elk-deer (BED);
deer, elk and bison all present simultaneously (Mixed). Within each
treatment, lower-case letters indicate significance based on a post hoc
Tukey test (P < 0.05). Some data points have been jittered to show
overlapping data

2006 Herbivory

Final leaf (F3 433 = 73.5; P < 0.001) and twig defoliation
(F3.436 = 23.1; P < 0.001) at the end of the trial varied
among herbivory treatments. Almost no herbivory occurred
on aspen saplings by cattle throughout the trial (<0.3 %),
regardless of sampling date (Fig. 3). In contrast, treatments
consisting of native ungulates led to 28-38 % leaf defoli-
ation, and 12-15 % twig defoliation. Although final twig
defoliation levels were similar among all treatments con-
taining native ungulates, leaf defoliation remained greatest
under mixed herbivory (Fig. 3).

Leaf defoliation also changed over time within those
treatments containing native ungulates (deer-elk-bison,
F>,,8 = 118.1; bison-elk-deer, F,550 = 70.76; mixed,
Fr53, = 47.65; all P-values <0.001) but not -cattle
(F2203 = 1.01; P = 0.365) (Fig. 4). The same pattern was
observed for twig defoliation by native ungulates (deer-elk-
bison, F; 2,8 = 43.5; bison-elk-deer, F; 250 = 16.6; mixed,
F53 = 38.74; all P-values <0.001) and cattle (F;523 =
0.06; P = 0.946). Defoliation on aspen saplings progressively
increased through subsequent sampling times within the
mixed treatment, but in the rotational treatments largely
coincided with the period when only elk were present (Fig. 2).
Low levels of defoliation were detected on aspen leaves and
twigs by bison within the bison-elk-deer, but no defoliation
was detected by deer within the deer-elk-bison treatment.
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Fig. 2 Mortality of aspen in response to bison density within each of
the native ungulate treatments. On the x-axis, zero corresponds to the
elk and deer sequences in the rotational herbivory sequences. The /ine
is the fitted Poisson general linear model (P < 0.001, pseudo
R*=0.53)
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Fig. 3 Herbivory on aspen a leaves and b twigs in each of four
ungulate herbivory treatments. Bars are mean (+SE) herbivory per
tree (n = 6). Lower-case letters indicate significant differences within
treatments over time based on a post hoc Tukey test (P < 0.05).
Upper-case letters indicate significant differences among treatment
groups on 15 July at the end of the experiment. See Fig. 1 for
treatments and abbreviations

Aspen sapling damage in 2006

Mortality withstanding, damage to remaining aspen saplings
was in the form of leader breaks, trampling, and bark abra-
sion, affecting 7.3, 7.9 and 8.3 % of all initially marked
stems, respectively, across treatments. Damage to saplings
generally increased over time within the cattle and mixed
treatments (Fig. 3). Although final damage levels within the
rotational treatments were similar to all other herbivory
treatments (P > 0.05), the timing of damage (of all forms) to
aspen saplings within the rotational treatments clearly
coincided with periods of bison use: early on in the bison-elk-
deer and later in the rotation of the deer-elk-bison (Fig. 4).
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Fig. 4 Damage to aspen (number of trees per transect) in the form of
a leader breakage, b trampling, and ¢ stem abrasion, in each of four
ungulate herbivory treatments. No damage was observed in the DEB
treatment on 15 or 30 June. See Fig. 1 for treatments and
abbreviations
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Sapling size

After more than 2 years herbivory treatments had an effect
on aspen sapling basal diameter, height, and the number of
lateral branches per stem (Table 2). Aspen diameter,
height, and branch counts were consistently greatest in the
absence of herbivory (i.e., in exclosures), and decreased
through the cattle, deer-elk-bison, bison-elk-deer and
mixed herbivory treatments (Fig. 5). Treatments in which
aspen were exposed to bison in early summer (i.e., either
exclusively in early June, or throughout the herbivory
period within the mixed) had lower aspen heights and
branch counts (Fig. 5b, c). Similarly, the mixed treatment
led to smaller basal diameters and shorter aspen stems
compared to all other treatments (Fig. 5a, b).

Discussion
Comparative impacts of native herbivores and cattle

Removal of bison and their replacement with cattle has
been proposed as a factor contributing to increases in aspen
across western Canada (Campbell et al. 1994). We found
mixed evidence to support our hypothesis that replacement
of native ungulate guilds with cattle has reduced aspen
mortality (Fig. 1) and growth (Fig. 5). For example, native
ungulates were found to impart greater herbivory and
damage to aspen, as well as reduce sapling growth relative
to cattle, thereby supporting the notion that native ungu-
lates were more detrimental to aspen. However, similar
levels of overall mortality by cattle and native ungulates do
not support our hypothesis, and suggest that the impacts of
ungulates in regulating forest dynamics are complex within
this ecosystem. These results contrast with those of Goheen
et al. (2010) where tree establishment in an African
savanna was favored by cattle due to the suppression of
competitive understory grasses, while wild herbivores had
a negligible direct effect on tree establishment. Woody
species dynamics in the latter study were also mediated by

Table 2 Results from analysis of covariance for within-subject test of
the response of aspen sapling size parameters to different ungulate
herbivory treatments, with aspen stand density as a covariate (26
residual df)

df Basal diameter Height Lateral
branches
F-value P F-value P F-value P
Ungulate 4  10.37 <0.001 32.79 <0.001 41.09 <0.001
)
Density 1 3.50 0.06  29.18 <0.001 1.41 0.24
D)

UxD 4 1.02 0.40 1.11 0.35 2.13 0.08
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Fig. 5 Effect of different ungulate herbivory treatments on a basal
diameter, b height, and ¢ number of lateral branches of aspen
(mean + SE) after 3 years. Lower-case letters indicate significant
differences between treatments based on a post hoc Tukey test
(P < 0.05). See Fig. 1 for treatments and abbreviations

the impact of small herbivores (rodents) (Maclean et al.
2011), a factor not addressed in the present study.
Impacts of cattle and bison on aspen were associated
primarily with physical damage to saplings other than
defoliation (Fig. 4), and which in turn, led to mortality.
This is not surprising given that cattle and bison are known
to preferentially feed on graminoids (Plumb and Dodd
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1993). However, our stocking rates may also have been too
low to instigate greater browsing by these herbivores, as
81 % and greater use of aspen suckers has been observed
with stocking rates up to 1.97 animal-unit-months
(AUM) ha™' (Alexander 1995), rates well above those
examined here (Table 1). Despite limited browsing, our
reductions in aspen sapling height are similar to other
studies with cattle (Alexander 1995), and are consistent
with the notion that both cattle (Asamoah et al. 2003) and
bison (Didkowsky 2006) will voluntarily occupy this
habitat when available. Given that bison prefer open
grassland habitats (Reynolds et al. 1978; Hudson and Frank
1987), our findings suggest that bison (and likely cattle)
may be using the small area of aspen forest (~7.6 %)
within these savanna landscapes for other purposes in
addition to foraging, potentially the provision of shade
given the timing of our study in mid-summer when tem-
peratures were near their peak for the year.

Our results also provide evidence that the impacts of
bison on aspen mortality may be tied to stocking density
(Fig. 2). Greater ungulate densities can reduce selection of
habitats by herbivores through greater competition among
individual animals (Launchbaugh and Howery 2005), with
increased bison activity in aspen stands likely to lead to
greater physical damage and associated mortality.
Although our densities remained relatively low across all
herbivory treatments, density effects could be exacerbated
for herding animals such as bison, which alter foraging
behavior (Launchbaugh and Howery 2005). Similar effects
have been observed in studies employing cattle herbivory
at high densities (e.g., up to 300 cow/calf pairs in 25 ha) to
deliberately control aspen regrowth in the Parkland of
Central Alberta (Fitzgerald and Bailey 1984; Alexander
1995). Consequently, the use of longer herbivory periods,
including repeated use over multiple years, could further
reduce aspen regeneration (Alexander 1995), and ulti-
mately compromise the ability of these forests to regener-
ate, as reported elsewhere for wildlife (Bork et al. 1997,
Kay and Bartos 2000) and livestock (Bailey et al. 1990).
Although aspen mortality observed in our study (<14 %)
remained at moderate levels, repeated exposure over
extended periods is likely to further increase mortality and
may reduce aspen regeneration in the long term.

While cattle exhibited no herbivory of aspen, bison did
consume small amounts of aspen (Fig. 3). Although bison
are considered a bulk feeder with a preference for grami-
noids (Plumb and Dodd 1993), our observations of bison
use on aspen occurred in mid-summer when ample alter-
native forage was available. Thus, our results emphasize
that bison will voluntarily consume aspen when available,
and in doing so can reduce aspen vigor and survival.
Suppression of similar tree species has been observed in
Yellowstone, where bison herbivory occurred on 84 % of
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willow saplings and 54 % of cottonwood saplings (Painter
and Ripple 2012). Moreover, given that our stocking rates
of bison within the native ungulate treatments (~1 AUM
hafl) were below those in the cattle-alone treatment
(>1.6 AUM ha™ '), our comparison of the differential
impacts of bison and cattle on aspen is likely an under-
estimation, with bison potentially more willing than cattle
to utilize this plant under free-range conditions. Notably,
this conclusion lends support to the notion that the
replacement of bison by cattle since European settlement
may have exacerbated aspen encroachment by reducing
biological control of this tree species (Campbell et al.
1994).

Specific impacts of deer and elk on aspen were limited
compared to those of bison and cattle, and are expected
given that their contribution to overall stocking rates within
the native ungulate treatments were more modest, partic-
ularly for deer. Thus, potential impacts of deer and elk on
aspen should be interpreted cautiously. Nevertheless,
important observations were made regarding the impacts of
elk on aspen saplings. Unlike other ungulates, elk con-
tributed the most to browsing on aspen (Fig. 3), though this
impact did not translate into elevated mortality (Fig. 1).
High defoliation by elk was associated with both greater
time spent in aspen forest compared to other habitats, as
well as the inclusion of moderate amounts of woody veg-
etation (though less than deer) within their diet (Didkow-
sky 2006).

Native ungulate sequencing

Our results also demonstrated mixed responses to the
hypothesis that the sequence of native ungulate herbivory
within the rotational treatments may alter impacts on aspen
saplings. In contrast to our hypothesis on the expected role
of bison in facilitating use by other ungulate species,
browsing impacts from elk were consistent in the rotational
treatments regardless of whether elk followed deer or bison
(Fig. 3), suggesting our results were neither indicative of
facilitation nor high-grading. Instead, impacts of bison on
aspen varied depending on whether saplings were exposed
during spring (early June) or mid-summer (early July), with
more negative impacts from bison during the early growing
season.

Observations of varying impacts of bison at different
times (Fig. 4) are similar to studies examining cattle
impacts on aspen regeneration following clear-cutting
where greater damage occurred earlier in the summer
(Dockrill et al. 2004). Although consistent with our
hypothesis on the importance of timing of use, changes in
the impact of bison at different times are unlikely to reflect
interactions with other ungulates in this study, particularly
given the limited stocking rates of deer and elk. Instead,



Oecologia (2013) 173:895-904

903

other mechanisms may account for the reduced impact of
bison in mid-summer, including increased aspen resistance
to damage with advancing stem lignification (Dockrill et al.
2006). Bison may also spend more time in aspen stands
early in the summer due to the limited growth of adjacent
grasslands at that time, which may limit foraging oppor-
tunities or result in rapid forage depletion, either of which
would lead to greater use of aspen. Similar early summer
use patterns of aspen forest have been observed in cattle
(Arthur 1984; Asamoah et al. 2003).

Finally, reductions in aspen growth and vigor were
greatest within paddocks exposed to a simultaneous com-
bination of bison, elk, and deer within the mixed treatment
(Fig. 5), and coincided with the greatest aspen leaf defo-
liation, likely by elk based on observations in the other
treatments. These findings partially support the last
hypotheses proposed at the outset of this study on the
potential additive impact of simultaneous exposure to
multiple ungulates on aspen saplings. One explanation for
this outcome is that bison may spatially displace elk and
deer from grasslands and other open habitats, in turn
leading to greater impacts by elk and deer on aspen.
Moreover, with aspen habitats occupying less than 10 % of
the landscape, localized intensities of aspen forest use by
elk and deer may be greater than expected. This notion is
further supported by the type of impacts observed on aspen
in the mixed treatment, which involved defoliation rather
than other forms of damage, including mortality. Repeated
defoliation in the absence of mortality would ultimately
account for the poor performance of aspen saplings in this
treatment (Fig. 5).

Conclusion

Both cattle and native ungulate guilds increased mortality
of aspen saplings during summer in this savanna environ-
ment of the Northern Great Plains, while only native un-
gulates caused a reduction in aspen growth, leading us to
partly reject our hypothesis that the replacement of native
herbivores with cattle has increased aspen presence. Aspen
survival and growth is particularly important to aspen
regeneration given the large-scale dieback of this species
that has occurred in some regions due to the combined
effects of drought and insects such as forest tent caterpillars
(Hogg et al. 2008; and see Alexander 1995).

Our results suggest that despite similar mortality among
herbivore treatments, cattle may contribute less to the
suppression of aspen because of functional differences
between cattle and those species in the native ungulate
guild. That is, the specific mechanisms influencing aspen
saplings varied depending on herbivore identity and timing.
While elk impacts on aspen occurred primarily through
defoliation, bison and cattle impacted aspen through

physical damage. Impacts of bison on aspen were also
greater during the early growing season. As mortality
within the native ungulate treatment was linked primarily
to the presence of bison, cessation of bison herbivory is
likely to increase aspen survival (and thus, forest regen-
eration), particularly if combined with the absence of cat-
tle. While deer and elk presence may impact aspen
saplings, their impact is unlikely to alter aspen regenera-
tion, and instead reduces the vigor of aspen populations.
Overall, our results reinforce and clarify the importance of
wild ungulates and contemporary cattle herbivory in reg-
ulating aspen regeneration, forest succession, and poten-
tially grassland encroachment by this tree species in the
Northern Great Plains.
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