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Abstract

With the extirpation of apex predators from many North American systems, coyotes Canis latrans
have become the de facto top predator and are ubiquitous members of most ecosystems.
Keystone predators aid in maintaining ecosystem function by regulating the mammal community
through direct predation and instilling the landscape of fear, yet the value of coyotes regulating
systems to this capacity is understudied and likely variable across environments. Since coyotes are
common in the Midwestern United States, we utilized camera traps and occupancy analyses to as-
sess their role in regulating the distribution of mammalian herbivores in a fragmented suburban
ecosystem. Forest cover was a strong positive predictor of white-tailed deer Odocoileus virginianus
detection, while coyote occurrence had a negative effect. Coyotes exerted a negative effect
on squirrel (Sciurus spp.) and eastern cottontail rabbit Sylvilagus floridanus occurrence, while
urban cover was a positive predictor for the prey species’ occurrence. These results suggest all 3
species behaviorally avoid coyotes whereby deer seek denser forest cover and squirrels and
cottontails mitigate risk by increasing use of urban areas. Although previous studies reveal limited
influence of coyote on the rest of the carnivore guild in suburban systems, we suggest coyotes
play an important role in regulating the herbivorous mammals and hence may provide similar eco-
logical benefits in urban/suburban forest fragments through trophic cascades. Furthermore, since
hunting may not be allowed in urban and suburban habitats, coyotes might also serve as the pri-
mary regulator of nuisance species occurring at high abundance such as white-tailed deer and
squirrels.
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The presence of large carnivores elicits behavioral responses in prey
that can shape ecosystem function from top-down through trophic
cascades (Ripple and Beschta 2004). More formally known as the
landscape of fear, predators intimidate, chase, and threaten prey,
which in turn, plays a strong role in shaping prey behaviors and
physiology (Terborgh and Estes 2010). Through manipulating
movements and behavior of keystone herbivores (Fortin et al. 2005),
the top-down cascades caused by predators often result in ecosystem
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services that otherwise are lost (Ritchie et al. 2012). Likewise, apex
predators may be necessary to sustain ecosystem function and poten-
tially increase ecosystem resilience (Sala 2006). However, many
predators were extirpated from much of their range in North
America in the 1900s and have yet to be restored in many areas
(Prugh et al. 2009).

Lack of other large carnivores has led to rises in mesocarnivore
populations such as coyotes Canis latrans which now are the closest
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link to an apex predator in many North America systems (Prugh
et al. 2009). However, their role as apex predator is not well estab-
lished because in some cases they may drive trophic cascades similar
to large carnivores and in others they do not (Roemer et al. 2009;
Cove et al. 2012). Coyotes certainly can alter ecosystems by regulat-
ing keystone herbivore populations through neonate predation
(Kilgo et al. 2012) and may cause trophic cascades through regula-
tion of other mesocarnivore populations, which alter distributions
of their prey (Crooks and Soulé 1999). They are capable of killing
adult white-tailed deer Odocoileus virginianus (Chitwood et al.
2014), and have a wide dietary breadth that may directly influence
ecosystems at many trophic levels (Roemer et al. 2009). However,
little data are available on the role of coyotes in behavioral cascades
observed in many systems with large carnivores.

Coyotes are generally thought to be a nuisance but could provide
valuable ecosystem services at the suburban-wildlife interface.
Because large carnivores are persecuted by humans, they often avoid
more developed areas and therefore trophic cascades associated
with apex predators may be lost in closer proximity to development
(Waser et al. 2014). However, coyotes seem to be more resilient to
using developed areas than other large carnivores (Gehrt et al. 2009;
Cove et al. 2012), and therefore, could potentially foster trophic cas-
cades that are beneficial to other trophic levels in fragmented areas.
These effects could be particularly important in areas where white-
tailed deer are overabundant and damage understory plant com-
munities by overbrowsing (Cote et al. 2004) but other management
strategies such as “hunting for fear” to reduce deer damage are not
feasible (Cromsigt et al. 2013). Given the rapid expansion of urban
development, the resilience of coyotes to using these areas, and the
potential ecosystem service of trophic cascades, investigating the po-
tential for coyotes to serve as a surrogate for large carnivores in this
fashion is warranted.

We used camera traps to determine if coyote occurrence altered
the probability of detection (p) and site use (¥) of 3 mammal species
in forest patches in a fragmented suburban landscape in Central
Missouri, USA. Previous literature indicates coyotes are not affected
by urbanization (Cove et al. 2012), and may even be attracted to
fragmented and urbanized areas (Roemer et al. 2009). Therefore,
we hypothesized the probability of detection and site use by deer,
both eastern fox squirrels Sciurus niger and eastern grey squirrels
Sciurus carolinensis, and eastern cottontail rabbits Sylvilagus flori-
danus would decrease as coyotes utilize the sites. Either by altering
the preys’ behavior to avoid coyote occupied sites or by direct mor-
tality from coyote predation, coyote-induced alteration in presence
of these prey species would suggest coyotes are encouraging a tro-
phic cascade in these fragmented systems. Alternatively, prey spe-
cies’ habitat selection and site use might be driven by resource
availability, despite predation pressure and as such we also aimed to
examine this relationship.

Materials and Methods

Study site and camera trapping

We conducted 22 wildlife surveys in public and private forest
patches from October 2009 to May 2010 at Longview Lake, Lee’s
Summit, Missouri (38°54'35”N, —94°28'11"W) and Warrensburg,
Missouri (38°45'47"N, —93°44'6"W), USA (Figure 1). The two lo-
cations vary in forest connectivity and urban influence—Longview
Lake provides more overall forest cover and connectivity, whereas
Warrensburg exhibits higher overall urban/forest interface. We ran-
domly selected camera trap locations at distances greater than

500m apart (mean=1622 + 814 m) within forest patches that had
variable amounts of suburban influence and left cameras operational
for up to 18 days per site. Each site had a single camera trap set on a
tree approximately 0.5 m off the ground and aimed at a clearing or
along an animal game trail. Camera models were either Reconyx
RM45 IR Game Camera (RECONYX, Inc., 3828 Creekside Lane,
Suite 2, Holmen, WI, USA) or Moultrie Game Spy 4.0 Camera
(EBSCO Industries, Inc., P.O. Box 1943, Birmingham, AL, USA).
In some cases, cameras were stolen or failed during the surveys and
we accounted for these instances as missing data in our analyses (see
section ‘Analyses’). Any further camera trapping methods and site-
specific information were previously explained in Cove et al. (2012).

Habitat data

To measure landscape features associated with each camera survey
site, we used ArcGIS 9.3 (ESRI, 380 New York Street, Redlands,
CA, USA) to overlay all camera trap locations onto a digitized land
use/land cover map. We calculated site-specific total forest cover
(ha) and total suburban/urban land use (ha), by extracting these
data from within 250-m radius buffers around each camera trap
site. Additionally, we included a variable for location (i.e.,
Warrensburg or Longview Lake) due to the inherent differences be-
tween landscape features at the geographically separate locations.

Data analysis

We compiled all camera trapping records and created binary detec-
tion histories (detection=1, no detection=0) for each species, for
each day of survey effort. For comparisons to other camera trap
studies, we used raw detection histories to calculate trap success as
the number of independent detections per 100 trap nights (Kelly and
Holub 2008). Detection for a species was only considered independ-
ent based on the 24-h clock, so multiple records on the same day
were still only considered a single detection. Due to difficulties in
differentiating between species of squirrels, we pooled the data
together and treated them as a single group. Trap nights were calcu-
lated as the 24-h period that a single camera was recording images
(e.g., 18 days with 1 camera =18 trap nights).

We then partitioned the detection histories into 3-day sampling
units (e.g., 1 =the species was detected in any of the 3 days, 0 =not
detected), leading to a maximum of 6 repeat surveys for each site.
Six repeated surveys were not always possible if cameras malfunc-
tioned or were stolen, but these missing data can be accommodated
in the occupancy models (MacKenzie et al. 2006). To examine how
habitat covariates affected our ability to detect a species, we mod-
eled detection probability and then used the covariates with the
most support as a constant set when deriving subsequent occupancy
estimates. We used the coyote detection and occurrence (use) models
from Cove et al. (2012) for predator information. We used the con-
ditional occupancy estimates (-cond) of coyote occurrence for each
site to derive a coyote site use (trophic) covariate and assumed any
sites with y-cond < 0.5 were not used by coyotes during the surveys
(Cove et al. 2012). We modeled prey species detection probabilities
and occurrence (use) using the same procedures as for coyotes, with
the addition of the trophic covariate, and additive models with com-
binations of cover type and trophic effects for a total of 10 a priori
hypotheses (Cove et al. 2012). We hypothesized that coyote site use
negatively influences prey site use due to the threat of predation,
while increasing urbanization would also have a negative relation-
ship with prey site use due to reduced habitat and increasing human
disturbance. We further predicted that forest cover and location
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Figure 1. Camera trap sites from the two study areas, (a) Longview Lake, Lee’s Summit, MO, USA, and (b) Warrensburg, MO, USA, excluding two camera trap

sites from Warrensburg on private lands east of the urban center.

(e.g., differences at landscape scale) have positive relationships with
prey site use because these covariates represent increasing natural
habitat and connectivity. Although other potential factors influence
detection and occurrence, we limited the model development in the
context of the modest sample size and parsimony; we considered all
a priori hypotheses to be biologically plausible explanations of spe-
cies occurrence in the urbanizing landscape (Appendix 1).

We developed the single-season occupancy models implemented
in program PRESENCE 2.4 (Hines 2009). There are two-species oc-
cupancy models that allow the simultaneous estimation of occu-
pancy and interaction factors among species (MacKenzie et al.
2004; Bailey et al. 2009); however, we did not use these models due
to the large number of parameters to be estimated and the inappro-
priateness of the modest sample size. The current analyses are suffi-
cient because we were interested in the effect of coyote site use (over
the course of the surveys) on prey, which we incorporated as a tro-
phic covariate in the same framework as Cove et al. (2012) and simi-
lar to other occupancy studies utilizing prey as a predictor of
predator occurrence (Karanth et al. 2011). The best approximating
models were selected based on the Akaike Information Criterion
corrected for small sample size (AIC.—e.g., number of sites) and
Akaike weights (w;). We considered models to be strong if they were
contained within an information distance of <2 AAICc, or if they
were contained within 95% CI (> w;=0.95) and ranked higher
than the intercept-only model (Burnham and Anderson 2002). From
the subsequent confidence sets, we considered covariates to have

strong effects on detection or occurrence if the coefficients were re-
tained in multiple competing models and excluded 0 at the 95% CI.

Results

From 308 trap nights, we detected the 3 main mammal prey species
and wild turkeys Meleagris gallopavo (Table 1); however, turkey
data were too sparse to conduct further analyses. Camera trap suc-
cess was high for these species compared to previous surveys in the
United States (Table 1).

White-tailed deer were detected at all sites, so we modeled detec-
tion probability as the parameter of interest as an index of abun-
dance and frequency of utilization since there is an apparent
relationship  between local and detectability
(O’Connell and Bailey 2011). Forest cover was contained in 3 of the
top competing models and had a significant positive effect on detec-
tion for white-tailed deer (> w;=0.593, Table 2). Coyote site use
was contained in 2 of the top competing models and had a signifi-
cant negative effect on deer detection (> w;=0.325, Table 2).
Urban cover and location also had positive effects on white-tailed
deer detection probabilities but contained less model support.

We report coyote occurrence models and effects from Cove et al.
(2012). There were no strong influences of any covariates that we

abundance/use

measured on coyote occurrence. Constant detection was the most
supported model for squirrels (P=0.49 =0.07 SE) and rabbits
(P=0.45%=0.13 SE); so subsequent occupancy models were
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modeled with constant detection for both groups. Squirrel occur-
rence was significantly affected negatively in relation to site use by
coyotes (Y w;=0.751, Table 2). Urban cover had a positive but
variable relationship with squirrel occurrence (Y w,;=0.572, Table
2). The constant model was most supported for cottontail rabbit oc-
currence, but coyote presence and urban cover both had model sup-
port with a negative effect from coyote site use and a positive effect
of increasing urbanization (Table 2).

Discussion

The ascension of the coyote to the top predator in many systems in
the contiguous United States is well documented, but the value of
coyote as a potential apex predator shaping behavioral cascades is
poorly understood and understudied. Our results indicate that coy-
otes might play a role in altering the distribution and habitat use of

Table 1. Selected estimates of trap success (detections per 100 trap
nights), naive and mean estimated occupancy (), and total num-
ber of independent detections from wildlife camera trap surveys in
the suburban Midwest, USA, conducted October 2009-May 2010

Independent
detections

Species Trap success v

Naive Mean

White-tailed deer Odocoileus
virginianus

27.92 1.00 1.00 86

Squirrel Sciurus niger and 19.48 0.55 0.56 60
Sciurus carolinensis

Coyote Canis latrans 7.79 0.45 0.56 24

Cottontail rabbit Sylvilagus 3.9 0.18 0.19 12
floridanus

Wild turkey Meleagris gallopavo 0.97 0.09 - 3

mammalian herbivores similarly to apex predators in other systems,
and thus, may encourage similar behavioral cascades in the subur-
ban Midwest, where large carnivores are absent. For deer detection
models, a positive relationship between forest cover and negative re-
lationship with coyote occurrence was likely observed because deer
avoids coyotes by seeking dense cover associated with forest. This
may be the most efficient way for deer to evade predation pressure
from coyotes, which used gradients in forest cover and urban area
similarly (Cove et al. 2012). Magle et al. (2014) observed a similar
trend with urban deer more frequently occurring in areas of dense
canopy cover, but the authors did not find a negative effect from
coyotes and alternatively observed a positive association between
the predator and prey. The authors suggested that the scarcity of
quality habitat for both species in the highly urban greater Chicago
(USA) area caused this high co-occurrence despite predation pres-
sure. Our results reveal a different effect, which is most likely be-
cause the suburban landscape of our study provides sufficiently
more quality habitat despite the high levels of fragmentation and
urban edge.

Similarly to the large prey (deer), coyotes exerted a strong nega-
tive influence on squirrel occurrence; yet contrary to our predictions,
the prey was more positively associated with increasing urban area.
It is probable that squirrels and cottontails are selecting urban areas
to avoid coyotes since they are limited by the predator in forest
patches. Kelly and Holub (2008) observed a positive trend between
coyotes and squirrels, suggesting coyotes more actively used sites
that were used by squirrels. It is likely that squirrels are protected
from coyotes in more urban areas than forest fragments and there-
fore coyotes have a greater impact on squirrel use of forest frag-
ments with limited connectivity to source populations. Moreover,
the Virginia (USA) study may have failed to detect this relationship
because they surveyed a more forested area with greater connectivity
in a protected reserve (Kelly and Holub 2008). Similar to the squir-
rels in our study, cottontail occurrence was not influenced by forest

Table 2. Model selection statistics for top models with untransformed coefficients of habitat variables and trophic interactions on detection
(p) or site use (V) from wildlife camera trap surveys in the suburban Midwest, USA, conducted October 2009-May 2010

Species Untransformed coefficients of covariates (SE)
Model A; w; K Intercept Forest Urban Location Coyote
Coyote®
Y(.) 0.00 0.405 3 0.212 (0.865) - - - -
W(forest) 127 0215 4 1.609 (2.922)  1.791(2.742) - - -
W¥(location) 1.80 0.165 4 —0.248 (1.044) - - 1.374 (1.979) -
White-tailed deer
p(forest) 0.00 0.268 3 0.205 (0.197) 0.432 (0.207) - - -
p(global) 0.96 0.166 6 0.437 (0.310) 0.705 (0.247) 0.561 (0.242) 0.555 (0.449) —0.924 (0.451)
p(forest + coyote) 1.04 0.159 4 0.478 (0.280) 0.439 (0.209) - - —0.556 (0.397)
() 1.83 0.107 2 0.203 (0.193) - - - -
Squirrel
¥(urban + coyote) 0.00 0.572 4 2.429 (1.457) - 1.881 (1.281) - —3.864 (2.002)
¥(coyote) 2.32 0.179 3 1.339(0.817) - - - —2.145 (1.071)
Y(.) 4.51 0.060 2 0.260 (0.450) - - - -
Cottontail rabbit
Y(.) 0.00 0.342 2 —0.208 (0.510) - - - -
Y(coyote) 1.80 0.139 3 —1.010 (0.689) - - - —1.136 (1.261)
W(urban) 1.83 0.137 3 —1.519 (0.602) - 0.529 (0.577) - -

Bolded habitat and trophic interaction coefficients are significant in that the 95% CI excludes 0.

Covariates: forest and urban are the standardized values for the total coverage (ha) of forest and suburban/urban areas within site buffers; location is the bino-

mial term to differentiate between Warrensburg and Longview Lake, Missouri study areas; coyote is the trophic interaction term for coyote site use.

?Excerpted from Cove et al. (2012).
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cover but tended to be negatively influenced by coyote occurrence
and positively by urban cover suggesting they also select urban areas
at a greater rate than should be expected to avoid co-occurrence
with coyotes. In fact, forest cover was not supported by any of the
top models for either of the small prey species suggesting the buffer
of urbanization is more effective than forest cover to alleviate preda-
tion risk.

Alteration of small mammal site use, and in particular scatter-hord-
ing mammals (Jansen et al. 2004), can impact the plant community
(Schnurr et al. 2004). The consequences of squirrels and potentially
rabbits selecting urban areas could alter plant communities of both en-
vironments (Schnurr et al. 2004). For example, squirrels are the main
disperser of oak mast (Quercus—acorns) and disproportionate use of
urban areas would likely result in disproportionate caching of acorns
in those areas. Likewise, herbivory pressure from cottontails may dire-
ctly impact plant communities and often causing damage to garden
and landscaping plants (Barton and Hanley 2013). In these cases, coyo-
tes may be increasing the likelihood of human-wildlife conflicts.
However, if deer seek cover in forested areas when in the presence of
coyotes, the benefits of the resulting decrease in human—deer conflicts
likely outweigh any negative influence on human conflict with the
smaller herbivores because deer are the primary concern in most areas
(McShea 2012).

Coyotes are mesocarnivores that have been released from preda-
tion and interspecific competition with the eradication of large car-
nivores in the Midwestern United States. As a result, their
populations have increased dramatically, which can result in nega-
tive effects within the lower trophic guilds as observed in many sys-
tems (Prugh et al. 2009). Also, coyotes may have limited importance
in the regulation of other mesocarnivore populations in suburban
areas (Cove et al. 2012). However, we suggest that in a suburban/
urban system, coyotes might be important in regulating abundant
pest species (e.g., white-tailed deer, cottontails, and squirrels)
through direct predation, but also behaviorally through restoring
the landscape of fear in suburban systems. Therefore coyotes may be
important members of urban forest ecosystems fostering a diverse
plant community by regulating herbivory in an “island”
environment.

Camera traps are an invaluable resource to examine predator—
prey interactions with relatively low sampling effort. Although we
still recommend sampling more sites and increasing the number of
trapnights in future surveys for more advanced and robust occu-
pancy analyses (e.g., multiseason, multistate, multispecies—
MacKenzie et al. 2006), the current sampling effort was sufficient
for our objectives and similar to other camera trap surveys and occu-
pancy analyses (Ordenana et al. 2010 and the references therein).
Furthermore, the high detection probabilities for the prey species
(per 3-day sampling occasion) suggests that we sampled sufficiently
to detect each species during the survey period leading to mean oc-
cupancy estimates that are similar to naive estimates. Our sampling
effort was only slightly more than one-third of that from a Virginia
camera trap study in a forest reserve (Kelly and Holub, 2008), and
yet we detected all 3 prey species of interest with higher trap success
in the current fragmented system. Remnant forest patches along the
urban/wildland gradient may concentrate wildlife species into
smaller areas and increase their observability and intensify preda-
tor—prey interactions allowing them to be more easily measured.
Similar ideas have been suggested in other studies utilizing camera
traps in fragmented systems (Cove et al. 2013) and should be kept in
consideration when designing new camera trap surveys where lower
camera trapping effort per unit area may be required in fragmented

landscapes (e.g., it may be beneficial to sample more sites for shorter
time). Allocating variable survey effort based on site connectivity
within an occupancy framework allows researchers to allocate trap-
ping effort to minimize uncertainty and more efficiently evaluate
habitat associations and trophic relationships among multiple taxa
in urban environments.

Our realm of inference is the suburban/urban Midwestern
United States, but we believe that the relationships that we exami-
ned between prey species and the now dominant coyote are relevant
to many urban ecosystems across North America. Crooks and Soulé
(1999) observed a positive relationship between coyote presence and
passerine bird diversity in southern California; and although Cove
et al. (2012) observed no apparent relationship between coyotes and
nest predators, we have further explored their effects on herbivorous
mammals in that system and reveal that coyotes might be important
to maintenance of the native plant community.

Appendix

Appendix 1 Descriptions and expected directions of 10 a priori oc-
cupancy models examining habitat variables and trophic inter-
action effects on site use (/) by prey species from wildlife camera
trap surveys in the suburban Midwest, USA, conducted October
2009-May 2010

Hypothesis Model Structure Expected
of model result
No effects of habitat or (.) Bo —
trophic interactions
on prey site use
Increasing percent for-  (forest) Bo+ B1 B1>0
est cover at a site (forest)
will positively affect
prey site use
Increasing percent Y (urban) Bo+ Bi p1<0
urban cover at a site (urban)
will negatively affect
prey site use
Landscape differences  (location)  fo+ 1 p1>0
between the areas (location)
will affect prey site
use
Coyote site use will V(coyote) Bo+ B1 Bi1<0
negatively affect prey (coyote)
site use
Increasing percent for-  (forest Bo+ B1 B1>0,
est cover at a site -+ coyote) (forest) + B> p2<0
will positively affect (coyote)
prey site use
and coyote site use
will negatively affect
prey site use
Increasing percent Y(urban Bo+ Bi(urban) + B, 1 <0,
urban cover at a site + coyote) (coyote) <0
will negatively affect
prey site use
and coyote site use
will negatively affect
prey site use
Landscape differences  (location Bo+ Bi(location) p1>0, <0
between the areas + coyote) + Ba(coyote)

will affect prey site

(continued)
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Appendix 1. (continued)
Model

Structure Expected
of model result

Hypothesis

use and

coyote site use will

negatively affect prey

site use

Y(urban

+ location)

Bo+ Bi(urban)
+ Ba(location)

Increasing percent p1<0, >0
urban cover at a site
will negatively affect
prey site use
and landscape differ-
ences between the
areas also affect prey
site use

All potential habitat
and trophic covari-

V(global) Bo + Bi(forest)
+ Ba(urban)
+ B3(location)

use + fa(coyote)

>0, p <0,
B3>0, f4<0
ates affect prey site

Acknowledgments

We especially thank the US Army Corps of Engineers at Longview Lake and
private landowners in Warrensburg for their assistance in planning and per-
mission to conduct this research on their lands. We also thank volunteers
from the University of Central Missouri Chapter of The Wildlife Society, in
particular: Bossert A, Clever D, Dunwoody R, White B, and Mertz A. The
camera trapping protocol was approved by the University of Central Missouri
Institutional Animal Care and Use Committee (Permit No. 10-3202). Our
manuscript was strengthened with the suggestions from the editor and an-
onymous reviewers.

Funding

Partial funding for this research came from the University of Central Missouri
in the form of a Willard North Graduate Research Grant, Honors College
Undergraduate Research Grants, and the Biology Department Alumni Fund.

References

Bailey LL, Reid JA, Forsman ED, Nichols JD, 2009. Modeling co-occurrence
of northern spotted and barred owls: accounting for detection probability
differences. Biological Conservation 142:2983-2989.

Barton KE, Hanley ME, 2013. Seedling-herbivore interactions: insights
into plant defense and regeneration patterns. Annals of Botany 112:643-650.

Burnham KP, Anderson DR, 2002. Model selection and multimodel inference:
a practical information-theoretic approach. 2" edn. New York: Springer-
Verlag.

Chitwood C, Lashley M, Moorman C, Deperno C, 2014. Confirmation of
coyote predation on adult female white-tailed deer in the Southeastern
United States. Southeastern Naturalist 13:30-32.

Coté SD, Rooney TP, Tremblay JP, Dussault C, Waller DM, 2004. Ecological
impacts of deer overabundance. Annual Review of Ecology and Systematics
35:113-147.

Cove MV, Jones BM, Bossert AJ, Clever DR, Jr. Dunwoody RK, et al., 2012.
Use of camera traps to examine the mesopredator release hypothesis in
a fragmented Midwestern landscape. American Midland Naturalist
168:456-465.

Cove MV, Spinola RM, Jackson VL, Saenz JC, Chassot O, 2013. Integrating
occupancy modeling and camera-trap data to estimate medium and large
mammal detection and richness in a Central American biological corridor.
Tropical Conservation Science 6:781-795.

Cromsigt J, Dries PGM, Kuijper PJ, Adam M, Beschta RL, et al., 2013.
Hunting for fear: innovating management of human-wildlife conflicts.
Journal of Applied Ecology 50:544-549.

Crooks KR, Soulé ME, 1999. Mesopredator release and avifaunal extinctions
in a fragmented system. Nature 400: 563-566.

Fortin D, Beyer HL, Boyce MS, Smith DW, Duchesne T, et al., 2005. Wolves
influence elk movements: behavior shapes a trophic cascade in Yellowstone
National Park. Ecology 86:1320-1330.

Gehrt SD, Anchor C, White LA, 2009. Home range and landscape use of coy-
otes in a metropolitan landscape: conflict or coexistence? Journal of
Mammalogy 90:1045-1057.

Hines JE, 2009. Presence 2.4, Software to estimate patch occupancy and
related parameters: USGS-PWRC. Available from: http://www.mbr-pwrc.
usgs.gov/software/presence.html, last accessed February 2010.

Jansen PA, Bongers F, Hemerik L, 2004. Seed mass and mast seeding enhance
dispersal by a Neotropical scatter-hoarding rodent. Ecological Monographs
74:569-589.

Karanth KU, Gopalaswamy AM, Kumar NS, Vaidyanathan S, Nichols JD,
et al., 2011. Monitoring carnivore populations at the landscape scale: occu-
pancy modelling of tigers from sign surveys. Journal of Applied Ecology
48:1048-1056.

Kelly MJ, Holub EL, 2008. Camera trapping of carnivores: Trap success
among camera types and across species, and habitat selection by species, on
Salt Pond Mountain, Giles County, Virginia. Northeastern Naturalist
15:249-262.

Kilgo JC, Ray HS, Vukovich M, Goode M]J, Ruth C, 2012. Predation by coyo-
tes on white-tailed deer neonates in South Carolina. Journal of Wildlife
Management 76: 1420-1430.

MacKenzie DI, Bailey LL, Nichols JD, 2004. Investigating species co-occur-
rence patterns when species are detected imperfectly. Journal of Animal
Ecology 73: 546-555.

MacKenzie DI, Nichols JD, Royle JA, Pollock KH, Bailey LL, et al.,
2006. Occupancy estimation and modeling. Burlington, MA: Academic
Press.

Magle SB, Simoni LS, Lehrer EW, Brown ]S, 2014. Urban predator-prey asso-
ciation: coyote and deer distributions in the Chicago metropolitan area.
Urban Ecosystem 1-17.

McShea WJ, 2012. Ecology and management of white-tailed deer in a chang-
ing world. Annals of the New York Academy of Sciences 1249: 45-56.

O’Connell AF, Bailey LL, 2011. Inference for occupancy and occupancy dy-
namics. In: O’Connell AF, Nichols JD, Karanth KU, editors. Camera traps
in animal ecology: methods and analyses. Tokyo: Springer. p, 191-204.

Ordefiana MA, Crooks KR, Boydston EE, Fisher RN, Lyren LM et al., 2010.
Effects of urbanization on carnivore species distribution and richness.
Journal of Mammalogy 91: 1322-1331.

Prugh LR, Stoner CJ, Epps CW, Bean WT, Ripple W], et al., 2009. The rise of
the mesopredator. BioScience 59:779-791.

Ripple WJ, Beschta RL, 2004. Wolves and the ecology of fear: can predation
risk structure ecosystems? BioScience 54: 755-766.

Ritchie EG, Elmhagen B, Glen AS, Letnic M, Ludwig G, et al.,, 2012.
Ecosystem restoration with teeth: what role for predators? Trends in
Ecology & Evolution 27:265-271.

Roemer GW, Gompper ME, Van Valkenburgh B, 2009. The ecological role of
the mammalian mesocarnivore. BioScience 59:165-173.

Sala E, 2006. Top predators provide insurance against climate change. Trends
in Ecology & Evolution 21: 479-480.

Schnurr JL, Canham CD, Ostfeld RS, Inouye RS, 2004. Neighborhood ana-
lyses of small-mammal dynamics: impacts on seed predation and seedling es-
tablishment. Ecology 85: 741-755.

Terborgh J, Estes JA, 2010. Trophic cascades: predators, prey, and the chang-
ing dynamics of nature. Washington, DC: Island Press

Waser NM, Price MV, Blumstein DT, Ardzqueta SR, Escobar BDC et al.,
2014. Coyotes, deer, and wildflowers: diverse evidence points to a trophic
cascade. Naturwissenschaften 101: 427-436.


http://www.mbr-pwrc.usgs.gov/software/presence.html
http://www.mbr-pwrc.usgs.gov/software/presence.html

	zov004-TF1
	zov004-TF2
	zov004-TF3
	zov004-APP1

