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Temporal variation in habitat use, co-occurrence, and risk
among generalist predators and a shared prey
Guillaume Bastille-Rousseau, Nathaniel D. Rayl, E. Hance Ellington, James A. Schaefer,
Michael J.L. Peers, Matthew A. Mumma, Shane P. Mahoney, and Dennis L. Murray

Abstract: Generalist predators typically have broad diets, but their diets may become constrained when one species of prey
becomes disproportionately available. Yet there is poor understanding regarding whether generalist predators exhibit stereo-
typic relationships with pulsed prey resources. We used telemetry data from 959 woodland caribou (Rangifer tarandus caribou
(Gmelin, 1788); 146 adult females, 813 calves), 61 coyotes (Canis latrans Say, 1823), and 55 black bears (Ursus americanus Pallas, 1780)
to investigate how two generalist predators interacted with caribou neonates on the island of Newfoundland. We examined the
similarity of patterns of habitat use between caribou and their predators across time and related this similarity to interspecific
spatiotemporal co-occurrence and mortality risk for caribou neonates. The similarity in habitat use between coyotes and caribou
mirrored variation in juvenile hazard risk, but had weak association with actual co-occurrence with caribou. Bears and caribou
exhibited less similarity in habitat use during the calving season than coyotes and caribou. The relationship between habitat use
of bear and caribou did not correspond with either co-occurrence patterns or overall risk for caribou neonates. Our work
illustrates how risk for a prey species can be shaped differently based upon differences between the behavioural strategies of
generalist predator species.

Key words: black bear, Ursus americanus, woodland caribou, Rangifer tarandus caribou, coyote, Canis latrans, neonates, Newfoundland,
predator–prey interactions, specialist–generalist predators.

Résumé : Les prédateurs généralistes présentent typiquement des régimes alimentaires variés, mais ces derniers peuvent
devenir restreints quand la disponibilité d’une espèce de proie devient disproportionnément grande. Cela dit, la possibilité qu’il
existe des relations stéréotypées de prédateurs avec des ressources de proies pulsées est mal comprise. Nous avons utilisé des
données de télémétrie sur 959 caribous des bois (Rangifer tarandus caribou (Gmelin, 1788), 146 femelles adultes, 813 veaux),
61 coyotes (Canis latrans Say, 1823) et 55 ours noirs (Ursus americanus Pallas, 1780) pour étudier les interactions de deux prédateurs
généralistes avec des caribous nouveau-nés dans l’île de Terre-Neuve. Nous avons examiné la similitude des motifs d’utilisation
de l’habitat entre les caribous et leurs prédateurs dans le temps et relié cette similitude à la cooccurrence spatiotemporelle
interspécifique et au risque de mortalité pour les caribous nouveau-nés. La similitude de l’utilisation de l’habitat entre les
coyotes et les caribous reflète les variations du risque de dangers pour les jeunes, mais n’est que faiblement associée à la
cooccurrence avec les caribous. Les ours et les caribous présentent une moins grande similitude sur le plan de l’utilisation de
l’habitat durant la saison de mise bas que les coyotes et les caribous. La relation entre l’utilisation de l’habitat par les ours et les
caribous ne correspond pas avec les motifs de cooccurrence, ni avec le risque global pour les caribous nouveau-nés. Nos travaux
illustrent les différentes incidences sur les risques pour une espèce de proie de différentes stratégies comportementales
d’espèces de prédateurs généralistes. [Traduit par la Rédaction]

Mots-clés : ours noir, Ursus americanus, caribou des bois, Rangifer tarandus caribou, coyote, Canis latrans, nouveau-nés, Terre-Neuve,
interactions prédateur–proie, prédateurs spécialistes–généralistes.

Introduction
Predation is a key force shaping most ecosystems (Getz 2011)

and one of the key drivers of animal evolution (Roff 1996). Predator–
prey interactions are generally conceptualized as complex games
of fear and stealth between predators and prey (Brown et al. 1999).
In these games, predators attempt to maximize their success dur-
ing search, encounter, and attack stages through selective move-
ment, patch use, and hunting behaviour (Lima and Dill 1990;
Hebblewhite et al. 2005). Conversely, prey attempt to minimize
the impact of predators by balancing their immediate survival

with the acquisition of resources, reproduction, and mainte-
nance of other long-term survival requirements (Stephens and
Krebs 1986; Brown 1999). Despite varying outcomes of the predator–
prey game, theoretical models generally imply a positive relation-
ship between predator and prey regarding spatial overlap and
encounter risk which subsequently modulate predation risk (Sih
1984; Laundré et al. 2001; Mitchell and Lima 2002). These models
are useful because they consider processes such as encounter and
vulnerability when generating predictions of predator and prey
resource use and distribution over the landscape (Lima and Dill
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1990). However, these models have rarely considered the variation
that is often inherent in species’ behaviour and temporal changes
in resource use.

Models examining how predator hunting mode and habitat use
determine the magnitude of consumptive and nonconsumptive
effects on prey have been proposed and reviewed (Schmitz 2005;
Preisser et al. 2007). These models have established that hunting
strategy is a key element of any predator–prey game. Unfortu-
nately, models such as the shell game or the landscape of fear,
even if they consider predator behaviour, are typically oriented
towards specialist predators and their primary prey (Laundré et al.
2001; Mitchell and Lima 2002). To date, other types of predators,
such as generalist predators that do not rely on a particular prey
type unless environmental conditions become conducive to ex-
ploitation of that particular prey type (e.g., because of high rela-
tive density or vulnerability of a given prey type), are poorly
understood. This includes many generalist predators that exhibit
stereotypic hunting strategies suited to one vs. multiple prey
types (but see Schmidt et al. 2001; Schmidt 2004).

Predation risk from generalist predators is a function of
similarity in habitat use between predator and prey (enemy-free
space; Schmidt 2004), movement strategies leading to encounter
(Mitchell and Lima 2002; Bastille-Rousseau et al. 2011), and inher-
ent vulnerability of the prey (Lima and Dill 1990). Yet not all gen-
eralist predators are necessarily cut from the same cloth; in many
cases there may be individual-level variation in kill rates of a
particular prey species within a predator population (Bolnick
et al. 2003). For example, variability in prey vulnerability may
result because of differences in age or experience of individual
predators (Woo et al. 2008). It follows that a detailed understanding
of predator–prey interactions requires information on population-
level and individual-level patterns (Woo et al. 2008; Bastille-Rousseau
et al. 2011), especially since the effect of a small number of special-
ized individuals can sometimes have major impacts on prey pop-
ulations (Festa-Bianchet et al. 2006).

Here, we investigate how predation risk for a prey species,
woodland caribou (Rangifer tarandus caribou (Gmelin, 1788); here-
after caribou), is impacted by the behaviour of two omnivorous
species, coyote (Canis latrans Say, 1823) and black bear (Ursus
americanus Pallas, 1780; hereafter bear), on the island of New-
foundland. Combined, the two predators are responsible for the
majority of caribou calf mortalities in Newfoundland, each killing
approximately 30% of calves within the first 2 months of life
(Bastille-Rousseau et al. 2016). After this point calves are less vul-
nerable to predation; however, coyote and bear predation events
still occur (Lewis and Mahoney 2014). Yet, in Newfoundland for
both predators, caribou calves are only one of many food items
consumed, even during the period of high calf vulnerability
(Bridger 2005; C. Zieminski, unpublished data). In Newfoundland,
black bears consume vegetation, soft mast, and ants (family
Formicidae). Coyotes consume snowshoe hares (Lepus americanus
Erxleben, 1777), red squirrels (Tamiasciurus hudsonicus (Erxleben,
1777)), southern red-backed voles (Myodes gapperi (Vigors, 1830)),
beavers (Castor canadensis Kuhl, 1820), and soft mast. Both preda-
tors prey on moose (Alces alces (L., 1758)) and caribou calves, as well
as consume hunting- or winter-related carrion when they are
available. To understand caribou–predator interactions, we first
defined ecologically relevant seasons (characterized by periods of
homogenous resource use and movements) for each species by
applying a clustering algorithm approach developed by Basille
et al. (2013). We then examined how predators and caribou use
similar habitat at the population and individual levels during our
ecologically derived seasons, and how this relates to interspecific
co-occurrence in space and mortality risk for neonate caribou.
Since bears and coyotes are generalist predators, they may take
advantage of the pulse of predictable and easily captured caribou
calves in different ways (Zager and Beecham 2006; Turner et al.
2011), thereby decoupling the concordance among habitat use,

co-occurrence, and mortality risk. For example, if the risk for
caribou neonates is driven by a change in multiscale patterns of
predator space use, then we predict that higher similarity in hab-
itat use between predator and prey will result in higher risk and
be associated with higher co-occurrence. If the risk for caribou
neonates is driven solely by calf intrinsic vulnerability with no
behavioural change in predator space use, then we expect no
correlation between habitat overlap, co-occurrence, and risk. Our
study provides a deeper understanding of the various potential
spatiotemporal interactions that may occur between predators
and prey at both the population level and the individual level.

Materials and methods

Data collection
Newfoundland (47°44=N, 59°28=W to 51°44=N, 52°38=W) is a

108 860 km2 island off the east coast of Canada, with humid-
continental climate and ample year-round precipitation (Environment
Canada 2013). Natural habitat consists mainly of coniferous and
mixed forests of balsam fir (Abies balsamea (L.) Mill.), black spruce
(Picea mariana (Mill.) Britton, Sterns & Poggenb.), and white birch
(Betula papyrifera Marshall), as well as in some locations substantial
areas of bogs and heath or barrens. Newfoundland caribou differ
significantly from most other caribou populations as they are not
exposed to gray wolf (Canis lupus L., 1758) predation because wolves
were extirpated from the island in the 1920s. Our analyses were
based on a series of Landsat 7 scenes with a resolution of 30 m that
we classified into eight habitat types: wetland habitats (Wetland);
mixed and deciduous stands (Mixed); coniferous stands (Conifer);
coniferous scrub (Scrub); barren, rocky, and other open habitats
(Barren); open water (Water); lichen and heathland (Lichen); rarer
habitats such as recent (<40 years) disturbances and fire (Other).

During 2006–2013, >200 adult female caribou, 89 black bears
(>2 years of age), and 61 coyotes (>1 year old) were captured and
fitted with global positioning system (GPS) collars that obtained
locations every 1, 2, or 4 h. Caribou were captured from six herds,
but predators were only captured around and within the range
of three of these herds. Predator dispersal eventually resulted in
overlap between the caribou monitored in all herds and the mon-
itored predators. We focused our analyses on animals followed for
at least three consecutive months per year that had >90% of their
locations in areas with Landsat data, resulting in 146 adult caribou
females (552 caribou-years and 1 689 519 locations), 55 black bears
(22 F, 33 M; 142 bear-years and 128 174 locations), and 61 coyotes
(23 F, 38 M; 94 coyote-years and 68 491 locations).

We monitored the fate and estimated the survival time of
813 calves in five of the six herds, from 2003 to 2013, using very
high frequency (VHF) telemetry. We located calves by helicopter
and captured them on foot, generally 1–3 days following birth. We
verified that collared calves rejoined their mothers within 24 h of
capture. Aerial monitoring schedules varied across years, from
every 2–4 days in June and early July, every 5–10 days until the end
of August, and fortnightly to monthly thereafter. When a VHF
collar indicated mortality, we conducted investigations to deter-
mine the most likely cause of death (black bear, coyote, and
other). Survival data were used in the hazard-risk calculation (see
“Hazard risk” below). All animal capture and handling procedures
were consistent with the American Society of Mammologists’
guidelines (Sikes and Gannon 2011).

Statistical analysis

Seasons
Although most caribou calf mortalities occurred during the

calving season, we conducted all analyses throughout the year,
both because predators killed some calves outside of the calving
season and to gain a better understanding of how predator–prey
interactions fluctuated across time. We followed the approach of
Basille et al. (2013) to define ecologically based seasons derived
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from space-use patterns for each species using a clustering ap-
proach. For each day in a given year, we characterized the space
use of an individual across 11 habitat and movement variables (for
habitat types see Supplementary Fig. S11) by calculating the mean
speed, tortuosity, mean elevation, and the proportion of loca-
tions in our eight habitat categories (habitat use) within a 15 day
moving window centered on the focal day. We then range-
standardized each daily individual-year measurement between
0 and 1 and averaged them, first by individual and then by species
to come up with a value for each day of the year (Basille et al.
2013). This ensured that a behaviour displayed prominently in a
given year or by an individual monitored over multiple years did
not contribute disproportionately to our classification. We used
K-means clustering to identify homogenous periods based upon
our 11 habitat and movement variables (Basille et al. 2013) and
determined the optimal number of clusters using the DD-
weighted gap method (Yan and Ye 2007). We used the optimal
number of clusters as the number of biological seasons. We per-
formed a bootstrap approach where 100 sets of individual-years
were resampled with replacement from the original data set and
then ran K-means clustering for each set to assess the robustness
of the classification, calculating the probability that each day fell
in a specific season (Basille et al. 2013). Finally, delineations based
on seasons that started on a day that fell in the top 20% (for
caribou), 25% (for coyote), or 30% (for bears) of the weight distri-
bution were obtained. We adjusted criteria for predator species to
ensure a representative seasonal delineation in regards to their
biology in Newfoundland and minimal number of seasons ex-
pected (e.g., for bears, defining the criteria below 30% led to the
identification of only two seasons, active and denning, despite
nonhomogenous movements and habitat use; see Supplementary
Table S11 and Figs. S1–S31). Because tortuosity requires animals to
move, and bears were stationary during denning, we randomly

assigned tortuosity values from a uniform distribution (0–� radians)
and used habitat variables associated with den sites for all days
when individuals were denning. Next, we created caribou–
predator seasons by taking the intersection of caribou and preda-
tor delineations (hereafter “caribou–predator seasons”). Thus, the
end of each caribou–predator season delineated a behavioural
adjustment in space use by either caribou or the predator species.
We then evaluated habitat overlap, co-occurrence, and hazard
risk from bear and coyote using the caribou–predator seasons to
test our predictions. We also created bear–coyote seasons in the
manner described above to evaluate the similarity of habitat use
between bears and coyotes.

Similarity in habitat use
We examined similarity in habitat use between caribou and

each predator species at two levels, population and individual. For
caribou, we used adult female GPS telemetry regardless of their
reproductive status, as this information was not available; partu-
rition rate was approximately 80% during the monitoring period
(Weir et al. 2014). Population-level similarity reflects overlap in
habitat use of the caribou population with a predator population,
whereas individual-level overlap reflects overlap between an indi-
vidual predator and the caribou population. Overlap in habitat
use may be an indication of the strength of potential trophic
interactions between predator and prey species, as this is pre-
requisite to predator–prey co-encounter (Hebblewhite et al. 2005;
Chesson and Kuang 2008). We evaluated habitat overlap using an
index of overlap derived from the Jaccard index adapted to con-
tinuous data (for further details see Basille et al. 2013). For each
habitat type and each day, habitat overlap at the population- or
individual-level was measured as the size of the intersection over
the size of the union of a caribou population range and either a
predator population species range or individual range based on
maximum and minimum values for a given day:

Habitat(caribou, predator) �
min[max(caribou), max(predator)] � max[min(caribou), min(predator)]

max(caribou, predator) � min(caribou, predator)

where min and max represented the minimum or maximum val-
ues, respectively, for use (percentage of locations) of a specific
variable (habitat) within a daily moving window used in the clus-
tering approach. For both levels of habitat overlap, the index
varied between 0 and 1 (no overlap to complete overlap) for each
habitat and day. We then computed a measure of daily global
overlap by taking the mean of all habitats for each day for each
caribou–predator season. We used a paired t test to test whether
caribou–bear overlap was higher than caribou–coyote overlap.
We also assessed bear–coyote overlap to evaluate potential inter-
actions between the predators.

As an additional exercise and to investigate possible specializa-
tion towards caribou within predator populations, we examined
whether individual-level habitat overlap between predators and
caribou could be linked with individual characteristics of preda-
tors. For each caribou–predator season, we assessed whether in-
dividual habitat overlap was influenced by predator age (adult vs.
subadult), gender, and, for coyotes, social status (resident or tran-
sient; E.H. Ellington, unpublished data). We used linear models
with each of these variables as a single effect and interactions
between age and gender for each predator species and each

caribou–predator season. We present results for this analysis in
Supplementary Table S1.1

Co-occurrence index (encounter)
We estimated caribou–predator co-occurrence rates using our

GPS telemetry data set. We considered an encounter to have oc-
curred when an individual and a predator were <1 km of apart
within a 24 h window. Detection distances of 1–2 km have fre-
quently been used to identify short-term predation risk in differ-
ent large mammal predator–prey systems and are likely within
predator sensory detection range (Muhly et al. 2010; Whittington
et al. 2011). Though such an encounter may not indicate that
a biological encounter occurred (predator notices prey or vice-
versa), they represent instances where an encounter could
plausibly have occurred. Latombe et al. (2014) found behavioural
changes in caribou selection following the presence of a wolf
within 4.7 km in the previous 1.5 days, although smaller distances
are to be expected for coyotes or bears (Chamaillé-Jammes et al.
2014). Our radius was therefore more conservative than those
generally used in definitions of encounter using GPS telemetry
(e.g., Muhly et al. 2010; Whittington et al. 2011). To account for any
differences in the length of season and intensity of monitoring,
we standardized the number of encounters per caribou–predator

1Supplementary table and figures are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjz-2015-0127.
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season by the length of shared days of monitoring, the intensity of
monitoring, and the spatial overlap between caribou and preda-
tors. The encounter index for a season was computed as:

Encounter �
Es

�i

n
(DSiFCSiFPSiOSi)

where ES was the total amount of encounters in a season S, DSi was
the number of shared days of monitoring for a specific pair of
animals i of n possible caribou–predator pairs, FCSi and FPSi were
the mean numbers of fixes per day for caribou and predator,
respectively, in a season, and OSi was the percent overlap between
caribou and predator 100% seasonal minimum convex polygon
home ranges. For each predator species, we range-standardized
between zero and one values of the index over the year.

Hazard risk
Using our data set of calf survival fate, we estimated mortality

risk for caribou calves from predation by coyote and black bear.
We estimated the hazard function representing the instanta-
neous risk of mortality from a given predator for each calf follow-
ing capture. On average, calves were born approximately 1 June in
Newfoundland (Lewis and Mahoney 2014). We used kernel-based
methods to estimate a smoothed hazard function, using local
bandwidth selection algorithms and an Epanechnikov boundary
function (Griffin et al. 2011). Hazard was also range-standardized
between zero and one for both species. We tested for correlation
between habitat overlap, co-occurrence, and risk with Pearson’s
correlation coefficients using values averaged over each caribou–
predator seasons. All analyses were conducted in R version 3.0.2
with packages adehabitatHR, sp rgeos, plyr, and muhaz, as well as
functions available from Basille et al. (2013; http://ase-research.
org/basille/seasonality).

Results

Caribou–predator seasons
The dDgap statistic revealed the presence of three space-use

modes (clusters) over the year for caribou in Newfoundland. These
three clusters corresponded to four caribou-specific seasons (Winter,
Calving, Summer, and Rut (Breeding); Fig. 1) delimited by the
respective starting dates of 26 September, 26 April, 27 June, and
9 September. For black bears, the dDgap statistic showed two local
maxima, the highest dDgap statistic indicated only two seasons,
which differentiated between active and denning periods. There-
fore, we used the second highest local maxima, which revealed
five clusters and seasons that corresponded more closely to our
biological expectations of bear behaviour and patterns of move-
ment and habitat use (Denning, Spring, Summer, Fall, and Pre-
denning; Fig. 1) with the respective starting dates of 28 October,
15 April, 30 May, 1 August, and 10 October. For coyote, the dDgap
revealed six clusters, which corresponded to four seasons (Early
Winter, Late Winter, Summer, and Fall) with the break points
of 20 February, 13 April, 12 August, and 31 October. Based on
the temporal intersections between species, we identified eight
caribou–coyote seasons and nine caribou–bear seasons. For a de-
tailed description of seasonal characteristics of movement para-
meters and habitat use see Supplementary Figs. S1, S2, S3.1

Population- and individual-level similarity in habitat use
Population-level habitat overlap between caribou and bear was

highest in late summer and early fall (August to mid-October) and
lowest in the periods following den emergence (up to late May;
Fig. 2). Habitat overlap between individual bears and the caribou
population followed similar trends at the individual level (Fig. 2).
Some individual bears nevertheless displayed stronger overlap

with caribou throughout most of the summer period (late April to
early September; Fig. 2).

On average, annual population-level habitat overlap between
caribou and coyote (mean overlap = 0.167) was higher than
between caribou and bear during the bear nondenning period
(mean = 0.098, t[195] = –13.126, p < 0.001). Population-level habitat
overlap between caribou and coyote was highest in the summer,
most notably between late June and mid-August, whereas it was
lowest during late winter (mid-February to late April; Fig. 2). Hab-
itat similarity between individual coyotes and caribou population
followed a different pattern, however, with average individual-
level overlap slightly higher during early winter (November to
February) and spring (late April to late June) and lowest during
late winter and late summer (mid-August to late September and
early November to mid-February; Fig. 2). Variation in individual-
level habitat overlap was largest during the early winter and early
spring periods (late April to late June; Fig. 2). Overall, overlap
between bears and coyotes was higher than overlap between car-
ibou and either predator (Fig. 2).

Relationships between habitat overlap, co-occurrence,
and risk

We observed that the hazard risk for caribou calves from black
bears decreased through time, with the encounter rate between
bears and caribou at its highest during the period of high calf
vulnerability. Over the year, there was small correspondence be-
tween patterns of overlap and risk (R = 0.437, t[7] = 1.284, p = 0.240),
and even less correspondence between encounter rates and risk
(R = 0.406, t[7] = 1.175, p = 0.278) or encounter rates and overlap (R =
0.061, t[7] = 0.161, p = 0.877).

For coyotes, hazard risk for caribou calves decreased most
abruptly from June to October, and then decreased gradually over
the rest of the year (Fig. 2). This pattern of risk generally matched
population-level habitat overlap between coyotes and caribou (R =
0.950, t[6] = 7.475, p < 0.001), except for the early period of calving
when risk was higher and overlap was close to average value. The
patterns of encounter rate were also correlated marginally with
the patterns in habitat overlap (R = 0.719, t[5] = 2.315, p = 0.068) and
significantly with risk (R = 0.773, t[5] = 2.721, p = 0.042; Fig. 2).

Discussion
We explored spatial interactions between predators and prey at

the population and individual level to further our understanding
of predator–caribou behavioural interactions leading to caribou
calf mortalities in Newfoundland. We first explored seasonal pat-
terns of space use for each species (Fig. 1) and determined that
habitat overlap with female caribou was slightly higher for coyote
than for bear, while both predators had more similar habitat use
(Fig. 2). Risk for calves from coyotes mirrored variation in seasonal
changes in habitat overlap, but had less association with co-
occurrence. In contrast, yearly changes in habitat overlap during
the calving season for black bears had little association with ei-
ther co-occurrence patterns or overall risk for caribou neonates
(Fig. 2). These differences in space-use overlap between two pred-
ators and a shared prey species speak to a high level of variability
in the spatial interactions of generalist predators and their prey.

Predator hunting behaviour is a crucial element of the predator–
prey game, shaping not only the behavioural response of the
prey and the magnitude of nonconsumptive effects, but also po-
tentially having broader repercussions at the ecosystem level
(Schmitz 2008). We found that population habitat overlap be-
tween coyotes and adult female caribou decreased as calves be-
came less vulnerable to coyote predation (Fig. 2), indicating that
coyote space use more closely matched caribou space use when
calves were susceptible to coyote predation. The overall lower
level of population habitat overlap observed between bears and
caribou (Fig. 2) was probably also influenced by hunting behav-
iour. Our results also showed that the habitat overlap between
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bears and coyotes was greater than the habitat overlap between
caribou and either predator, but that the similarity between pred-
ators was at its lowest during the period of greatest neonate vul-
nerability (Fig. 2). These results indicate that bears, coyotes, and
caribou are likely using more similar space-use strategies later in
the season, perhaps providing a partial explanation for why risk
for caribou neonates remains high for a longer period since coy-
otes colonized Newfoundland (Bastille-Rousseau et al. 2016).

Many populations of predators can be considered to be groups
of specialized individuals (Bolnick et al. 2003; Woo et al. 2008). In
our study, both predator species displayed high intraspecific vari-
ation in individual habitat overlap with caribou; numerous indi-
viduals displayed little to no overlap, whereas some displayed
strong overlap in habitat use. Although a high degree of similarity
in habitat overlap between a predator and caribou may not be a
formal indication of specialization, individuals with higher habi-
tat overlap are more likely to prey on caribou (Basille et al. 2013).
The minor influence of individual characteristics on habitat over-
lap (Supplementary Fig. S1)1 and the low level of individual over-
lap are consistent with the notion that caribous are not primary
prey for most individuals of either of these carnivores.

Predators exist along a continuum regarding specialization to-
ward resources (Bolnick et al. 2003). At one extreme, specialists
focus on primary prey exclusively, switching to alternate prey
only during periods of low primary prey density (Fryxell and
Lundberg 1994). Such prey-switching behaviour is well captured
by current functional response models and, therefore, the inte-
gration of specialist predators in prey population dynamics is
more straightforward (Vucetich et al. 2002). At the other extreme,
generalist predators may specialize on a given prey type only in
restricted space and (or) time, but nevertheless orient their forag-
ing behaviour toward a diversity of resources (Smout et al. 2010).
This flexibility in searching behaviour increases the opportunity
for opportunistic predation, resulting in the consumption of prey

that is unintentionally encountered (Schmidt et al. 2001; Schmidt
2004). Even if ungulate neonates are an extremely profitable re-
source for these predators (Rode and Robbins 2000; Turner et al.
2011), the small overlap of both predators with caribou indicates
that this particular prey type is unlikely to serve as primary prey.
Indeed, movement patterns of bears and coyotes are likely influ-
enced by the availability of other resources during the caribou
calving season, including vegetation and potentially moose neo-
nates. It is therefore unclear whether these predators are actively
searching for neonates or are simply incidentally encountering
them. Further examination of resource selection and functional
response of coyotes and black bears towards calves is needed to
clarify the role of caribou and moose in their diet and whether
apparent competition is at play between the two ungulates (Holt
and Lawton 1994).

Predation risk can be separated into two subcomponents: the
probability of encounter (�) and the probability of death following
an encounter (Lima and Dill 1990; Hebblewhite et al. 2005). Space-
use patterns of predator and prey comprise the main elements of
the encounter component (Hebblewhite et al. 2005). For a neonate
calf, vulnerability is highly influenced by age (Gustine et al. 2006).
To some extent, we found that habitat use matched the encounter
index for coyotes, but we found little correspondence between
these indices for bears. Moreover, for coyotes, the overall patterns
of overlap and encounter followed the change in risk (Fig. 2). This
may indicate that predation risk from coyotes was shaped by both
the encounter probability and the change in neonate vulnerabil-
ity. Results from bear were markedly different; overlap and en-
counter did not correspond with variation in risk (Fig. 2), other
than an extremely high encounter rate following neonate’s birth.
This indicates that risk from bear was almost uniquely driven by
vulnerability of neonate caribou during the critical postpartum
period and that the habitat use of bears throughout the year had
little influence on overall risk thereafter. This is corroborated by

Fig. 1. Graphical representation of the biological seasons for woodland caribou (Rangifer tarandus caribou), black bear (Ursus americanus), and
coyote (Canis latrans) on insular Newfoundland. Shading indicates months.
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Fig. 2. Temporal changes in habitat overlap (top panels) and in the index of population-level habitat overlap, encounter rate, and hazard
risk (middle panels) of woodland caribou (Rangifer tarandus caribou) and their two main predators, with temporal changes in habitat overlap
between black bears (Ursus americanus) and coyotes (Canis latrans) (bottom panel). For habitat overlap, population-level overlap (solid line) and
average individual-level (broken line) habitat overlap were based on habitat use; grey areas represent 90% quantiles of individual overlap in
the top panels. Note that the x axis starts in June for the middle panels and is truncated at the denning period for bears.
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numerous studies showing a short period of vulnerability to bear
predation for ungulate neonates (reviewed by Zager and Beecham
2006). Nevertheless, it is interesting that these two different strat-
egies resulted in similar levels of cause-specific predation rates
(Lewis and Mahoney 2014).

Newfoundland caribou have been in a state of protracted de-
cline since the mid-1990s following a numerical increase initiated
in the 1970s (Bastille-Rousseau et al. 2013). Just prior to this de-
cline, coyotes colonized the island and became widespread by
the late 1990s. Factors ultimately driving the caribou population
decline were related to the high population size and a decrease
in summer foraging and harsher winter conditions (Bastille-Rousseau
et al. 2013), but proximately, this decline is the outcome of a
drastic reduction in neonate survival (Lewis and Mahoney 2014). It
is commonly accepted that generalist predators can stabilize prey
populations when mortality is density dependent (Fryxell and
Lundberg 1994), but local extinction may result when predators
expand their diet rather than switch to alternate prey (Holt and
Lawton 1994). Mortalities do not appear to be density dependent
for adult female Newfoundland caribou following the caribou
population decline, but caribou are one of many food items con-
sumed by bears and coyotes (Bridger 2005; C. Zieminski unpub-
lished data). This suggests that per-capita predation of caribou is
unlikely to decrease even if the population continues to decline.
As our analysis was limited to a period when caribou populations
were at their lowest density in the last 3 decades, it is uncertain
whether predators may alter their behaviour by increasing the
predation rate on caribou following a positive change in abun-
dance. This would represent a double-edged sword for Newfound-
land caribou, as density-independent predation may threaten
current caribou persistence, whereas density-dependent preda-
tion may limit future population increase.

A great deal of literature on predator–prey interactions has
focused on systems involving specialist predators. Detailed spatial
models of the behavioural games for both species, or formula-
tions of several types of functional responses, greatly improved
the study of predator–prey interactions (Vucetich et al. 2002;
Hebblewhite et al. 2005). However, the behavioural strategies of
generalist consumers are not easily captured by these theoretical
models. Our work illustrates how risk for a specific prey species is
affected by generalist predators that display different strategies
regarding patterns in habitat overlap and co-occurrence. More-
over, we demonstrated that these strategies may be highly vari-
able between species, but nevertheless have a similar impact on
prey population dynamics. As top predators decline worldwide
(Johnson et al. 2007; Heithaus et al. 2008), it is likely that the
predation impact on prey communities will be increasingly
driven by highly opportunistic and generalist predators with an
increased ability to respond dynamically to human development
and landscape alteration (Prugh et al. 2009). It is therefore crucial
that we develop a robust theoretical foundation for predator–prey
interactions involving generalist predators to better predict fu-
ture influences on ecosystem function.
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