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Abstract

Predation and predation risk can exert strong influences on the behavior of prey
species. However, risk avoidance behaviors may vary among populations of the
same species. We studied a population of snowshoe hares (Lepus americanus) near
the southern edge of their range, in Pennsylvania. This population occupies differ-
ent habitat types, experiences different environmental conditions, and are exposed
to different predator species and densities than northern hare populations; therefore,
they might exhibit differences in risk avoidance behaviors. We analyzed hare sur-
vival, movement rates, and habitat use under different levels of predation risk, as
indexed by moonlight. Similar to previous work, we found snowshoe hare survival
decreased with increased moon illumination during the winter, but we found differ-
ences in behavioral responses to increased predation risk. We found that snowshoe
hares did not reduce movement rates during high-risk nights, but instead found that
hares selected areas with denser canopy cover, compared to low-risk nights. We
suggest that behavioral plasticity in response to predation risk allows populations
of the same species to respond to localized conditions.

Introduction

Predators influence the dynamics of prey populations, through
both direct predation and non-consumptive effects. Increased
predation risk, as a result of higher predator densities or
improved hunting conditions for predators, can result in
increased direct predation as well as non-consumptive effects
such as changes in habitat use (Creel et al., 2005; Thaker
et al., 2011), behavior (Suraci et al., 2016), morphology
(Relyea, 2001), and physiology of prey (Boonstra et al., 1998).
In turn, these non-consumptive effects can alter reproductive
rates (Sheriff, Krebs & Boonstra, 2009a; Zanette et al., 2011),
and have the potential to alter community structures (Suraci
et al., 2016). Prey must balance the risk of encountering a
predator with the need to forage and obtain the necessary
energy to carry out life processes (McNamara & Houston,
1987; Brown, 1988, 1999; Lima & Dill, 1990).
For nocturnal and crepuscular species, changes in lunar illu-

mination (i.e. moon phase) have the potential to cause varia-
tion in predation risk. To reduce predation risk, prey can
decrease movement rates to reduce the probability of being
ambushed by a predator, or select for areas that offer visual
protection from predators. Studies of several prey taxa found
reductions in nightly movement rates during full moon phases
(Kotler, 1984; Julien-Laferri�ere, 1997; Kramer & Birney,
2001). Other studies have reported greater use of dense

vegetation, which reduces the probability of detection by
predators (Kotler, Brown & Mitchell, 1993; Orrock, Danielson
& Brinkerhoff, 2004). Responses to predation risk also have
been found to differ within taxa (Maestri & Marinho, 2014;
Prugh & Golden, 2014). For example, some rodent species
decrease movement during times of high illumination (Hughes,
Ward & Perrin, 1994; Kramer & Birney, 2001), whereas other
species increase movement rates during full moon periods
(Longland & Price, 1991; Prugh & Brashares, 2010). Within
geographically distinct populations of the same species, differ-
ences in predator abundance and species, habitat quality, and
resource availability could lead to differences in both predation
risk and behavioral responses to predation (Lima & Dill,
1990). Thus, investigating differences in behavioral responses
to predation risk among populations can offer insight into pop-
ulation-level plasticity of risk avoidance mechanisms.
We studied behavioral responses to predation risk in a

snowshoe hare population in Pennsylvania. Research on the
responses of snowshoe hares to predation risk in other popula-
tions has suggested differences in predation avoidance behav-
iors. During full moon phases in the winter when predation
risk is highest, snowshoe hares in Montana experience lower
survival and decrease movement rates, but do not alter habitat
use patterns (Griffin et al., 2005). Conversely, Gilbert & Bou-
tin (1991) found that snowshoe hares in the Yukon used open
habitats less on nights near the full moon, and Wolff (1980)
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found that hares in Alaska used dense spruce and willow
thickets during periods of high predator densities, suggesting
that shifts in habitat use might be a means of reducing preda-
tion risk. In addition, hares in fenced predator exclosures for-
age to maintain body condition rather than balancing foraging
behaviors with anti-predator behaviors (Hik, 1995) and have
lower movement rates in the summer than hares in unfenced
control areas (Hodges, 1999), suggesting that adjusting move-
ment rates also might be a predator avoidance tactic. Hares in
Pennsylvania are near the southern edge of their range and
occupy habitats with a mixture of hardwood and conifer spe-
cies, as compared to the conifer-dominated boreal forests asso-
ciated with northern hare populations. Southern hare
populations also are exposed to different predator species and
densities. In addition, hares in this populations exhibit different
adaptations to winter conditions than in other areas of their
range (Gigliotti, Diefenbach & Sheriff, 2017). This variation in
environmental conditions, coupled with evidence that adapta-
tions vary geographically in snowshoe hares, suggests that
hares in Pennsylvania might have different behavioral adapta-
tions to predation risk than populations in other parts of their
range.
We investigated the effects of predation risk on survival,

movement, and habitat use of snowshoes hares in Pennsylvania
to investigate potential plasticity in risk avoidance behaviors
across populations of the same species. We predicted that (1)
snowshoe hares would have lower survival rates with increased
illumination, (2) snowshoe hares would decrease movement
rates as moon illumination increases, and (3) snowshoe hares
would select for areas of denser vegetation during periods of
high predation risk compared to periods of low predation risk.

Materials and methods

Study Area

The study area encompassed approximately 4050 ha near Long
Pond, PA (41°020N, 75°250W). The majority of the study area
contained xeric oak stands, however, historical changes in fire
regimes also resulted in areas with a mosaic of mesic till bar-
rens dominated by mature scrub oak (Quercus ilicifolia) >2 m
tall, and pitch pine (Pinus rigida). Dominant understory spe-
cies included blueberry (Vaccinium spp.), rhodora (Rhododen-
dron canadense), teaberry (Gaultheria procumbens) and sheep
laurel (Kalmia angustifolia). Planted stands of mature Norway
spruce (Picea abies), red pine (Pinus resinosa) and European
larch (Larix decidua) made up a small portion of the study
area.

Capture and Handling

We trapped hares from January to August 2014 and January to
June 2015 using Tomahawk live traps (Tomahawk Live Trap
Company, Hazelhurst, WI). We marked newly caught hares
using passive integrated transponder (PIT) tags (Biomark, Inc.,
Boise, ID), and with numbered Monel ear tags placed on the
right ear (National Tag and Band Co., Newport, KY). We fit
hares >900 g in body mass with a VHF transmitter (model

M1555, Advanced Telemetry Systems, Isanti, MN), or a GPS
collar equipped with a VHF transmitter (model UltraLITE
G10, Advanced Telemetry Systems, Isanti, MN; model
150mAH SnapTraX Pathfinder, Skorpa Telemetry, Aberfeldy,
Scotland), set to record locations every 20 min. We only used
hares collared with GPS collars for our habitat use and move-
ment analyses, and included VHF and GPS-collared hares in
our survival analysis. Capture and handling protocols were
approved by The Pennsylvania State University Institutional
Animal Care and Use Committee (Protocol #43476).

Survival

To estimate survival based on predation risk, we monitored the
daily survival of collared hares. When a mortality was sus-
pected we located the collar as soon as possible. If a carcass
was recovered, we attempted to determine cause of death by
examining the mortality location for tracks, scat or damage to
the collar. When the cause of death was not visibly apparent
and the carcass was intact, it was necropsied at the Animal
Diagnostic Laboratory, Pennsylvania State University. Because
we were only interested in predation for the purpose of this
study, we censored hares from survival analysis if transmitter
failure occurred or the hare died as a result of non-predation
causes. Because we monitored survival on a daily basis, we
considered scavenging rates to be negligible and assumed all
apparent predation events to be a result of direct predation
(Murray, Cary & Keith, 1997; Feierabend & Kielland, 2015).
Although we could not determine the time of death for most
hares, snowshoe hares are most active at night (Keith, 1964;
Feierabend & Kielland, 2014) and in our study area had move-
ment rates that were 64.7% higher at night than during the
day. Therefore, we felt justified in focusing on moonlight as a
proxy for predation risk.
We analyzed survival in relation to moon illumination and

snow cover. Rather than treat moon phase as a categorical
variable, we calculated a moonlight risk index (MRI) as the
proportion of moon illuminated (MOON) multiplied by the
proportion of the night that the moon was above the horizon
(HORIZON), and multiplied by the proportion of sky not cov-
ered by clouds (1 – CLOUDS) during the time that the moon
was above the horizon:

MRIi ¼ MOONi � HORIZONi � 1� CLOUDSð Þi

,where i indexes the date.
We calculated moon illumination for each night using the

package LUNAR (Lazaridis, 2014) in Program R (R Core Team,
2014). We calculated the proportion of time that the moon was
above the horizon when the sun was below the horizon using
sunrise and sunset times from the R package RAtmosphere
(Teets, 2003) and moonrise and moonset times from the U.S.
Naval Oceanography Portal (http://www.usno.navy). We deter-
mined the proportion of cloud cover each night using the
NCEP.gather function in package RNCEP (Kemp et al., 2012).
Snow cover was represented by two categories: snow present
and snow absent. We determined snow cover based on visual
observations in the field, in which snow present was defined
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as more than 80% of the study area covered in snow. Because
of sample size limitations, we analyzed survival on a weekly
basis; therefore, we averaged nightly moonlight risk index val-
ues for each week.
To identify factors potentially important in modeling weekly

snowshoe hare survival, we created seven known-fate models
in program MARK (White & Burnham, 1999). Models included
effects of MRI, snow cover, and week of the year, additive
models of survival based on MRI and snow cover (S
[MRI + snow cover]), and MRI and week (S[MRI + week]),
and a multiplicative model (S[MRI 9 snow cover]) which
allowed for differences in survival based on MRI under both
snow conditions. We compared models using Akaike’s Infor-
mation Criterion adjusted for sample size (AICc; Burnham &
Anderson, 2002).

Movement Rates

To investigate effects of moonlight on snowshoe hare move-
ment rates, we calculated the distance (m) that individual hares
moved between successive locations. We summed the distance
moved per hour (m h�1) and excluded any time periods with
missing locations. We limited the analysis to nighttime move-
ments, which we defined as occurring after sunset and before
sunrise. For each hour of movement, we assigned the MRI and
snow cover as described above. We created five multiple
regression models to describe snowshoe hare movements which
included effects of snow cover and MRI, as well as an interac-
tion between the two. To account for individual differences in
movement rates, we treated individual hares as a random
effect. We compared models using Akaike’s Information Crite-
rion adjusted for sample size (AICc; Burnham & Anderson,
2002).

Fine-Scale Habitat Use

To investigate the effect of moonlight on fine-scale habitat use,
we used a third-order (habitat selection within the extent of a
home range; Johnson, 1980) resource selection function. We
collected fine-scale vegetation data on a 50 m 9 50 m grid
within the boundaries of the study area, for a total of 378 sam-
pled squares (i.e. plots). We sampled plots only when leaves
were absent (January–April), and restricted our analysis to this
time period.
From the center point of each plot, we measured horizontal

understory density in 0.5 m increments in height ≤2 m using a
vegetation profile board positioned 10 m from the center point
in each cardinal direction (Nudds, 1977). We grouped densities
into three density classes based on coverage of the board
(Low = 0–20%, Medium = 21–80% and High = 81–100%)
based on a normal distribution, with the Low and High classes
representing the highest and lowest 20% of understory density,
and we calculated total understory density by averaging the
sum of the four density measurements (0–2 m high). We mea-
sured canopy cover by taking a hemispherical photo 1 m
above the center point and analyzing the photos using Gap
Light Analyzer Version 2.0 (Institute of Ecosystem Studies,
Millbrook, NY, USA).

We placed non-overlapping circular units with 25-m radii
(Nielson & Sawyer, 2013) within our vegetation sampling
grid, with the center point of each unit centered on the
vegetation sampling grid cells. We summarized our vegeta-
tion measurements for each unit. Our covariates included
percent canopy cover and total percent understory cover.
We treated understory cover as a categorical variable with
medium vegetation density (21–80% coverage) as our refer-
ence group. For each hare we defined the analysis extent
by calculating a 95% kernel density estimate (KDE) with
reference bandwidth selection (href) using all locations in R

with the package adehabitat (Calenge, 2006). We used all
sampling units falling within the boundaries of these
extents for our analysis.
We modeled habitat use via a negative binomial resource

selection function (NB RSF). The NB RSF estimates intensity
of use while addressing issues of temporally correlated loca-
tions associated with a frequent GPS collection schedule (Niel-
son & Sawyer, 2013). The response variable was the number
of locations within our defined sampling units. To account for
differences in moonlight risk, we separated all locations into
low-risk periods (MRI < 0.5) and high-risk periods
(MRI > 0.5).
We calculated the NB RSF using the R package MASS

(Venables & Ripley, 2002). In all models we included an off-
set term of the natural log of total locations per hare to model
frequency of use rather than the count of locations within each
habitat unit. We treated the individual hare, rather than each
location, as the experimental unit because of the large number
of relocations per hare and to include individual variation in
the models. To obtain population-level models, we averaged
parameter estimates and standard errors across individual ani-
mals for each model (Millspaugh et al., 2006; Thomas & Tay-
lor, 2006; Sawyer, Kauffman & Nielson, 2009) and weighted
parameter estimates and standard errors based on the number
of locations of each individual hare. For each parameter esti-
mate we calculated the 85% confidence interval (Arnold,
2010). We compared the models by summing AICc values for
each hare for a given model and selecting the model with the
lowest summed AICc values across hares (Glenn, Hansen &
Anthony, 2004; Zielinski et al., 2004). To compare habitat
selection by MRI, we compared parameter estimates for indi-
vidual hares between high moonlight risk and low moonlight
risk using a paired t-test.

Results

Survival

We monitored 69 snowshoe hares for survival over the dura-
tion of the study. We censored 30 hares due to collar failure,
capture myopathy or non-predation deaths and included the
remaining 39 hares in the survival analysis. For predation
deaths (n = 22), 59% were associated with mammalian preda-
tors, 14% from avian predation and 27% from an unknown
predator. The nightly MRI ranged from 0 to 1 with an average
MRI of 0.19 (SE = 0.01). When considered on a weekly basis,
MRI ranged from 0.01 to 0.51 (SE = 0.02).
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Snowshoe hare survival was best described by an interactive
effect of MRI and snow cover (Table 1). However, the con-
stant survival model (S[.]) and the survival model based on
only moonlight risk (S[MRI]) were both competitive models
and were within two AICc units of the top model. There was
no effect of MRI on survival during snow-free phases, but
weekly survival decreased with increasing MRI during periods
with snow (Fig. 1).

Movement

Nightly movement rates (m h�1) were best described by a
model including an interactive effect between MRI and snow
cover (Table 2). Hares had higher hourly movement rates
when snow was present compared to when snow was absent
(Fig. 2; t = 4.42, d.f. = 575, P < 0.001). Across all levels of
moonlight risk, hares moved an average of 80.8 m h�1

(SE = 5.2) more on nights when snow was present than nights

without snow. During both snow phases, moonlight risk did
not have a strong effect on movement rates of hares (t = 1.47,
d.f. = 572, P = 0.14).

Habitat Use

Canopy cover ranged from 0 to 92.9% with an average of
53.5% (SE = 1.0). Our sampled plots were comprised of 5%
low understory cover, 79% medium understory cover and 16%
high understory cover. Winter habitat use within the home
ranges of hares differed between high-risk and low-risk peri-
ods. During both high-risk periods and low-risk periods,
canopy cover best described relative habitat use with hares
more likely to use areas with denser canopies (Table 3,
Fig. 3). Individual hares had higher relative use in areas with
denser canopy cover during high-risk nights compared to low-
risk nights (t = 2.38, d.f. = 13, P = 0.03).

Discussion

Snowshoe hares in Pennsylvania exhibited different anti-preda-
tor behaviors than hares in other parts of their range (Gilbert
& Boutin, 1991; Hodges, 1999; Griffin et al., 2005), suggest-
ing plasticity in risk-avoidance behaviors based on local condi-
tions. We found that hares had lower survival during high-risk
periods and potentially minimized this risk by selecting habi-
tats with characteristics to reduce the probability of detection
by predators, rather than reducing movement rates. Animals
have a variety of tactics that can be used to balance the costs
associated with anti-predator behavior with the benefits of for-
aging (Lima & Dill, 1990; Brown & Kotler, 2004) and we
suggest that geographic plasticity in anti-predator behaviors
exists as a result of local conditions.

Movement

We found that hares had higher movement rates when snow
was present, but moonlight did not influence nightly movement
rates of hares. In our study area, altering movement rates
might not be a beneficial predator avoidance strategy. During
winter, the benefits of thermoregulation and maximizing forage

Table 1 Model selection results for known-fate models of snowshoe hare survival using a moonlight risk index (MRI) based on week of the

year, moon phase, proportion of night the moon was above the horizon, and cloud cover (see Methods) and a categorical measure of snow

cover (1 = >80% snow cover; 0 otherwise), Long Pond, Pennsylvania, 2014-2015

Model DAICc �2 9 ln(L)a Model Likelihood wb kc

S(snow 9 MRI) 0.00 205.45 1.00 0.35 4

S(.) 0.34 211.83 0.84 0.29 1

S(MRI) 1.28 210.75 0.53 0.18 2

S(snow) 2.32 211.79 0.31 0.11 2

S(snow + MRI) 3.26 210.73 0.20 0.07 3

S(week) 91.45 153.94 <0.01 <0.01 71

S(MRI + week) 93.72 153.94 <0.01 <0.01 72

a

Log likelihood.
b

Akaike model weight.
c

Number of model parameters.

Figure 1 Estimated snowshoe hare (n = 39) weekly survival in

relation to a moonlight risk index (MRI) based on moon phase,

proportion of night the moon was above the horizon, and cloud cover

(see Methods) and a categorical measure of snow cover (1 = >80%

snow cover; 0 otherwise), Long Pond Pennsylvania, 2014–2015.

Shaded regions indicate the 85% confidence interval.
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intake might outweigh the risk of predation. Snowshoe hares
in Pennsylvania potentially vary movement rates as a means of
responding to variable winter temperatures, rather than coping

with low winter temperatures through metabolic or physical
adaptations (Gigliotti et al., 2017); therefore altering movement
rates as an anti-predator behavior might be especially costly.
In addition, the available browse during winter has low caloric
content and hares need to constantly feed to consume the calo-
ries needed to carrying out biological processes (Pease, Vowles
& Keith, 1979; Bryant & Kuropat, 1980; Wirsing & Murray,
2002). Similarly, the cost of foregoing foraging activities for
predator avoidance behaviors for a variety of desert rodents
has been found to be higher in winter when colder tempera-
tures increase the metabolic needs of the rodents (Brown,
Kotler & Valone, 1994). Thus, altering movement rates as a
response to predation risk might have a negative effect on the
fitness of the hares.
The suggestion that movement rates in our study are primar-

ily driven by metabolic or nutritional needs rather than preda-
tion risk is reflected in the observed difference in movement
rates between snow-present and snow-free periods in our study.
The snow-free periods generally corresponded to warmer tem-
peratures and greater food availability, meaning that hares

Figure 2 Hourly movement rates (mean � 85% CI) of snowshoe

hares (n = 32) using a moonlight risk index (MRI) based on moon

phase, proportion of night the moon was above the horizon, and

cloud cover (see Methods) and a categorical measure of snow cover

(1 = >80% snow cover; 0 otherwise), Long Pond, Pennsylvania,

2014–2015. Shaded regions indicate the 85% confidence interval.

Table 3 Model selection results for snowshoe hare fine-scale habitat use under high (MRI >0.5) and low (MRI <0.5) moonlight risk conditions

using a moonlight risk index (MRI) based on moon phase, proportion of night the moon was above the horizon, and cloud cover (see Methods)

and a categorical measure of snow cover (1 = >80% snow cover; 0 otherwise), Long Pond, Pennsylvania, 2014-2015

Risk Level Model DAICc �2 9 ln(L)a Model Likelihood wb kc

High Canopy cover 0.00 2300.46 1.00 1.00 4

Canopy cover + understory density 12.06 2306.51 0.00 0.00 7

Understory density 25.34 2321.80 0.00 0.00 6

Intercept only 28.02 2330.47 0.00 0.00 3

Low Canopy cover 0.00 5763.53 1.00 0.86 4

Canopy cover + understory density 3.68 5761.22 0.16 0.14 7

Understory density 36.84 5796.37 0.00 0.00 6

Intercept only 40.43 5805.96 0.00 0.00 3

a

Log likelihood.
b

Akaike model weight.
c

Number of model parameters.

Figure 3 Relative habitat use by snowshoe hares (n = 14) as a

function of canopy cover during periods of high (> 0.5; greater

moonlight illumination) predation risk (solid line) and low (<0.5; lesser

moonlight illumination) predation risk (dashed line) phases; Long Pond

Pennsylvania, 2014–2015. Shaded regions indicate the 85%

confidence interval.

Table 2 Model selection results for mixed-effects models of

snowshoe hare nightly movement rates (m h�1) using a moonlight

risk index (MRI) based on moon phase, proportion of night the moon

was above the horizon, and cloud cover (see Methods) and a

categorical measure of snow cover (1 = >80% snow cover; 0

otherwise), Long Pond, Pennsylvania, 2014–2015

Model DAICc �2 9 ln(L)a Model Likelihood wb kc

Snow 9 MRI 0.00 7,054.96 1.00 0.99 4

Snow + MRI 9.08 7,066.04 0.01 0.01 3

Snow 15.15 7,074.10 <0.01 <0.01 2

MRI 38.38 7,097.34 <0.01 <0.01 2

Intercept only 44.31 7,105.27 <0.01 <0.01 1

a

Log likelihood.
b

Akaike model weight.
c

Number of model parameters.
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would not need to move as far to find forage. Even with
movement being less important for survival during the snow-
free periods, we still did not see moonlight affecting hare
movement rates, likely because we did not find survival to be
strongly influenced by moonlight risk during these periods.
Similarly, Hodges (1999) found that hares in predator exclo-
sures had greater nightly movement rates than those in
unfenced controls, but only during summer. The availability of
forage and higher temperatures might have allowed hares to
increase movement rates as a predator avoidance strategy if
risk of predation was actually greater than in the winter.
In populations of hares that rely on other means of coping

with cold temperatures, or in species that occur in temperate
areas, altering movement rates might not be as costly to fit-
ness. For example, snowshoe hares in Montana reduce move-
ment rates during periods of high moonlight in the winter
(Griffin et al., 2005). Hares in northern latitudes primarily cope
with cold winter temperatures by altering metabolic rates and
increasing insulation (Sheriff et al., 2009b,c). The hares in the
Montana study potentially had different adaptations to the cold
than the hares in our study, which would allow them to reduce
movement rates in the winter without incurring major fitness
costs. Similarly, several studies of rodents also have indicated
a reduction in movements during nights with high moon illu-
mination (Kotler, 1984; Kramer & Birney, 2001; Orrock et al.,
2004). However, several of these studies were conducted in
spring or summer months when the energetic demands might
be less, or under laboratory conditions. In addition, rodents use
burrows (Brown et al., 1988) and cache seeds (Bouskila,
1995), which might reduce thermoregulatory demands during
periods of low temperatures and allow them to reduce move-
ments during risky nights.

Habitat Use

We found that regardless of moonlight, hares selected areas
within their home ranges with dense canopy cover, and that
individual hares preferred areas with the densest canopy cover
during high-risk nights compared to low-risk nights when snow
was present. This pattern of habitat selection is consistent with
observations of hares in the Yukon (Gilbert & Boutin, 1991)
and Alaska (Wolff, 1980), but differs from research conducted
on hares in Montana, which found that hares did not alter their
habitat use in relation to increased predation risk (Griffin et al.,
2005). Collectively, this suggests that shifting habitat use as a
predator avoidance strategy might only be beneficial to a spe-
cies under certain conditions.
For snowshoe hares in our study area, shifting habitat use

into areas with denser canopies might be the most beneficial
predator avoidance strategy. The time when snow is present in
Pennsylvania corresponds to periods when hardwood trees lack
leaves. Therefore, hardwood stands likely pose a greater risk
of predation than conifer stands because there is less obstruc-
tion in the canopy to restrict moonlight reaching the forest
floor. Some species of predators have been found to have
higher activity rates during periods of high moon illumination.
For example, coyotes are more active under brighter moonlight
conditions (Kenaga, Krebs & Clapham, 2013), and bobcats

have higher nightly movement rates during the full moon
(Rockhill, DePerno & Powell, 2013). By using areas with
dense canopy cover during risky nights, hares can use areas
with less moonlight reaching the forest floor and thus minimize
risk of predation.
By altering habitat use but not reducing movement rates,

hares in Pennsylvania are likely still able to forage. In our
study area, scrub oak was the dominant understory vegetation
and provided forage for the hares, even under dense tree cano-
pies. In addition, most of the areas with the densest canopies
were stands of Norway spruce and red spruce (Picea rubens),
and hares have been found to consume needles and twigs of
spruce in other parts of their range (Wolff, 1978). This avail-
ability of winter browse would allow hares to continue to for-
age even in habitats that offer them better visual protection
from predators. Altering habitat use patterns as an anti-predator
tactic might be not the optimal predator avoidance strategy in
other habitat types. The Montana study consisted of conifer
stands of varying stem densities, meaning that hares could still
access overstory cover under individual trees, even if the over-
all stand was relatively open. A shift to only using areas
within the densest stands might also limit forage availability.
In Alaska, hares use dense thickets of willow and alder for
predation refuges during periods of high predation risk, but
these refuges still offer forage for hares (Wolff, 1980). How-
ever, Hodges & Sinclair (2005) found that hares do not alter
foraging behaviors in response to predation risk, but instead
select for areas primarily based on the distribution of browse.
As a result, hares in Montana and Pennsylvania might exhibit
differences in habitat selection based on risk because habitat
characteristics associated with the highest forage availability
might differ.

Conclusions

Understanding differences in anti-predator behavior among
populations of the same species can offer insight into the bene-
fits and trade-offs of balancing predation avoidance with other
behaviors, such as foraging. Our results suggest plasticity in
predation risk avoidance behaviors based on local conditions.
In particular, we suggest that individuals use anti-predator
behaviors that allow them to best maximize fitness. Because
predation risk and local conditions can vary greatly, it is bene-
ficial for behaviorally mediated predator avoidance to be
flexible.
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