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Predation Risk and Elk-Aspen
Foraging Patterns

Clifford A. White! and Michael C. Feller?

Abstract— Elk-aspen foraging patterns may be influenced by cover type, distance from
roads or trails, the type of user on road or trail (park visitor, human hunter, or predator),
and two general states of aspen condition (open-grown or thicket). Pellet group and
browse utilization transects in the Canadian Rockies showed that elk were attracted to
roads used by park visitors and avoided by wolves, and that elk possibly avoided aspen
and conifer patches near backcountry trails used by wolves. In high predation risk
landscapes, aspen stands were dense, lightly browsed, and rarely entered by elk. As risk
decreased, elk density and aspen browsing increased proportionally faster on edges of
aspen stands compared to the interior of aspen stands. In low risk landscapes, edge and
interior plots were intensively used, and stands had a low density of heavily browsed
stems. Regeneration of aspen stands likely requires low densities of risk-sensitive elk.

Introduction

Trembling aspen (Populus tremuloides) is an indicator species for low eleva-
tion, montane ecoregions in Rocky Mountain national parks (Achuff et al.
1996; White et al. 1998a). Aspen stands are typically long-lived clones,
regenerated by frequent fires (Mitton and Grant 1996; Kay 1997a). In the
Rocky Mountains, aspen communities are second only to riparian zones for
species richness (DeByle 1985a; Finch and Ruggiero 1993). Aspen stands
historically had a range of age and size classes (Gruell 1979; Houston 1982).
However, since the late 1800s to 1930s (depending on the location), new aspen
stems have rarely grown to heights >1 m on elk (Cervus elaphus) winter ranges
in several national parks and wildlife refuges (Packard 1942; Cowan 1947;
White et al. 1998a) including Yellowstone National Park (Houston 1982; Kay
1990; Romme et al. 1995), near Jackson Hole, Wyoming (Gruell 1980; Boyce
1989), in Rocky Mountain National Park, Colorado (Olmsted 1979; Baker et
al. 1997), Banftand Jasper National Parks in Alberta (Kay etal. 1999), and Yoho
and Kootenay National Parks in British Columbia (Kay 1997b).

The factors responsible for aspen decline (figure 1) remain controversial
(Kay 1997a; Huft and Varley 1999) but there are three broad theories for long-
term aspen condition (Keigley 1997; Singer et al. 1998):

1. Heavily browsed aspen stands persisted under intense herbivory by
abundant, food-regulated elk (Romme et al. 1995; Boyce 1998). This is termed
ecological carrying capacity (Caughley 1976, 1979). The current decline of
aspen is simply a return to long-term conditions as elk populations recover from
overhunting by humans during the late 1800s. Episodic events such as a
combination of cool-moist climate and fire could result in pulses of aspen stems
periodically reaching tree size (Romme et al. 1995).

2. Aspen was historically vigorous, lightly browsed, and coexisted with X ,

. .. Banft National Park, Banft, Alberta.
moderate to high densities of elk, but has recently degenerated due to the 2Department of Forest Sciences, Uni-
combination of herbivory, fire suppression, and possibly climate change (Gruell versity of British Columbia, Vancouver,
1979, 1980; Houston 1982). British Columbsia.
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Figure 1—A trophic-level model for
interactions between humans, wolves,
elk, and aspen.
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3. Aspen persisted under conditions of low elk density and herbivory
(Packard 1942; Cowan 1947; Olmsted 1979), maintained by intense predation
on elk from humans, wolves, and other carnivores (Kay 1990, 1998; White et
al. 1998a,b).

Analysis of aspen abundance, fire effects, and historical and current elk
distribution patterns in Rocky Mountain national parks (Kay 1990; White et al.
1998a; Ripple and Larsen 2000) provided support for hypothesis 3; recent
(since about 1900) reductions of predation rates on elk have resulted in increased
elk herbivory on aspen. If this hypothesis is valid, predators could influence the
elk-aspen herbivory interaction in two ways: first, the lethal effect of killing elk
thus reducing elk density and herbivory; and second, the nonlethal effects where
predation risk alters elk behavior in ways that reduce herbivory on aspen (figure 1).
Direct effects on aspen due to general elk density and browsing levels are
significant (Olmsted 1979; Kay 1990; White et al. 1998a). However, nonlethal
consequences of predation risk are also important influences on animal foraging
behaviors (Lima and Dill 1990; Lima 1998; Kie 1999). After reviewing
historical conditions in Yellowstone National Park, Ripple and Larsen (2000)
hypothesized that elk behavioral responses to wolves could have influenced
aspen herbivory levels in riparian areas of Yellowstone National Park.

In this study we explored two possible effects of predation risk on elk
toraging patterns on aspen during winter (October through March): (1) effects
of travel routes used by predators (humans and wolves) on elk habitat use; and
(2) effects of aspen stand structure (thicket versus open-grown) and predation
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or hunting risk on elk foraging behavior. We test the general hypothesis that
these nonlethal effects are important determinants of aspen condition.

Theory and Predictions

Plants and large mammalian herbivores have two-way interactions (Noy-
Meir 1975; Caughley 1976; Schmitz and Sinclair 1997). Plants provide food,
shelter, and cover for herbivores and their predators. Herbivores alter plants or
their habitats directly by feeding and trampling on plant parts, and indirectly by
nutrient additions through defecation and urination (Hobbs 1996; Augustine
and McNaughton 1998).

Predation Theory

Elk browsing rates on aspen appear to increase with decreasing stem density
(Debyle 1985a,b; Kay and Wagner 1996; C. White, unpublished data). In
predation theory, this is described as a Type 2 functional predation response
(Holling 1959; Taylor 1984). Type 2 functional responses are common in
simple one predator-one prey herbivory systems (Lundberg and Dannell 1990).
However, in the multi-prey, elk-aspen situation, where numerous alternative
plant forage species are readily available, the Type 2 response indicates that aspen
is highly preferred by elk. High priority prey will be used even at low densities,
and may have few refuges from predation (Pech etal. 1995; Sinclair etal. 1997;
Augustine and McNaughton 1998). The high value of aspen as ungulate forage
has been noted in other studies (e.g., Nelsonand Leege 1982; Hobbs etal. 1982;
Dannell et al. 1991). DeByle (1985b) described increased browsing rates when
aspen stem densities are low. In Yellowstone National Park, Kay and Wagner
(1996) found that ongoing high herbivory had reduced most aspen clones to
low numbers of heavily browsed stems, and for approximately one-third of
aspen stands shown in early photographs, both the stems and roots appeared to
have completely died out.

Olmsted (1979) estimated that the twig browsing threshold between viable
and declining aspen stands occurred when approximately 30% of current annual
growth was browsed. Theoretically, the Type 2 functional response will cause
this threshold to be a curved isoline for a range of aspen and elk densities
(figure 2). At high aspen stem densities, per elk twig consumption declines, and
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Figure 2—A state and transition model
of aspen sapling density as a function of
elk density. Stands near A have abun-
dant aspen saplings, and stands near C
have few saplings. Transitions between
states occur near the 30% browsed iso-
line and are shown by arrows at B and D.
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aspen can sustain a higher density of elk. The curvilinear response could result
in elk-aspen herbivory being approximated by a state-and-transition type model
(e.g., Noy-Meir 1975; Walker et al. 1981; Westoby et al. 1989). Aspen would
have two general alternative states (Gruell 1980; Kay 1990; White etal. 1998a):
dense sapling (stems 2 to 6 m height) thickets (around A in figure 2), and few
saplings (around C). The transitions (at B and D) between states could be rapid
but have different pathways and mechanisms depending on the direction of
change. At high aspen sapling density (A), elk density could be moderate (e.g.,
1 to 3 elk/km?; White 1998a) with aspen sapling survival because the per capita
elk foraging rate is lower in denser sapling stands. The transition toward few,
heavily browsed aspen saplings probably occurs around B at 3 to 5 elk/km?, or
1 to 2 elk pellet groups/100 m? (White et al. 1998a; C. White, personal
observation). At low aspen sapling densities (C), per elk foraging rates on
suckers and saplings would be high (DeByle 1985a,b). Elk densities might have
to be <1 elk/km? (<1 pellet group/100 m?) for stands to cross the transition at
D toward more abundant aspen saplings (White et al. 1998a).

In traditional predation theory (Holling 1959), a Type 2 response is
attributed to the limitations imposed by handling time, which for herbivores is
a complex set of interactions between the competing activities of searching,
biting, cropping, and chewing (Spalinger and Hobbs 1992). However, an
alternative explanation is reduced herbivore foraging rates when higher vegeta-
tion density increases predation risk (Fritz 1992; Hare 1992).

Risk-Sensitive Foraging

Three-level trophic communities (predators-herbivores-plants) are influ-
enced by multi-way interactions (Price et al. 1980; Hunter and Price 1992;
Fryxell and Lundberg 1997; Krebs et al. 1999) that may change herbivore
abundance or behavior and hence regulate community structure (Hairston et al.
1960). Predation-sensitive foraging models are based on tradeofts between the
benefits of energy intake and the costs of a shortened reproductive life due to
predation (Sih 1987; Lima and Dill 1990; Lima 1998). Successful herbivores
should utilize their environments in ways that balance safety with feeding. In
situations where predation risk is low, animals should forage in high-resource
habitats where energy intake is maximized. If predation risk is high in these
habitats, however, safer locations with less forage availability may be used. In
situations where low-resource habitats are risky, animals should concentrate in
better habitats until resources are greatly depleted (Fryxell and Lundberg 1997).
Where three-level trophic systems have coevolved, development of plant struc-
tures that increase the risk of predation on herbivores, thus providing “enemy-
free space” with low herbivory, could increase plant fitness (Price et al. 1980;
Jeftries and Lawton 1984; Fritz 1992).

Elk and Predator Behavior Patterns

Previous research provides several areas of knowledge for potential elk-
aspen foraging patterns under predation risk. First, studies of elk habitat use in
the Rocky Mountains report a general cover type preference of grassland >
aspen > conifer (Collins and Urness 1979; Houston 1982; Holroyd and Van
Tighem 1983). Numerous studies rank aspen as a highly favored elk forage
species (Nelson and Leege 1982). Aspen twigs, leaves, and bark have relatively
high concentrations of important nutrients (Jelinski and Fisher 1991), and at
northern latitudes they are a valuable food source for elk, particularly during
winter (Hunt 1979; Rounds 1979). Second, wolves (Canis lupus) and humans,

USDA Forest Service Proceedings RMRS-P-18. 2001.
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two of elk’s dominant predators (Cowan 1947; Huggard 1993a; Kay 1994),
have consistent travel corridors in the Rocky Mountains. Both species usually
tollow valley bottom trails or lightly used roads, and in winter they may utilize
ice-covered streams (Carbyn 1974; Huggard 1993a; Paquetetal. 1996; Kunkel
1997). Wolves prefer trails with snow depths <20 cm (Huggard 1993b) and
often follow routes packed or plowed by humans (Paquet et al. 1996). Third,
in areas with low herbivory, recently disturbed aspen stands and the edges of
older stands often have dense patches (<1 m spacing) of young stems (DeByle
1985a; Shepperd and Fairweather 1994). These thickets could provide cover for
stalking carnivores such as cougar (Felis concolor; Kunkel et al. 1999) and impede
elk escape if predator attack does occur (e.g., Lima 1992). Finally, an important
elk defense against predation may be group foraging in open areas where stalking
predators such as cougars are more detectable (Kunkel et al. 1999) and elk have
running room to escape (Geist 1982). Also, in the Rocky Mountains, snow
depths are often lower in wind-swept open areas, which increase elk’s ability to
torage (Skovlin 1982; Lyon and Ward 1982) and escape predation (Huggard
1993D).

These previous observations suggest that patterns of elk and predator
toraging could occur in spatially nested scales (Senft et al. 1987; Bailey et al.
1996), which for this study we characterize as landscapes, corridors, and patches
(figure 3). At a macro-scale (>10 km?), human land-use structures elk habitats
into high-predation riskand low-predation risk landscapes. High risk landscapes
could have wolves and human hunters. A low risk landscape could be a busy
national park where elk are unhunted and predators are few such as the Bow
Valley in Banff National Park, Alberta, or Rocky Mountain National Park in
Colorado (White et al. 1998a). The landscape level defines general elk popula-
tion densities and behavior patterns. At the meso-scale corridor level (1 to 10
km?), trails, roads, and streams provide corridors for human and predator travel.
Depending on the rates of human hunting and predator control, elk and
predators may either be attracted to or avoid corridors near these travel routes
(Lyon 1979; Dekker et al. 1995; Ripple and Larsen 2000). At the micro-scale
(0.01 to 1 km?) patch level, macro- and meso-scale phenomena determine
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Figure 3—A spatial model of elk-aspen
distribution patterns at 3 scales: macro-
scale (high and low predation risk land-
scapes), meso-scale corridors (distance
from road or trails), and micro-scale
(aspen stand habitat patches). The styl-
ized locations of the predation risk
transects used in this study are shown
with dotted lines.
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differential elk foraging strategies within patches. For this study, these patch
types include grass, aspen and conifer cover types, or dense aspen thickets versus
open stands.

Predictions on Effects of Human and Predator Travel

Routes

Given predator travel patterns, we predicted that in high predation land-
scapes (figure 3), elk will trade off food availability for safety, and forage
relatively less in corridors next to trails used by wolves and humans than at
distances farther from trails (table 1). For example, in studies of human-hunted
elk, significant reduction in elk use (>60%) was found up to at least 500 meters
from roads in Montana (Lyon 1979), and within 200 meters from roads in
Colorado (Rost and Bailey 1979). In contrast, in low predation risk landscapes,
elk are often unhunted and human-habituated (White etal. 1998a). They should
be attracted to corridors next to busy roads avoided by wolves (Dekker et al.
1995; Paquet et al. 1996). The difterential effect of trails or roads on elk use
should be evident as an interaction (table 1) between the effects of landscape type
(high or low risk) and distance from road or trail (close, moderate, or far).

At the patch level, nested within corridors, we expected a response of elk use
to interactions between region, distance from road or trail, and cover type (table
1). As risk increases, elk selectivity for grassland cover, which is most preferred
by elk and could offer the safest foraging areas, should increase while low
resource-value conifer habitats should most rapidly be abandoned (Houtman
and Dill 1998; Fryxell and Lundberg 1998). Aspen habitats, with intermediate
value, should have intermediate trends.

Predictions on Effects of Aspen Stand Structure

At the micro-scale level, elk use of aspen patches in comparison to the
surrounding matrix of grassland can be viewed as an integrator of local habitat
preference, competition, and predation risk (Brown 1988). In landscapes with
high predation risk, low elk density, and abundant forage in grasslands (A in
tigure 2), we predicted that dense aspen sapling thickets, which could provide
cover for predators, would rarely be entered by risk-sensitive elk (table 2). Under
low browsing pressure, thickets persist because regeneration of aspen remains
continuous at the edge of clones, thereby inhibiting herbivore use. If predation
risk decreases and elk density increases (toward the 30% twigs browsed isoline
between B and D), elk use should increase most rapidly in grasslands next to
aspen. If thickets continue to discourage elk use, this will create a maximum
difference in elk use between grasslands and aspen. As elk densities increase

Table 1—Predictions for elk corridor and patch use for high predation and low risk predation
landscapes at three distances from trails used by predators.

Distance from Landscape risk

main valley bottom High predation risk with Low predation risk with busy

trail or highway trail used by wolves highway avoided by wolves
Close Lowest Highest
(<100 m) Grass >>> Aspen >>> Conifer Grass > Aspen > Conifer
Moderate Moderate Moderate
(100 to 500 m) Grass >> Aspen >> Conifer Grass >> Aspen >> Conifer
Far Highest Lowest
(500 to 1,000 m) Grass > Aspen > Conifer Grass >>> Aspen >>> Conifer

USDA Forest Service Proceedings RMRS-P-18. 2001.
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Table 2—Predictions for elk patch use and browsing rates for grasslands on the edge of aspen stands,
and the interior of stands for three predation risk levels.

Relative elk habitat use

Predation risk and browsing rates Remarks

High Edge > Interior Heavily hunted area, or area near trail used by
wolves, elk use low in both edge and interior
patches

Moderate Edge >> Interior Elk use increases first at edge of aspen stands

Low Edge = Interior Aspen thickets removed, elk use all areas

farther in low risk landscapes (toward C), the risk-sensitive foraging tradeott
should result in strong pressure for elk to utilize areas within aspen thickets.
Higher elk browsing of thickets will in turn, over time, reduce thicket density.
Where thickets are removed, elk should have similar use levels in aspen and

grassland cover types.

Table 3—Study areas and data collected in each area.

Study area

Road and trail pellet
count transects on
risk gradients

Paired edge: interior

aspen stand transects on

risk gradients

Model thickets

Jasper National Park-
Willow Creek

Ya Ha Tinda Ranch

Banff National Park-
Bow Valley

5 transects—running
from 500 to 800 m from
trail to edge of trail,
plus >15 km of wolf
scat counts on trails

5 transects—running
from 500 to 1,000 m
from Trans Canada
Highway to edge of

1 transect—running
from 600 m away
from trail to the trail in
Mud Creek meadow

1 transect—running
across ranch boundary
from east at Eagle Creek

1 transect—running
across east park
boundary near Harvey
Heights, Alberta

5—located from 0.3 to

5 km from Banff townsite
at Recreation Grounds,
Hoodoos, Golf Course

and Indian Grounds and
Duthill

highway fence, plus >15
km of wolf scat counts
on trails

Bow Valley Provincial
Park

1 transect—running
from Kananaskis River
to center of park at
Many Springs Pond

Kananaskis Golf Course 1 transect—running
from clearcuts east of
Boundary Ranch to
powerline through

Golf Course

Study Areas and Methods

We tested predictions by evaluating elk use (indexed by pellet counts) and
browsing effects in aspen stands and adjacent grasslands and forests on five
valley-bottom elk winter range areas of the Canadian Rockies in Alberta (table 3).
The Jasper-Willow Creek area is a =30 km? area in Jasper National Park where
wolf predation on elk has been frequently observed (Carbyn 1974; Dekker et al.
1995). In 1999, about 20 to 40 elk utilized the area during winter (Bradford,
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personal communication). These elk may periodically leave the park onto
Alberta provincial lands where they are hunted during fall hunting seasons or
year-round by Treaty Indians (Dekker et al. 1995). The Ya Ha Tinda Ranch is
a=100 km?areaalong the Red Deer River adjacent to Banff National Park where
approximately 1,000 to 2,000 elk winter on grasslands within 3 to 5 km of the
ranch buildings (Morgantini 1995). During the study, wolf use was relatively
high in areas farther away from the ranch and bull elk were hunted during a fall
rifle-hunting season. Three study areas (Kananskis Golf Course, Bow Valley
Provincial Park, Banff-Bow Valley) were in the lower Bow Valley on Alberta
provincial lands and in Banft National Park. The Bow Valley has several areas
of different wolf and human predation rates on elk (Paquet et al. 1996). The
~100 km? Banff-Bow Valley area is bisected by a fenced highway and provides
habitat for over 500 elk. Near Banff townsite, human-caused mortality rates on
elk (from roads and the railroad) were 2% per year on roads and the railroad, and
wolves took <4% per year (Paquet et al. 1996; Woods et al. 1996). Elk also
concentrated on unhunted zones in Bow Valley Provincial Park, 50 km east of
Banff, and the Kananaskis Golf Course complex, 60 km southwest of Banft
(Alberta Environment Protection files, Canmore Office).

All study areas are in the montane or lower subalpine ecoregions of the
Canadian Rockies (Strong 1992). Vegetation cover is predominantly lodgepole
pine (Pinus contorta) forests interspersed with stands of trembling aspen,
Douglas-fir (Psendotsuga menziesic), white spruce (Picea glanca), and grass
meadows with shrub birch (Betula spp.) and willow (Salix spp.) shrublands
(Achuff and Corns 1982; Archibald et al. 1996; Beckingham et al. 1996). The
study areas have a continental climate with peak precipitation in June and winter
snow depths generally less than 50 cm (Holland and Coen 1982).

Ungulate and Wolf Habitat Use

We used pellet and scat counts on belt transects to index relative winter
habitat use by wolves and ungulates (Neft 1968; Edge and Marcum 1989). Elk
defecate most frequently when active, so pellet counts are likely biased toward
areas where elk are feeding or moving as opposed to bedding (Collins and
Urness 1979). Transects were measured in April and May, immediately after the
winter snowpack melted. We evaluated wolf and elk habitat use by cover type
and distance from trails and roads (table 3) at Jasper-Willow Creek (low human
use, high wolf use, low elk density) and Banff-Bow Valley area (high human use,
low wolf use, high elk density). From air photographs, we identified five transect
locations (figure 3) perpendicular to the main valley bottom trails (Jasper area)
and the Trans Canada Highway (Banff area) where a mix of aspen, conifer, and
grassland habitat patches was found at 10 to 100 m, 100 to 500 m, and 500 to
1,000 m from the road or trail. Aspect and elevation were relatively similar along
the transect. On the air photographs, we selected locations for five 2 x 50 m plots
in each cover type at each of the three distances from the trail or road for each
transect. All scats and ungulate pellet groups with centers within plots were
counted by species.

We used a factorial analysis (2 study areas x 3 cover types [grass, aspen,
conifer] x 3 distances from trail/road [close, moderate, far]) to test for main and
interaction effects on the elk pellet group counts. Although frequency count data
typically follow a negative binomial distribution, simulations by White and
Bennetts (1996) showed that analysis with ANOVA is relatively robust to
violations of normality. We minimized the effects of violations of parametric
assumptions (normal distribution and equal variance) by balancing sample sizes

USDA Forest Service Proceedings RMRS-P-18. 2001.
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for groups (Underwood 1997), comparing results of alternative data transfor-
mations of pellet counts on normal probability plots (Zar 1996), and using the
square root transformation (V[count + .5]).

We tallied all wolf scats within 1 m of the main trail centers in the Willow
Creek area of Jasper National Park for 3 years (1997, 1998, 1999), on side trails
in Willow Creek for 1 year (1999), and on side trails near the Trans Canada
Highway in the Banft-Bow Valley for 2 years (1998, 1999). Each trail was
surveyed once in April or May, immediately after snowmelt. Trail distances by
cover type were measured by wheel-odometer.

To evaluate effects of aspen stand structure and predation risk on elk habitat
use (table 2), we identified five transects (table 3) across areas where elk likely
had well-defined and rapid increases in risk (<2,000 meters across). For
example, the elk predation risk from wolves likely decreased farther from wolf-
used trails in the Jasper-Willow Creek area, or the predation risk from humans
decreased when entering national or provincial parks in the Bow watershed from
hunted, multiple use lands. Along each transect, we located three risk level zones
(high, moderate, and low risk of predation or hunting) to approximate Point A,
the 30% twigs browsed isoline, and Point C respectively in figure 1. At five
sample points in each zone, we counted pellet groups on a 2 x 50 m plot in the
interior of an aspen stand paired to a stand edge plot in grasslands 10 to 30 m
away. Where possible, aspen interior plots were established in thickets, defined
as a dense stand (<1 meter spacing, >50 stems/100 m?) of stems predominantly
2 to 6 meters in height. Where no thickets were found (low risk-high elk density
areas), we paired edge plots to plots in the interior of aspen stands with the
highest stem densities in the area. The moderate risk zone on each transect was
recognized as the zone where saplings were relatively dense in and near aspen
stands but rare in adjacent grasslands. Predictions of elk use of aspen patches
versus adjacent grassland patches at three risk levels (table 3) were tested with
a one-way analysis of variance of the ratio of paired values (aspen stand interior/
edge of stand) of elk pellet group counts.

Elk Browsing Effects on Aspen

We estimated elk-aspen browsing levels on aspen at five points (10 m
spacing) within each of the five 2 x 50 m paired plots at the low, moderate, and
high risk points along each risk transect (see above). At each point, the nearest
two aspen stems in each of three height classes (suckers [0 to 1 m], tall suckers
[1 to 2 m], and saplings [2 to 6 m]) were tallied by live or dead condition and
four browsing classes: <20% twigs browsed and/or stem debarked (BCI); 20
to 50% twigs browsed and/or stem debarked (BC2); 50 to 80% twigs browsed
and/or stem debarked (BC3); and >80% twigs browsed and/or stem debarked.
For analysis, an overall browsing index was calculated for saplings from the
midpoint of each browse class, weighted by the number of stems in each class
(BC1 to BC4), and divided by the total number of stems (n), with the equation:

B = (0.1*BC1 + 0.35*BC2 + .65*BC3 + 0.9*BC4)/n

Predictions (table 2) of elk browsing intensity of aspen stems inside patches
versus stems adjacent to grassland patches at three risk levels were tested with a
one-way analysis of variance of the ratio of paired values (interior of aspen stand/
edge of stand) of browse index values.

Few aspen thickets of stems 2 to 6 m in height occurred at the high elk density
and low predation/hunting risk end of transects. To evaluate over-winter elk
herbivory effects on sapling stands under these conditions, we constructed five
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artificial sapling thickets in the Banff-Bow Valley area (table 3). Methods
followed Lundberg and Dannell (1990) and Edenius (1991). Unbrowsed aspen
stems were cut during winter dormancy in December and early January from the
nearby fenced highway wildlife exclosure. Each artificial thicket consisted of 36
stems (2 to 5 m in height) set 20 cm into frozen ground to form a thicket 4 x 4
meters (approximately 0.75 m spacing between stems). Ten stems were placed
farther out, spaced 5 m apart, in the grassland area around the thicket. Thickets
were built around one to three mature, single aspen stems (>5 m height). We
measured the browsing condition class (see above) for each stem every 8 to 12
days after construction (early January 1999) until spring (late March). For
analysis of browsing effects, the browsing index (see above) was calculated for
each sample date for stems grouped as open (in the meadow), edge (on edge of
thicket), interior (0.5 to 1 m inside the thicket), and core (center of thicket).

Results

Wolf scat abundance on main and side trails was different between the Banft-
Bow and the Jasper-Willow Creck areas (table 4). Fencing prevents wolves from
using the Trans Canada Highway in the Bow-Banff area, and wolf use, as
indexed by scat counts, was relatively low along side trails within 1.5 km of the
tenced highway. For the Jasper area, wolf'scats were abundant on the main valley
bottom trail and less common on side trails.

Factorial analysis results of elk pellet counts (table 5, figure 4) showed
significant main effects of landscape area (Banff or Jasper), distance from trail
or road, and patch type. Banff had higher pellet group counts than Jasper. For
both areas, the pattern of elk pellet counts was grass > aspen > conifer. The
interaction effect between landscape area and distance from trail or road was
significant, demonstrating an opposite pattern of elk use in Banff and Jasper
corridors near roads and trails. In Banff, elk use was highest near the highway,
with consistently less elk use in all patch types with increasing distance classes.
In Jasper, elk use was lowest near the trail but was more variable with distance
from the trail (table 6). Contrary to predictions, there was no significant
interaction between landscape, distance from trail or road, and patch type. The
relative number of pellet groups within grass, aspen, and conifer patches was
fairly consistent within distance and landscape area (figure 4).

Elk pellet group counts and browsing index values for paired aspen stand
interior and edge plots varied significantly between plots that had different
predation and hunting risk (figure 5). There were few elk pellets in both edge

Table 4—Trail and highway distances sampled and mean spring (May, June) wolf scat counts by cover
type on trails for the Banff townsite area, Banff National Park, and Willow Creek area, Jasper
National Park.

Attribute Jasper-Willow Creek Banff-Bow Valley
Type patch type Grass Aspen Conifer Grass Aspen  Conifer

Main trail Distance (km) 9.5 0.6 12.5

or highway Scat count 46 1 62 Fenced
Scats/km 4.8 1.6 5.0

Side trail Distance (km) 1.7 4 2.3 7.9 1.2 21.2
Scat count 8 0 1 5 0 13
Scats/km 47 0 4 0.63 0.0 0.61
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Table 5—Results of the analysis of variance of the effects of landscape area (Banff-Bow Valley, Jasper-
Willow Creek), distance from road or trail (near, moderate, and far), and patch type (grass,
aspen, and conifer), on the square-root transformation of elk pellet group counts (mulitiple

R = 0.745, multiple R? = 0.555).

Source of variation SS Df MS F-ratio P
Landscape 390.66 1 390.66 387.81 0.000
Distance from road/trail 50.63 2 25.32 25.13 0.000
Patch type 202.86 2 101.43 100.69 0.000
Landscape x Distance 68.34 2 34.17 33.92 0.000
Landscape x Patch 6.81 2 1.70 1.69 0.151
Distance x Patch 53.48 4 26.74 26.55 0.000
Landscape x Distance x Patch 5.42 4 1.36 1.35 0.252
Transect (area) 95.20 8 11.90 11.81 0.000
Error 42711 424 1.01

0.1 |
Close Mod Far

Table 6 —Mean pellet group counts/100 m? with standard error on mean for cover types within study
areas. Column means with different superscript letters within areas and row means with
different superscript numbers are significantly different (see text) at p<0.05 (Bonferroni test on
square root of elk pellet counts). Sample sizes are n = 25 for plots grouped by landscape,
distance, and patch type; n= 75 for plots grouped by patch types; n =225 for each landscape,
all distances and patches; n= 150 for plots grouped by cover for all distances; and n = 450 for

all plots.
Distance from Patch type For all For all

Landscape trail or road Grass Aspen Conifer patches distances
Banff-Bow Close 38.6 =+ 6.3 142+ .0 79+14 203:28" 127=:1.2
Valley Moderate 19.6 £ 3.0 75+1.0 47 +1.0 11.2+1.5°

Far 13.9+28 35+07 27x07 6.7 =1.1°
Jasper-Willow Close 22+04 0.6+0.2 0.0+0.0 1.0+0.2¢ 1.4+01
Creek Moderate 3907 1.4+03 0.4=+0.1 2.0+0.3°

Far 24:05 1.3£02 0.3x0.1 1.3+0.2°
For both All distances  13.7 = 1.7 47+06° 27x04° — 7.0:0.6
landscapes
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Figure 4—Geometric means = SEM of
elk pellet group counts for grass (G),
aspen (A), and conifer (C) cover types at
3 distances from trails or roads in the
Banff (B) and Jasper ()) study areas. The
1 pellet group/100 m? threshold line
indicates the level above which aspen
saplings are rare (C. White, personal
observation). For each sample, n = 25.
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Figure 5—Means = SEM of pellet group
counts (a) and browsing index values
(b) for paired plots on the edge and in
the interior of aspen stands on transects
from high to low predation or hunting
risk to elk, and the ratio of interior to
edge pellet count and browse index
values (c). For each sample, n = 25.
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and aspen interior plots in high-risk areas. Pellet numbers increased more rapidly
in edge plots than aspen interior plots as risk decreased (figure 5a). Areas at
moderate risk had a statistically significantly lower (p = 0.03, Bonferroni
adjusted) ratio of interior to edge pellet group counts (figure 4c) than did low
risk areas. Aspen sapling browsing index values had a corresponding pattern
(figure 5b). The stand interior to edge ratio of browsing (figure 5c¢) was
significantly lower in moderate than in high risk areas (p = 0.04, Bonferroni
adjusted) and low riskareas (p = 0.001, Bonferroniadjusted). These use patterns
corresponded with changing aspen stand structure. Aspen stands in moderate
and high risk areas were dense and multi-aged (figure 6a). However, in lower
risk areas where pellet counts were >1 group/100 m?2, stands had low sapling
densities and were much more open (figure 6b).

Over-winter (approximately January 10 to March 20) browsing by elk was
intense on the model aspen stands constructed in the Banftf-Bow area. Browsing
indexvalues decreased for stem placements in the following order: isolated stems
in open areas, stems on the edge of 4 x 4 m thickets, stems 1 m in from thicket
edge, and stems in center of thickets (figure 7). By the end of winter, the mean
browsing index was greater than 0.7 for all stem placements.

Discussion

Effects of Patch Type and Travel Corridors Used by

Predators and Humans

General elk use by patch type (grass > aspen > conifer), as indexed by pellet
group counts (figure 4, table 6), was consistent for the Jasper and Banft areas.
High elk use of grass and short shrub habitat patches has been reported for
numerous Rocky Mountain areas including northern British Columbia (Peck
and Peek 1991), Alberta National Parks (Cowan 1947; Flook 1964 ), Montana
(Jenkins and Wright 1988), Yellowstone National Park (Houston 1982;
Coughenour and Singer 1996), and lodgepole pine and meadow areas in Utah
(Collins and Urness 1979). Pellet group counts were comparable to earlier
research (1975 to 1980) in the montane ecoregion in Banff and Jasper National
Parks where means of 10 to 15 groups/100 m? for grassland types and 2 to 4
groups/100 m? for forest types were reported (Holroyd and Van Tighem (1983:
412).

The different patterns of elk pellet groups near valley bottom trails in a
wilderness area of Jasper National Park in contrast to near a busy four-lane
highway in Banft National Park (figure 4) were in accordance with predictions
(table 1). In the Banff area, there was consistently fewer elk pellet groups as the
distance from the highway increased (table 6). This may be the result of predator
avoidance (Dekker et al. 1995). In Banff, wolves cannot use the highway as a
valley-bottom travel vector due to highway fencing (table 4), and only infre-
quently use areas near the fence due to high traffic volume. Paquet et al. (1996)
tound from tracking and radio telemetry studies that wolves avoided areas
within 500 m of the highway in Banft. Dekker et al. (1995) described a similar
pattern of relatively low wolf use and high elk use near the main highway in the
Athabasca Valley in Jasper National Park. However, in the Athabasca Valley, elk
could also be attracted to the highway right-of-ways because of tree clearing and
agricultural grass cover (Holroyd and Van Tighem 1983). In the Banff area,
highway fencing blocks elk use on most of the right-of-way area (Woods 1990),
thus reducing the effect of this confounding factor.
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Figure 6—Dense stand of aspen sap-
lings near a trail heavily used by wolves
atWillow Creek inJasper National Park,
Alberta (a, upper photo), and heavily
browsed, low stem-density stand ap-
proximately 500 m from the trail (b,
lower photo).
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In the Jasper-Willow Creek area, the valley bottom trail was a main winter
travel vector for wolves (table 4). This corroborated the findings of several other
studies of wolf movements in undeveloped areas of the Rocky Mountains
(Carbyn 1974; Paquet et al. 1996; Kunkel 1997). In winter at Willow Creek,
wolves maintain runways through snow along trails by repeatedly using the
same route (Carbyn 1974). In addition, Jasper National Park wardens make
infrequent winter patrols on the main trail by snow machine (G. Antoniuk,
personal communication). Trails where the snow is packed, but are only lightly
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used by people, are often preferred winter travel routes for wolves (Paquet et al.
1996). There was significantly less elk use within 100 m of the Jasper trail, but
elk use was more variable with distance than in Banff (figure 4, table 6). In
contrast to Banft where wolves predictably avoid areas close to the highway
(Paquet et al. 1996), Jasper wolves may use main trails heavily but they still
utilize side trails and areas away from trails (table 4). Further, predators such as
cougar, black bear (Ursus americanus), and grizzly bear (Ursus arctos) are likely
more common at all distances from trails in the remote Jasper area compared to
near the highway in the busy Banft area (Banff Bow Valley Study 1996).

Contrary to predictions for an interaction effect on elk habitat use that
included distance from trail or road (figure 4, table 2), there appeared to be
similar relative elk use patterns for patch types (e.g., grass >> aspen > conifer
for Banff, grass > aspen >> conifer for Jasper) for all distances within
landscapes. Possibly, elk use of adjacent patches types as sampled with our
methods was not independent. Elk often forage in grass patches, but may seek
hiding cover in adjacent conifer patches when resting (Lyon 1979; Lyon and
Ward 1982; Thomas et al. 1988). However, the low number of pellet groups
in the aspen and conifer types closer to trails in the Jasper-Willow Creek area
(table 6) suggested that elk avoided forest cover here when foraging or traveling.

The overall patterns of elk use with landscape, distance from trail or road,
and patch type had important biological significance for aspen regeneration. In
Jasper, aspen saplings within aspen and conifer patches near the trail were often
unbrowsed (figure 6a). However, in all patch types at all distances from the road
in Banff, Jasper aspen patches >500 m from the trail, and all Jasper grasslands,
pellet group counts exceeded the threshold of =1 group/100 m? (C. White,
personal observation) where aspen saplings are completely browsed oft (figures
4, 6b).
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Figure 7—Mean = SEM of browsing
index values of aspen stems in and near
model thickets. See text for location of
stems. Sample sizes are open stems (n =
50), edge stems (n = 100), interior stems
(n = 60), and core stems (n = 20).
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Effects of Aspen Stand Structure and Predation Risk

Elk pellet group and browsing index values for paired aspen interior and
grassland edge across predation and hunting risk gradients (figure 5) followed
the predictions from risk-sensitive foraging (table 2). These results support the
hypothesis that the Type 2 functional response observed for aspen sapling-elk
interaction (figure 2) is at least partially caused by relatively less time spent by
elk in dense-stemmed aspen patches. Along risk gradients (figure 5), this
interaction was most clearly manifested at intermediate risk levels. At high risk,
elk densities were low and elk browsing was low in both the edge of and inside
adjacent aspen thickets (figure 6a). At low risk, elk were at higher densities and
over time killed aspen saplings (figure 6b). The remaining open-grown stands
were again more equitably used by elk in comparison to adjacent grasslands
(figure 5¢). At intermediate risk, elk densities were moderate in grasslands, but
they most clearly avoided using aspen thickets. Further evidence of this fine-scale
elk-foraging pattern was provided by browsing over time in the model thickets
built in the Banff’s Bow Valley. Elk browsed sapling stems in open grasslands
near stand edges preferentially (figure 7). However, in this high elk density
situation, even stems at the core of aspen thickets were heavily browsed within
90 days of stand construction. Shepperd and Fairweather (1994) observed
comparably high elk browsing rates when fences protecting sapling stands in
Arizona were removed.

The relatively low rates of browsing of aspen suckers and saplings in multi-
aged, high stem density stands compared to more open aspen stands has been
recognized by previous researchers (DeByle 1985a,b). The low elk use of dense
aspen stands we observed could be the result of an interrelated suite of factors.
Dense stands may have better cover for stalking predators such as cougars
(Kunkel etal. 1999), increased snow depths (Telfer 1978), and decreased forage
availability (Bailey and Wroe 1974). In contrast, adjacent open grassland areas
provide elk with ease of escape from predators (Geist 1982), and when elk
numbers are low, open grasslands provide a high availability of palatable grasses
(Willoughby et al. 1997).

Plant structural characteristics such as thorns, spine, tough leaves, and
prickles may reduce herbivore use (Harper 1977; Cooper and Owen-Smith
1986; Pollard 1992). But intuitively, increasing density of highly palatable
torage such as aspen saplings would result in higher herbivore use of patches, not
lower, if no other factors were operative. However, aspen communities exist in
montane landscapes that historically included not just plants and herbivores, but
also predators—humans, wolves, cougars, and black and grizzly bears (Mattson
1997; Kay 1998; White et al. 1998a; Kunkel etal. 1999). In three-level trophic
systems, the interaction between vegetation structure, predator hunting behav-
ior, and herbivore response to predation risk is likely profound, variable, and
complex (Lima and Dill 1990; Hunter and Price 1992; Lima 1998; Kie 1999).
Results of the present study suggest the hypothesis that aspen’s dense-stemmed
thicket trait confers increased fitness to aspen clones in predator-rich environ-
ments but could be detrimental in herbivore-rich situations. This requires
turther investigation.

Integration of Risk-Sensitive Foraging Patterns and
Aspen Stand Structure

The three spatial scales of elk density and risk-sensitive foraging patterns
(figure 3) evaluated here (regional, near trails and roads, and habitat patch level)
appear to be associated with major structural differences in aspen stands. At the
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regional level in high-predation risk areas, such as Jasper’s Willow Creek where
elk densities were low (<1 pellet group/100 m?; figure 4), aspen were often
multi-aged and dense (figure 6a). In low-predation and hunting-risk areas, such
as in Banft, elk densities were usually high (>3 to 5 pellet groups/100 m?;
tigure 4). Under these conditions, all aspen stands were heavily browsed, and
dense multi-aged stands did not occur.

At intermediate spatial scales, human and predator travel routes had
completely different effects under difterent risk situations. In high-predation
risk ecosystems with low human use, valley-bottom trails were frequented by
wolves (table 4). Elk were not attracted to these trails, and may even have
avoided some areas near them (figure 4). As a result, in the Jasper Willow-Creek
area, aspen stands were multi-aged and most dense near the main trail, and more
heavily browsed at increased distances from the trail (figure 6). In low-predation
risk areas (e.g., near busy national park roadways) the opposite effect occurred.
Elk may be attracted to valley bottom travel routes and facilities heavily used by
humans but avoided by wolves (Paquet et al. 1996). This resulted in very high
elk densities in aspen stands (e.g., >10 pellet group/100 m?) such as observed
in this study for the Banft’s Bow Valley (figure 4). This “reversed” pattern of elk
use in modern park landscapes makes herbivory impacts acute for aspen stands
in valley-bottom areas once heavily used, but now avoided, by predators (Ripple
and Larsen 2000).

At the finest scale of the habitat patch, structural conditions of aspen (low
density stands versus dense, multi-aged stands) further affected elk foraging
behavior. In a high-predator risk region, particularly near routes frequented by
predators, aspen stands had high stem densities with low browsing rates (figures
5b, 6a). In contrast, a positive feedback mechanism occurred when elk densities
were high—browsing reduced stem density, which increased elk habitat use and
browsing rates. Most aspen stands in low-predation risk and high elk density
areas in the Rocky Mountains are currently in this condition (Kay 1997a). From
1940 to 1970, several national parks including Jasper, Banft, Yellowstone, and
Rocky Mountain culled elk but achieved no significant response from aspen
(White et al. 1998a), even when elk populations were reduced to levels where
aspen regeneration had previously occurred (Houston 1982; Huff and Varley
1999). This led to alternative hypotheses that fire suppression or climate change
were important causes of aspen decline (Houston 1982; Romme et al. 1995).
However, results of our study suggest that aspen regeneration would not be
expected at the same elk densities at which it initially declined due to different
elk behavioral patterns in remnant open stands (figure 2). Only a major decrease
in elk density would re-create the dense multi-aged stands that are more resistant
to herbivory.

Historically, spatial factors that affected predation on herbivores—such as
predator travel routes (Carbyn 1974), wolf pack buffer zones (Mech 1977), and
denning locations (Dekker et al. 1995) or First Nation intertribal warfare areas
(Kay 1994; Martin and Szuter 1999)—likely shifted with time. The resulting
spatially dynamic, risk-sensitive foraging patterns of elk would often provide
conditions favorable for creating dense aspen stands that would be resistant to
periodic higher densities of elk if predation risk declined. In contrast, many
current risk zones (e.g., park boundaries) are spatially fixed and may result in
long-term high elk density in some areas (White et al. 1998a).

The landscape analysis, or “natural experiment” technique, used here to
evaluate hypotheses for risk-sensitive foraging by elk on aspen did not control
for the relative effects of predation risk versus elk competition for food. For
example, in all analyses, areas of higher risk had lower densities of elk, as indexed
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by pellet groups (figures 4, 5b; table 6). Relatively low browsing rates on aspen
in these areas could be more related to the higher availability of preferred foods
(e.g., some grass species) in low elk density areas than risk-driven avoidance of
aspen stands. However, reductions in elk density at local or regional levels,
through behavioral or demographic effects, may be a relatively consistent result
of increased carnivore predation or human hunting rates (Lyon and Ward 1982;
Dekker et al. 1995; Paquet et al. 1996; Kunkel and Pletscher 1999).

Conclusion

Patterns of elk herbivory on aspen result from multi-scale factors that include
not just general elk density, but varying risk-sensitive foraging patterns resulting
from predator habitat use (Ripple and Larsen 2000) and aspen stem-density
conditions. In national parks of the Canadian Rockies that are heavily used by
people, the current pattern is one of high-density elk populations attracted to
valley bottoms and intense elk foraging on low stem-density aspen stands. This
is the opposite of historical conditions throughout the Rockies and of the current
situation in more remote areas, where elk have lower densities and are not
attracted to valley bottom travel routes that are heavily used by wolves or human
hunters. Low herbivory results in dense, multi-aged aspen stands that are
resistant to periodically higher browsing rates by fluctuating populations of elk.
This condition is likely similar to the long-term spatially dynamic conditions that
maintained aspen in valley-bottom areas.

Elk-aspen foraging patterns result from complex interactions between
predators, herbivores, and vegetation. As predicted by Hunter and Price (1992),
these interactions are highly influenced by heterogeneity in more natural systems
where predators still occur. Neither “top-down” nor “bottom-up” influences
necessarily prevail. However, reductions in elk density at local or regional levels,
through behavioral or demographic eftects, may be a consistent result of
maintaining the historical range of variability of carnivore predation or human
hunting rates. Therefore, it may be difficult to isolate the effects of predation
trom reduced elk competition for food in future research on aspen herbivory.
Results of this study suggest the hypothesis that aspen’s dense-stemmed thicket
trait confers increased fitness to aspen clones when interactions occur between
the behavior of predators and herbivores and the density of vegetation.

Acknowledgments

This paper was improved through discussions with T. Sinclair, S. Bayley,
K. Klinka, B. Ripple, T. Hurd, D. Dekker, M. Hebblewhite, C. Nietvelt,
L. Carbyn, K. Van Tighem, P. Achuff, and I. Pengelly, and reviews of drafts by
K. Hodges, G. Chong, W. Mueggler, C. Kay, and J. Boulanger. Assistance in
the field from K. Hartlin, M. Sherrington, W. Helstrom, J. Wasylyk, D. Duke,
and A. Pelier was essential. Logistics and permits were provided by G. Antoniuk,
A. Westhaver, G. Isrealson, and R. Kubian (Jasper National Park); J. Jorgenson
and S. Donelon (Alberta Environmental Protection); and J. and M. Nylund (Ya
Ha Tinda Ranch).

USDA Forest Service Proceedings RMRS-P-18. 2001.



Predation Risk and Elk-Aspen Foraging Patterns

References

Achuff, P. L.; Corns, I. G. W. 1982. Vegetation. In: W. D. Holland and G. M. Coen, general
editors. Ecological (biophysical) land classification of Banff and Jasper National Parks.
Volume II: Soil and vegetation resources. Publication SS-82-44. Edmonton, AB: Alberta
Institute of Pedology: 71-156.

Achuff, P. L.; Pengelly, I; Wierzchowski, J. 1996.Vegetation: cumulative effects and ecological
futures outlook. In: Green, J.; Pacas, C.; Bayley, S.; Cornwell, L., eds. A cumulative eftects
assessment and futures outlook for the Banft-Bow Valley. Ottawa, ON: Department of
Canadian Heritage: Chapter 4.

Archibald, J. H.; Klappstein, G. D.; Corns, I. G. W. 1996. Field guide to ecosites of southwestern
Alberta. Canadian Forestry Service Special Report 8. Edmonton, AB: Northern Forestry
Centre.

Augustine, D. J.; McNaughton, S. J. 1998. Ungulate effects on the functional species composition
of plant communities: herbivory selectivity and plant tolerance. Journal of Wildlife Manage-
ment 62(4): 1165-1183.

Bailey, A. W.; Wroe, R. A. 1974. Aspen invasion in a portion of the Alberta parklands. Journal
of Range Management 27(4): 263-266.

Bailey, D. W.; Gross, J. E.; Laca, E. A.; Rittenhouse, L. R.; Coughenour, M. B.; Swift, D. M.;
Sims, P. L. 1996. Mechanisms that result in large herbivore grazing distribution patterns.
Journal of Range Management 49(5): 386—400.

Baker, W. L.; Munroe, J. A.; Hessl, E. A. 1997. The effects of elk on aspen in the winter range
in Rocky Mountain National Park. Ecography 20: 155-165.

Banft-Bow Valley Study. 1996. Banff-Bow Valley. At the crossroads. Technical report of the
Banft-Bow Valley Task Force. Ottawa, ON: Department of Canadian Heritage. 432 p.

Beckingham, J. D.; Corns, I. G. W.; Archibald, J. H. 1996. Field guide to ecosites of west-central
Alberta. Canadian Forestry Service Special Report 9. Edmonton, AB: Northern Forestry
Centre.

Boyce, M. S. 1989. The Jackson elk herd: intensive wildlife management in North America. New
York, NY: Cambridge University Press. 306 p.

Boyce, M. S. 1998. Ecological-process management and ungulates: Yellowstone’s conservation
paradigm. Wildlife Society Bulletin 26(3): 391-398.

Brown, J. S. 1988. Patch use as a indicator of habitat preference, predation risk, and competition.
Behavioral Ecology and Sociobiology 22: 37-47.

Carbyn, L. N. 1974. Wolf predation and behavioural interaction with elk and other ungulates in
an area of high prey density. Dissertation. Toronto, ON: University of Toronto: 233 p.

Caughley, G. 1976. Wildlife management and the dynamics of ungulate populations. Applied
Ecology 1: 183-246.

Caughley, G. 1979. What is this thing called carrying capacity. In: Boyce, M. S.; Hayden-Wing,
L. D., eds. North American elk: ecology, behavior, and management. Laramie, WY:
University of Wyoming: 2-8.

Collins, W. B.; Urness; P. J. 1979. Elk pellet group distributions and rate of deposition in aspen
and lodgepole pine habitats. In: Boyce, M. S.; Hayden-Wing, L. D., eds. North American
elk: ecology, behavior, and management. Laramie, WY: University of Wyoming: 140-144.

Cooper, S. M.; Owen-Smith, N. 1986. Effects of plant spinescence on large mamalian herbivores.
Occologia 68: 446—455.

Coughenour, M. B.; Singer, F. J. 1996. Elk population processes in Yellowstone National Park
under the policy of natural regulation. Ecological Applications 6(2): 573-593.

Cowan, I. M. 1947. Range competition between mule deer, bighorn sheep, and elk in Jasper
National Park, Alberta. Transactions of the North American Wildlife Conference 12:
223-237.

Danell, K.; Edenius, L.; Lundberg, P. 1991. Herbivory and tree stand composition: moose patch
use in winter. Ecology 72: 1350-1357.

USDA Forest Service Proceedings RMRS-P-18. 2001.

White and Feller

79



White and Feller

80

Predation Risk and Elk-Aspen Foraging Patterns

DeByle, N. V. 1985a. Wildlife. In: DeByle, N. V.; Winokur, R. P., eds. Aspen: ecology and
management. Gen. Tech. Rep. RM-119. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Forest and Range Experiment Station: 135-160.

DeByle, N. V. 1985b. Animal impacts. In: DeByle, N. V.; Winokur, R. P., eds. Aspen: ecology
and management. Gen. Tech. Rep. RM-119. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station:
115-123.

Dekker, D. G.; Bradford, W.; Gunson, J. R. 1995. Elkand wolves in Jasper National Park, Alberta
from historical times to 1992. In: Carbyn, L. N.; Fritts, S. H.; Seip, D. R., eds. Ecology and
conservation of wolves in a changing world. Canadian Circumpolar Institute Publication.
Edmonton, AB: University of Alberta: 85-94.

Edenius, L. 1991. The effect of resource depletion on the feeding behaviour of a browser: winter
foraging by moose on Scots pine. Journal of Applied Ecology 28: 318-328.

Edge, W.D.; Marcum, C. L. 1989. Determining elk distribution with pellet-group and telemetry
techniques. Journal of Wildlife Management 53(3): 621-624.

Finch, D. M.; Ruggiero, L. F. 1993. Wildlife habitats and biological diversity and the Rocky
Mountains and northern Great Plains. Natural Areas Journal 13: 191-203.

Flook, D. R. 1964. Range relationships of some ungulates native to Banff and Jasper National
Parks, Alberta. Symposium of the British Ecological Society 4: 119-128.

Fritz, R. S. 1992. Community structure and species interactions of phytophagous insects on
resistant and susceptible host plants. In: Fritz, R. S.; Simms, E. L. eds. Plant resistance to
herbivores and pathogens. Chicago, IL: University of Chicago Press: 240-277

Fryxell, J. M.; Lundberg, P. 1997. Individual behavior and community dynamics. Chapman and
Hall: London, England. 202 p.

Geist, V. 1982. Adaptive behavioral strategies. In: Thomas, J. W.; Toweill, D. E., eds. Elk of
North America: ecology and management. Harrisburg, PA: Stackpole Books: 219-277.

Gruell, G. E. 1979. Wildlife habitat investigations and management implications on the Bridger-
Teton National Forest. In: Boyce, M. S.; Hayden-Wing, L. D., eds. North American elk:
ecology, behavior, and management. Laramie, WY: University of Wyoming: 63-74.

Gruell, G. E. 1980. Fire’s influence on wildlife habitat on the Bridger-Teton National Forest,
Wyoming. Volume 1: Photographic record and analysis. Res. Pap. INT-235. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range Experi-
ment Station. 207 p.

Hairston, N. G.; Smith; F. E.; Slobodkin, L. B. 1960. Community structure, population control,
and competition. American Naturalist 94: 421-425.

Hare, J. D. 1992. Effects of plant variation on herbivore-natural enemy variations. In: Fritz, R. S.;
Simms E. L., eds. Plant resistance to herbivores and pathogens. Chicago, IL: University of
Chicago Press: 278-298.

Harper, J. L. 1977. Population biology of plants. San Diego, CA: Academic Press. 892 p.

Hobbs, N. T. 1996. Modification of ecosystems by ungulates. Journal of Wildlife Management
60(4): 695-713.

Hobbs, N. T.; Baker, D. L.; Ellis, J. F.; Swift, D. M.; Green, R. A. 1982. Energy- and nitrogen-
based estimates of elk winter-range carrying capacity. Journal of Wildlife Management 46(1):
12-21.

Holland, W. D.; Coen, G. M. 1982. The ecological (biophysical) land classification of Banff and
Jasper National Parks. Publication §S-82-44. Edmonton, AB: Alberta Institute of Pedology.
540 p.

Holling, C. S. 1959. The components of predation as revealed by a study of small-mammal
predation of the European sawfly. Canadian Entomologist 91: 293-320.

Holroyd, G. L.; Van Tighem, K. J. 1983. Ecological (biophysical) land classification of Banffand
Jasper National Parks: Volume III: The wildlife inventory. Edmonton, AB: Canadian
Wildlife Service. 691 p.

Houston, D. B. 1982. The northern Yellowstone elk: ecology and management. . New York, NY:
MacMillan. 474 p.

USDA Forest Service Proceedings RMRS-P-18. 2001.



Predation Risk and Elk-Aspen Foraging Patterns

Houtman, R.; Dill, L. M. 1998. The influence of predation risk on diet selectivity: a theoretical
analysis. Evolutionary Ecology 12: 251-262.

Huff, D. E.; Varley, J. D. 1999. Natural regulation in Yellowstone National Park’s northern
range. Ecological Applications 9(1): 17-29.

Huggard, D.]J. 1993a. Prey selectivity of wolves in Banff National Park. I. Prey species. Canadian
Journal of Zoology 71: 130-139.

Huggard, D.J. 1993b. Effect of snow depth on predation and scavenging by gray wolves. Journal
of Wildlife Management. 57(2): 382-388.

Hunt, H. M. 1979. Summer, autumn, and winter diets of elk in Saskatchewan. Canadian Field
Naturalist 93(3): 282-287.

Hunter, M. D.; Price, P. W. 1992. Playing chutes and ladders: heterogeneity and the relative roles
of bottom-up and top-down forces in natural communities. Ecology 73(3): 724-732.

Jeffries, M. J.; Lawton, J. H. 1984. Enemy free space and the structure of ecological communities.
Biological Journal of the Linnean Society 23: 269-286.

Jelinski, D. E.; Fisher, L. J. 1991. Spatial variability in the nutrient composition of Populus
tremuloides: clone-to-clone differences and implications for cervids. Oecologia 88: 116-124.

Jenkins, K. J.; Wright, R. G. 1988. Resource partitioning and competition among cervids in the
Northern Rocky Mountains. Journal of Applied Ecology 25: 11-24.

Kay, C. E. 1990. Yellowstone’s northern elk herd: a critical evaluation of the “natural regulation
paradigm.” Logan, UT: Utah State University. 488 p. Dissertation.

Kay, C. E. 1994. Aboriginal overkill: the role of Native Americans in structuring western
ecosystems. Human Nature 5: 359-396.

Kay, C. E. 1997a. Is aspen doomed? Journal of Forestry 95(5): 4-11.

Kay, C. E. 1997b. The condition and trend of aspen in Kootenay and Yoho National Parks:
implications for ecological integrity. Canadian Field Naturalist 111(4): 607-616.

Kay, C. E. 1998. Are ecosystems structured from the top-down or the bottom-up: a new look at
an old debate. Wildlife Society Bulletin 26(3): 484—498.

Kay, C. E.; Wagner, F. H. 1996. Response of shrub-aspen to Yellowstone’s 1988 wildfires:
implications for natural regulation management. Biennial Scientific Conference on the
Greater Yellowstone Ecosystem 2: 107-111.

Kay, C. E.; White, C. A; Pengelly, I. R.; Patton, B. 1999. Long-term ecosystem states and
processes in Banff National Park and the central Canadian Rockies. National Parks Branch
Occasional Report 9. Ottawa, ON: Parks Canada. 249 p.

Keigley, R. B. 1997. An increase in herbivory of cottonwood in Yellowstone National Park.
Northwest Science 71(2): 127-136.

Kie, J. G. 1999. Optimal foraging and risk of predation: effects on behavior and social structure
in ungulates. Journal of Mammalogy 80(4): 1114-1129.

Krebs, C. J.; Sinclair, A. R. E.; Boonstra, R.; Boutin, S.; Martin K.; Smith, J. N. M. 1999.
Community dynamics of vertebrate herbivores: how can we untangle the web? Symposium
of the British Ecological Society 38: 447-473.

Kunkel, K. E. 1997. Predation by wolves and other carnivores in northwestern Montana and
southeastern British Columbia. Missoula, MT: University of Montana. 272 p. Dissertation.

Kunkel, K. E.; Pletscher, D. H. 1999. Species-specific population dynamics of cervids in a
multipredator ecosystem. Journal of Wildlife Management 63(4): 1082-1093.

Kunkel, K. E.; Ruth, T. K.; Pletscher, D. H.; Hornocker, M. G. 1999. Winter prey selection by
wolves and cougars in and near Glacier National Park, Montana. Journal of Wildlife
Management 63(3): 901-910.

Lima, S. L. 1992. Strong preferences for apparently dangerous habitats? A consequence of
differential escape from predators. Oikos 64(3): 597-600.

Lima, S. L. 1998. Nonlethal effects in the ecology of predator-prey interactions. Bioscience 48(1):
25-34.

USDA Forest Service Proceedings RMRS-P-18. 2001.

White and Feller

80a



White and Feller

80b

Predation Risk and Elk-Aspen Foraging Patterns

Lima, S. L.; Dill, L. M. 1990. Behavioral decisions made under the risk of predation: a review and
prospectus. Canadian Journal of Zoology 68: 619-640.

Lundberg, P.; Dannell, K. 1990. Functional response of browsers: tree exploitation by moose.
Oikos 58(3): 378-384.

Lyon, L.]. 1979. Habitat effectiveness for elk as influenced by roads and cover. Journal of Forestry
77(10): 658-660.

Lyon, L.J.; Ward, A. L. 1982. Elk and land management. In: Thomas, J. W.; Toweill, D. E., eds.
Elk of North America: ecology and management. Harrisburg, PA: Stackpole Books:
443-477.

Martin, P. S.; Szuter, C. R. 1999. War zones and game sinks in Lewis and Clark’s West.
Conservation Biology 13(1): 36—45.

Mattson, D. J. 1997. Use of ungulates by Yellowstone grizzly bears Ursus arctos. Biological
Conservation 81: 161-177.

Mech, L. D. 1977. Wolf-pack buffer zones as prey reservoirs. Science 198: 320-321.

Mitton, J. B.; Grant, M. C. 1996. Genetic variation and the natural history of quaking aspen.
Bioscience 46(1): 25-31.

Morgantini, L. E. 1995. The Ya Ha Tinda: an ecological interview. Technical Report. Calgary,
AB: Parks Canada, Alberta Region. 105 p.

Morgantini, L. E.; Hudson, R. J. 1988. Migratory patterns of the wapiti (Cervus elaphus) in Banff
National Park, Alberta. Canadian Field Naturalist 102(1): 12-19.

Neft, D. J. 1968. The pellet-group count technique for big game trend, census, and distribution:
a review. Journal of Wildlife Management 32(3): 597-614.

Nelson, J. R.; Leege, T. A. 1982. Nutritional requirements and food habits. In: Thomas, J. W.;
Toweill, D. E., eds. Elk of North America: ecology and management. Harrisburg, PA:
Stackpole Books: 323-367.

Noy-Meir, I. 1975. Stability of grazing systems: an application of predator-prey graphs. Journal
of Ecology 63: 459—481.

Olmsted, C. E. 1979. The ecology of aspen with reference to utilization by large herbivores in
Rocky Mountain National Park. In: Boyce, M. S.; Hayden-Wing, L. D., eds. North
American elk: ecology, behavior, and management. Laramie, WY: University of Wyoming:
89-97.

Packard, F. M. 1942. Wildlife and aspen in Rocky Mountain National Park, Colorado. Ecology
23(4): 478-482.

Paquet, P.; Wierzchowski, J.; Callaghan, C. 1996. Effects of human activity on gray wolves in
the Bow River Valley, Banff National Park, Alberta. In: Green, J; Pacas, C.; Bayley, S.;
Cornwell, L., eds. A cumulative effects assessment and futures outlook for the Banff-Bow
Valley. Ottawa, ON: Department of Canadian Heritage: Chapter 7.

Pech, R.P.; Sinclair, A. R. E.; Newsome, A. E. 1995. Predation models for primary and secondary
prey species. Wildlife Research 22: 55-64.

Peck, V. R.; Peek, J. M. 1991. Elk, Cervus elaphus, habitat use related to prescribed fire, Tuchodi
River, British Columbia. Canadian Field Naturalist 105(3): 354-362.

Pollard, A.J. 1992. The importance of deterrence: responses of grazing animals to plant variation.
In: Fritz, R. S.; Simms, E. L., eds. Plant resistance to herbivores and pathogens. Chicago,
IL: University of Chicago Press: 216-239.

Price, P. W.; Bouton, C. E; Gross, P.; McPheron, B. A.; Thompson, J. N.; Weiss, A. E. 1980.
Interactions among three trophic levels: influences of plants on interactions between insect
herbivores and natural enemies. Annual Review of Ecology and Systematics 20: 297-330.

Ripple, W. J.; Larsen, E. ]J. 2000. Historic aspen recruitment, elk, and wolves in northern
Yellowstone National Park, USA. Biological Conservation.

Romme, W. H.; Turner, M. G.; Wallace, L. L.; Walker, J. S. 1995. Aspen, elk and fire in northern
Yellowstone National Park. Ecology 76(7): 2097-2106.

USDA Forest Service Proceedings RMRS-P-18. 2001.



Predation Risk and Elk-Aspen Foraging Patterns

Rost, G. R.; Bailey, J. A. 1979. Distribution of mule deer and elk in relation to roads. Journal of
Wildlife Management 43(3): 635-641.

Rounds, R. C. 1979. Height and species as factors determining browsing of shrubs by wapiti.
Journal of Applied Ecology 16: 227-241.

Schmitz, O. J.; Sinclair, A. R. E. 1997. Rethinking the role of deer in forest ecosystem dynamics.
In: McShea, W. J.; Underwood, H. B.; Rappole, J. H., eds. The science of overabundance.
Washington, DC: Smithsonian Institution Press: 201-233.

Senft, R. L.; Coughenour, M. B.; Bailey, D. W.; Rittenhouse, L. R.; Scala, O. E.; Swift, D. M.
1987. Large herbivore foraging and ecological hierarchies. BioScience 37(5): 789-799.

Shepperd, W. D.; Fairweather, M. L. 1994. Impact of large ungulates in restoration of aspen
communities in a southwestern ponderosa pine ecosystem. In: Covington, W. W.; DeBano,
L. F., technical coordinators. Sustainable ecological systems: implementing an ecological
approach to land management. Gen. Tech. Rep. RM-247. Fort Collins, CO: U.S. Depart-
ment of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station:
344-347.

Sih, A. 1987. Predators and prey lifestyles: an evolutionary and ecological overview. In: Kerfoort,
W. C.; Sih, A., eds. Predation: direct and indirect effects on aquatic communities. Hanover,
NH: University Press of New England: 203-224.

Sinclair, A. R. E.; Pech, R. P.; Dickman, C. R.; Hik, D.; Mahon, P.; Newsome, A. E. 1998.
Predicting effects of predation on conservation of endangered prey. Conservation Biology
12(3): 564-575.

Singer, F. J.; Swift, D. M.; Coughenour, M. B.; Varley, J. D. 1998. Thunder on the Yellowstone
revisited: an assessment of management of native ungulates by natural regulation, 1968-
1993. Wildlife Society Bulletin 26(3): 375-390.

Skovlin, J. M. 1982. Habitat requirements and evaluations. In: Thomas, J. W.; Toweill, D. E.,
eds. Elk of North America: ecology and management. Harrisburg, PA: Stackpole Books:
369-412.

Spalinger, D. E.; Hobbs, N. T. 1992. Mechanisms of foraging in mammalian herbivores: new
models of functional response. American Naturalist 140(2): 325-348.

Strong, W. L. 1992. Ecoregions and ecodistricts of Alberta. Technical Report. Edmonton, AB:
Alberta Forestry, Lands, and Wildlife. 78 p.

Taylor, R. J. 1984. Predation. New York, NY: Chapman and Hall. 166 p.

Telfer, E. S. 1978. Cervid distribution, browse, and snow cover in Alberta. Journal of Wildlife
Management 42(2): 352-361.

Thomas, J. W.; Leckenby, D. A.; Henjum, M; and others. 1988. Habitat- effectiveness index for
elk on Blue Mountain winter ranges. Gen. Tech. Rep. PNW-GTR-218. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 28 p.

Underwood, A. J. 1997. Experiments in ecology. Cambridge, England: Cambridge University
Press. 504 p.

Walker, B. H.; Ludwig, D.; Holling, C. S; Peterman, R. M. 1981. Stability of semi-arid savanna
grazing systems. Journal of Ecology 69: 473-498.

Westoby, M..; Walker, B. H.; Noy-Meir, I. 1989. Opportunistic management for rangelands not
at equilibrium. Journal of Range Management 42(4): 266-274.

White, C. A.; Olmsted, C. E.; Kay, C. E. 1998a. Aspen, clk, and fire in the Rocky Mountain
National Parks of North America. Wildlife Society Bulletin 26(3): 449-462.

White, C. A.; Kay, C. E.; Feller, M. C. 1998b. Aspen forest communities: a key indicator of
ecological integrity in the Rocky Mountains. International Conference on Science and the
Management of Protected Areas 3: 506-517.

White, G. C.; Bennetts, R. E. 1996. Analysis of frequency count data using the negative binomial
distribution. Ecology: 2549-2557.

Willoughby, M. G.; Alexander, M. J.; Sudquist, K. M. 1997. Range plant community types and

carrying capacity for the Montane Subregion. Lands and Forest Service Technical Report.
Edmonton, AB: Alberta Environment Protection. 146 p.

USDA Forest Service Proceedings RMRS-P-18. 2001.

White and Feller

80c



White and Feller Predation Risk and Elk-Aspen Foraging Patterns

Woods, J. G. 1990. Effectiveness of fences and underpasses on the Trans-Canada Highway and
their impact on ungulate populations. Western Regional Office Technical Report. Calgary,
AB: Environment Canada, Canadian Parks Service. 103 p.

Woods, J. G.; Cornwell, L.; Hurd, T.; Kunelius, R.; Paquet, P.; Wierzchowski, J. 1996. Elk and
other ungulates. In: Green, J; Pacas, C.; Bayley, S.; Cornwell, L., eds. A cumulative effects
assessment and futures outlook for the Banft-Bow Valley. Ottawa, ON: Department of
Canadian Heritage: Chapter 8.

Zar, J. H. 1996. Biostatistical analysis. Upper Saddle River, NJ: Prentice-Hall. 662 p.

80d USDA Forest Service Proceedings RMRS-P-18. 2001.



	Predation Risk and Elk-Aspen Foraging Patterns
	Recommended Citation

	whitepredation.pdf

