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Rates of encounters between humans and wildlife are increasing in cities around
the world, especially when wildlife overlap with people in time, space and
resources. Coyotes (Canis latrans) can make use of anthropogenic resources
and reported rates of conflict have increased in cities across North America.
This increase may be linked to individual differences in the use of human
food and developed areas. We compared the relationships between coyote
age, sex or health and the use of anthropogenic resources, which we defined
as using developed areas over large home ranges, being active during the
day, and consuming anthropogenic food. To do so, we applied GPS collars to
19 coyotes and sampled hair for stable isotope analysis. Eleven coyotes appeared
to be healthy and eight were visibly infested with sarcoptic mange (Sarcoptes
scabiei), a mite that causes hair loss. Diseased coyotes used more developed
areas, had larger monthly home ranges, were more active during the day, and
assimilated less protein than coyotes that appeared to be healthy. We speculate
that anthropogenic food provides a low-quality but easily accessible food source
for diseased coyotes, which in turn may increase reliance on it and other
anthropogenic resources to promote encounters with people.

1. Introduction
There is mounting global pressure to minimize negative interactions between
people and wildlife while maintaining wildlife populations and functional ecosystems, emphasizing the need to understand the causes of human–wildlife conflict
[1]. Urban areas are the fastest-growing ecosystems on the Earth [2] and have
some of the highest rates of human–wildlife conflict because they have high densities of people, anthropogenic attractants and urban-adapted wildlife [3]. Conflicts
can arise when wildlife are attracted to anthropogenic resources that provide food,
shelter and breeding sites, including damage to property, transmission of zoonotic
disease and depredation on pets or livestock (reviewed in [4]). For example, raccoons (Procyon lotor) that den in houses can damage buildings and spread
raccoon roundworm (Baylisascaris procyonis) to humans [5]. Carnivores may
attack pets, e.g. red foxes (Vulpes vulpes) in Europe [6], and even people, e.g.
tigers (Panthera tigris) in Russia [7]. These actions are often preceded by behavioural
cues that reveal habituation to people, such as frequenting human-dominated areas
[8], being active during daylight hours [9], and eating anthropogenic food [10].
These behaviours create potential for food conditioning, wherein wildlife associate
humans with food either through intentional or unintentional feeding, which often
results in human–wildlife conflict, particularly when it involves carnivores [11,12].
Over the past 20 years, reports of encounters between humans and coyotes
(Canis latrans) have been increasing in cities across North America [13]. This
trend follows decades of increase in the range of coyotes [14], but the reasons
for rising conflict are unclear [15] and coyotes appear to vary in their reliance
on anthropogenic resources. Many urban coyotes seldom leave natural areas
[15 –17] where they feed mainly on small mammals and berries [15], but
some are known to frequent developed areas where they are more likely to
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Figure 1. Map of study area showing the capture locations (white circles), 3 h GPS locations ( points) and 95% utilization distribution home ranges ( polygons) for
GPS-collared coyotes that were apparently healthy (n ¼ 11; a) or were visibly diseased (n ¼ 8; b). Colours distinguish individual coyotes and land use types, either
developed (grey) or urban natural areas (green). (c) Aerial photo of map section of Edmonton from Google Earth.
elicit nuisance wildlife reports [13] and where anthropogenic
food can comprise up to 30% of their diets [15]. A better
understanding of this variation in resource use could identify
the contexts, locations and individuals that are most likely to
elicit human –coyote conflict.
The use of anthropogenic resources by coyotes could vary
for many reasons, including sex, age and health. For example,
breeding male coyotes appear to be more prone to killing
domestic sheep (Ovis aries) [18], perhaps to support their
larger body size, which produces similar sex-biased conflict
in several other carnivore species [19]. By contrast, dispersing
subadult [19] or transient coyotes [17] may be more likely to
seek out human-occupied areas because they are relegated to
lower-quality habitat with fewer hunting opportunities [20].
Any age or sex class may be infected by disease, which can
make animals less afraid of people (e.g. rabies virus [21]),
more reliant on easily accessible food [7,22] and less able to
tolerate cold temperatures [23], all of which could promote
interactions with humans. Rates of disease in urban-adapted
species are sometimes higher than in rural areas because of
higher densities of animals supported by anthropogenic
resources [24], altered community structure that can increase
contact between parasites and hosts [25], or from chronic
stressors that increase disease susceptibility [26].
Few studies have examined multiple hypotheses for
increasing conflict behaviour in coyotes, or any urban carnivore, and examining the effects of disease is especially
difficult in wild, free-living animals. This opportunity exists
in northwestern North America, where there is a high prevalence of sarcoptic mange [27], which is highly visible because
of associated hair loss, skin thickening and lesions [28]. This
form of mange is caused by the mite Sarcoptes scabiei that
causes infected animals to bite and chew at the affected

areas, in turn providing entry routes for secondary infections
and other parasites [23,28], reducing thermoregulatory and
foraging abilities [23], and can ultimately lead to emaciation
and death [28].
In this study, we examined the relationships between
three explanatory variables—age, sex and health status—
and four measures of anthropogenic resource use: using
developed areas both more frequently and over larger
home ranges, being active during the day, and consuming
anthropogenic food. We assumed that coyotes which made
more extensive use of anthropogenic resources or increased
spatial and temporal overlap with people would be more
likely to elicit conflict reports, which has been linked to
habituation and food conditioning [9,11]. Based on the associations reported in the literature, we predicted that coyotes
which were young, male or sick would use more developed
areas, have larger home ranges, be more active during the
day and consume more anthropogenic food.

2. Material and methods
(a) Study area
Our study took place within the city of Edmonton, Alberta, Canada,
a northern city (53.54728 N, 113.50068 W) large in both area
(684.4 km2) and population (812 201 in 2011 census) and characterized by warm summers (average temp: 17.58C), and cold winters
(211.78C). Edmonton also has a large network of contiguous parkland connected to a central river valley (figure 1) which provides
habitat for coyotes, white-tailed deer (Odocoileus virginianus),
white-tailed jackrabbits (Lepus townsendii), snow-shoe hares (Lepus
americanus), beaver (Castor canadensis), and various small mammals.
The frequency of human–coyote interactions has increased in
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Edmonton over the past several years to generate multiple reports
per day throughout the year (A. Murray 2014, unpublished data).

(d)

(e)

(f)

(c) Space use
We calculated three metrics of space use to test whether male, subadult or parasitized coyotes were more likely to overlap with
people in space and time. To compare habitat use, we condensed
six land cover classes into two habitat types based on the presence
of human activity and infrastructure: developed (residential,
commercial, industrial, institutional, and open areas that were
undesignated and typically composed of mown grass; 93% of
available habitat) and undeveloped (urban ravines and parks;
7% of available habitat; figure 1). We measured differences in habitat selection within our study area (second order habitat selection;
[30]) by comparing the habitat type at each used GPS location to
one available location generated randomly within a minimum
convex polygon around all coyote locations using GEOSPATIAL
MODELLING ENVIRONMENT [31]. We then used logistic regression to
model the probability of a location being used or available as a
function of the habitat type at the location (i.e. developed or undeveloped) and the age, sex and health status of the associated
coyote. Landcover data provided by the City of Edmonton
(2010) had a spatial resolution of 10 m. For those locations that
occurred on an ecotone we used the land cover class covering
the majority of a 10 m buffer around the location to account for
collar error [32]. We also estimated monthly home range sizes
for individual coyotes using 95% kernel density utilization

(c)
(a)

(b)

Figure 2. Signs of sarcoptic mange Sarcoptes scabiei (a) used to visually
assess coyote health status at time of capture. Coyotes we classified as exhibiting mange at time of capture had lesions on (b) hind legs and (c) forelegs
which could progress to the tail (d), the face (e) and in severe cases, over the
whole body (f ). Photo credit (a) Wikimedia, all others from authors.
distributions generated using a plug-in bandwidth estimator in
GEOSPATIAL MODELLING ENVIRONMENT [33].
To determine whether individual coyotes were similarly active
at different times of day, we measured step lengths, which we
defined as the distance travelled between successive 3 h locations.
We then modelled step length as a function of coyote age, sex,
health and time period. We defined time periods as during the
day (from 1 h after sunrise to 1 h before sundown), crepuscular
(+1 h from sunrise or sundown) and night (1 h after sundown
to 1 h before sunrise) with adjustment to reflect seasonal changes
in day length.

(d) Diet
We examined differences in the diets of individual coyotes by
analysing hair samples collected at capture using stable isotope
analysis. Guard hairs were collected from the nape of the neck
and prepared for d13C and d15N stable isotope analysis following
the methods of Hilderbrand et al. [34]. We expected stable isotope
analysis to provide a measure for assimilation of anthropogenic
food into body tissue because corn, as a C4 plant, has a conspicuously high d13C signature and is ubiquitous in processed food in
the form of corn syrup and starch [35]. Stable isotope analysis
can also provide an estimate of trophic level because d15N correlates with protein ingestion [36]. We used the results of previous
studies of coyote diet based on scat contents [37,38] to identify
several food sources for inclusion in our analysis as reference
samples. For each of 18 dietary items, we sampled at least
three sources for their stable isotopic signatures, which we
categorized a priori into three groups based on the similarity of
their 13C and 15N values. We grouped mammals and insects
known to be consumed by coyotes as prey: white-tailed deer,
beaver, muskrat (Ondatra zibethicus), cricetid rodents, sciurids,
lagomorphs and insects. We also grouped several species of
fruit that are common in Edmonton: crabapples (Malus spp.),
Saskatoon berries (Amelanchier alnifolia), blueberries (Vaccinium
spp.) and raspberries (Rubus idaeus). Lastly, we grouped several
sources of anthropogenic food that are at least partly derived
from corn products: human hair (which provided an estimate
of human diet), domestic cats (Felis catus) and dogs (Canis
lupus familiaris), pet food, food waste from compost piles, and
published isotopic values for chicken and beef [39], which
provided estimates of scavenged meat.
To determine whether coyotes consumed relatively more
prey, fruit or anthropogenic food, we built three-source mixing
models using the program SIAR [40]. Such models provide a framework for testing hypotheses about diet because they provide a
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We captured coyotes using four-coil padded foot-hold traps
(no. 3 Victor Soft Catch Coilspring; Animal Trap Co., Lilitz,
Pennsylvania, PA, USA) and physically restrained captured coyotes using catch poles. We selected capture sites where coyote
sightings had been reported to city officials and dogs were prohibited to minimize their accidental capture. Our capture sites
ranged in their proximity to human development and included
several urban natural areas, the natural area bordering a zoo,
and an agricultural research facility surrounded by residential
areas (figure 1) but were all within city limits (6.2 + 3.1 km
s.d. of city centre). Captured coyotes were aged as either subadult (less than 1 year old) or adult (greater than or equal to 1
year old) by tooth wear [29], sexed, weighed, ear tagged, fitted
with a global positioning system (GPS) collar and a hair
sample was collected for stable isotope analysis. Coyotes were
fitted with collars that acquired locations every 3 h that were
either stored and downloaded after collars were recovered
(Lotek 3300S), downloaded remotely (Lotek 4400S) or communicated via the cell phone network (Wildcell GSM collar; Lotek
Wireless Inc., Newmarket, Ontario, Canada). Most coyotes
were collared in the dispersal season (September—December)
and wore their collars for an average of four months (range: 1 –
10 months, electronic supplementary material, table S1). To
account for different durations of monitoring, we weighted the
spatial data from each coyote by the number of months the
coyote was collared or used monthly averages to compare individuals. We assessed disease status (i.e. mange) by the
presence of hair loss, skin thickening and lesions on the hind
legs and tail at time of capture. We used an ordinal body condition score as follows: 1 ¼  10% of body affected, usually the
back of hind legs; 2 ¼ 10 – 25% of body affected, usually back
of hind legs and tail; 3 ¼ 25 – 50%; 4 ¼ 50 – 75%; 5 ¼ 75 – 100%
(figure 2, electronic supplementary material, table S1). We also
radio-tracked coyotes periodically to monitor body condition
and recorded any visible changes in mange severity. The coyotes
we classified as appearing healthy were not screened for other
ailments, but they all exhibited good coat quality, some body
fat and no apparent health problems.
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deterministic solution for estimating the probability that each
food item accounts for a given proportion of the consumer’s
diet [41]. We assumed that fractionation rates were isotopespecific across dietary sources and accounted for digestibility
following the methods of Newsome et al. [42].
We measured the d13C and d15N isotope signatures of individual coyotes and diet sources using an elemental analyser
(EuroEA Elemental Analyzer, EuroVector) and a continuousflow isotope ratio mass spectrometer (Isoprime Mass Spectrometer, GV Instruments) at the Biogeochemical Analytical
Service Laboratory (Department of Biological Sciences, University of Alberta, Edmonton, Canada). These instruments had a
measurement standard deviation of +0.1 and +0.3‰ for d13C
and d15N measurements, respectively.

(e) Model building and selection
We evaluated our hypotheses that one or more of coyote age, sex
and health status best explained variation in coyote habitat selection, home range size, activity patterns and diet by ranking
candidate models (sensu [43]). For each of our four response variables, we built five candidate models: a null model, a model for
each of age, sex and health (and their interactions with habitat
type for habitat selection and time period for activity patterns),
and a global model that included all terms (table 1). We then

model-averaged b + s.e. (term)

ranked these candidate models based on their Akaike information
criterion scores (corrected for small sample size; AICc) and corresponding model weights. From all models in which each covariate
appeared, we calculated an average parameter estimate after
adjusting the contribution of each model by its weight [43,44].
We used mixed effects models of three types depending on the
best-fitting distribution of the dependent variables; generalized
linear mixed model (GLMM) with a logistic link for habitat selection, a linear mixed effects model for home range size and
assimilated diet, and a GLMM with a Poisson distribution for
diel patterns of activity via step lengths. We partitioned the
effect of individual by including animal identification as a
random effect and accounted for temporal non-independence of
successive GPS fixes by including an autocorrelation function
(function AR1 in R with a lag of one 3 h step [45]) in our analysis
of habitat selection and activity patterns. We assessed the fit of
each candidate model using the proportion of explained deviance
(D 2) because it can be used across different model types [46].

3. Results
Between 2009 and 2012, we captured and sampled 21 coyotes
of which 19 wore functional GPS collars and were included in
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Table 1. Summary of candidate model outputs for coyote habitat selection, home range size, activity patterns, and diet. (We used model weights, calculated
using corrected Akaike information criterion (AICc) scores, to calculate weighted-average parameter estimates. Entries in bold indicate the largest model-averaged
parameter estimate for each response variable.)
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Figure 3. Differences in space use between apparently healthy (n ¼ 11;
blue) and coyotes with visible ectoparasite infestations (n ¼ 8; red), including (a) habitat selection, (b) home range size and (c) activity patterns.
Columns show averages across individuals and bars show standard deviations.
2 points from each other (table 1). Adult coyotes assimilated only
5% more d13C than did subadults (d13CAdults ¼ 222.33 + 0.82,
d13CSubadults ¼ 221.24 + 1.67; U10,9 ¼ 113, p ¼ 0.09).

4. Discussion
Although rates of conflict with coyotes appear to have
increased throughout North America [13], there is no general
explanation for the mechanism. We evaluated three existing
hypotheses for higher rates of conflict in other carnivores—
sex, age and health status—and related these variables to
four measures of using anthropogenic resources that we considered to be precursors of conflict with people. Health status
was most associated with all four of these behaviours; coyotes with hair loss and lesions consistent with mange
infestation made more use of developed areas, had larger
home ranges, were more active during daylight hours,
assimilated less protein and consumed more anthropogenic
food (as estimated by our mixing model) than coyotes that
appeared to be healthy at their times of capture.
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our spatial analyses. Eleven of the 21 sampled coyotes had
good coat quality and appeared to be healthy (hereafter
‘healthy’) and 10 coyotes exhibited signs of mange (hereafter
‘diseased’), but only eight of these had sufficient data for
inclusion in our spatial analyses. The healthy coyotes we collared included five adult females, two subadult females, two
adult males and two subadult males; and the diseased coyotes we collared included four adult females, one subadult
female, two adult males and one subadult male. Sex and
age classes were balanced across healthy and diseased coyotes in the 19 collared coyotes (GAgeMange ¼ 0.12, d.f. ¼ 1,
p ¼ 0.74; GSexMange ¼ 0.28, d.f. ¼ 1, p ¼ 0.60). Coyotes that
exhibited signs of mange at their times of capture typically
had mild or moderate infestations and became more severely
affected over time, no coyotes with mange appeared to have
recovered and no coyotes we considered to be healthy when
captured exhibited signs of mange while they were monitored (electronic supplementary material, table S1). Over
the study period, six of the 10 diseased study coyotes died;
four from exposure (i.e. were found dead in sleeping positions in 2208C temperatures) and two were euthanized
following reports of conflict by the public. Of these, three coyotes were necropsied at the University of Calgary where the
presence of S. scabiei mites and/or alopecia consistent with
sarcoptic mange infestation was confirmed (A. Massolo
University of Calgary 2010 and 2012, personal communication). Of the 11 healthy coyotes, four were killed by
collisions with vehicles.
Comparing the model-averaged parameter estimates
revealed which of age, sex or health status best explained
variation in each of habitat selection, home range size,
activity patterns and diet. Health status was the most important variable for each of habitat selection, home range size,
activity patterns and d15N ( protein) assimilation (table 1).
Coyote age had the most support for d13C ( processed food)
assimilation (table 1).
The monthly home ranges of diseased coyotes were an average of 3.9 times larger than those of healthy coyotes (U10,7 ¼ 88,
p , 0.001; figures 1 and 3a). The home ranges of diseased coyotes
also overlapped in space and time with at least one other coyote,
whereas those of healthy coyotes did not overlap in both space
and time. Diseased coyotes also had 5.5 times more GPS fixes
in developed areas than did healthy coyotes (bIntercept ¼ 0.62 +
0.05 s.e., bMange ¼ 20.32 + 0.08, bDeveloped ¼ 22.10 + 0.05,
bMangeDeveloped ¼ 1.38 + 0.06, p , 0.001; figure 3b). Diseased
and healthy coyotes were similarly active overall (diseased ¼
618.42 m/step + 925.88 s.d.; healthy ¼ 591.91 + 876.09; p ¼
0.624). Healthy coyotes were more active at night than during
the day, whereas diseased coyotes were similarly active
during all three time periods and 2.2 times more active during
the day than healthy coyotes (bIntercept ¼ 20.10 + 0.08,
bMange ¼ 20.01 + 0.13, bTime ¼ 20.72 + 0.02, bMangeTime ¼
1.52 + 0.03, p , 0.001; figure 3c).
Diseased coyotes assimilated only 60% as much dietary
nitrogen as healthy coyotes, a difference of approximately one
trophic level [36] (U11,10 ¼ 27, p ¼ 0.009; figure 4a). Based on
the d15N and d13C values of our reference samples, the SIAR
mixing model estimated that diseased coyotes assimilated
32.8% more anthropogenic food and 87.2% less prey than
healthy coyotes (figure 4b). Coyote age had the most model support for differences in the assimilation of d13C (processed
anthropogenic food), however, the difference in model support
for age, sex and health was small; all models had AICc scores 
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Figure 4. Assimilated diets of urban coyotes. (a) Isotopic d N and d C signatures for visibly diseased (n ¼ 11, red) and healthy (n ¼ 12, blue), and food sources
we grouped as prey (squares), fruit (diamonds) and anthropogenic food (triangles). Bars show standard deviations. (b) Proportional contribution of anthropogenic
food, fruit and prey to the diet of healthy and diseased coyotes as modelled by a three-source mixing model (SIAR). Bars show the 50, 75 and 95% CIs, respectively,
with lighter shades.
Diseased coyotes used developed areas more frequently
than did healthy coyotes, and this suggests that they had a
greater tolerance of human development and human presence,
both of which are indicators of habituation and precursors of
conflict in many contexts, including injured tigers [7] and nutritionally stressed polar bears (Ursus maritimus; [22]). Diseased
coyotes also ranged over much larger areas than other coyotes
and their home ranges were less exclusive, suggesting that diseased coyotes had similar home ranges as transient individuals
that do not maintain territories [17,20]. Such transient behaviour often characterizes young individuals [47], but we found
no difference in age between healthy and diseased coyotes.
In other areas, transient coyotes may be more likely to be in
poor condition [48] because they typically use less suitable
habitat on the fringes of resident coyote home ranges [20],
which may manifest as developed areas in the urban landscape
[17]. In this way, differences in health between individual coyotes may be related to their social status and habitat use. For
example, healthy individuals that range widely as transients
might be more likely to encounter unrelated coyotes, thereby
potentially increasing their exposure to infected individuals
[49]. Conversely, animals that are already sick or otherwise
subordinate may be less capable of defending territories [48],
more reliant on easily accessible food, and more likely to
range widely to find it. Despite having much larger home
ranges, diseased coyotes were not significantly more active.
We suspect that residential and commercial areas may contain
relatively more unsuitable habitat such as buildings and other
impervious surfaces relative to urban natural areas and thus
animals may range more widely but use proportionately less
of their home range [17].
Diurnal activity may be an especially important precursor
to human–coyote conflict because temporal avoidance of
humans by carnivores is widespread and may be important
for coexistence between wildlife and humans in developed
areas. For example, bobcats (Lynx rufus) [50], wolves (Canis
lupus; [51]) and tigers [52] all exhibit lower activity levels
during the day where they overlap spatially with humans.
The lack of nocturnal behaviour exhibited by diseased coyotes
in our study corroborates anecdotes that diseased coyotes are

more likely to encounter people and approach houses during
the day [17,23] and could have resulted from compromised
thermoregulatory ability, in turn caused by hair loss [23].
Sub-zero temperatures in the winter months could encourage
the use of developed areas in our northern study area by
offering shelter under buildings. The costs of compromised
thermoregulation may be considerable as several diseased
coyotes died of exposure during the study period.
The greater importance of anthropogenic food in the diet
mixing model of diseased coyotes is an important precursor
of potential conflict because it increases the likelihood an
individual will become food conditioned [11]. Urban coyotes
tend to consume mainly small rodents and berries, however,
the extent to which they are reliant on human food varies
across cities [15] and, as demonstrated in our study, among
individuals. In general, conflicts between humans and wildlife are more likely to arise when animals are reliant on
human food, rather than simply tolerant to human disturbance [12,11]. In our study area, coyotes are often seen in
alleys where there is accessible waste, and composting is a
common but unmanaged practice (City of Edmonton, personal communication). Food waste in compost piles is
probably one important food source for the diseased coyotes
we sampled as it has conspicuously low protein content and
is common in residential areas.
As with health status and habitat use, the relatively
protein-poor diets exhibited by diseased coyotes could be
both a cause and consequence of the lower-quality diet that
anthropogenic waste provides. In general, animals eating a
low-protein diet, along with low fat reserves or with high
parasite loads, can suffer from immunosuppression and
increased energy requirements [53,54]. Sarcoptic mange infestation appears to compromise hunting ability in red foxes
because infested individuals have reduced fat reserves and
evidence of malnutrition [55]. Further, bobcats and cougars
(Puma concolor) that use more developed areas are more
likely to be exposed to rodenticides, which in turn are
linked to mange infestation [56] and have been detected in
urban coyotes [57]. Once established, either of disease, poor
nutrition or poor hunting ability could be exacerbated by
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anthropogenic food waste. Reducing coyote access to neighbourhood compost, fallen fruit, birdseed, rubbish and other
waste food could be achieved with a combination of education
and by-law creation. Both of these management implications
may generalize to other species, locations and contexts of
human–wildlife conflict to promote positive experiences for
urbanites with coyotes and other urban-adapted wildlife
around the world.
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