
Does hunting activity for game species have indirect
effects on resource selection by the endangered
Florida panther?
K. P. McCarthy* & R. J. Fletcher Jr.

Department of Wildlife Ecology and Conservation, University of Florida, Gainesville, FL, USA

Keywords

game species; hunting activity; hierarchical
Bayesian models; resource selection;
species distribution; Florida panther.

Correspondence

Robert J. Fletcher Jr., Department of
Wildlife Ecology and Conservation,
University of Florida, PO Box 110430,
Gainesville, FL 32611-0430, USA. Tel:
352 846 0632; Fax: 352 846 6934
Email: robert.fletcher@ufl.edu

*Current address: Department of
Entomology and Wildlife Ecology, University
of Delaware, 531 South College Avenue,
Newark, DE 19716, USA.

Editor: Matthew Gompper
Associate Editor: Abi Vanak

Received 1 August 2013; accepted 28 May
2014

doi:10.1111/acv.12142

Abstract
Hunting activities can affect game species in several ways; however, indirect effects
of hunting on non-game species have received less attention than direct effects on
game species, even though such potential effects could be crucial in some situa-
tions. There is ongoing concern that the critically endangered Florida panther
Puma concolor coryi may be influenced by hunting activity, in terms of changes in
panther resource selection and distribution. Nonetheless, understanding the
potential effects of hunting activity on the resource selection of this wide-ranging
species has proven difficult, because of the relatively fine-scale nature of variation
in hunting activity and potentially confounding variables regarding intra-annual
variation in hunting activity and hydrology. Here, we leverage hierarchical Bayes-
ian models (conditional mixed logit models) and new data sources to assess the
effects of hunting activity at a daily temporal scale via the use of off-road recrea-
tion vehicles (ORVs) on variation in resource selection and distribution of pan-
thers, and we contrast these potential effects to variation in standing ground
water, an alternative factor hypothesized to drive variation in panther resource
selection. Across a 14-year dataset spanning 110 radio-telemetered panthers and
over 30 000 panther locations, we found that heightened ORV use by hunters has
a small, but statistically significant effect on panther resource selection, but no
effect on panther distribution near trails. In contrast, intra-annual variation in
standing ground water generally had stronger and consistent effects on resource
selection and on distribution of panthers near recreational trails. Our results
provide slightly different conclusions than earlier results on this topic, which are
likely driven by our use of more data on panthers, information on hydrology,
more quantitative information on hunter activity in this region, and the scale of
our analysis.

Introduction

Hunting activities can affect biodiversity in several ways,
including direct impacts on population size if hunting is an
additive source of mortality (Johnson, 2011), through
changes in selection pressures on morphology of game
species (Coltman et al., 2003), or through modifications of
game behavior and distribution (Proffitt et al., 2010). Not
only can hunting activity have influence on game species, it
can also have an impact on non-game species, through
alterations in the prey base or through anthropogenic dis-
turbances, such as noise and increased human activity
(Grignolio et al., 2011). While such indirect effects on non-
game species have received less attention than direct effects
of hunting activity on game species, they could be crucially
important in some situations.

The critically endangered Florida panther Puma
concolor coryi illustrates this issue well. Although hunting
of the Florida panther has been banned since 1958, they
are still exposed to hunting activities for other species
over a large proportion of their range. Indeed, a third of
the panther’s current range falls within the Big Cypress
National Preserve (BICY hereafter; Janis & Clark, 2002),
a primary location for hunting in South Florida. Hunting
within BICY often involves the use of off-road recreation
vehicles (ORVs; Janis & Clark, 2002). These vehicles are
used for hunting white-tailed deer Odocoileus virginianus,
hogs Sus scrofa, Osceola turkey Meleagris gallopavo
osceola and small game, as well as for general recreation.
The indirect effect of this hunting activity is often over-
looked, but may be a limiting factor if altered behaviors
are leading to decreased demographic rates through
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changes in prey abundance and/or the resource selection of
panthers.

There is ongoing concern regarding if, and the extent to
which, hunter ORV use influences this highly endangered
mammal. Janis & Clark (2002) examined eight different
response variables of panthers before, during and after the
hunting season and found evidence for two effects. First,
panthers altered movement patterns during the hunting
season, with significantly less use of the Bear Island Man-
agement Unit in BICY, a management unit with high levels
of hunting. Second, panthers were located, on average,
180 m farther from trails during the hunting season than
before the hunting season. However, given the minimal
change observed in both variables, Janis & Clark (2002)
concluded these effects were biologically insignificant. In
addition, Janis & Clark (2002) acknowledged that the effects
they observed could potentially be explained, at least in
part, by variation in prey behavior and distribution and
intra-annual variation in hydrology; however, they were
unable to address those issues at the time. While these
results were informative and based on the best available
information at the time, there were some key limitations to
interpreting the overall role of hunter ORV use and hunting
on panther populations. Specifically, because of the lack of
detailed data on ORV use at the time, their conclusions were
based on comparisons of panther movement and distribu-
tion before, during and after the hunting season. With newly
available data on ORV use, it is apparent that the underly-
ing variation in hunting activity is missed with their
approach (Fig. 1).

Indeed, human activity is often confounded with other
environmental effects (Fletcher & Hutto, 2008), such as the

habitat being different near roads or trails (McCarthy et al.,
2012), and capturing the effect of human activity can be
challenging. Here we couple newly available data on
hunting activity, hydrology and vegetation with long-term
data on panther locations acquired from radio-telemetry to
assess the indirect effects of hunting activity on the resource
selection and distribution of Florida panthers relative to
variation in hydrology. Hydrology could influence resource
selection by panthers for at least two reasons: it could alter
the behavior of prey or it could alter movement routes used
by panthers seeking higher ground. In addition, in the
Greater Everglades region, variation in hydrology is incred-
ibly important to biodiversity (e.g. Reichert et al., 2012) and
management strategies often include water management
(Walters, Gunderson & Holling, 1992). To assess these
potential effects, we used Bayesian hierarchical models to
quantify variation in resource selection and panther distri-
bution; these models allow for assessing fine-scale variation
in resource selection while accounting for potential spatio-
temporal dependence in use. We further assess effects at the
daily temporal scale of hunter ORV use on panther distri-
butions in relation to trails, given Janis & Clark’s (2002)
finding of some evidence for changes in the spatial locations
of panthers near trails during the hunting season.

Materials and methods

Study area

We investigated resource selection and distribution of pan-
thers in the BICY, Everglades National Park (EVER) and
the Florida Panther National Wildlife Refuge (FPNWR;
Fig. 2). Hunting and ORV use are permitted under manage-
ment by the National Park Service (NPS) and the Florida
Fish and Wildlife Conservation Commission (FWC) in
BICY. The FPNWR is closed to the public and primarily
managed to provide panther habitat. EVER is open to the
public, although hunting and ORV use are not permitted. A
large portion of Florida panther range is captured by these
protected areas (Fig. 2).

Panther telemetry points

Original panther radio-telemetry locations were obtained by
the FWC, the NPS and by Janis & Clark (2002). Panthers
were typically located every 1–3 days using fixed wing air-
craft and had an estimated accuracy of 489 m (Janis &
Clark, 2002; Cox, Maehr & Larkin, 2006). The overwhelm-
ing majority (97%) of telemetry locations were collected
from 0700 to 1559 and most (88%) from 0700 to 1159 (Cox
et al., 2006), limiting inference primarily to the early day,
similar to other investigations of Florida panthers.
However, we emphasize that Land et al. (2008) compared
resource selection between concurrent global positioning
system (GPS) and very high-frequency telemetry data and
found similar results in habitat selection across nocturnal
and diurnal periods.
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Figure 1 Mean daily hunter off-road recreation vehicle (ORV) use in
Bear Island management unit of Big Cypress National Preserve
across 20 years. Also shown are before, during and after periods
used by Janis & Clark (2002) to assess the effects of ORV use on
Florida panther behavior.
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We included consecutive point pairs [time step (i) to time
step (i + 1); ti and ti + 1 hereafter] of individual panther loca-
tions from within our entire study area. We excluded
panthers < 18 months of age as they may introduce
pseudoreplication into habitat selection because of their
close association with their mothers (see, Cox et al., 2006).
We further excluded data from panthers with < 50 points
within our study area to limit the effect of transient animals
without an established home range. Finally, we excluded
any points with > 5 days separation. Greater than 99% of
points were separated < 5 days, and defining resource avail-
ability for the remaining outliers becomes difficult (see
later).

For our analysis, we defined resource availability for each
point pair, thereby allowing resource availability to vary
over space and time for each individual, similar to recent
applications of discrete-choice models (e.g. Cooper &
Millspaugh, 1999). To determine the appropriate scale for
assessing local resource availability, we first quantified
movement distances (m) between all consecutive point pairs,
classifying each point pair by sex and the number of days
between locations. We then selected random points from a

uniform distribution of all available locations within the
appropriate 95th percentile movement distance (calculated
for males and females, and the number of days between ti

and ti + 1). We chose to include five random availability
points for each panther location to provide adequate esti-
mation of availability while minimizing computational
costs. These five points represent a sample of random alter-
natives an individual panther could have chosen instead
of ti + 1.

Digital land-cover data

The available panther telemetry dataset ranged in date from
1982 to 2009. To account for variation over time in land-
cover we matched each telemetry point to one of three
digital land-cover layers, following the approach used by
Cox et al. (2006). Telemetry points prior to 1991 were
matched to an FWC land-cover map for 1990, points from
1991–1999 were matched with a 1995 map from the South
Florida Water Management District, and points post 1999
were matched with a 2003 FWC land-cover map (Cox et al.,
2006).

Figure 2 The study area included Big Cypress National Preserve, Everglades National Park and the Florida Panther National Wildlife Refuge. A
95% kernel range estimate based on all panther radio-telemetry (1981–2009) is overlaid. Inset shows the Bear Island Management Unit of Big
Cypress National Preserve, which includes several designated trails that hunters use. In both maps, the three forest types we considered are
shown (2003 land-cover data).
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We reclassified each land-cover layer into nine general
habitat types following Cox et al., (2006) (see the appendix
of Cox et al., 2006 for descriptions of land-cover categories).
As our primary interest was not to determine general
panther resource selection, but rather the effect of hunter
ORV use and hydrology on resource selection, we included
only three of these habitat types in our model: forested
wetlands, conifer and hardwood (Fig. 3). Forest cover has
been consistently identified as important to, and selected by,
the Florida panther (Belden et al., 1988; Maehr, Land &
Roof, 1991; Pearlstine et al., 1995; Maehr, 1997; Cox et al.,
2006). For each use and available location, we calculated
percentage of forested wetland, conifer and hardwood
within 500 m using the matched land-cover layer. We used
this 500-m buffer to limit the effect of telemetry error
(489 m; Janis, 1999) and to define panther use and availabil-
ity as habitat in the general vicinity of each specific point.
Using a geographic information system, we also measured
the Euclidean distance from each panther point and random
point to the nearest designated trail in Bear Island, account-
ing for management changes to the trail system over time.

Hunter ORV use

Since 1989, hunters have been required to check in and out
of the management units in BICY indicating their date of
entry, date of exit, management unit used and ORV type
used. Using data from 181 877 hunter check forms, we cal-
culated a daily number of hunters and related ORV type
within each BICY management unit from 1989 to 2009 (see
Fig. 1). Because no hunting is allowed in EVER and

FPNWR, we assigned a daily hunter ORV use of 0 for these
areas. Panther points and random points were matched with
a 5-day average of ORV numbers based on their location
within a unit or protected area and the date of that location.

Hydrology

We used standing ground water (STG) measurements from
20 hydrostations in the BICY hydrologic monitoring
network and four hydrostations in EVER (DBHYDRO,
2010). For each hydrostation, we standardized the STG
data on a year by year basis to have a mean of 0 and a
standard deviation of 1, such that we focused on relative
within-year variation in STG rather than absolute variation.
For each management unit in BICY, we calculated
the average daily standardized STG value from all
hydrostations within the unit. For EVER, we used data
from the four EVER hydrostations. For FPNWR, we used
the data from Bear Island Management Unit within BICY,
which is the closest measured unit. Panther points and
random points were matched with a STG value based on
their location within a unit or protected area and the date of
that location.

Analysis

To capture the effect of daily variations in hunter ORV use
and hydrology on panther resource selection we used a con-
ditional mixed logit model (Agresti, 2002, pp. 417–419;
Duchesne, Fortin & Courbin, 2010). We chose this
approach for two reasons. First, conditional mixed logit

STG × Hardwood

STG × Conifer

STG × ForestWet

ORV × Hardwood

ORV × Conifer

ORV × ForestWet

Hardwood

Conifer

Forested wetlands

–0.2 0.0 0.2 0.4 0.6

 

–0.2 0.0 0.2 0.4 0.6

 

–0.2 0.0 0.2 0.4 0.6

Coefficient (± 95% credible interval)

a b c

 

Figure 3 Coefficient estimates (and associated 95% credible intervals) for the effects of land-cover type, hunter off-road recreation vehicle
(ORV) use, and standing ground water (STG) on (a) male, (b) female and (c) denning female Florida panther resource selection, 1991–2006,
based on conditional mixed logit models. Three main effects, forested wetlands, conifer and hardwood, and their interactions with ORV use and
STG are shown. Note that when credible intervals do not overlap zero, there is evidence for a significant effect of that factor. Because the main
effects of each forest type were all positive, significant positive interactions of ORV use and STG with forest types can be interpreted as
increasing use of a forest type with increases in ORV use and/or STG. Covariates for the distance nuisance parameter are not shown, but, as
expected, were significant and negative in all three models.
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models (and other related models; e.g. Cooper &
Millspaugh, 1999) differ from most other resource selection
models in that resource availability can vary for each use
location (Duchesne et al., 2010), such that resource selection
is assessed based on local availability rather than availabil-
ity assessed at the home range or geographic range scale (as
in previous assessments of panther resource selection; e.g.
Belden et al., 1988; Maehr & Cox, 1995; Cox et al., 2006;
Thatcher, Van Manen & Clark, 2009). Second, by specifying
appropriate random effects, conditional mixed logit models
can account for correlated measures over time and space by
individual panthers.

We analyzed three primary resource selection models:
one for female panthers, one for male panthers and one for
denning female panthers (defined as −10 days to +70 days of
known den date; Dees, Clark & Van Manen, 2001). We
modeled male and female panthers separately because daily
movement distances differed, resulting in differing local
availability samples. We acquired all relevant panther data
for the time period that we had both hunter check station
data and hydrology data. This resulted in 7503 panther
locations from 33 male panthers, 24 523 panther locations
from 52 female panthers and 2341 panther locations from 40
denning female panthers for analysis.

Each model included the three habitat covariates (per-
centage of forested wetlands, percentage of conifer and
percentage of hardwood within 500 m), hunter ORV
use and STG. To improve model convergence, prior to
analysis, we centered and scaled (z-transformed) the
covariates mentioned earlier, which also facilitates direct
comparisons of model coefficients. Finally, we included the
natural log of distance between each starting point and
their respective use/availability points as a covariate to
remove bias associated with sampling availability points
randomly from a uniform distribution (Forester, Im &
Rathouz, 2009).

Resource selection (use vs. available locations) was
modeled via a logit link as a function of each forest type and
the interaction of each forest type with hunter ORV use and
the interaction of each forest type with STG. To provide
appropriate model structure, we included the individual use/
availability pair as a random effect in the model, which
effectively ‘blocks’ the data to focus on relative differences
in local use versus availability, and circumvents the poten-
tial problem of autocorrelation between successive telem-
etry locations (Agresti, 2002, pp. 417–419). We also
included random effects in our analysis to account for cor-
related measures within years and by individual cats (see
Supporting Information for more details on model structure
and example code).

To assess variation in panther distribution as a function
of trails, we only considered the Bear Island management
unit of BICY, the only unit with designated ORV trails.
Therefore, we filtered data to only include consecutive point
pairs within the boundaries of Bear Island management.
After limiting the analysis to panthers > 18 months and with
> 50 points in the study area (e.g. Dees et al., 2001; Cox
et al., 2006), this resulted in six panthers (one male and five

female panthers) with 1721 telemetry points and 8605
random points for analysis, between 1991 and 2009. We
modeled male and female panthers together as the data
subset was limited. Resource selection (use vs. availability)
was modeled via logit link as a function of distance to trail
and the interaction of distance to trail with hunter ORV use
and the interaction of distance to trail with STG. We
included the same random effects as in the resource selection
models mentioned earlier.

We used a Bayesian modeling framework for all models
with estimation based on Markov chain Monte Carlo
(MCMC) methods. We initially considered frequentist
approaches to model fitting, but model complexity and
sample size precluded their use. See Supporting Information
for more details on Bayesian methods and example code.
Because model selection criteria for Bayesian analyses have
received some criticism and exploration of deviance infor-
mation criterion (Spiegelhalter et al., 2003) proved unstable
with this dataset, we focus on 95% credible intervals to
interpret significant effects in models (Johnson, 1999).

Results
For all resource selection models, we estimated positive
effects of forested wetlands, conifer and hardwood on
panther resource selection, consistent with previous efforts
(Fig. 3; e.g. Cox et al., 2006). Using informed priors for the
three main effects did not change beta estimates or improve
variance (see Supporting Information for comparison of
model performance). Here we present results from models
with uninformed priors. For male panthers, we estimated
significant interactions of hunter ORV use and selection of
forested wetlands and conifer, and significant interactions of
STG and selection of forested wetlands (Fig. 3). For females
we estimated significant interactions of hunter ORV use and
selection of forested wetlands, and significant interactions of
STG and all three forest types (Fig. 3). Estimates suggested
that female and male panthers selected areas with more
forested wetland when hunter ORV use increased and male
panthers also increased selection of conifer forests. In con-
trast, as relative STG increased, panthers selected areas with
less forested wetland. As relative STG increased, female
panthers also selected areas with more conifer and hard-
wood. For denning female panthers, we estimated no sig-
nificant interactions of hunter ORV use and selection of
forest types, and a significant interaction of STG and selec-
tion of conifer (Fig. 3). Denning female panthers selected
areas with more conifer as relative STG increased. Interac-
tions for each model showed that there was evidence for
variation in both hydrology and hunter ORV use altering
resource selection (Fig. 4). For each model, the Gelman
Rubin R diagnostic (Gelman & Rubin, 1992) was < 1.1 for
each covariate, suggesting convergence upon the target
distribution, except in the denning female panther instance
where two of the random effects, choice set and cat number,
had values of 1.26 and 1.57, respectively. In addition,
models including only land-cover, only land-cover plus
ORV interactions and only land-cover plus STG
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interactions, showed no change in significance or magnitude
of covariates, suggesting stability of the estimated coeffi-
cients in our full model and that multicollinearity was not
prevalent.

We estimated a significant effect of trail distance on
panther distribution within Bear Island, where panthers use
areas closer to trails more often than what is available
(Fig. 5). Further, there was evidence for STG interacting
with trails, but not hunter ORV use, where the interaction of
STG with trail distance suggesting that panthers move
closer to trails as relative STG increases, but further from
trails as relative STG decreases (Fig. 5). The Gelman Rubin
R diagnostic was again < 1.1 for each covariate in the
model, suggesting convergence.

Discussion
By analyzing panther distributions and movement at the
finest scale available (individual telemetry points) and by
including not only hunter ORV use, but also hydrology as
covariates, we are able to address some of the primary limi-
tations discussed by Janis & Clark (2002). In doing so, we
identified an overarching theme of hydrology being a sig-
nificant driver behind observed variations in panther
resource selection and their distribution relative to desig-
nated trails. Further, it appears that hunter ORV effects,
when present, are generally smaller than those associated
with hydrology for female panthers, but similar in magni-
tude for male panthers. Specifically, we identified a relation-
ship between hunter ORV use and resource selection, which

suggests either that panthers may be constrained to areas
with more forested wetland when hunter ORV use is high or
that these areas have higher food resources during these
times. This is a logical outcome as we would expect hunter
ORV users to generally drive in drier areas where they are
less likely to become mired and travel is easier. Therefore, if
panthers, or their prey, are avoiding areas of concentrated,
hunter ORV use, we would expect forested wetlands to serve
as refugia. For male panthers, we also saw an increased use
of conifer concurrent with an increase in hunter ORV use.
In the case of denning female panthers, we saw no relation-
ship between hunter ORV use and selection for hardwood,
forested wetlands, or conifer land-covers. Rather, changes
in selection for areas with more conifer were driven by
increased relative STG.

In Bear Island, an area with designated ORV trails, we
found that variations in panther distances to trails appear to
be driven by hydrology rather than hunter ORV use. Most
trails were established many years ago by hunters using
ORVs. They are now being modified as designated trails to
limit impacts on the prairies (D. Jansen, pers. comm.). In
this management unit, the trails appear to be placed in the
drier areas, closer to conifer and hardwood land-cover
(Fig. 2). Based on our resource selection models, we would
therefore expect panthers to be closer to trails as relative
STG increases and as they move from wetter areas (forested
wetlands) to drier areas (conifer and hardwood). In a sepa-
rate analysis, we found the same effect of proposed desig-
nated ORV trails in an area not yet open to ORV use, the
Northeast Addition Lands, supporting the concept that
STG is driving selection for drier ground (McCarthy &
Fletcher, 2011). The current implementation of GPS collars
on panthers may allow for state–space movement models
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(Patterson et al., 2008) to assess specific movements in rela-
tion to hunter ORV use, such as turning away from desig-
nated trails or changing intraday movement patterns in
response to hunter ORV use.

We expect that panther movements and distributions are
highly correlated with those of their prey; however, avail-
able data on prey distributions is limited. A relationship
between resource selection and prey distributions may
become apparent given a more appropriate dataset on prey
populations and their resource selection within the study
area. Further, we emphasize that our results do not address
panther demographics (e.g. survival rates). Rather, our
approach and results can only be considered as a potential
effect of hunter ORV use on panther movements and
resource selection at a daily temporal scale.

More generally, our use of conditional mixed logit
models (see Duchesne et al., 2010, for a recent review) with
MCMC estimation allowed for the assessment of effects on
a large dataset of radio-marked individuals at the daily
temporal scale. This further supplements a recent surge in
resource selection approaches that allow for resource avail-
ability to change over space and time for individual animals.
This modeling approach complements discrete-choice
models for resource selection and other types of generalized
linear mixed models and should be considered in situations
where resource selection needs to be assessed at different
scales.

While hunting activity has diverse effects on game
species, we found indirect effects of hunting activity on
resource selection by a non-game, highly endangered carni-
vore, but no effects on distribution near trails (areas of high
hunter activity). Indirect effects of hunting are thought to be
important for non-game species; however, few empirical
studies have been completed to test this assumption.
Hunting with hounds for wild boar and hare Lepus
europaeus has been shown to cause non-target roe deer
Capreolus capreolus to increase home range size and the
amount of time spent in refuge habitat (Grignolio et al.,
2011). Whereas for non-target reindeer Rangifer tarandus,
studies have shown equivocal results, with no change in
flight-initiation distance in response to hunters found by
Colman, Jacobsen & Reimers (2001), and an increased
flight-initiation distance found by Reimers et al. (2009). Our
results further highlight the indirect effect of hunting on
resource selection and spatial distribution of a large wide-
ranging carnivore and provide a modeling framework for
assessing such effects at finer scales.

Recommendations for panther
conservation

A large parcel of land was acquired in 1996 (‘the Addition
Lands’) by BICY, at which time the NPS closed it to ORV
use and hunting pending further evaluation. However, the
newly approved Addition General Management Plan
(National Park Service, 2010) will permit ORV use in the
Big Cypress Addition after 14 years of closure. This has
renewed concerns over the possible impacts of hunter ORV

use on panthers and other natural resources in BICY.
Our results suggest that hunter ORV use may have small
effects on resource selection by male panthers (Fig. 4), but
does not appear to alter panther habitat use near trails, at
the measured scale. Management should protect forest wet-
lands in this region and limit other potential stressors in
these areas.
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