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ABSTRACT Coyotes (Canis latrans) are reported to be less vulnerable to capture in familiar areas of
territories, however, most studies do not control for trap density across the territory. We determined if
accounting for trap density provided a better explanation of observed capture rates. Based on a sample of 24
captured coyotes (6 inside core areas and 18 on peripheries of occupied areas) the best fitting model describing
capture location only accounted for trap density and not relative time spent in each region. Our results suggest
that coyote capture rates are a function of trap density in an area and not novelty avoidance. Placing traps in
core areas of territories can increase the probability of capturing individuals from specific territories to
increase the effectiveness of management or research activities. � 2011 The Wildlife Society.
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Understanding movement patterns of resident coyotes (Canis
latrans) is important for predation management because
residents are most often responsible for livestock depredation
(Andelt 1985, Sacks et al. 1999b; Blejwas et al. 2002). If
coyotes are more vulnerable to capture in some parts of
their territories than others, predation management may
be improved with more efficient removal of specific animals
(Sacks et al. 1999b; Blejwas et al. 2002).
Presumably, resident coyotes are familiar with the areas

of their territory they use regularly and will avoid points of
disturbance such as those caused by the placement of traps;
it is generally accepted that coyotes are less vulnerable to
capture devices within core areas of their territory (Knowlton
et al. 1999). Indeed, multiple studies in captivity have found
a strong neophobic response of coyotes to novel objects in
familiar areas (Windberg 1996, Harris and Knowlton 2001).
Although this differential response has been convincingly
shown in captivity, it is unclear whether coyotes view traps as
novel objects given that traps are generally set to avoid any
sign of a disturbance to the environment.
Of those studies looking at spatial bias in coyote captures,

most concluded that coyotes were less vulnerable to capture
within frequently used areas of their territory (Rucker 1975,
Woodruff and Keller 1982, Windberg and Knowlton 1990,
1999a; Gipson and Kamler 2003). In the one study that

controlled for differences in trap density between core and
peripheral areas, however, the authors found no capture bias
(Laundré and Keller 1983). Thus, the question arises: are
coyotes truly less vulnerable to capture in core areas because
of increased wariness, or is the widely held conclusion
of differential coyote capture vulnerability an artifact of
methodological biases?
One of the most common methods for analyzing capture

data involves contingency tables, which require accurate
expectancies for comparison to observed results (e.g.,
Gipson and Kamler 2003). Not accounting for different trap
densities in core and peripheral areas could affect the calcu-
lation of expectancies and thus bias results. Therefore, to
reliably assess spatial effects in coyote capture probabilities
it is essential to account for differences in trap density across
an individual’s territory.
Our objectives were to determine if coyotes were less

vulnerable to capture in their core areas or if the methodo-
logical problem of not properly accounting for differences
in trap density between core and peripheral areas biased
results. Specifically, we used empirical data and Akaike’s
Information Criterion (AIC) to test if models that account
for trap density fit observed core and periphery capture rates
better than those that did not.

STUDY AREA

We conducted our study on theWelderWildlife Foundation
Refuge (approximately 3,150 ha) and a portion of the
McFadden Enterprises Ranch (approximately 8,000 ha),
which were approximately 10 km north of Sinton, Texas.
The study area was located in a transition zone between the
gulf prairies and marshes and south Texas plains, and
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vegetation consisted mainly of mixed grasslands and shrubs
(Young et al. 2008).

METHODS

We captured coyotes with padded foot-hold traps (Victor no.
3 Softcatch, Lititz, PA) during 2003–2005 and 2007–2008
study seasons. We trapped during all months except July,
August, and September, when ambient temperatures were
too hot to safely capture coyotes. We set traps along roads,
trails, fence lines, and power line right-of-ways. Our study
site was well-roaded providing wide access for trapping. We
often, although not exclusively, placed traps in areas where
we observed signs of coyotes (i.e., visual observations, feces,
tracks). We used 2 types of trap sets: dirt-holes and baited
sets (Dolbeer et al. 1996). We also used a variety of lures at
sets (e.g., coyote urine, coyote anal gland, fetid meats, and
fruit pastes). Although it is possible that different sets or
lures could be perceived differently by coyotes, the diversity
of set and lure types we used are representative of most
trapping efforts for coyotes and previous studies document-
ing spatial bias in coyote captures. Also, we did not system-
atically apply any set or lure type across the study area, so
traps had a near-random application of lure or set type. We
applied �1 type of lure or bait applied to each trap.
We fitted each captured coyote with a very-high frequency

radio-collar. We obtained relocations on each individual 4–5
days per week for the first 3 months post-capture (Windberg
and Knowlton 1990). We used triangulation and the maxi-
mum likelihood estimator in program Locate II (Nams
2006) to estimate animal locations. We used �3 bearings
collected within 20 min, between 208 and 1608 of each other,
to estimate locations. We chose random start times and
animals for telemetry sessions to avoid problems of serial
autocorrelation (Fieberg 2007). We collected both diurnal
and nocturnal locations for coyotes, as they are active during
both time periods (Young et al. 2006).
We estimated the area occupied by individuals with �30

locations to ensure that we obtained a sufficient number of
relocations to estimate space use patterns (Seaman et al.
1999). We used the fixed kernel method (Worton 1989)
with the ad hoc bandwidth selection procedure (see Berger
and Gese 2007). We defined a coyote’s occupied area as the
area encompassed by the 100% isopleth.
The 95% isopleth (rather than the 100%) is frequently used

to define a coyote’s home range. Excluding 5% of outlying
kernel density estimate intuitively prevented the inclusion of
areas not used regularly by the animal (e.g., from infrequent
forays) and produced a conservative estimate of home range
area. The purpose of our analysis, however, was not to
identify the home range, an area an animal traverses in its
normal activities (Burt 1943), but rather to identify the area a
coyote had a reasonable probability of accessing during a
trapping period. We therefore used the 100% isopeth to
include all areas where a coyote could reasonably be attracted
to, or interact with, baits and traps. The use of the 100%
isopleth is similar to other capture-location studies, which
defined peripheral areas as those 0.5–1.0 km beyond an

estimated territory boundary (e.g., Hibler 1977, Laundré
and Keller 1983). Rather than relying on that arbitrary buffer
size, however, we used the 100% isopleth, which is defined
statistically and by definition represents the bounds of an area
a coyote is likely to be found in.
To define core areas, we analyzed occupied areas for clusters

of locations and used Bayesian methods to identify core area
isopleths that best fit the observed animal’s data set (Wilson
et al. 2010). We calculated the percent of time an individual
spent in the core area and periphery (i.e., the area between
the core area boundary and 100% isopleth) of their occupied
area by determining the relative percent of relocations in each
region. We also determined the relative trap density in the
periphery and core area for each individual by dividing the
number of traps open in each region during the night we
captured the coyote by the respective area of each region. We
determined latency to capture by determining how many
nights a trap was set before it captured a coyote. We could
only calculate trap densities within defined core and periph-
ery boundaries, and thus were only used animals that we
captured within a defined occupied area in the analyses (i.e.,
within the 100% isopleths).
To determine if coyote capture location was related to

relative trap density inside the core area, relative use of core
area, or both, we parameterized 4 binomial distributions with
the expected values for each hypothesis. For the hypothesis
that capture location is only related to relative trap density
inside the core area, we used the mean relative trap density
inside coyote core areas as the mean for the distribution. For
the hypothesis that capture location is only related to the
relative time spent in the core area, we used the mean
proportion of time coyotes spent in their core areas. For
the hypothesis that both trap density and time spent in core
area explained capture location, we used the average geo-
metric mean of the product of relative trap density and
relative time spent in the core area. Lastly, for the null model
(i.e., equal capture probability in core and periphery), we used
0.50 as the mean for the distribution. We then obtained the
likelihoods of the different parameterizations given the
observed capture locations (i.e., core or periphery) for coy-
otes. We used AIC, adjusted for small sample sizes (AICc),
to determine which of the parameterizations was the best
model for the observed data (Burnham and Anderson 1998).

RESULTS

We captured 27 resident coyotes but were only able to use 24
in analyses; we captured 3 coyotes outside of their occupied
area (i.e., outside the 100% isopleths), including two that
had no traps set within their occupied area. We captured a
disproportionate majority of coyotes, however, within their
occupied area (x2

1 ¼ 12.0, P < 0.001).
Coyotes had an average of 6.2 traps (SD ¼ 3.6) open inside

their occupied area the night we captured them. All 24 study
coyotes had a core area and the mean kernel density isopleth
that delineated core areas was 38.1% (range 10.2–70.0%,
SD ¼ 16.2%). Mean percent of time spent (i.e., number
of locations) within the core area was 54.4 (SD ¼ 16.0).
Mean size of core areas and peripheries were 0.86
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(SD ¼ 0.8) and 8.7 km2 (SD ¼ 4.3), respectively. Mean
trap density (traps/km2) inside core areas and the periphery
were 0.9 (SD ¼ 1.9) and 0.9 (SD ¼ 1.0), respectively.
Relative trap density inside core areas ranged from zero
(18 coyotes) to 100% with a mean relative trap density of
25.3% (SD ¼ 40.9). Traps that captured coyotes in core
areas were open for fewer nights prior to capture
(2.8 � 2.8 days) than were traps that captured coyotes in
peripheral areas (4.2 � 4.2 days). The geometric mean of the
product of the percent of locations within coyotes’ core areas
and the relative trap density inside the core areas was 21.5%
(SD ¼ 34.4).
We captured 6 coyotes in their respective core areas (24% of

captures) and 18 coyotes in the peripheries of their occupied
area. Of those coyotes with traps set in their core area, we
captured 6 of 7 (86%) coyotes inside their core area; we
captured the seventh coyote 31 m from the estimated
core area boundary.
Of the 4 models we tested, the model based on relative

trap density as a predictor of capture success was best. The
additive model (i.e., traps þ time spent in area) did not
perform as well but was close to being within 2 DAICc

(i.e., DAICc ¼ 2.62) from the best model, although the
addition of time did not improve the likelihood (Table 1).
The model based on time spent in the core area only provided
the worst fit (DAICc ¼ 8.36) even in comparison to the null
model (DAICc ¼ 4.32) of equal capturability in core areas
and peripheral areas (Table 1).

DISCUSSION

In our analysis, the top model that accounted for 71% of AIC
weights was the trap density only model. These results
indicate that coyote capture vulnerability was primarily a
function of the probability of encountering a trap, and not
how often they were in a particular area. Although the
probability of encountering a trap would likely increase
the longer an individual spent in an area, time was not an
important factor in our models, likely because similar
amounts of time were spent in both core and peripheral
areas. It is important to note that we captured in its core
area all but one coyote with traps in its core area and the one
coyote that we did not capture in the core area we captured
close to the core area boundary. Our conclusion is further
supported by the observation that latency to capture in the
periphery was twice as long as latency to capture in core areas.
Regarding coyotes, our results were similar to those of

Laundré and Keller (1983), who also controlled for trap

density. Conversely, 66% of capture location bias studies
(n ¼ 12) that did not control for trap density found a bias
towards capture in peripheral areas (Hibler 1977, Roy and
Dorrance 1985, 1993b; Bubela et al. 1998, Harris and
Knowlton 2001). The apparent bias in previous studies is
likely due to an artifact of not accounting for individual
differences in trap density between core and peripheral areas
rather than a coyote’s familiarity with a core area.
Additionally, results of capture location bias studies for other
carnivore species show that when trap density is controlled
for, a capture bias is not present (1993a; Baker et al. 2001).
Many of the studies that did not control for trap density

assumed that traps were evenly distributed across the study
regions (e.g., 1999a). Researchers, however, usually do not
know a priori where territory or core area boundaries are
in the landscape (Laundré and Keller 1983) and because
core areas occupy a smaller area than peripheral areas,
by chance alone, researchers would tend to place more traps
on the periphery than inside the core area. In our study
system, peripheral areas were nearly 10 times larger than
core areas.
Had we not controlled for trap density and only used the

model based on time spent in core and peripheral areas to
address the question of capture bias, we would have come to
the same conclusion as most other coyote capture bias studies
(i.e., disproportionate capture on the periphery). Especially
important is controlling for trap density by individual, rather
than across the population. As our results show, when viewed
across a population, trap densities did not differ between
periphery and core areas. When viewed for individuals,
however, only 7 of 24 coyotes had traps in the core area.
Thus, only 29% of the population we studied had an oppor-
tunity to be captured in the core areas. Previous observations
of capture bias are understandable, but it is less parsimonious
to attribute the mechanism to coyote neophobic behavior
than to trap density.
Our results suggest that coyotes were either not exhibiting

an avoidance of novel objects relative to familiar environ-
ments, as has been documented in previous studies, or did
not view traps as novel objects. We observed greater vulner-
ability to capture in areas more intensively used by coyotes.
Additionally, coyote traps are usually set with lures that do
not evoke a neophobic response but rather elicit investigative
behavior from coyotes, thus coyotes likely do not view traps
as novel objects. As opposed to a novel object, there is no
difference in the response of coyotes to novel or familiar
odors when presented in familiar and unfamiliar environ-

Table 1. Results of 4 separate binomial models parameterized with different means based on 4 separate hypotheses: 1) capture location is influenced by relative
trap density (trap), 2) Capture location is influenced by relative time spent in an area (time), 3) capture location is influenced by both time spent and relative trap
density in an area, or 4) equal capture between core and periphery (null). Results are based on capture locations of coyotes (n ¼ 24) relative to time spent and trap
density in their core area and territory periphery in South Texas from 2003–2005 and 2007–2008.We indicate Akaike’s Information Criterion (AICc), number
of parameters (k), Akaike weights (w), chi-square, and P-values of chi-square goodness-of-fit tests for each model

Model AICc DAICc k w x2 P-value

Trap 5.55 0 1 0.714 0.17 0.683
Trap þ time 8.17 2.62 2 0.193 0.00 1.000
Null 9.87 4.32 0 0.082 3.77 0.052
Time 13.91 8.36 1 0.011 4.57 0.033
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ments (Windberg 1996). Séquin et al. (2003) used camera
traps to capture coyotes and accounted for trap density by
evenly distributing traps across territories. Although results
of that study suggested coyotes were disproportionately cap-
tured more on the periphery than in core areas, cameras
might actually act as novel stimuli, unlike traditional traps.
Also, unequal distribution of behavior across a territory
(Laundré and Keller 1981) could lead to capture biases in
camera-trap related studies if coyotes are more active along
peripheries than core areas and thus more apt to be
photographed.
Because dominant and subordinate coyotes behave differ-

ently across a territory (Gese 2001) and possibly differ in
their response to novel objects (Séquin et al. 2003), we were
curious if any pattern existed with capture location and social
status. Although we were unable to definitively determine
the social status of each coyote studied due to infrequent
observations of interactions between pack members, we used
capture (e.g., age at capture, evidence of nursing) and space
use information (e.g., frequently traveling with another pack
member) to infer social status. Based on these presumed
social statuses, we found no evidence for one social status
being more or less vulnerable to capture in the core area.
In both the core area and the periphery 80% of captures
were alphas, which is interesting given the results of Séquin
et al. (2003), who found that alphas were less susceptible
to being captured on camera traps. One would also
assume greater vulnerability of alpha coyotes to capture on
the periphery given their greater levels of territorial defense
and patrolling than subordinates (Gese and Ruff 1997,
Gese 2001).
Accounting for trap density after animals have been cap-

tured and space use patterns estimated is one way to test for
capture location bias. But, as we have shown, it is a less-than-
ideal design because many animals will have no traps placed
in their core areas and other factors, such as trap or lure type,
are not able to be controlled for between core and peripheral
areas. We do not believe that lure or bait type had any effect
on our results given our non-systematic allocation of baits
and lures to traps as well as our lack of a priori knowledge of
whether a trap occurred inside or outside of a coyote’s core
area. A more powerful design for addressing questions of
capture location bias would be to have prior estimates of
coyote territory and core area boundaries and then place traps
at comparable densities in the 2 regions, which should be
easy in study systems where there has been previous coyote
research, as coyote territory, and core area boundaries remain
stable over long periods of time (Kitchen et al. 2000). This
would help provide stronger experimental support for our
results.
Finally, considering intensity of space use to be equivalent

to familiarity with an area is a potential problem with the
conclusion that coyotes avoid traps in core areas due to
their familiarity with the areas. Familiarity can be directly
manipulated in captive studies (e.g., Windberg 1996) but it
would be difficult to manipulate a wild coyote’s familiarity
within a portion of its occupied area. Just as intensity of use
does not necessarily imply quality or importance of habitat

infrequent use also does not indicate a lack of familiarity
(Van Horne 1983, Garshelis 2000, Powell 2000). Thus,
we conclude that factors other than familiarity with an area
(e.g., probability of encountering a trap) are more important
predictors of capture probability in coyotes and that future
studies account for trap densities when assessing capture
sight vulnerability.

Management Implications

If the goal of management efforts is to capture as many
coyotes as possible irrespective of pack membership, then
our results are probably of little use to trappers. Recent
research, however, has shown that only certain coyotes, or
packs, are responsible for most livestock depredation (1999b;
Blejwas et al. 2002). If managers or researchers want to focus
capture efforts on specific individuals or packs (e.g., better
distribution of telemetry equipment), then our results can be
used to guide trap placement. Identifying habitats that are
likely core areas may provide a more efficient means of
increasing removal rates of problem individuals or collaring
of individuals in desired packs. By placing traps in core areas,
specific individuals or packs are most likely to encounter
them, thus increasing the specificity of trapping efforts.
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