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EXECUTIVE SUMMARY

White-tailed dee(Odocoileus virginianusare one of the most valued game species in Florida.
In South Florida, deer are also the most important prey species of the Florida unth&r (
concolor cory). In recent yearsgerial survey and harvest data suggested that deer populations
have declined isome regions of South Florida where environmental conditions and the predator
community have changed substantially since th
data were outdated and while aerial surveys provide valuable population treriettaining
accurate density and abundance estimates necessitated a better monitoring method. These
concerns and data needs prompted a study from January 2015 to January 2019 in the Florida
Panther National Wildlife Refuge (FPNWR), and the Bear IslamdBit and a northern
section of the Addition Unit, commonly referred to ashweth Addition Land (AL) of the Big
Cypress National Preserve (BCNP). The two main objectives were to (1) assess the effects of
hydrology, hunting, and predation on populatitymamics of whiteailed deer and (2) develop a
camera trapping study for a largeale investigation and monitoring of deer populations in South
Florida.

We captured 294 deer and fitted 263 (172 females and 91 males) with GPS collars. We
used telemetryata to evaluate causpecific mortality, annual and seasonal survival, and
factors influencing mortality risk for adult deer. In addition, we used telemetry data to quantify
home range area, resource selection, movement, and activity patterns acrdsgibgtiemd
biological seasons. We deployed 180 trail cameras without bait or attractants across the study
area in three grids of 60 (40-tmail and 20 offtrail) cameras and developed cambkased
methods to investigate spatiotemporal trends in detecdtes for deer and their predators. We

combined camera and telemetry data to study spatial and temporal variation in the density of



adult deer, and we uniquely identified fawns using their spot patterns to estimate fawn density
and recruitment. We leverad this information to evaluate multiple trail camera design
scenarios and to provide recommendations for future investigation and monitoring of deer
populations.

The first objective of our study was to examine the effects of hydrology, hunting, and
preddion on population dynamics of whitailed deer. We found evidence that hydrology can
influence deer population dynamics through at least two mechanisms. First, we documented a
negative effect of water level on adult deer survival, an effect that wagestrior females than
males. Although no deer died directly from drowning, water levels influenced deer movement by
increasing the use of edges and roads during high water, which may have increased susceptibility
to predation. Second, fawn recruitment 018, a year with severe flooding during the fawning
season, was approximately one third of the recruitment estimate of the 2015 fawning season
when conditions were much drier. Hunter harvest had a negligible effect on the deer population
as only 1 of 263 eer with an active GPS collar was legally harvested during the observation
period, although 2 deer appeared to have been killed illegally. However, 22% of collared deer
were on FPNWR where hunting is not allowed, and of the remaining collared deer in BCNP,
approximately 33% were males and therefore potentially eligible for harvest depending on antler
characteristicaWe investigated 134 deer mortalities, and the leading cause of mortality across
all years was predation (82%), followed by unknown causeathd@0%) and disease (3%),
research induced (2%), hunting (1%) and poaching (1%). Florida panther predation accounted
for 72% of mortalitiesr{ = 96), followed by bobcat (5%), unidentified predator (3%), black bear
(1%), and alligator (1%).

We observedex-specific seasonal variation in deer survival probability. Female survival



probability was greatest during the rut (J&lgptember), and lowest during the fawning season
(JanuaryMarch). Male survival probability peaked during fawning and rearing (Aljirie)
seasons, was intermediate during the-pais(OctoberDecember), and was lowest during the
rut. Male survival probability was generally lower than female survival, except during the
fawning season. Deer survival probability was negatively correletbdvater depth and female
survival was more strongly negatively affected by water depth. We observed an increasing
temporal trend in survival that may have been the result of wetter conditions during the first half
of the study or a change in predatfmessure. Because there is no physical boundary between Bl
and AL and many collared deer in BCNP used both units, we combined deer in Bl and AL to
compare annual survival on BCNP and FPNWR. Average annual male survival probabilities in
BCNP and FPNWR wer@.59 (95% CI: 0.5@.68) and 0.69 (0.50.80), respectively; average
annual female survival probabilities in BCNP and FPNWR were 0.70-007) and 0.78 (0.68
0.85), respectively. Annual male survival probabilities in BCNP were 0.44-Q058), 0.53
(0.42-0.63), 0.65 (0.54.75), 0.76 (0.640.85), in 2015, 2016, 2017, and 2018, respectively. In
FPNWR, during the same time period, annual male survival probabilities were 0.56.(T838
0.64 (0.500.78), 0.74 (0.6®.84), 0.83 (0.7®.90). For females,mmual survival probabilities in
BCNP were 0.60 (0.50.69), 0.60 (0.5®.67), 0.75 (0.67.81), 0.84 (0.76.90), in 2015, 20186,
2017, and 2018, respectively, while in FPNWR, female annual survival probabilities were 0.70
(0.560.82), 0.70 (0.50.81), 0.2 (0.730.89), 0.88 (0.8.94).

We examined space use by estimating annual and seasonal home range size. Annual and
seasonal home ranges were larger for males than females during all seasons. Average home
range size was 5.36 + 0.85 (mean = 95% Clj fonmales and 1.42 0.19 knf? for females.

Across sites and seasons, female home ranges remained stable, suggesting that females were able



to meet their space use requirements within a similar area throughout the year, in spite of
variation in energetic req@ments and resource availability. In contrast, we found that male
seasonal home ranges were larger in the wet seasor@btaper) than the dry season
(NovemberApril), a result primarily driven by increases in space use during the rut.

Water levels inflenced resource selection during the wet and dry seasons for males and
females. During the dry season, males selected marshes, and as water levels increased, males
selected areas closer to forest edges, roads, and flatwoods, and avoided swamps. Males also
selected for marshes during the wet season, and as water levels increased, males selected areas
nearer to roads, and avoided swamps. During the dry season females selected prairies, and as
water levels increased, females selected forested edge andarmbagoidedswamps and
marshes. During the wet season females selected prairies and as water levels increased females
selected forested edges and roads,aaeidledswamps, marshes, and hardwood hammocks.

Males selected marshes and females selected piaibesh seasons, and increasing water

reduced use of low elevation cover types such as swamps and marshes and increased use of roads
and forest edges. The increased use of roads and forest edges by deer when water levels were
high may explain the relatiohgp between rising water levels and increased mortality risk as

roads and forest edges were frequently used by Florida panthers. Spatial variation in Florida
panther and human activity at the daily scale had limited effects on deer resource selection.

During the wet season, increasing water levels reduced deer use of low elevation cover types

such as swamps and marshes and increased use of roads and forest edges, except in cases where
panther activity was high, when males and females selected areas Wwehwaer levelsThis

suggestthat as water levels rise in the wet season deer increase use of risky uplandhareas w

forage is available and movement is not hindered by water. However, when risk was high due to



panther activity, deer temporarily movedck into the lowguality highwater areas. Human
activity had no effect on resource selection for males or females during the dry season. However,
with increasing human activity females avoided roads during the wet season.

We evaluated the effects of @mvtype (hardwood hammock, marsh, pine flatwoods,
prairie, and swamp), linear features (roads and forest edges) and water level on two attributes of
movement: speefl.e., step lengthand path tortuositfi.e., turn angles)During both seasons,
males inceased speed with increasing water levels and near hardwood hammocks, and decreased
speed near marshes. During the dry season males increased speed near prairies and increased
path tortuosity near prairies and flatwoods. During the wet season, maleséacspaed near
swamps and roads, increased path tortuosity with increasing water levels and near roads, and
decreased path tortuosity near marshes. During both seasons, females increased speed with
increasing water level and near forest edges, and dedrg@sed near marshes. During the wet
season, females decreased speed near roads and increased path tortuosity near marshes and
flatwoods, and with increasing water levels. For both sexes in both seasons, speed increased with
water levels which may expladecreased survival probability with increasing water levels.

We examined the effects of spatial variation in panther predation risk epseific
activity patterns of deer across seasons using camera data. Panthers were most frequently
detected on trailand at night. In lowrisk, off-trail areas, the sexes only differed in temporal
overlap with panthers during the fawning season when fepaadther overlap was greater.
However, the sexes differed in overlap with panthers during all seasons-nskigin-trail
areas where female deer overlapped with panthers more during the fawning season, and male
deer overlap with panthers was greater during the rearingupneit, and postut seasonsSex

specific seasonal variation in activity overlap with panshappears to be driven by risky



behaviors associated with reproduction (fawning for females and rutting for males) and may
explain the seasonal variation in sspecific survival.

We evaluated spatiotemporal trends in important deer predators on gusisdsd
Panther detection rates tended to be higher on BCNP than on FPNWR, although 2017 detections
were similar among management areas. Black bear detection rates were similar at Bl and
FPNWR, and lower at AL. Bobcat detection rates were higher at Blatheither ALor
FPNWR. Coyotes were detected infrequently (<1% of the camera days) over the course of the
study, but coyote detection rates were highest during the fawning and fawn rearing seasons.
Alligators were also rarely detected, but showed no teadattern in detections.

We did not observe strong temporal trends in deer detection rates during the camera study
spanning January 202®ecember 2017. At AL, adult male deer detections rates decreased
slightly over time, but no trend was evident &olult females. Adult female detection rates
decreased slightly at Bl. On FPNWR, detection was relatively stable for adult males and females.
We developed a framework for extending existing unmarked spatial caiptagture (SCR)
methods to model deer dgty by combining camera and telemetry data from January-2015
December 2017. We estimated adult male and female densities fow@égkintervals during
20152017. We did not observe a significant decline in deer density on any site during the study.
We estimated mean adult female densities for tye& period to be greatest on FPNWR (4.57
females/km; range: 1.617.97) followed by Bl (3.54 females/Knrange: 1.747.28) and AL
(1.46 females/kf) range: 0.5€.63). For the 3ear period, we estimatedean male densities to
be greatest on AL (2.03 males/kmange: 0.387.59) followed by FP (1.89 males/kmmange:

0.454.39) and Bl (1.75 males/Kgrange: 0.127.35). Using the ratio of density estimates, we

calculated the mean adult deer sex ratio t68% males on AL, 33% males on BI, and 29%



males on FP.

We examined fawn recruitment using a novel SCR model applied to encounter histories
of fawns uniquely identified using their spot patterns. We uniquely identified 145 fawns (Bl =
57, AL = 33, FP = 55in 2015, a relative dry fawning season, and 124 fawns (Bl = 31, AL = 29,
FP = 64) in 2016, an extremely wet fawning season. We estimated that 127 of the 267 fawns
(42.5%) born in the 2015 fawning season survived to the recruitment age. While inv2016,
estimatedonly 36 of 234 (13.2%) fawns survived to recruitment. Density of fawn birth locations
was greatest in the hardwood hammocks, followed by flatwoods, cyprekspen canopy
habitats.

Antler casting dates can improve understanding of reproduttina@ology and inform
hunting regulations. To estimate the timing of antler casting, we used the trail camera data to
categorize all male deer detections separated by a minimum olfesvimere the state of
antler growth could clearly be identified aglared @ = 9,046) or antlerless1E& 2,702). Annual
antler cycles of growth, mineralization, and casting were closely timed with reproductive
seasons. The proportion of antlerless males detected peaked on 27 January at FPNWR, 5
February at Bl, and 15 Jaamy at AL.

We conducted a simulation study to identify the optimal design for capased
monitoring of whitetailed deer populations in the study area. We developed 10 potential designs
for each of the three study sites using simulated data based aamnikea study. Our results
demonstrated that the current design resulted in relatively low bias and high precision, however,
little is gained with the labeintensive step of deploying a portion of cameras off trails. The best
design for estimating abundanand density involved 60 drail cameras at each of the three

study sites. However, when balancing the costs of each design with the accuracy of the estimates,
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the optimal design involved 40 drail cameras at each of the three sites. Cameras should be
spaced 4000 m apart, equivalent to 1 camera peB&ta. Cameras can be operated
continuously throughout the year, or they can be deployed seasonally to reduce costs. For
seasonal monitoring, we recommend that cameras be deployed during May and dar& fo

week survey when movement and associated detqmiidrability parameters are most

consistent. We recommend using our mean-G#tlar derived detectioprobability parameter
estimates when modeling future camera data within an unmarked SCR fram8amgiing for

eight weeks would yield four (2 week) closed population density estimates, which could be
averaged to mitigate temporal variation during the survey. Male deer had greater variation in our
estimates of the detectigmobabilityparameters betise their movement is less consistent and

our sample size for males was smaller than for females. Precision in male density estimates could
be improved by incorporating individual capture histories by uniquely identifying males based
on the antler morphotly. However, if this approach is employed the survey should be shifted or
extended to later in the antler cycle when males are more easily distinguished to create more
robust capture histories. Similarly, fawns can be individually identified by theipsgterns and
capture histories could be used to enhance estimates of fawn density. However, due to rapid
mortality of fawns, we recommend dividing tBeveek survey into eigtt-week periods, to

meet the assumptions dbsed population models. We offemmre robust approach to

estimating fawn survival and density within this report, but the method requires camera surveys
be conducted from DecembAugust ands not recommended adang-termmonitoring

strategy. However, this approach could be ymdbdically or if concerns about fawn

recruitment arise. Data on uniquely identified individuals is much more labor intensive to

generatebut will yield more precise estimates of abundance for males and fawns. Relative to
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aerial surveys, which have been tmenary method for monitoring deer population trends in
South Florida, camera surveys cost more in the first year due to initial purchase of equipment
than aerial surveys, but over gy&ar monitoring period, all evaluated camera survey designs
were less gxensive than annual aerial surveys. Furthermore, aerial surveys are not effective in
closedcanopy habitats where deer cannot be seen from the air, and do not provide information
available from camera surveys, such as distributions of other wildlife spmaikivers of spatial
variation in deer density and demographic parameters.

Our research has several important implications for managers seeking to maintain viable
populations of whitdailed deer and their predators in South Florida. First, hunteestamad
minimal impact on the deer population in our study area suggesting that the current harvest
regulations are appropriate. Second, deer survival and recruitment were negatively correlated
with water levels, and our research supports conclusionsgrewous research that suggested
that deer populations are negatively affected by water depths greater than 0.5 m. Water
management decisions in South Florida integrate multiple objectives including wildlife
management and our results provide empirical@vie that increasing water levels are likely to
negatively affect the deer population and the predators they support. Finally, our results clearly
show that predation by panthers is much greater now than it was when the last deer survival
studieswerecahuct ed in the 19906s, and annual survi\
our study, especially during the first two years, than in other parts of the Southeast and previous
studies in BCNP. Deer fecundity is also lower in South Floridathaninptaer t s of t he s
range, suggesting that managers should continue to monitor deer populations and be prepared to
enact habitat management, such as mechanical removal of cabbage palm from pine uplands, and

chemical control of invasive species to impgdwabitat quality, deer nutritional condition, and

12



productivity. Although we found no evidence of rapid population declines during our study,
three years of camera data is not enough to evaluatedamgrends, and additional monitoring

is needed to detmnine if the deer population can maintain viability in the presence of increased
predation rates. Given the relatively low survival rates we report for some years, this population
has the potential to decline over broader time scales than our study.ueédrginse monitoring

of the deer population is essential to detect any potential population declines and trigger
management responsd$ie optimal camera design that we identified would allow for such
monitoring Furthermore, the substantial variabilitysarvival rates suggest logrm

monitoring and research will be required to disentangle the drivers of population dynamics in

this unique predateprey system.
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INTRODUCTION
White-tailed deer Q@docoileus virginianusplay important economic, cultural, and ecological
roles in South Florida. Annual hunter expenditures oriéfa exceeds $700M, with deer being
the most popular game species in the state (U.S. Dept. of the Interior et al. 2011). Ecologically,
deer are the dominant herbivore in South Florida, and they are the primary prey of the
endangered Florida panth&umaconcolor coryj Maehr et al. 1990a, Fleming et al. 1994,
Caudill et al. 2019). Aerial surveys and hunter harvest data suggest that since 200@jlethite
deer populations have declined in some units of the Big Cypress National Preserve (Garrison et
al. 2011). While complete population crashes have occurred only in the southernmost units of the
Preserve, harvest and survey data indicate variable population trends in other units (Florida Fish
and Wildlife Commission 2019). Although these declines have ic@davith changes in
hydrology, habitgtand predators, the extent to which these variables have affected the deer
population was unknown, raising questions about the-ferrg viability of deer in South
Florida.

White-tailed deer were nearly extirpatdm South Florida in the early part of the™20
century before making a slow recovery in the second half of the century. Prior to 1900, market
andsubsistence hunting were the primary threats to the species, and unregulated hunting of deer
likely contribued to the decline of the Florida panther (Schortemeyer et al. 1991). Hunting
regulations introduced in the early*2@entury benefited deer populations, but in 1933, the New
World screwworm fly Cochliomyia hominivorgxarrived in South Florida and in@sed
mortality rates (Dove and Parman 1935). In 1939, deer eradication programs were initiated in an
effort to control cattle fever ticlBpophilus spp.infestation. More than 9,000 deer were culled

between 1939 and 1943, most of which were killed ini@oCounty (Davis 1943, Game and
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Freshwater Fish Commission 1946, Alvarez 1993). During this period, major human
encroachment also began with the construction of roads and railroads that facilitated commercial
logging and increased human development (Sehwyer et al. 1991). Similar to many
sout heastern states, deer populations in Sout
(FWC 2007). In response, several management actions and regulations were implemented. The
Florida Game and Freshwater FSbmmission FWC) translocated deer from within the state,
from outof-state populations, and from Florida game farms to areas with low deer populations
(Blackard 1971, Schaefer and Main 2014). Stricter harvest regulations were established,
includingdefred seasons and Abuck onlyo harvest. Sub
as well as increased efforts to protect habitat, improve habitat quality, restock deer, and enforce
harvest regulations resulted in the successful recovery of deer herds ir-Boidin

Previous research on whitailed deer ecology in South Florida was conducted before
major changes in the predator community that occurred over the past 25 years. The primary
change in the predator community has been the increase in the gapthiation following a
genetic rescue effort. After decades of perse
Central and South Florida. In 1967, they were listed as an Endangered Species, yet the
population continued to decline (Onorato etal. 200@). t he early 19906s, | es
individualsremainedand their range was limited to a few areas in South Florida (Onorato et al.
2010). In 1995, eight female cougars from Texas were introduced, five of which successfully
reproduced (Onorato et al. 2Q1The population has been steadily increasing since 1995, with
recent estimates exceeding 200 individuals (Sollmann et al. 2013, McClintock et alF 2015,
2017). During the low point, prior to genetic rescue eppanther predationfaeer was rare,

and bobcatsLynx rufug were the primary predators of fawns and adult deer (Boulay 1992,
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Zultowsky 1992). Although it was assumed that panther predation on deer increased as the
panther population grew, prior to this study, no deer survival researdiebacconducted to
guantify mortality rates since 1995.

Another change that has occurred in this region is a major hydrological restoration effort.
In 2000, Congress passed 8teyearComprehensive Everglades Restoration Plan (CERP) to
restore, protect ahpreserve the greater Everglades system, and water levels in many areas are
expected to rise as a result (Sklar et al. 2005). Increases in water depth can affect deer
populations by reducing survival and recruitment and by forcing deer to use lowey hahitat
(Loveless 1959b, Labisky et al. 1999, MacDorR&ers and Labisky 2005). Even without
additional increases in water depth, whaded deer populations in South Florida are
characterized by low population density, low productivity, and smiadidy size relative to other
populations in North America, primarily due to seasonal flooding, climatic stress, and shallow,
nutrient poor soils that contribute to the low nutritional value of available forage (Harlow and
Jones 1965, Richter and Labisky 598oulay 1992, Fleming et al. 1994, Labisky et al. 1995,
Heffelfinger 2011). Previous research indicated that water depths greater than 50 cm were
detrimental to deer populations (Loveless 1959b, MacDeBaigrs and Labisky 2005), but
these recommendatie were made prior to the recent increases in the panther population, and
the extent to which water levels and panther predation interact is unknown.

In addition to panther predation, another source of deer mortality is hunter harvest.

Concernsoverexces ve harvest in the 19806s and 199006s

designed to limit access, reduce overall pressure and harvest, and to better protect fawns and
female deer (Schortemeyer et al. 1991). Antlerless harvest was prohibited in the private

properties outside CNP, ext ending fAbuck onlyodo harvest
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the region. In the last decade, additional antler regulations have been enacted to protect yearling
males throughouBCNP and to limitor exclude harvest in theeas with most significant deer
population declines. The potential impact of these regulations and hunter harvest in this changed
| andscape has not been investigated since the

In addition to changes in panther abundance, hydrological camglismd hunting
regulations, several other important changes have occurred since the last studies on deer ecology
were conducted in South Florida. For example, there is evidence that populations of other large
predators in the area have changed. Black fhéraus americanyspopulations have increased,
whereas bobcat ynx rufug abundance may have declined in response to increases in the
panther population (Roberts and Crimmins. 2010, Telesco 2012, Humm et al. 2017).
Additionally, coyotesCanis latran3 colonized South Florida concurrent with panther
restoration (Bragina et al. 2019). Invasive Burmese pytheyth¢n bivittatuy have become
established in parts of Soufiorida anchave caused widespread declines in the mesomammal
community (McCleery et aR015). Prey populations have also changed in recent years. Wild
pigs Sus scrofawere once the primary prey of panthers (Maehr et al. 1990a), but their
populations appear to have declined rapidly in recent years (Caudill et al. 2019). The reason for
thedecline in the wild pig population is unknown, but panther predation, changes in hydrology,
and a reduction in pig translocations following teductionof hunting camps IBCNP likely
played a role. Finally, the frequency and intensity of wildfire amdgibed fire have changed in
recent years as managers are attempting to restore the hidtaricegime after many decades
of fire suppression (Day et al. 2015, Cherry et al. 2018).

Given concerns about deer population declines, and the importamatutconomic, and

ecological roles that deer play in the rapidly changing South Florida ecosystem, reliable
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techniques are needed to monitor deer population dynamics and to guide management decisions.
The most commonly employed technique used to mowitite-tailed deer in South Florida are
aerial line transect distance sampling surveys (Buckland et al. 2001). Aerial surveys make it
possible to cover large regions that are difficult to access, but aerial surveys are dangerous and
expensive, and the ptismn and accuracy of estimates are often highly variable and dependent
on time of day, flyingaltitude observer skilland population density within an area (Graves et al.
1972, Rice and Harder, 1977, Beasom 1979, Beasom et al. 1986, Caughley 199, dbunn
2002, DeYoung 2011). Moreover, detection probability can be zero in etasegy forested
habitats, which prevents inferences about population density and trends in these areas (Dunn et
al. 2002, Potvin et al. 2004, DeYoung 2011). Camera trape@easingly being used to
monitor wildlife populations because they are safer and less expensive than aerial surveys, they
are relatively nofinvasive, and they can be used to monitor entire wildlife communities
(O0O6Connel l et al . rmiohhve ¥tatisti¢hdlonetbodsebeen devetopegdtor e ¢ e
estimate abundance and density of unmarked animals detected using cameras, and little work has
been conducted on the effectiveness of these techniques for monitoring wildlife populations in
South Florida (Chadler and Royle 2013, Sollmann et al. 2013).

RESEARCH OBJECTIVES
Motivated by concerns about deer population declines and changes in the South Florida
ecosystem, this research was initiatedanuary 20150 (1) understand the effects of hydrology,
huning, and predation on whitailed deer population dynamics, and (2) develop a camera
trapping methodology for larggcale investigation and monitoring of whteeled deer
populations in South Florida. We collected GPS telemetry data to evaluatespatife

mortality, annual and seasonal survival, and factors influencing mortality risk for adult deer. We
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used telemetry data collected on 263 deer to quantify home range area, resource selection,
movement, and activity patterns across hydrological anddigal seasons. We developed
camerabased methods to investigate spatiotemporal trends in detection rates for deer and their
predators. We used data from 180 camera traps and telemetry data to study spatial and temporal
variation in the density of adultrfeale and male deer, and to quantify fawn density and
recruitment. We leveraged this information to evaluate multiple trail camera design scenarios to
provide recommendations for future investigation and monitoring of deer populations.

STUDY AREA
The studyoccurred within the Big Cypress Basin, which is characterized by hot, wet summers
(Mayi October), and cool, dry winters (Novemb&pril; Hela 1952, Duever et al. 1986). This
region consists of a mosaic of vegetative community types influenced by seasctoalitbns in
hydrology (McPherson 1974). A secondary influence on the ecosystem is fire, which controls the
structure and composition of plant communities (Duever et al. 1986). Within the Big Cypress
Basin, primary vegetation communities included pRies spp.forests, cypressraxodium
spp) forests, and freshwater marshes interspersed with hammock forests and wet prairies
(McPherson 1974, Duever et al. 1986). Pine and hammock forests are found at higher elevations
than the surrounding cypress forestmrshesand wet prairies (McPherson 1974). Pine forests
are typically drier than the other vegetation communities, but they become inundated following
heavy rainfall and can persist in a flooded state for several months during the wet season. Pine
foreds often occur on mineral soils and are dominated by slashRiredliOttii) with an
understory of cabbage pali@gbal palmetth saw palmettoSerenoa repensand evergreen
shrubs. Islands of hammock forests, which often occur on bedrock outcropaindseare

comprised of hardwoods, palms, ferns, and shrubs (McPherson 1974, Duever et al. 1986).
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Cypress forests occur at low elevations and thepfaeainundated for most of the year. These
forests have organic soils on top of limestone bedrock amdary in composition from large,
open stands of bald cypreds (listichun) to mixed swamps with dense tangles of trees, vines,
shrubs, and epiphytes (Duever et al. 1986). Wet prairies and marshes are seasonally inundated
communities dominated by emergeegetation. Marshes have deeper standing water, but
occasionally dry out. These areas consist of organic soils dominated by sa@tadas1(spp)
and rushesJuncus spp.with alligator flag Thalia geniculatain deeper depressions
(McPherson 1974, Daver et al. 1986).

Within the Big Cypress Basin, sampling occurred in the BCNP and the adjacent Florida
Panther National Wildlife Refuge (FPNWRIg. 1). The study area was located north-Gbl
and in BCNP, research activities were conducted in the Bear Island (Bl) and North Addition
Lands (AL) management unifEhese study sites were selected because they occurred within the
range of the Florida pamér, and because they spanned gradients in hydrology and hunting
pressureBl contained a network of ofibad vehicle (ORV) trails for public use by permit and
permitted licensed hunting. Public access was allowedlLgrbut ORVs were prohibited and
fewerhunting permits were issued. The majority of FPNWR was restricted from public access,
although it contained a network of ORV trails to facilitate management practices. Hunting was
prohibited in FPNWR.

StubY DESIGN AND FIELD METHODS

We studied deer popuiah dynamics using GPS telemetry and camera traps. Telemetry was
used to studyausespecific mortality ratesspace use, resource selection, and movement
behavior. Camera traps provided information about spatial and temporal variation in abundance

and digribution as well as information aactivity patternsrecruitment and reproductive
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phenology.

Capture Procedures

During 20152017, we captured 294 deer in BCNP and FPNWR using three methoeds: net
gunning (Barrett et al. 1982) from helicopters, chemicahahilization via darting, and rocket

netting (Hawkins et al. 196&ppendices BC; Table 1. Deer captured via ngunning and

rocket netting were bidfolded and physically restrained during morphometric data collection

and processing, and were released within 20 min of capture. Deer captured via darting were
administered a mixture of xylazifeydrochloride (2.2 mg/kg body weight; Congaree Veterinary
Pharmacy, Cayce, SC, USA) and Telazol (4.4 mg/kg body weight; Congaree Veterinary
Pharmacy, Cayce, SC, USA; Kreeger et al. 2002). Once immobilized, deer were blindfolded and
placed in the sternal position, and received an application of ophthalmic oinkheant rate,

body temperature, and respiration were monitored every five min until 90 midarbisty when

we reversed xylazinkRydrochloride with Tolazoline (1.4 mg/kg body weight; Kreeger et al.

2002). We captured deer following protocols acceptediyeysity of Georgia IACUC permit

A2014 07009-Y3-Al.

For each captured deer, we recorded spatial coordinates, observer names, capture method,
time of capture, sex of deer, time of release, and the following morphological measurements:
estimated age based dentition, estimated weight, total length, tail length, ear length, hindfoot
length, chest length, neck length, body condition score, pelage score, ectoparasite score, and tail
fat score. Each captured deer was assigned a unique identification nmchleartagged in both
ears. All captured adult dee®l(yr, 172 females, 91 males) were fit with Iridium ATS

(Advanced Telemetry Systems, Isanti, MN, USA) Model G2110E GPS collars programmed to
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record a location every8 h on a rotating schedule such that each hour of the day was
represented every four days

Telemetry Monitoring

From January 2015December 2018, we monitored the daily transmissions and locations for all
GPScollared individuals. In a small number of cases when GPS collars failed, we transitioned to
monitoring the individual using radiele met ry and triangul atiarg t he
threebearings.

Mortality Investigations

Mortality investigations were initiated if a collar transmitted a mortality signal, if the telemetry

data indicated missing locations for a collar (indiaatieer was cached and collar was unable to
connect to satellite), or if locations were clustered (indicating deer was not moving as expected
based on typical movement patterns). At each mortality site, we recorded GPS location, date,

time, and we took deitad field notes and photograpWe assessed the cause of mortality based

on kill site and feeding site evidence (e.g. predator tracks, scat, feeding behavior, signs of
struggle, bite wounds). Predation ebents were
positively identified and sign of a single predator species was present at the kill site, or if bite
wounds with associated subcutaneous hemorrhaging were observed and were consistent with
observed predator sigti.neither of these conditions coul@ Imet, but all other field evidence
indicated predation was | ikely, the predation
definitively rule out the possibility of scavenging. In predation cases, disturbance to and around

the carcass was minimized/hen thecause of death was unknown based on field sign and no

clear evidence of predation or feeding was present, carcasses were necropsied in the field or
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when feasi bl e, remains were collectemd and ¢tr
Gainesville, FL forfull necropsy.

Trail Camera Monitoring

We deployed 180 motiotriggered whiteflash cameras (HCO Outdoor Products, model

SG565FV, Norcross, GA, USA) from January 20T3ecember 2017Hgs. 1, 2, 3, 4). At each

of the three studyites, we placed 60 cameras within a 2% kectangular region. The

rectangular regions were separated by at least 13 km. At each site, 40 cameras were placed on
ORYV trails and the remaining 20 cameras were placed approximately 250 m from thedsail (

2, 3,4). We selected otrail camera trap lo¢ens by using ArcGIS 10.2 (Environmental

Systems Research Institute [ESRI], Redlands, CA, USA) to overlay a 700 m grid over the study
area and placing cameras on the closest trail to each grid point. To increase the probability of
detecting animals at offail camera locations, we deployed cameras on the walstiefined

wildlife trail or habitat edge within 50 m of the selected point location, while maintaining a
distance of approximately 250 m from the closest trail. We positioned cameras approximately
0.30 m above the ground, oriented either north or south, and adjusted height according to surface
water levels to avoid inundation. No bait or attractants were used at camera sites. Vegetation was
cleared as needed to minimize fatsggering of cameradVe visited each camera on-8ay

intervals for data retrieval and camera maintenance. In the event of a wildfire or prescribed burn,
we preemptively removed cameras when access was available and replaced cameras once the
area was safe.

Data Processing

Tdemetry Monitoring Data

Initial raw data counted 732,813 location records for 263 deer. We excluded GPS telemetry data
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recorded within two weeks after capture to avoid the influence of atypical behaviors related to
capture. We discarded GPS locations réedrafter the mortality date, and we removed 6 outlier
locations that were clearly location errors because they were >5 km from locations recorded
immediate before and after. A set of collars experienced a software bug that caused a temporal
drift in datauploaded to the Iridium network. For affected collars that we were able to recover,
we corrected the errors by downloading the data that was logged on the collar. For unrecovered
collars, we excluded locations acquired after the-mg occurred. Finallywve corrected dates

for a set of collars that improperly recorded Julian dates in the years following the 2016 leap
year. After processing, we had a total of 590,533 location recor@d fandividuals.

Trail Camera Monitoring Data

All trail camera photosvere downloaded from the onboard memory cards and were processed
using Media Pro (Phase One, Version 2.1.0.161, Copenhagen, Denmark). We tagged each
photograph with keywords describing the vertebrates in the photograph and the environmental
conditions Appendix B. Each photograph received tags for study area and camera ID. We
recorded the presence of fire, humans, and vehicles. We recorded the taxonomic class of all
vertebrates in each photograph. Detections of all mamiild Turkey Meleagris gallopavi

and American alligatorAlligator mississippiens)svere classified at the species level. White

tailed deer camera photographs underwent further processing to identify group size, the presence

of spots on fawns, arttie sex of adult deer. When we encountered a deer marked with ear tags

oraGPs ol |l ar in the photos, we tagged the photo

number.
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Remotely Sensed Data and Hydrology Data

We derived habitat data from the Flaitlatural Areas Inventory (FNAI) land cover data (10x10
m resolution, FNAI, 2016). We reclassified habitat data into ten primary cover types using
FNAI, version 3.2 sitdevel land cover datar@ble D). Once cover typesere reclassified,
Euclidean distance to each cover type from each raster cell was calculated to provide a
continuous distance surface for each land cover type. Elevation data used in this study was
derived from an ASTER digital elevation model (30x30 sohetion, ASTER GDEM 2).

We derived a surface water index from hydrologic well data (DBHYDRO 2019) and
Florida Natural Areas Inventory (FNAI) land cover data (10x10 m resolution, FNAI, 2016).
Hydrologic well data used in this analysis is the average suvater (ft) derived from
DBHYDRO surface water data (DBHYDRO 2019, Datum = NGVD289, 5). We used
vegetation type to inform the spatial extent afate water inundation. The surface water
needed to inundate specific land cover types was estimated throughout our study area (Robert
Sobczakunpublished datgrig. 6). We classified land cover types from Florida Natéwaeas
Inventory data into the cover types needed to estimate surface water levels across the study area
(Table D). We created rastéayers of surface water depth estimates across the study area for
each day from January 2015 to 1 March 2019. We then used surface water depth raster to
create surface water index (SWI) radésrers. Specifically, SWI was calculated by subtracting
the surface water depth raskayers from the vegetation thresholdid. 60 raster such that
higher values indicate more flooding and lower values represent drier conditions. SWI allowed
us to describe spatial variation in surface water and hapéaific inundation. For example,

SWI captures trends ssciated with habitagpecific inundation such that surface water tends to
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be deeper in cypress and marshes than in pine uplands and hardwood hammocks during flood
events.
OBJECTIVE 1

Survival Analysis

Survival Analysi§ Introduction

Understanding the ffcts of predation, hydrology, and hunting on deer survival is essential to
managers seeking to maintain viable deer and panther populations. Previous studies on deer
survival occurred before the 1995 Florida panther genetic rescue program, and prosttadi))
minimal information was available regarding the panther predation rates ortavleitedeer.

We evaluated the following hypotheses and predictions. We predicted that survival rates would
be lower than previously reported due to the growth optiregher population. We expected that
survival would be negatively correlated with water depth becaussfts in habitat selection

due to high wateMWe hypothesized that female survival would be greater than male survival,
especially during the breedjrseason, because males make risky decisions when seeking mates.
We expected that female survival would also vary seasonally, with increased mortality rates
during fawn rearing when females may exhibit risky behaviors to meet increased nutritional
demandsWe also hypothesized that deer survival would exhibit a temporal trend in relation to
unobserved changes in the predator community.

Survival Analysi§ Methods

To understand the factors influencing deer survival in South Florida, we collected-katewn
survival data on deer that were captured and monitored between January 20Esamtber

2018 in FPNWR and BCNP. Deer were captured across gradients in hydrology and hunting

pressure. Capture, marking, and collaring methods are describeddaghee Procedures
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sectionabove. When collars transmitted a mortality signal or when we detected unusually low
movement, we conducted a mortality investigation within 24 h. We determined the cause of

death via field investigatiorsadescribed in thilortality Investigations section

We assessed the factors influencing deer mortality rates using Katavsurvival

models (Cox and Oakes 1984). The exact time of mortality could not be determised as
required for standard continuous time survival models, so we used a disoeesirvival model
with daily hazard rates. For each individual, the date of mortalitgs modeled as categorical
random variable with probability distribution:

fi—1

p(ti) = Pr(ti = j) = {H 1 - )\u;f} Ait,

i=Ji
where?ijis the hazard rate defined as the probability of dying during.d@gcause the
individual is known to be alive on the dafcapture f), the hazard rate was set to zero on and
beforefi. For subsequent time periods, the hazard can be interpreted as daily mortality risk, with
daily survival probability beingi; = 1 — Aij. Therefore, the equation above can be interpreted
as the probability of surviving from the capture date untiltdand then dying on day Right

censoring occurs when an individual survives beyondatediate that the individual was

monitored {;). The probability of such an event is givenﬁ:ﬁ(/‘t'i > Ji) = H}'ILL 1—=Xij,

We modeled daily survival probability as a linear combination of covariates on the logit
scale. Covariates considered to potentially affect deer survival included hydrological conditions
(as measured by water depth and time since the last dry daybesexioral season (rut, pest
rut, fawning, and rearing), management area (BCNP and FPNWR), and time (i.e. a simple trend

effect).
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To estimate the importance of panther predation pressure, we conducted two analyses. In
the first analysis, all causes obrtality were treated equally, and observations were censored
when a deer survived to the end of the study or when its collar failed. In the second analysis, we
focused exclusively on panther predation. Observations of deer that died by other causes were
censored on the mortality date. This is equivalent to ast@ge competing risks survival
analysis.

To assess the effect of hydrology, we obtained data from the Everglades Depth
Estimation Network (EDEN) database through the Explore and View EDEN (EVE) web
application. We downloaded daily median water levels for water gauges BCA1, BCA12, BCA17
and BCAL18 for the period of our study, and corrected these values to obtain actual water depth
(i.e. water height in relation to the ground). Recorded values rarmyad36 cm to 93 cmKig.

7). Additional details are described in thata Processing section

Biological seasons were categorized as follaws(JulySeptember), posut (October
December), fawning (Janualarch), and rearing (Aprlune). We modeled seasonal effects on
survival using two approaches. First, we considered biological season to be a categorical variable
with the four levels decribed above. We also modeled seasonal variation using a continuous
covariate defined as the number of days since peak fawning (15 February; Chandler et al. 2018),
ranging from 0 to 182 (where 0 corresponds to peak fawning). We considered possible
interadions between sex and season (both for continuous and categorical variables), sex and
water depth, and season and time trend.

We implemented our models in a Bayesian hierarchical framework using the statistical
computing software R (R Core Team 2019), gghme packaggags (Plummer 2018) to call the

program JAGS (Plummer 2003) to perform Markov chain Monte Carlo (MCMC) computations.
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Model selection was done using the Watarakaike information criterion (WAIC; Watanabe
2010, Hooten and Hobbs 2015, Vehttral. 2016), and selecting the model with the lowest
WAIC.
Survival Analysi§ Results and Discussion

We analyzed survival data on 241 individual collared deer (156 females and 85 males).
Out of the 293 initially captured individuals, we collared .2B@t of the 293 initially captured
individuals, we collared 263. We excluded GPS telemetry data recorded within two weeks after
capture to avoid the influence of atypical behaviors related to capture and therefore excluded 22
deer for which we had less thimo weeks of GPS data, leading to a final sample size of 241
deer for this survival analysis. Of these, 188 individuals were captured in BCNP and 53 in
FPNWR. The dataset consisted of 118,254 observdtgn. Of the 241 individuals, 107
survived to the rd of the observation period, and 134 di€dlle 3. Causes of death included:
predation (panther, bobcat, bear, and alligator), pathology, poaching and hunting. The most
common cause of death was predation by Floridehess ( = 96, 71.6%), followed by other

predation (e.g. bobcat, bear, alligatos 14, 10.4%Table 3. We only recorded one case of

legal hunting harvest, and two poaching cases (one confirmed and one suspedtsst) for
includedin the survival analysis. One other deer was legally harvested during the study, but the
harvest occurred several months after its collar failetimonitoring ceased

Previous research on deer survival in the hunted portion of BCNP amel Evérglades
National Park (ENP) where hunting is prohibited, conducted prior to the 1995 Florida panther
genetic rescue program, attributed 50% of adult male mortality to legal and illegal harvest and
17% to bobcat predation (Labisky et al. 1995). Lapeskal. (1995) reported only a single case

of Florida panther predation (equating to 3% of recorded deaths, equal to the amount of alligator
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predation). In contrast, results from our survey clearly show that panthers were responsible for
most of the obseed mortalities. In theiB-yearstudy in BCNP and ENP, Labisky et al. (1995)
reported that, although hunting (both legal and illegal) was the principal cause of death for males
in BCNP, bobcat predation was also an important factor regulating the gnadvéibandance of
the deer population. Bobcats impacted the deer population through predation on fawns and
adults, representing 17% of recorded deaths (6 cases out of 36 adult mortalities). In a study
conducted between 1986 and 1993, Land et al. (1993)teejibiat bobcats were responsible for
11 of 23 recorded deaths in adult females in BCNP. In our study, conducted after the Florida
panther population increased substantially, bobcat predation on adult deer was much lower, and
Florida panther predation regsented 82.8% (96 of 116) of the mortalities that could be assigned
causes of death.

The effects of hydrology, sex, season, management area, and time on deer survival were
similar for the global analysis (including all causes of mortality), and the sacatysis
focusing exclusively on panther predatidmlfles 34). Both analyses included the same set of
four supported models within 2 WAI@hits of the best modellables 34). The ranking of the
supported models varied slightly between the two analyses. The top models indicated that
variation in daily survival probability was explained by sex, water depth, nurhdays to peak
fawning, time, and an interaction between sex and the number of days to peak fawning. The most
supported models differed primarily in whether management area and an interaction between sex
and water depth were included. Because supporte@lsid both analyses) had similar WAIC
scores, we present results from the model that including both management area and the

interaction between water depth and sex to illustrate the effects of these variables on survival.
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Female survival probability wasrongly negatively correlated with water deptilfles
5, 6; Fig. 8), while male survival did not appear to be significantly impacted by the degp¢h
observed in our survey. This difference in-s@ecific survival probability response to water

depth was even more important when considering paotiigmortality (Table 6 Fig. 8. The

impact of water depth on deer survival is wadicumented, but previous research occurred
before the panther population rebounded following genetic rescue in 1995. Several studies have
demonstrated that prolonged flooding caused by episagical storms can increase adult deer
mortality rates (Brunett 1958, Loveless 1B5Rampton 1982, Langenau et al. 1984, Kushlan
1989, MacDonald 1997, Labisky et al. 1999, MacDorigdgers and Labisky 2005). Flooding

can also reduce fawn production andvstal (Fleming et al. 1994, Labisky et al. 1995).

Flooding can affect deer survival by reducing mobility (MacDorigdgers and Labisky 2005)

and availability of escape habitat (Fleming et al. 1994), which might explain the effect of water
depth on femaléeer survival in our study. Previous studies have suggested that water depths
exceeding 0.5 m are detrimental to deer populations (Loveless 1959b, Labisky et al. 1999,
MacDonaldBeyers and Labisky 2005). Our study reinforces the results of the impactenf wa
depth on female deer survival, although our analysis suggests that the relationship between
survival probability and water depth is continudasmale survival was decreased by up to 9%

when water level reached 0.5 m, and up to 22% a{lamle 6 Fig. 8.

Unlike in the 3year survey in southern units of BCNP conducted by Labisky et al. (1995)
where they reported that hunting (both legal and illegal) was the principal causgiofaite
males, hunting did not prove to be an important source of mortality in our study. This is likely

explained by hunting regulations that prohibited or reduced access to many parts of the study
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area. For example, harvest was restricted to males tiast three antler points on BCNP, and
no hunting was allowed on FPNWR.

Female survival probability was greatest during the rut, and lowest during the fawning
season. Male survival probability was generally lower than female survival, except during the
fawning season. Male survival probability peaked during fawning and rearing seasons, and was
lowest during the rutHig. 9). We hypothesize that this strong negative covariance between male
and female survival ratesn@ng seasons is the result of interactions between prguiatpr
dynamics and deer life history strategies. Differential survival between sexes ofailbidedeer
is well documented (e.g. Nelson and Mech 1986a; Nixon et al. 1991, 2001; Demarais@;al. 20
Lopez et al. 2003), and ssypecific predation vulnerability can vary depending on biological
seasons (Beier and McCullough 1990). Variations in survival as a function of sex and season can
be related to differences in social behavior for males andlésnin particular reproductive
behavior. For example, during the rut, males have greater seasonal movements, often move into
less familiar areas, and express high levels of mmelke aggression (Loison et al. 1999,

Demarais et al. 2000), which might eaiol the decrease in male survival probability we

observed during this biological season. Our results clearly show that female survival probability
dropped during the fawning season, possibly in response to an increase in predation because of
the presencef@ fawn, and the increased need to forage.

Management area was included in the set of supported models, but the difference
between survival in FPNWR and BCNP was small, and the 95% Credible Interval (Crl) included

zero (Tables 56; Figs. 1Q 11). This suggests that the different management practices employed

in the two areas do not have a strong impact oit adwvival, and most of the differences in

survival between the areas can be attributed to the other factors included in the model. However,
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it is important to note that we did observe higher rates of recruitment and density in FPNWR

than in BCNP (See seons: Abundance and DensigndFawn Recruitment and Phenolggy

We observed an increasing temporal trend in survivables 56; Figs. 9 10). Yearly

male survival probabilities in BCNP were 0.44 (95% CI: 60386), 0.53 (0.40.63), 0.65
(0.540.75), 0.76 (0.64.85), in 2015, 2016, A0, and 2018, respectively. In FPNWR, during
the same time period, yearly male survival probabilities were 0.56-00733, 0.64 (0.5@®.78),

0.74 (0.630.84), 0.83 (0.7®.900). For females, survival probabilities in BCNP were 0.60 {0.51
0.69), 0.60 (0.8-0.67), 0.75 (0.60.81), 0.84 (0.79.90), in 2015, 2016, 2017, and 2018,
respectively, while in FPNWR, female survival probabilities were 0.70 {0.58), 0.70 (0.57
0.81), 0.82 (0.7®.89), 0.88 (0.8D.94).

Previous studies conducted in South Flariprior to the start of the 1995 Florida panther
genetic rescue program, reported higher annual survival rates. In a study in the BCNP and the
Everglades National Park (ENP), Labisky et al. (1995) reported mean annual survival rates
between 1988 and 1992poled across both locations, equal to 0.67 and 0.81 for adult males and
adult females, respectively. In their study, annual survival rates of adult males in the hunted
BCNP population (mean annual survival rate: 0.43) were lower than those reporid in th
nonhunted ENP population (0.84). For females, Labisky et al. (1995) found that survival rates
were similar in BCNP (0.87) and ENP (0.74). Male annual survival rates ranged frof @222
in the hunted BCNP population, and from G(r81 in the nonhunte@NP population (Labisky
et al. 1995). Female annual survival rates ranged from@3&Lin the BCNP, and from 0.45
1.00 in the ENP (Labisky et al. 1995). In separate findings, mean adult female survival rate in the
hunted Bear Island Unit of BCNP betweE®87 and 1991 was estimated to be 0.81 (Land 1991),

while hunted population in northern Florida experienced mean annual survival rates of 0.90 and
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0.56, for adult females and males respectively (Labisky et al. 1991). In comparison, female
survival rates we lower during our study (in particular during the first two years) than in what
appears in previous research.

After an initial drop during the first year of our survey, the survivorship curve leveled off
during the second half of our studyiq. 11). The cause of the increasing temporal trend in
survival probability is unknown, but it may have been the result of wetter conditions during the
first half of the studyKig. 7), ora change in predation pressure.

Our results are largely consistent with our initial hypotheses, and they indicate that
patterns of deer survival have changed greatly in South Florida since the last studies were
conducted before the panther restorationtzafdre changes in hunting regulations. Results from
our survey show that mostortalities weralue to predation by Florida panthers and that deer
survival probability was negatively correlated with water depth. Negative effects of water depth
on survival vere more prominent in females than males. Hunting did not prove to be an
important source of mortality during our study.

Space Usé@ Utilization Distributions and Home Ranges

Space Usé Introduction

White-tailed deer seasonal and lifetime space usevaross their range and is influenced by
numerous factors, including climate, forage quality, predation risk, and population density (Burt
1943, Lewis and Murry 1993, Kilpatrick et al. 2001). However, deer in the Big Cypress Basin
face a unique combinatn of abioticfactorsfrom frequent disturbance regimes. Much of the
landscape is inundated during the wet season, and both prescribed burns and wildfires occur
regularly (Hela 1952, Duever et al. 1986, Day et al. 2015, Cherry et al. 2018). Deer in South

Florida have a diffuse breeding chronology more similar to ungulates intsspiual
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environments, with longer breeding and fawning seasons (Loveless 1959b, Fleming et al. 1994).
Deer must also balance the threat of predation from their primary pretiatéiptida panther,

with seasonal resource needs (Crawford et al. 2019). This unique combination of disturbance
regimes, breeding chronology, and predation has the potential to affectaileiledeer seasonal

and lifetime space use.

Frequent disturbanaegimes influence seasonal spatial ecology and reproductive
chronologyof deer in the Big Cypress Basin. Fawning coincides with the peak of the dry season,
which is believed to be an adaptation to the hydrological seasons, as females experience lower
reproductive success during times of high water (Land 1991, Land et at. 1993, MacDonald
Beyers and Labisky 2005). Seasonal fluctuations in surface water depth alter deer movement,
space use, and resource availability (Fleming et al. 1994). Fire can alteebethtbn structure
and forage quality, positively influencing forage quality while reducing concealment cover (Lay
1967, Halls 1970). Reductions in concealment cover may improve the ability of prey to detect
and evade predators by opening sight linesesponse to a wildfire in the BCNP, deer with
home ranges overlapping the area affected by wildfire increased their space {ise fmost
incorporate more burned area within their home ranges (Cherry et al. 2018).

Home range size may also fluctuate tlgiotiological seasons as sgpecific resource
requirements change. For females, energetic demands increase throughout gestation and peak
during lactation, but females must also balance offspring safety with the high energetic demands
of reproduction. Male accumulate energy stores during therpteohase to increase
reproductivesuccess anthay increase home range size during the rut to increase access to

resources or mating opportunities (Main et al. 1996).
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Previous studies in the Big Cypress Basin hdveumented seasonal, annual, and
lifetime space use. IBI, Land et al. (1993) reported an average home range size for adult
females of 1.95 ki(0.24 2.24 kn¥), which remained stable between fall, spring and summer
seasons. A study conducted in the Stap Unit of the BCNP reported mean annual adult male
home ranges of.0 km? and mean adult female home ranges of 5.48 klnme ranges were
also calculated for both hydrological and biological seasons. Hydrological seasons were defined
by Labiskyet al.(19%) as wet (Mayi October) and dry (NovembérApril), while biological
seasons were defined as lactation (Apdune), rut (July September), gestation (Octobier
December), and parturition (Januanppril). Both females and males showed no diffeein
mean home range size between wet and dry seasons, and males showed no difference across
biological seasons. Females, however, demonstrated differences across biological seasons. Mean
home ranges during gestation were greater than home rangestbaratger three seasons, and
home ranges during parturition were greater than home ranges during lactation (Labisky et al.
1995).

In order to understand both seasonal and annual space requirements of deer in the Big
Cypress Basin, we estimated cumulativel seasonal home ranges (i.e., utilization
distributions). Cumulative home ranges were created using all GPS location information
collected during the study period, 1 January 203% December 2018. Seasonal home ranges
were created for both hydrologics#asons and biological seasdie defined fdrological
seasons as wet (MéyOctober) and dry (NovembérApril), and biological seasons as fawning
(Januaryi March), fawnrearing (Aprili June), rut (July September), and pesit (Octobeii
December)For males, the fawnearing season (henceforth, rearing) is a time for antler growth

and accumulation of body mass in preparation for the rut. For females, gestation occurs during
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the postrut season. Males and females incur their greatest energeticléxpenrelated to
reproduction during the rut and rearing seasons, respectively (Main et al. 1996b). During the rut,
male activity rates peak as they actively seek out breeding opportunities to maximize their
reproductive success (Nelson and Mech 1981t al. 2010, Crawford et al. 2019).

Conversely, female reproductive success depends on the survival of offspring, which female
ungulates maximize by utilizing smaller areas that provide forage for themselves and hiding
cover for their fawns (Main and Gtentz 1996, Main et al. 1996, Bongi et al. 2008, Cherry et al.
2017). We predicted home ranges for males would be larger than for females, regardless of
hydrological season. We expected that males would have larger home ranges in the wet season,
which indudes the rut, than during the dry season. We predicted that females would have smaller
home ranges during the dry season, when they need to balance bogtiedengands and

offspring safety in a predatoich system. Across biological seasons, we ptedithat males

would have the largest home ranges during the rut in order to maximize mating opportunities.
For females, we predictddat relative to other seasons female home ranges wosludl&er

during fawning and rearing, when females need to balanergy requirements with offspring

safety.

Space Usé Methods

We used dynamic Brownian Bridge Movement Models (dBBMM) to estimate cumulative and
seasonal utilization distributions (UDs). Conceptually, UDs ad@r®nsional probability

distributions wirch provide the probability density that an animal is found at a given point in
space. UDs were reported as théirdensional area included within the 95% isopleth for all
gualifying individuatseason combinations (Horne et al. 2007, Kranstauber et &l). Zlynamic

BBMMs are well suited to GPS collar data because they can accommodate fine scale location
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data and account for serial autocorrelation (Horne et al. 2007). These models calculate UDs
using dynamic movement paths between successive pointstraethehe locations themselves.
Because dBBMMs incorporate serial location data and the potential pathways linking two
successive GPS locations, areas of frequent use in UDs are more likely to be connected by actual
movement corridors used by individualséiistauber et al. 2012, Byrne et al. 2014).

To estimate cumulativeome rangeswve fit ABBMMs with a subset of deer that were
monitored for at least one year and collected 80% of their scheduled GPS locations during 1
January 2015 31 December 2018. Wesed a window size of 21 steps, a margin size of 5 steps,
and an 18 m location error for all deer, as visual inspection indicated these settings were
sufficient to identify relevant changes in behavite used dinear regression model to estimate
the effects of sex, location, and their interactions with study area (FPNWR or BCNP) on home
range area.

To estimate seasonabme rangeswve fit dABBMMs with a subset of deer that deer
survived80% of the defined season and collected 80% of their scheduled GRiSrie. We
modeled the effects of sex, season, study site location, and their interaction on the seasonal home
range area using a generalized linear mixed model. These models can include both fixed and
random effects and are generalizable across a rdmfigtributions (Bolker et al. 2009). We
treated the individual deer eendom effecbn the yintercept ternto account for variation
among individual deer.

Space Usé Results and Discussion

We collected 590,533 GPS locations for all deer (174,15% dosafor males; 416,374

locations for females) during 1 January 201%. December 2018. We estimated cumulative

home ranges for 114 deer (32 maleésg, E1, 79 femaleskig. EJ. We olserved an interactive
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effect of sex and location (p = 0.0027=-0.98,se = 0.31) on home range size, with males
maintaining larger home ranges (5:86.85 knt) than females (1.42 0.19 knf). However,
male home ranges were smaller on FPNWR (3.886 knf) than BCNP (6.25 1.08 kn¥),
while female home rangegere similar across sites (FPNWR = 1:2@.26 knfand BCNP =
1.47+ 0.24 knt, Figs. E3 E4, E5).

For the two hydrological seasons, weccddited 381 seasonal home ranges (93 males;
288 females) for 153 individual deer. In both the FPNWR and the BCNP, male seasonal home
ranges during the wet season were 1.8 times larger than during the dry season, while females
showed no difference in seagbhome range areas between hydrologic seasonsl(? Table
7). Malehydrologicalseasonal home ranges were 2.8 to 4.4 times larger than female home
ranges across both seasand sites. For the four biological seasons, we calculated 872 seasonal
home ranges (247 males, 625 females) for 188 individual deer. Mean seasonal home range area
for males in both the FPNWa&nhdthe BCNP did not differ between the fawning, rearing, and
post-rut seasons, however the mean seasonal home range during the rut was 1.6 to 2.4 times
larger than during other seasons. Females did not show any significant differences between

fawning, rearing, rut, or postit seasons in either FPNWR or BCNRg( 13 Table §. Across

sites andiologicalseasons, male home ranges were 2.3 to 5.2 times larger than females.

Our results support previous home range estimates in our studyteeaseasonal
home ranges for females were stable across the year (Land et al. 1993). However, our findings
contrast to results from the southern portion of BCNP, where males and females showed no
difference in space use across hydrolabseasons, but fieale space use varied across
biological seasons. Female home ranges were larger during gestation, and home ranges during

partition were larger than home ranges during lactation (Labisky et al. T9@Se differences
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may have been due to the habitat défeces; the southern portion of BCNP is dominated by wet
prairie interspersed with hardwood tree islands (Duever et al..1986)

In sexually dimorphic ungulate species, different space use requirements are expected
between the sexes. Greater male body massssitates use of more space than females to meet
energetic requirements (Main et al. 1996). Our results support this premise as males maintained
larger cumulative and seasonal home ranges than females across all sites and seasons.

Across sites, males taignificantly larger home ranges in BCNP compared to FPNWR.
Such patterns in home range size may arise due to differences in forage quality or quantity across
the study locations as these two factors are major determinants of vertebrate home range size
(Mace et al. 1984 Relative to BCNPFPNWRoccurs at a slightly higher elevation and
undergoes significant habitat managemenpvéscribedurning and chemical and mechanical
removal of invasive specieBrescribedurns are usuallgonductediuring thelate winter and
early spring seasons to promote growth of herbaceous understory, bengfaifitained
communities, and promote overall higher yields of forage (Stansky and Harlow 1981, Kilburg et
al. 2014). Prescribed burning produces Fagiality forag by increasing palatability and crude
protein percentageshich enhancedeernutritional condition andeproductive output (Stransky
and Harlow 1981, Main and Richardson 2002, Cherry et al. 2017, Cherry et al. 2018). Thus, it is
likely that higher qualit forage due tdigher elevation andffective habitat management in
FPNWR explains the size differences in home ranges for males acrosd®iteser, there was
no difference in female home range area between sites suggesting other factors such as
populdion structure (i.e., density or sex ratios) nh@ydriving this sexspecific response.

Across seasons, male home ranges were 1.8 times larger during the wet season than the

dry season, whicts primarilydriven by increases in space use during the rateMincrease
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their home range size and movement rates during the rut to learn the distribution and breeding
status of females (Beier and McCullough 1990). During the rearing season, male energetic
requirements increase as they accumulate body mass amdmpters in preparation for the rut,
however males showed no difference in space use between the fawning, rearing,-autd post
seasons. The rearing season coincides with the start of the vegetative growing season, which may
allow males to meet their ras@e requirements within a smaller area as forage quality increases.
These results mirror similar findings in the Everglades National Park, where males had larger
home ranges during the wet season than the dry season (Labisky et al. 1995).

Across sites ahseasons, female home range areas remained stable, suggesting females
are able to meet their space use requirements within the same sized area throughout the year
despite seasonal variation in energy requirements and resource avail@lhigy studiehave
demonstrated a reduction in space use during fawning and rearing and an increase in space use
during gestation (Nelson and Mech 1981, Main et al. 1996, Cherry et al. 2017). During the
fawning and rearing seasons, females typically minimize space usaximize offspring safety,
which coincides with the start of the vegetative growing season and a subsequent increase in
forage quality. However, our results do not reflect the expected reduction in space use by
females. This suggests that the increaderegige quality is not adequate to allow a decrease in
space use during fawning and lactation, the peak of energetic requirements for females (Oftedal
1985). Additionally, limited availability of concealment cover for fawns may restrain the ability
of femdes to minimize space use. Fawns require adequate concealment cover and dry conditions
for maximum probability of survival (Dion and Haus 2018). Rising water levels during the onset
of the wet season may fragment and lithé distribution ofawn concealrant cover across the

landscape. Space use may remain stable during the fawning and rearing seasons to provide
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females with access to sufficient concealment cover for their fawns, especially in a predator rich
system. Contrary to our prediction, we did nbserve an increase in space use by females

during gestation (posut season). Loveless (19Qetermined that browse in this system has

high protein and nutrient content during the winter season and meets the baseline energetic
requirements for gestatio The increase in forage quality during this time may afewalesto

meet the energetic requirements for gestation without the need to increase space use.

Resource Selection

Resource Selectidnintroduction

Across their range, variation in resoureigability plays a major role in determining when and
where deer spend time. At higher latitudes, deer may seek refuge from winter conditions in dense
evergreen thickets that provide thermal refugia, relative safety from predators, and meager forage
(Messer and Barrette 1985). Conversely, deer in southwestern North America seek shelter from
solar radiation during summer months (Ockenfels and Brooks 1994). In South Florida, deer
experience seasonal variation in resource availability as a result of walksgaesonal flooding

during summer months (Duevet al.1986). However, drought conditions are not uncommon in
winter months resulting in pronounced wet and dry periods that are highly variable in terms of
timing, intensity, and duration. Thus, seasonalrblogy affects many aspects of whitéled

deer ecology, including resource selection. Annual variation in hydrology can have profound
influences on deer demography and habitat selection (Richter and Labisky 1985, Miller 1993,
Labisky and Boulay 1998,dbisky et al. 1999, MacDonaBeyers and Labisky 2005). For

example, Sargent (1992) and Miller (1993) found no effect of standing water on deer movement
contrary to the conclusions of Flemming et al. (2005) and Lovelessi{l35®wever, Sargent

(1992) anaMiller (1993) collected data in years of relatively low precipitation with mean water
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levels not exceeding 0.3 m. Conversely, MacDoiBdgers and Labisky (2005) compared years

of relatively high and low standing water and documented significant shifebitat selection

and a 100% increase in mortality rates of racbtdared deer in 1994995, a year of record high
water during the dry season (mean water level = 0.73 m in January), as deer sought refuge from
flooding on hardwood islands.

Seasonal hyatogical fluctuations affect space use at a broad temporal scale, but risk of
predation must be continuously assessed by prey species as they make behavioral decisions
about when and where to forage. Prey species may attempt to mitigate exposure &o risk vi
behavioral responses such as shifts in vigilance, grouping, or alterations hugat&@hanges in
patchuse often manifest in avoidance of perceived igk features or habitats. Mortality of
white-tailed deer attributed to direct predation has lveelhdocumented in South Florida (Beier
and McCullough 1990, Land 1991, Miller 1993, Labisky and Boulay 1998, Beier et al. 2003),
but the behavioral effects of predators on this population remain largely unexamined. Evidence
suggests the indirect effectsapredator may be predicted by the hunting mode of the predator
(Lingle 2001, Lingle and Wilson 2001, Stankowich and Coss 2007). Compared toangirg
cursorial predators, stalk and ambush predators such as panthers utilize habitat edges or thick
conealment cover in order to ambush prey. As a result, stalk and ambush predators may have
greater behavioral effects on their prey because informative habitat cues (e.g., edge) may be
associated with risk (Schmitz 2008). Due to the linkage between haldtptedation, such
predators can provide more predictable predation cues over time (Preisser et al. 2007), and prey
can alter habitat use as a function of predation (Sih 1992). Given local predator community
composition and circannual variably in surfacdexdevels, there is potential for an interactive

effect of hydrology and predation risk on resource selection.
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In addition to hydrology and predation pressure, human disturbance has also been shown
to affectwhite-tailed deer behavior (Geist 1971). Swfflects may indirectlyinfluence
population dynamics of the Florida panther and have important implications for prey and
predator managemeriunting is a traditional deer management tool and while daféettsto
deer populatiopare well understoofMcCullough 182, Nelson and Mech 1986a), relatively
less is known regarding the effects on deer behavior. iéilezl deer may resportd human
disturbance by increasing use of refuge habitat (Kammermeyer and Marchinton 1976, Pilcher
and Wampler 1981), avaityy areas of high human use (Dorrance et al. 1975, Rost and Bailey
1979), and altering movement (Marshall and Whittington 1968), activity patterns (Autry 1967,
Vogel 1989), and habitat selection (Swenson 1982, Kufeld et al. 1988).

We examined segpecificresource selection of whitailed deer in the Big Cypress
Basin in the context of hydrology, predation, and human disturbance. Overall, in accordance
with the reproductivestrategy hypothesis (Main et al. 1996), we hypothesized that male and
female resorce selection would differ due to differing reproductive requirements. In regards to
hydrology, we expected a seasonal effect of water level on resource selection because greater
water depth may represent mesic sites with palatable forage during thasbig sed inundated,
energetically expensive sites during the wet season. We also expected seasonal variation in
resource selection between the sexes because the hydrological season covaries with deer
reproductive chronology. Last, we predicted that usaedis associated with high risk of
predation would be positively correlated with surface water levels as increased water depth
decreases availability of other resources.

In regards to predation and human disturbance, we tested the hypothesis that dker woul

avoid both spatial features associated with
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hypot hesisé) and areas with high panther and
and offroad vehicle (ORV) trails to be associated with re&dyi high risk of predation by

panthers as forest edges are associated with increased occurrence of panthers (Frakes et al. 2015)
and ORYV trails are preferred corridors of panthers (Crawford et al. 2019). We also considered
ORYV and hiking trails to be assated with high risk of deeémuman interactions as such areas
provide most recreational opportunities for humans. We hypothesized that selection-fiskhigh
features would increase during the dry season and wet season for females and males,
respectivelyas a result of differential requirements for reproductive success. Lastly, we

expected avoidance of areas with greater panther activity as well as a seasonal effect of panther
activity on resource selection because greater water depth will likely rest@itable habitat,

resulting in an increase in selecting reskbut drier areas. We hypothesized that selection for
high-risk features would decrease as a function of panther activity rates for both females and
males. In regards to human disturbance tested the hypothesis that deer would avoid spatial
features associated with relatively high risk of de@man interactions.

Resource SelectidnMethods

We conducted three sets of resource selection analyses to address our hypotheses. We used a
distarce-basedapproach including five cover types (hardwood hammock, marsh, pine flatwoods,
prairie, and swamp), two linear features associated with predation risk and humans (roads and
edges), SWI, and panther and human activity rates. We usesestetion @inctions (SSFs) for

all sets of resource selection analyses to evaluate the effects of coyéytnéogy, and

panther and human activity rates on deer habitat selections&tsgiion functions efficiently

deal with the inherent difficulty of definingvailability associated with resource selection

functionsand resource selection probability functions by employing conditional logistic
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regression in a casmntrol design at the step level (Fortin et al. 2005). Animal trajectories may
be characterizedytattributes associated with sequential steps, or lines between sequential
relocations, such as step length and turn angle (Turchin 1998). Step length is the linear distance
between sequential relocations. Turn angles are measured as the angular dheaugegn
relative to the bearing of the previous step resulting in values rangingfront o~ . By s amp
step attributes from observed distributions a
samples, availability is defined by the underlying moverpentess.
We generated 15 random steps per observed step. This was accomplished by 1) sampling
15 step lengths from our gamsdestributed observed step lengtB% sampling 15 turn angles
from a uniform distributionand 3) calculating the resulting endpisi relative to the origin of the
observed step. Conditional logistic regression requires that the case (observed step) be compared
to a number of controls (random steps), thus all steps originating from the same location,
observed or random, were assigged c o mmon fistep identifiero, whi
stratumin SSFodels Because any single animal és reloca
in space and time, we used the unique deer identification number as a cluster variable to account
for individual variation in movement patterns that can otherwise bias populatielnselection
coefficients (Fortin et al. 2005, Prima et al. 2017).
For the first modeling approach, we examined sacific seasonal variation and
included interactions betwe&W!I and cover types and linear features to examine how
hydrology influences resource selection. We gquantified resource selection by fitting four sets of
SSF models representing males and females during the wet and dry seasons (78 males, dry
season; 70 made wet season; 143 females, dry season; 120 females, wet season). For the

remaining two modeling approaches, we evaluated seasonal variation in the effect of panther and
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human activity rates on deer resource selection by fitting eight sets of SSF mprdsming

males and females during the wet and dry seasons. To create daily activity rates of panther and
human, we summed respective daily detections of each species at each camera. We controlled for
camera effort by excluding nesperational cameras fail days they were not functioning. We
excluded detections less than 30 min apart to maintain independence among detections. To relate
camera detections of panther and human to location data of deer, we only included deer that had
seasonal home rangegthin a 700 m buffer of the camera grid (38 males, dry season; 35 males,
wet season; 70 females, dry season; 62 females, wet season).

In order to relate panther and human activity rates to deer GPS location data, we created
daily continuous surfacdsiman ad pantheactivity usinginverse distance weighting (IDW)
interpolation in the packaggstat(Pebesma et al. 2019) in Program R (R Core Tearf))2MwW
uses a weighted average of activity patterns from nearby camera locations to predict the activity
pattens for each camera location within a grid comprised of-sigecified areas (de Smith et al.
2015). Our usespecified areas of inference were 50bbmcause it most closely matched the
distance between cameras (i.e., 700 m and 250 #maiband offtrail respectively). This
interpolation process provided spatial explicit estimates human and panther activity at the daily
scale.

Remotely sensed spatial data were extracted to the endpoints of all observed and random
steps and included as covariates in®8Fs. For subset one, we extracted Euclidian distance to
each cover type (hardwood hammock, marsh, pine flatwoods, prairie, and swamp), Euclidean
distance to linear features (roads and edges), and SWI. We then created a global model that
included all covetypes, linear features, and SWI to identify important explanatory variables. For

subset two, we extracted panther activity rates, Euclidian distance to each cover type, and SWI to
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each observed and random step endpoint. Next, we created a globaintlodetgall cover
types, linear features, and panther activity rates to identify important explanatory variables. For
subset three, we included all variables in subset two, excluding panther activity rates, and
including human activity rates. Last, we desha global model that incorporated all cover types,
linear features, SWI, and human activity rates to identify important explanatory variables.

For subset one, we parsed the data by sexyaeblogicalseason (wet season: May
October; dry season: Novéxar-April), developed four sets of candidate models using various
combinations of our covariates, and used corrected Akaike's Information Criterion (AICc) to
identify a top model from the set of candidate models (Burnham and Anderson 2002) for each
sexseaon subsetlable 9. For subset two, we used the same modeling approach, but included
candidate models with panther activity rates and their interaction with land cover, linear features,
and SWI. For subset three, weed the same modeling approach as subset one and two but
included models with human activity rates and their interaction with all other land cover types,
linear features, and SWI. We used the same model selection procedure as subset one to identify
the bp model from eight sets candidatenodels for each seseason combination of subset one
and two respectivelyTables 1011). All analyses were performed in program R (Bates et al.
2014, R Core Team 2019).
Resource SelectidnResults and Discussion
We used 579,682 GPS locations collected during 01 Januaryi ZilBecember 2018 for
resource selection analys&®r the sesseason subset analysis, model selection indicated that
our global model was the top model for all four subséth(e 9. We observed variation in
selection across both sex and season. Male deer selected for marshes during both seasons, and

selection for marshes was strondaring the dry seasoiriy. 14). We observed significant
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interactive effects of SWI and cover type which differentially affected seasonal resource
selection of forest edges, roads, flatwoods, prairies, and swamgsadimgy SWI decreased
distance to forest edges and flatwoods during the dry season for mdldscreased distance to
prairie during the wet season. As SWI increased, males were nearer to roads and further from
swamps than would be expected at randonnduyoth seasons.

Females exhibited greater seasonal variation in selection than maltess(1213).

During both seasons, females selected prairies with no effect of SWI de pedéction [ig.

15). Similarly, we observed no effect of SWI on selection of pine flatwoods, which females
selected for during the wet season. SWI significantly affected female selection of marshes,
swamps, hammosk and our proxies for predation risk and human disturbance, forest edges and
roads. There was no seasonal variation in selection of marshes and swamps, which were avoided
by females as SWI increased. Increasing SWI increased distance to hardwood hafomtocks,

only during the wet season. Female deer also selected areas nearer to roads and edges as SWI
increased during both seasons.

For the eight seseason specific analyses including panther and human activity rates,
model selection indicated that the glbbedel was the top model for six of the ssmason
specificanalyses, while the top model for males during the dry season excluded the interaction
betweerprairieand panther activity and human activity, respectivébbles 10 11). Panther
activity hadminimal effects m selectiorfor both sees During the dry seasoareas with
increaseganther activity rateweremarginallyavoidedby males {able14). For females,
panther activity rates were not significant in regards to habitat selection during the dry season
(Table 15. In the wet season, males avoided prairies with increasing panther activityl edies (

14). During the wet season females and males selected for higher water levels with increasing
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panther activity rates, suggesting deerfiezeded cover typeshen panthers are active during
the wet seasom@ble 15.

Human activity rates (hereafter human disturbance) had stronger effects on resource
selection of females compared to males in the wet season. Increasing human disturbance had no
effecton male habitat selection in either seaftable 16§ or female habitat selection in the dry
seasonTlable 17. During the wet season, increasing human disturbance caused avoidance of
roads and pine flatwoods, and increased seleéor prairie for femalesl{able 17.

As we hypothesized, our results indicated a pervasive effect of surface water levels on
resource selection which varied with respect to sex and hydrological season. The dry season
includes biological seasons such as fawning and fawn rearing and antler casting and bachelor
group formation for females and males, respectively. These biological seasons represent periods
when males attempt to recuperate body mass lost during the loysedson and female
energetic demand increases throughout gestation. The similarity in energetic demand is reflected
by the similarity in resource selection across sexes during the dry season when only hardwood
hammocks and pine flatwoods were differetfiablected or avoided by the sexes. Both sexes
selected for marshes during the dry season; however, only female selection of marshes was
influenced by SWI. The sespecific difference in the effect of SWI on the selection of marshes
may be associated wifemale avoidance of relatively high water during the fawn rearing season
when fawns are not yet large enough to traverse flooded areas. Conversely, females showed no
selection for flatwoods during the dry season when increasing water levels increased male
selection for that cover type. Pine flatwoods are typically associated with a dense understory,
which may serve as concealment cover for predators. According to the predation risk hypothesis

for sexual segregation in ungulates, male thresholds for rigbsexe should be greater than
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those of females due to size, especially at a time when neonates are present (Main et al. 1996).
Thus, males may be willing to utilize areas perceived to bersgtby females as a function of
risk thresholds and relative partance of the season to sspecific reproductive success.

We observed greater variation in selection between sexes during the wet season, which
included the preut and rut, biological seasons of marked variation in behavior. For example,
selection opine flatwoods and the effect of SWI on selection of hardwood hammocks, marshes,
and prairies varied by sex during the wet season. The wet season coincidesimétieaseén
male testosterone levels, which ultimately induces hyperphagy anesesatdingehaviors,
and generally increases male thresholds for exposure to predation risk. Conversely, females are
relatively free from physiological stressors associated with reproduction during this period due to
cessation of lactation and relative independerig®mung of the year. Thiduction inenergetic
demandsnd for offspring survival may explain female selection for flatwoods during the wet
season. An alternative explanation for the seasonal differences in flatwoods selection by females
may be that memn surface water levels were higher during that season, which would also explain
the lack of an effect of SWI on flatwoods selection by either sex. Contrary to previous findings
in the Florida Everglades, females in the Big Cypress Basin avoided hardamatblks as
SWI increased. Miller (1993) and MacDondéyers and Labisky (2005) documented increases
in selection for hardwood hammocks during a period of prolonged inundation. The discrepancy
in results may be attributed to higher availability of alteweaipland habitat (i.e., flatwoods)
our study arearhe differential in energetic demand for the sexes during this season and its
importance to reproductive success of males may explain observed variation in selection between
the sexes during the wegason. This sexand seascspecific difference in selection supports

our hypothesis that requirements for reproductive success result in gasatbnin selection.
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Significant effects of SWI on selection of edges and roads support our hypothesis that
increasing water levels force deer nearer to edges and roads than expected at random because
open cover types in the Big Cypress Basin (i.e., marshes and prairies) are characterized by
slightly lower elevation than adjacent pine flatwoods and hardwood baksmAs a result of
the elevational gradient, open cover types were prone to inundation. Similarly, roads were
typically elevated. Both sexes selected for areas nearer to roads as SWI increased during both
seasons, but increasing SWI affected only fersalection of edges during the wet season,
which was likely a result of erratic male movement behavior during the rut. As SWI increased
and availability of open cover types decreased, deer may have sought refuge from standing water
near roads and forest exly

We included distance to forest edges and roads as proxies for predation risk by panthers
and human disturbance in our SSFs, as well as panther activity rates and human disturbance
directly. Onorato et al. (2011) demonstrated strong selection fomadtieests (e.g., cypress,
cypress/pine/cabbage palm, mixed wetland forest, and hardwood swamp) by panthers using
Euclideandistance analyses and GRSemetry locations from 20 adult panthers. Additionally,
prey species may associate habitat featureh, asiforest edges, with ambush predators and alter
behavior in proximity to such features as Altendorf et al. (2001) demonstrated inp@audeser
system (Preisser et al. 2007). Distance to ORYV trails was also included as covariate representing
high-risk areas because concurrently collected camera trap data indicated readasasf
greatempantheractivity (Crawford et al. 2019).

Our hypothesis regarding sepecific responses to predation risk was not supported. We
observed no avoidance of areas withhhppgnther activity rates or avoidance to edges or roads

with increased panther activity rates during either season. However, we did find that increasing
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panther activity rates caused an increase in selection for deeper water in the wet season for both
sexes. We also found that in areas with greater panther activity, males selected prairie more than
expected at random in the wet season. This pattern may be partially explained by selection for
areas of higher water levels as marshes and prairies are chaeadsrslightly lower elevation
relative to the surrounding cover types, and typically experience greater flooding. Selection of
flooded areas in the presence of panthers may indicate that marginally flooded areas can serve as
a refuge for deer, howevdrd negative energetic and nutritional costs of using flooded areas
deserves more attention.

Our hypothesis that human disturbaefectsselection of spatial features associated
with relatively high risk of predation wamrtially supported. In the weeason, increasing
human disturbance caused females to avoid read$iad neeffecton the selectionf edge in
any seasorMale habitat selection was naffected byincreasing human disturbance in either
season. Females avoided roads and pine flatwandiselected for prairies with increasing
human disturbance in the wet season. Thus, our hypothesis regarding differences among sexes
was supported. This finding may be driven by predation risk hypothesis for sexual segregation in
ungulates; specificallynale tolerance for risk exposure is predicted to be greater than those of
females due to body size (Main et al. 1996). This difference in tolerance of risk by males should
be greater in the wet season due to increased testosterone levels associateediritty. br

Last, it should be noted that female selection wasfiettedoy humans in the dry
season, which may be attributed to relatively high energetic demands associated with gestation
and lactation. The risk afcurring a nutritional deficimay outveigh encountering a huméor
females. Alternatively, themplicationsof humaninteractiongnayvary by season since deer

hunting is restricted to the wet season.
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Others have reportdémaledeeravoidance of roadduring the hunting seasoKilgo et
al. (1998)demonstrated that deer in Osceola National Forest, FL, preferred forested areas and
avoided roads during the hunting seaandposited that the avoidance behavior of roads and the
selection of forest habitat by deer could increase panther guntatess by increasing prey
concentrations in areas preferred by panthers. While females in our study avoided roads, they
also avoided pine flatwoods and selected open prairies. Females likely selected such areas to
maintain open sight lines and avoid ghsieor concealment cover associated with pine flatwoods,
which were reportedly selected by panthers in South Florida (Maehr et al. 1990b). More recent
work suggests that upland forest is not as critical for panthers (Cox et al. 2006, Kautz et al. 2006,
Benon et al. 2008), and Onorato et al. (2011) observed strong selection for prairies at night.
However, the effect of human disturbance on selection for prairie was only observed during the
wet season, and hydrology is one of the most important factors dateyriine presence of adult
panthers (Frakes et al. 2015). Thus, when water levels are higher in the wet season, panthers
likely avoid flooded areas (e.g., prairies and marshes). While the effects of deer resource
selection on panther hunting efficacy sybnd the scope of this study, avoidance of roads and
selection for prairies by deer may decrease-gaather encounters. Human disturbance has the
potential to decrease panther hunting success by displacing female deer away from preferred
panther habitate.g., pine flatwoods; Benson et al. 2008, Cox et al. 2006, Kautz et al. 2006,
Frakes et al. 2015) and areas heavily travelled by panther (e.g., ORV trails; Crawford et al.
2019), and increasing concentrations of deer in open areas of deeper water.

In summary, changes in surface water levels significantly affected habitat selection of
both sexes, but the magnitude and direction of the effects varied across sexes and seasonally

within each sex. The differences in selection are likely driven bysagon dgendent energy
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budgets and predation risk thresholds associated with optimizing reproductive success. For
example, the dry season includes biological seasons that are pivotal to female reproductive
success (i.e. fawning, fawearing), and our results suggl that females avoid flogatone

habitat types during this period when fawns may be present. However, males selected for
marshes more strongly during the wet season, which coincides with the breeding season, or rut.
In South Florida, the rut occurs inanio late August and is characterized by the greatest male
activity rates (Crawford et al. 2019). Thus, male selection for marshes during the wet season may
serve as a thermoregulatory mechanism enabling males to maintain high activity rates during the
hottest part of the year as they seek mating opportunities. We found panther activity rates only
impacted habitat selection in the wet season, when both sexes were shown to select for areas of
deeper surface water. This pattern suggests deer may use fladmteds as a refuge from

predators. Last, human activity only altered female habitat selection in the wet, selasisbn

may decrease hunting success for panther in the wet season.

Movement Behavior

Movement Behavidr Introduction

Animal movement influeces individual fithess (Andreassen and Ims 1998, Doherty and Driscoll
2017, Hooten et al. 2018). In systems devoid of predators, prey species may make movement
decisions based solely on forage availability and patch quality. However, when moving through
alandscape of risk with predators, prey must assess spatial variation in risk and optimize
movement to maximize energetic intake while minimizing their probability of being eaten
(Brown et al. 1999). This is one of the mechanisms by which predators cantisbapial

distribution of prey (Laun@®et al. 200). Disturbances, both environmental and anthropogenic,
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can interact with spatial variation in predation risk to affect exposure of prey to risk (Tucker et
al. 2018).

Stochastic environmental conditions ¢afluence animal movement and space use by
altering the availability of resources, such as forage or refugia, or by impeding locomotion. In
either case, prey species may subsequently experience elevated risk of predation. When prey
mobility is reduced as i@sult of adverse environmental conditions, movement comes at a
greater energetic cost (Shepard et al. 2013). Further, reduced mobility can reduce the probability
of escaping an encounter with a predator that is better adapted to the conditions. F,examp
deer movement rates decrease with increasing snow depth, while risk of predation by wolves
increases (Nelson and Mech 1986b, Gilbert et al. 2017). Conversely, adverse environmental

conditions may offer prey refugia as suggested irRtbgource SelectionResults and

Discussiorsection.

Additionally, anthropogenic features, such as roads and trails, have the potential to
influence animal movement and impact individual fithess. For example, Prokopenko et al. (2017)
reported increases in movement rates and use of coniferous cover(®eelks canadengiss
distance to roads decreased. Further, elk responded to roads just as they responded to natural
predation risk suggesting that they perceive anthropogenic corasitrighrisk features on the
landscape. Intensity, frequency, and duration of human disturbance may directly impact prey
species movement decisions (Leblond et al. 2013). Alternatively, anthropogenic landscape
features may indirectly influence prey movemley providing efficient movement corridors for
predators. For example, James and St8arith (2000) observed avoidance of linear corridors
by caribou, selection for such corridors by wolves, and reported that caribou mortality events

attributed to wolf pedation occurred closer to corridors than expected at rarBiIOhP is open
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to the public and hosts thousands of visitors annually for various activities including ORV trail
riding, biking, hiking, and hunting. While theajority of FPNWRIis not accessibl® the public
yearround, extensive habitat management efforts including prescribed fires, invasive plant
treatments, and data collection result in frequent human disturbances. Thus, determining how
human activity influences deer movement is requisitentterstanding how human disturbance
may affect exposure of deer to predation risk by panthers.

We evaluated sexand seasospecific movement behaviors of whitgled deer in South
Florida relative to hydrology, human disturbance, and risk of predatiétobga panthers using
integrated step selection analyses (iISSAs). We hypothesized that hydrology would differentially
affect movement of male and female deer both within and across seasons as a result of differing
requirements for reproductive succesddiionally, we hypothesized that surface water levels
would induce habitaspecific shifts in movement resulting in increased exposure to predation
risk as certain habitats were predisposed to inundation. Lastly, we hypothesized that our proxy
for human dsturbance, distance to roads, would hiawéted effect ondeermovementgiven
restricted access and relatively low hunter densities result in negligible annual deer harvest rates
in the study area.

Movement Behavidr Methods

We utilized integrated gpeselection analyses (iISSAS) to evaluate deer movement (Avgar et al.
2016). Integrated SSAs are extensions of step selection functions (SSFs) wherein step lengths
and turn angles are included as covariates in an SSF. When these step attributes arascluded
interactive effects with habitat type or landscape features, the resulting parameter estimates allow
for inference on the effects of landscape attributes on movement behavior. Therefore, we

integrated step lengths and turn angles into the top SSF asstaliated with subset one
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discussed in thBesource SelectiohMethodsto make inferences regarding the seasonal effects

of hydrology, human disturbance, and predation risk on deer movement in South Florida.
MovemenBehaviori Results and Discussion

We observed sexand seasospecific effects of spatial covariates on step length and turn angle
indicating habitatand featurespecific differences in movement behavior of wAtéied deer in
South FloridaTables 1819, 20, 21, 22). Step length was positively correlated with surface

water levels across all seeasonsHigs. 16a173). Increasing SWI decreased turning angles of
both sexes during the wet season, but had no effect during the dry deasofl 17b). This
suggests that, during the wet season, both sexes travel less linear paths through areas of high

water than they do during the dry season. However, as suggestedRiesource Selection

Results and Discussi@ection, increasing tortuosity of movement trajectories in areas of high

water may indicate use of inundated patches as refugia from predators. Seasonal variation in the
effect of SWI on turn angles, but not step length may be explained by the magnitude and

duration of wet season flooding and the subsequent necessity of animals to circumnavigate areas
of relatively high water. Alternatively, the inverse relationship betviesage availability and

SWI may force animals to travel farther in an effort to meet energetic demands. No effect of SWI
on turn angle during the dry season may be a function of low landscape resistance relative to the
wet season, which is characterizgdprolonged inundation.

The sexes exhibited similar movement behaviors in relation to marshes. Step lengths of
both sexes increased significantly near marshes during both wet and dry seasons. However,
distance to marsh only affected their turn angleshduhe wet season when both sexes traveled
more trajectories near marshésy6. 16 17). As a cover type predisposed to inundation, deer

appear to move more quickly through nieas in both seasons. However, the seasonal difference
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in the effect of marsh on turn angles suggests that both sexes travel more linear paths near
marshes during the wet season when the magnitude and duration of flooding are generally
greater. During thergt season, typical mean surface water levels are unlikely to impede travel,
and moist soils associated with marshes provide the highest quality available forage at that time.
Forage quality in marshes may explain greater turn armlésituosity, for trgectories of both
sexes during the dry season. More linear paths near marshes during the wet season are likely
related to decreased efficiency of locomotion, reduced forage availability, increased risk of
predation by alligators, or a combination of théssors as a result of relatively high mean
surface water levels and prolonged inundation.

Distance to swamps had minimal effects on movement as male step length decreased near
swamps during the wet season, but no othetssason combination exhibited affiect of
swamp on step length or turn angle. Pine flatwoods had no effect on step lengths of either sex;
however, we observed seasonal differences in turn angles for both sexes in relation to pine
flatwoods. For males, turn angles increased near pitveotbals during the dry season when
female turn angles were unaffected. Conversely, female turn angles increased near pine
flatwoods during the wet season when male turn angles were unaffected. Therefore, males
moved more tortuously through pine flatwoodsing the dry season while females had more
tortuous trajectories in pine flatwoods during the wet season. Relatively high tortuosity in a
given cover type implies relatively intensive use of that cover type while linear trajectories
suggest traveling thrgin a patch. Interestingly, the sexes exhibited similar movement behaviors
with respect to pine flatwoogbut during different seasons. These results concur with our SSF
results Figs. 14 15), which suggest selection for pine flatwoods by females and interactive

effects of SWI and distance to pine flatwoods during the wet and dry seasons, respectively. Our
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ISSA results reinforce these findings and suggest that females may teoaviely utilize pine
flatwoods only during the wet season when their fawns aresg#itient and relatively high
surface water levels reduce the availability of more preferred habitats. Given the typical density
of the pine flatwoods understory, mal®evement behaviors associated with flatwoods during the
dry season may be explained by their relatively high threshold of predation risk and lack of
obligation to the safety offspring.

To evaluate the effect of human disturbance on deer movement in tb&taant
predation risk, we included distance to forest edges as a proxy for predation risk and distance to
road as a metric of both human disturbance and predation risk in our iISSAs. Distance to roads
did not affect turn angles of any segason combinatiofdowever, we observed variation in the
effect of distance to roads on step length across sexes and seasons. Male and female step lengths
increased near roads during the dry and wet seasons, respectively. Contrary to our hypothesis,
this suggests that tlsexes move more quickly in proximity to roads than would be expected at
random. Prokopenko et al. (2017) reported a h
manifested in faster movement of elk in proximity to roads. Further, they reported that elk
respomed to roads just as they responded to natural predation risk in the context of movement
behavior. Our results indicate that distance to forest edges affected female step length during the
wet and dry seasons, but had no effect on female turn angles maynovement behavior.
Interestingly, female step length decreased near edges during both seasons, which suggests that
females move more slowly in close proximity to forest edges. While this finding in contrary to
movement behaviors of elk in high risteas reported by Prokopenko et al. (2017), the
difference in behavior may be attributed to predator hunting mode. Prokopenko et al. (2017)

analyzed data collected on elk in their winter range where wolves likely posed the greatest risk of
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predation, and ithe presence of a cursorial predator, increased movement through an area of

high risk may minimize the probability of encountering a predator. However, in the presence of a
stalking ambush predator and absence of cursorial predators, increased moves&moagh

risky areas may increase detectability of prey by predators. If our observed effect of roads on
deer movement is a Adisturbance effecto and f
effect of predation risk, the observed increase inanwnt rates in proximity to roads suggests

that human disturbance may influence deer movement behavior such that they are at a greater

risk of predation by panthers.

Activity Patterns and Predation Risk

Activity Patterns and Predation Riskntroduction

We examined the effects of variation in panther predation risk across space and at multiple
temporal scales on sespecific activity patterns of whitiailed deer. We tested the hypothesis

that predation risk induces ssgecific differences in spatioteimal activity patterns as
determined by spati al (6risky places hypot hes
variation in panther activity. Highsk scenarios were characterized by relatively high panther
activity. We hypothesized that risk expasuvould increase with the relative reproductive
importance of each biological season to each sex. Under this hypothesis, females investing in
lactation during the fawnearing season should increase their predisposition to risk relative to
other, less denmaling seasons (Oftedal 1985). Because their reproductive success is positively
correlated with body mass (Townsend and Bailey 1981, DeYoung et al. 2006), males should be
more risk prone than females across all biological seasons, particularly duringetimr

season.
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Activity Patterns and Predation RiskMethods

We analyzed panther and adult deer detections recorded at all camera trap locations from 01
February 2015 31 October 2015. Because deer activity is closely linked to reproductive stage,
we oiganized our study in the context of biological seasons of deer in the Big Cypress Basin
(Richter and Labisky 1985). Camera trap data indicated a broad window of fawning across most
of February and March (Chandler et al. 2018), thus we designated the$s mmitie fawning
season. This timescale (Februdigrch) was chosen to appropriately characterize behaviors
leading up to fawning, such as fawning site selection, while including the time period when the
majority of fawns were born. Because most fawnswumnstudy site were born by the end of

March and nearly all males had initiated antler growth by this point, we designated iyl

2015 as the fawnrearing and antler growth season (hereafter, rearing). Rearing is an
energetically expensive time for rgpluctive females as fawns grow and lactation peaks
(Clutton Brock 1982, Oftedal 1985, Pekins et
development and body growth during this period because antler size and body mass are
positively correlated with dainance and reproductive opportunity (Townsend and Bailey 1981).
To evaluate seasonal variation in activity at a fine scale, we included an additional biological
season in this analysis. Thus, we designated July as thetpvien males exhibit hyperphagy
increased activity, and increased antler sparring in preparation for conspecific competition.
Given the relatively broad fawning window, some breeding occurred through August and
September, however peak breeding behavior occurs intonidte August. Thus, we designated
August as the rut. This is a stressful time for males as they forage minimally and maximize mate
searching behaviors. Following the rut, males enter a recuperation phase known asrtite post

(SeptembeOctober). During this biological ason, bred females are in the earliest stages of

67



gestation. While the third trimester witnesses a peak in energetic demand for females, this period
is partially included in the early fawning season. The majority of the period between timetpost
season athfawning seasons, or gestation, requires relatively low reproductive energetic
investment. Thus, we did not consider gestation in analyses.

To maximize independence of detections, we sorted records chronologically by camera,
and omitted records with thamme sex, age, and species class as the previous record from
analysis if the time from the previous record was <6 min. We determined this threshold by
filtering the data at 1 min intervals and visually inspecting the mean difference in time between
images aeach thinning interval. The resulting curve indicated a rapid decrease in rate of change
in the mean interval when images separated by 5 min or less were omitted. This procedure
improved independence of detections by removing sequential images ofghgelividuals.

We then classified detections based on biological seasons and characterized each as either

diurnal (between sunrise and sunset) or nocturnal (between sunset and Werisedd pckage
maptools (Bivand and Lewin Koh9)td@eteninedaily Pr ogr
sunrise and sunset times associated with the coordinates of the centroid of our study area.

We estimated predation risk by modeling panther activity patteqm®tict when and
where a deer is likely to encounter a panther. We analyzed count data of male and female deer
and panthers at each camera using Poisson generalized linear mixed models (GLMM) with a log
link. The response variablgj) was the number afetections at each camera(1,...,180)
during each time period € 1,2; for diurnal and nocturnal) and biological seasbr (,...,5; for
fawning, rearing, preut, rut, and postut). Explanatory variables included trail (i.e-@md off
trail), time, and biological season. We fit GLMMs for each sex of deer and a single model for

both sexes of panther. We constructed four candidate models representative of specific
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hypotheses, used AIC model selection to identify the best candidate model forpanthéor

each sex of deef &ble 23, and used the most parsimonious model of each for inference.
Candidate models included various combinations of the main effects of trail, time, and biological
season as well as tweay interactions of each with the others. We hypothesized that time and
biological season would interact such that deer detection rates would be greater at high risk times
during biological seasons of reproductive importance. Similarly, we hypothesizaéchihatd

season would interact such that deer detection rates would be greater in high risk places during
biological seasons of reproductive importance. The number of camera hours varied among
scenarios due to variable season and day length (e.g., madatwitrail during the fawning

season) and among cameras due to camera failure, which we accounted for by using log (camera
hours) as an offset in the GLMMs. As a result, the estimates can be interpreted as the number of
detections per hour. Variation angpcameras was modeled using carsgrecific random

effects. Due to difficulty of deriving standard errors from linear models including random

effects, we calculated 95% confidence intervals (Cl) for detection rates via parametric
bootstrapping. Detectiorates of male and female deer and panthers were deemed significantly
different when Cls for seaseapecific and sex/specispecific detections rates did not include

the mean rate of another season or sex/species. We conducted detection rate anabgsamin pr

R using package Ime4 (Bates et al. 2015).

To test for differences in activity overlap of deer with panthers, we calculated the
coefficient of overlap in activity patterns of male and female deer with panthers using non
parametric kernel density esttion of imagdimestampgRidout and Linkie 2009). We
employed nonparametric bootstrapping to calculate confidence intervals for estimates of activity

overlap. Sexspecific deeipanther activity overlap was estimated for every combination of trail
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(i.e. a, off) and biological season (i.e. fawning, rearing;noite rut, and postut). We identified
significant differences in activity overlap using Cls in the same manner as described for
detection rates. We conducted activity pattern overlap analysesgrapr R using package
overlap(Ridout and Linkie 2009, R Core Team 2019).
Activity Patterns and Predation RiskResults and Discussion
We recorded 1,058 independent detections of panthers, 1,799 independent detections of adult
(i .e. O1 yeaer ofamdged, tna4 edelt ecti ons of adult
from FebruaryOctober 2015. At the diel timescale, only 2836(296) of panther detections
occurred during diurnal periods. Spatially, 9186(966) of panther detections occurred at on
trail traps. Sixtyfive percenti = 1,177) of male deer detections were diurnal and 65% (
1,175) occurred at etmail traps. Seventpne percentr( = 1,862) of female deer detections
occurred during diurnal hours, while 60%=% 1,565) of adult femaldeer detections occurred at
onttrail traps. However, only 11% (= 279) of female deer detections occurreetrail during
nocturnal hours.

The most supported model for panthers and both sexes of deer includedrrajltrail
X season, and seasptime interactionsTable 23. We observed an interactive effect of trail and
time on the rate of detection of panthers. This interaction is evideni8i5¥6 increase in
detection rates from diurnal efffail traps duringhe rut (0.24, 95% CI: 0.16.36;
detections/1,000 h) to nocturnal-tmil traps in the fawning season (1.02, 95% CI. a.8M%).
The detection rate of panthers was greatetraihthan ofttrail during both day and night across
all seasons with the higbiedetection rates observedpail at night during the fawning season
(1.03, 95% CI: 0.82.28) and oftrail at night during the rut (1.02, 95% CI: 0-8®4). The

lowest panther detection rates occurreeti@il during diurnal hours of the prat (0.23, 95%
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Cl: 0.130.34) and rut seasons (0.24, 95% CI: €0136). The difference between diurnal and
nocturnal detection rates of panthers clearly identified nocturnal hours as periods of higher
predation risk to deer while the discrepancy between detsdioon and ofttrail traps
suggested relatively high risk of predation for deer in proximity to traits (8. We also
observed a season by time interactive effect on detection rates of panthers with diurnal and
nocurnal detection rates being highest during the fawning season at bw#il amd offtrail
traps. Thus, we considered deer activity in the context of spatially and temporally variable risk of
predation and classified diurnal and nocturnal periods asdod highrisk times, respectively.
We considered orand offtrail locations as areas presenting respective high and low risk.
Therefore, diurnal, offrail deer activity imposed the least risk and nocturnatraihdeer
activity imposed the greatesski

For male deer, we observed significant interactive effects of trail and time as well as time
and season on detection ratés( 19. In highrisk areas at lowisk times, detection rates
(detections/1,000 h) of malesere lowest during the fawning season (0.98, 95% CI:-0.2Z0)
and peaked during the rut (3.31, 95% CI. 23880). Detection rates were greater at-lisk
times than highrisk times across all seasons. In higgk areas at highisk times, male actity
was lowest during the fawning season (0.23, 95% CI1-0.35) and increased each season
through the rut (2.09, 95% CI. 1.054), then decreased during the pos$t(0.93, 95% CI:
0.751.16). In lowrisk areas at lowisk times, activity of males wdswest during fawning
(0.90, 95% CI: 0.64..20), and peaked during pnet (2.35, 95% CI: 1.82.90) and rut (2.12,
95% CI: 1.642.76). In lowrisk areas, male activity during lersk times was greater than

during highrisk times during fawning and reagnbut there was no difference during any other
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season. The observed increase in gk activity by males supports our hypothesis that deer
would expose themselves to the greatest risk during periods of reproductive importance.

We observed interactiveffects of trail and time, as well as season and time on detection
rates of female deeFig. 20). Detection rates of females were greater atrisk times across all
seasons regardless of location. The greatest faetdetions rates occurred in high risk areas at
low-risk times during the rearing (2.79, 95% CI. 2382), prerut (3.23, 95% CI: 2.648.79),
and rut (3.98, 95% CI: 3.44.65) seasons. However, detection rates of females atibiglimes
were greatem low-risk areas through all seasons.

We observed significant effects of trail and season on the coefficient of overlap of males
and females with pantherBi(. 21). In low-risk, off-trail areas, the sexes only diffdra overlap
with panthers during the fawning season when fespalgher overlap was greater. However, the
sexes differed in overlap with panthers during all seasons iarisighontrail areas where
females overlapped with panthers more during the fagve@ason, and majenther overlap
was greater during the rearing, fte, rut, and postut seasons. We also observed seasonal
differences in overlap within the sexes. In lagk areas, activity overlap was greater during
fawning and rearing than pret, rut, and post rut for both sexes, and fenpaether overlap was
lower during the rut than any other season. Inigk, orttrail areas, femalpanther overlap
was greatest during the fawning season, while 1patgher overlap was greatest duringrie
Within the sexes, we also observed effects of spatial variation in risk of predation-on deer
panther overlap; femalganther overlap was lower in higisk areas than lowisk areas during
fawning and rearing, while maj@nther overlap in highsk areas was lowest during rearing

and greatest during rut. While detection rates indicate no increased female risk exposure during
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fawning and rearing, our activity overlap results supported the hypothesis that differing
requirements for reproductive succeggplains the behavioral differences between the sexes.

Our results provide strong evidence that risk of predation by panthers induces white
tailed deer activity patterns that are substantially different from activity patterns in other parts of
their rangevhere panthers do not occur. Activity patterns of deer vary based on geographical,
physiological, and environmental factors. However, peaks in activity during crepuscular hours
are ubiquitous across the species@andange ( Kam
McCullough 1990). Increases in nocturnal activity of deer exposed to human hunting pressure
are also well documented (Kilgo et al. 1998, Kilpatrick and Lima 1999, Webb et al. 2010, Little
et al. 2015). Our results suggest that both sexes of dedmydid preference for diurnal activity
and that males engaged in riskier, nocturnal activity more than females, which may be attributed
to their inability to forgo activity during periods of high risk while meeting energetic
requirements for maintainingpeoductively competitive body mass. Conversely, female
detection rates suggest a strong aversion to nocturnal activity.

Predation risk has been suggested as a driver of behavioral variation among male and
female deer (Ruckstuhl and Neuhaus 2000) asgenific energetic demands associated with
reproductive success require traafés between safety and energetic intake (Main et al. 1996,
Ruckstuhl and Neuhaus 2000). We observed increased exposure-tskigtenarios for male
deer during seasons of higtproductive importance. However, females did not appear to
increase risk exposure as predicted during the fawning and rearing seasons relative to other
seasons.

Our results suggest that deer in South Florida perceive ORYV trails agdkgheas and

reserve activity in those areas for lewgk times to minimize probability of encounters with
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panthers, which we detected disproportionatelraih at night. Relatively high detection rates
of panthers at otrail traps suggests that ORYV trails may fadiétthe efficient movement of
panthers across the South Florida landscape. Our results provide support for the hypothesis that
predation risk shapes the spatial distribution and temporal activity patterns of prey populations
(Brown et al. 1999, Laundré 2010 as wel | as evidence that white
temporal variability in risk and alter their behavior to mitigate exposure to that risk.

OBJECTIVE 2

Trends in the Camera Data

Trends in the Camera Datalntroduction
Effective wildlife montoring requires data collection aadalytcal methods that yield accurate
estimates of population state variables such as abundance and density (Nichols and Williams
2006). Collecting data at appropriate spatial and temporal scales is a challenggefor lar
vertebrates such as deer because of the costs of surveying expansive regions. In South Florida,
the challenge is especially great because much of the region is remote and difficult to access.
Prior to this study, aerial line transect distance samplegtive preferred method for monitoring
deer populations in South Florida. However, this method is expensive, potentially hazardous, and
is not effective for surveying habitats willensecanopycover where deer cannot be seen from
the air. We therefore elmted the efficacy of a camebased survey method, and we used the
results of our camera study to develop an optimal design foiténgmonitoring of the deer
population.

The primary purpose of the camera study was to assess spatial and temagrahvari
deer abundance and density. We developed and applied novel methods for estimating abundance

and density from camera data, and those results are presented in the next section. In this section,
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we summarize the raw camera data, and we describes fretite observed detection rates of

deer and their predators. We note that the raw camera data cannot be used as a reliable index of
abundance because they will not be proportional to abundance if there is variation in detection
probability arising from ksanges in activity patterns over time (Nichols and Williams 2006). For
example, detections of male deer often spike during the rut, and the increased detection rate is a
reflection of increased activity, not changes in abundance. Abundance must thexefore b
estimated by accounting for variation in detection probability, which is the focus of the

Abundance and Densisection.

Trends in the Camera DataMethods

We used two summary statistics to characterize temporal atidtsmporal trends in the

camera data from 1 January 261BL December 2017. First, we calculated the daily detection
rates at each of the three study areas for deer, panthers, bobcats, black bears, coyotes, and
alligators. Daily detection rates wereaahted by dividing the total number of detections at a

site by the number of cameras that were operational on that day. In most cases, all 60 cameras
were operational at each site on each day, but cameras occasionally failed, and in one instance,
camerasvere removed from a site that was threatened by wildfire. Daily detection rates provide
a useful summary of trends in the camera data, but they can be influenced by high levels of
variability caused by animals that spend long periods of time in frontaiara and are

repeatedly photographed. To reduce the influence of these bursts of photographs, we calculated a
second summary statistic: the daily proportion of cameras that had a least one detection of the
species listed above. For deer, we calculatéd ®emmary statistics for adult males, adult

females, and fawns. To visualize both spatial and temporal trends, we néapath averages

of the detection rates at each camera.
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Trends in the Camera DataResults and Discussion
Over the three year camestudy period, trail cameras recorded 31,798 deer photographs at
39,063 deer photographsBit and 82,029 deer photographs at FPNWE&b(e 24. AL had
7,465 male deer detections, 11,549 female deer detections,/85d@yn detection8| had
5,986 male deer detections, 14,315 female deer detections, and 5,290 fawn detections. FPNWR
had 14,945 male deer detections, 35,471, female deer detections, and 9,304 fawn detections
(Table 24. FPNWR had the highest average number of deer detections per camera across all age
and sex groups for threeyearcamera study period éble 25. These values reflect counts of
deer that could be reliably aged aeked.

We did not observe strong temporal trends in overall deer detection rates over the course

of the study {ables 2526; Figs. 22 23). At AL, deer detections decreased during 2017

compared to 2015 and 2016 for all sex and age classes. Adult female detection rates decreased
slightly atBI. On FPNWR, the daily proportions of cameras with at least eteztion was

relatively stable for adult males and females. Adult male deer had higher detection rates during
the rut (July Septembertigs. 24 25). Adult female deer displageno seasonal trend in

detection Figs. 26,27). Fawn detection rates were highest during parturition (Janddaych)

and over the following® months Figs. 28 29). Fawn detection rates were highest at FPNWR

and lowest afL where a slight decrease in detection rates occurred over the three years.

Detailed analysis of the fawn data is provided infhe/n Recruitment and Phenolosgction.

All sex and age classes displayed spétirogeneityn detection rates within and among the

three sitesAppendix B.

Panther detection tes tended to be higher on BCNP than on FPNWR, although 2017

detections were similar among management areggds 2728). The proportion of cameras
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with at least one pantheetéction per day averaged 0.033 (0.022040) atAL, 0.033 (0.02%
0.047) atBl, and 0.020 (0.0180.023) at FPNWRTable 29. Panthers were detected throughout
the year with no distinct seasonal correlations witlte-tailed deer detection ratesifs. 30
31).

Black bear detection rates were similaBaand FPNWR, and lower &t (Tables 27
28). The daily proportion of cameras with at least one black bear detection was 0.05% (0.045
0.056) aBl, 0.040 (0.033 0.052) at FPNWR, and 0.032 (0.040.051) atAL (Table ®). Bear
detection rates were lowest during the winter moatiseesponding with bear reproductive cycle
(Figs. 32 33). Although males and nereproductive female bears in FHida may remain active
during the winter, parturient females typically den from late December t@\priti(Garrison et
al. 2012) In South Floridaperiods oflow bear activityare concurrent witkdeerfawningseason.

Bl had more bobcat detections thaln and FPNWR across thiereeyearstudy (Table
27). Bl had an average daily detection rate of 0.068 bobcats per camera day as opposed to 0.043

on FPNWR and 0.042 ohL (Table 29. The daily proportion of cameras with at least one

bobcat detection averaged 0.047 (0.08855) atBl, 0.031 (0.028 0.035) at FPNWR, and
0.031 (0.02% 0.041) atAL (Table 29. Bobcats were detected throughow ylear with no
distinct seasonal tren&i@s. 34 35).

Coyotes were detected infrequently (<1% of the camera days) over the course of the
study (Tables 2728, 29). Coyote detection rates were highest during the fawn parturition and
fawn rearing seasonki(s. 36 37). Alligators also exhibited infrequent camera detections (<1%
of the camera days) over the course of the stlidiglés 2728, 29). However, unlike coyotes,
alligator detections showed no distinct seasonal trend coinciding with-tatiéd deer

detectionsKigs. 3§ 39).
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Abundance an®ensity

Abundance and Densitylntroduction

Estimating abundance and density of wildlife species that lack unique individual markings is a
difficult challenge when conducting surveys with camera traps. For species with unique natural
markings, camera tican be used with spatial captueeapture (SCR) moddésspatially

explicit extensions of traditional markcapture modeds to make inferences about density and

other population parameters (Efford 2004, Borchers and Efford 2008, Royl@ @134,

Appendix A). However, many species, including whitdled deefemales lack natural

markings, making it impossible to use standard SCR techniques. Recent extensions of SCR
models have relaxed the requirement of individeabgnition, allowing for inferences about
abundance and density to be drawn from camera data on unmarked or partially marked
populations (Chandler and Royle 2013, Sollmann et al. 2013). These approaches work best when
ancillaryinformationabout detectioprobability is available, such as when a subset of the
population has been marked and when telemetry data is available (Sollmann et al. 2013, Ramsey
et al. 2015, Whittington et al. 2018).

Few studies have applied SCR models to data on Atdiiesl deer. Baver et al. (2017)
demonstrated that standard SCR models can be fitted to data on male deer that have been
uniquely identified by their antler characteristics. Chandler et al. (2018) developed an SCR
model to estimate whitmiled deer fawn survival anéaruitment. Their model requires that all

detected fawns can be uniquely identified based on spot patterisa(gedecruitment and

Phenology. Although these methods were shown to be highly effective, they are |&dwsive
because they can involve manual interpretation and-ceésencing of thousands whages

Moreover, adult female deer lack unique markings, prohibiting the use of standard SCR models.
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Our aim was to evaluate SCR models of abundance and dévaitiotnot require individual

encounter history data.

Abundance and DensityMethods

We developed a framework for extending existi
Royle 2013) to model whit&iled deer by combining camera and telemetry data fesmaaly

2015- December 2017. The core of the model is a standard SCR model in which each individual

is assumed to have an activity center that is uniformly distributed within the spatial region of
interest;si ~ Unif(S), The expected number of detections4) of individual ‘Gat camera on

occasiork is assumed to decrease with distarﬁ]@Q between the actity center and the trap:

Aiji: = Aoexp(=d;;/(20%)) The paseline encounter rate paramatés the expected number of
detections on a single occasion for an individual when the distance between its activity center
and a trap is zerd®\ppendix A). The spatial scale parametedetermines the rate at which
detection probability decreases with distance. If individuals were uniquely identifiable, the data
would be individualevel encounter histories. Howeverthwout information about identity, the
data (*s+) are counts of individuals, or binary values indicating if at least one deer was detected
at each camera on each occasion. Coumt ekt be difficult to model because deer frequently
stop in front of the cameras and are photographed repeated in a short time period. Discarding
norrindependentetectionften involves making subjective decisions, and modeling the
dependent detectionsowld involve a complicated model for the lack of independence, which is

a nuisance process. We therefore chose to analyze the binary data, using an occasion length of
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24-h. Under the assumption that the number of independent detections of each desors Pois
distributed, the model for the binary data becorfigs™ Bern(l — exp(—Aj;k)) where
The Bernoulli variable: indicates if individual was a member of the population. This variable
is introduced as part of a data augmentation process that is frequsadlin Bayesian analysis
of SCR models (Chandler and Royle 2013, Royle é&x(d3b). When using data augmentation,
abundance is estimated as

M

N = Z Zi

=1
Density is estimated by dividing by the ara of S.

Without individuatlevel encounter histories, the binary camera data provide little
information about the encounter rate parameteesd, (Chandler and Royl2013). We
therefore used telemetry data from the @®fared individuals to estimate these two
parameters. The telemetry data provide direct
activity center and the probability that it is detected bymaeza. Our model for the encounter
histories of the GPBollared deer waix ~ Bern(1 — exp(—Aix)), We used a simple
bivariate normal modébr the telemetry locationd:: ~ Norm(s;, [o?),

For the female deer analyses, we defined the-sgatee using a 1 km buffer around each
camera array, while we used a 2 km buffer for the male deer analyses. We assumed population
closure durindgl4-dayperiods. In the analysis of the GleSllared deer, we modeled temporal
autocorrelation in encounter rate parameters among the 78 fortnigigsauSaussian AR(1)

model on the natural log scale. The parameter means over the three year time period are denoted

M
Ajk = E /\ijk-zi
i=1

by Ao ands. Telemetry locations during the fortnight period 2 September 2017 were
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excluded from the analysis due to irregular deer movements relating to Hurricane Irma. We ran
the model for the collared deer fdd,000 iterations after an adaptive phase of 100 iterations and
a burnin of 15,000 iterations. We fit the first stage of the model to the GPS collared deer using
the packaggags (Plummer et al. 2028n program R (R Core Team 2019). We report model
estimates starting with the first fortnight including Ge8llared individuals within the camera

sites.

Posterior distributions ofo ands obtained from the first stage of the analysis were used
as prior distributions in the analysis of the binary camera data (stage two) using the model of
Chandler and Royle (2013). The second stage of the analysis was cdndiilgtea custom
MCMC algorithm written in R. We ran the female deer model for 10,000 iterations after-a burn
in of 1,000 iterations and ran the male deer model for 5,000 iterations afteria béid)000
iterations. Parameter estimates reported belewasterior means and 95% Cls unless specified
otherwise.

Abundance and DensityResults and Discussion

Female Abundance and Density

For AL, we used detection histories and telemetry locations from 16c8IRBed female deer to
estimate the encountertegparametersg. 40. The estimate of the mean spatial scale
parameterd) was 369.2 (151:849.1;Fig. GJ). The estimate of the mean baseline encounter
rate parameter;\_(a) was 0.056 (0.02D.112;Fig. G2. We estimated an aveyafemale deer
abundance across the three year study within a 1 km buffer to be 72 individogalsl),
translating to a density of 1.46 femalesfkifhe lowest mean fortnight estimate was 0.56

females/km, while the hghest fortnight estimate was 2.63 femaleg/km
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ForBI, we used detection histories and telemetry locations from 31cGIRBed female

deer Fig. 49. The estimate of was 231.1 (219:242.2;Fig. G3. The estimate oko was 0.062
(0.0420.088;Fig. G4. We estimated an average female deer abundance across the three year
study within a 1 km buffer to be 175 individualsd. 43, translating to a density of 3.54
females/km. We excluded densitysémates for two fortnights due to models failing to converge
and camera removal during wildfires. The lowest mean fortnight estimate was 1.74 fenfales/km
while the highest fortnight estimate was 7.28 female$/km

For FPNWR, we used detection historagsl telemetry locations from 18 GS8llared
female deerKig. 44). The analysis of the data on GB@8lared deer resulted in an estimate of
197.5 (189.805.6,Fig. GH for o and 0.126 (0.040.217;Fig. G§ for Xo. We estimatedra
average female deer abundance across the three year study within a 1 km buffer to be 240
individuals Fig. 49, translating to a density of 4.57 females?kiVe excluded density estimates
for five fortnights due to modkefailing to converge. The lowest mean fortnight estimate was
1.61 females/kf) while the highest fortnight estimate was 7.97 females/Kime variation in
density estimates at FPNWR are a reflection of the encounter rate para\_m')emeio(s
incorporated in the unmarked model (stage two). Imprecise estima%r(@._G@ yielded
highly variable density estimation resulting in high density estimates during periods of low
encounter rates.
Male Abundance and Density
For AL, we used detection histories and telemetry locations from 7d8lR8edmale deer to
estimate the encounter rate parameters 49. The estimate of the mean spatial scale
parameterd) was 520.7 (471:575.0;Fig. G7). The estimate of the mean baseline encounter

rate parametet;:(a) was 0.018 (0.020.127;Fig. G9. From 4 April 2015 13 January 2016, no
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GPScollared males remained on site, yielding imprecise parameter estimates for the 20 fortnight
periods. We estimated an average male deer abundance across the three year study within a 2 km
buffer © be 166 individualsHig. 47), translating to a density of 2.03 malesfkiwe excluded
density estimates for two fortnights due to models failing to converge. The lowest mean fortnight
estimate was 0.38 males/kmwhile the highest fortnight estimate was 7.59 male$/km

ForBI, we used detection histories and telemetry locations from 13dGIR8ed male
deer to estimate the encounter rate parameters49. The estimate of the meapatial scale
parameterd®) was 381.5 (304:-475.5;Fig. G9. The estimate of the mean baseline encounter
rate parameterX@) was 0.027 (0.019.047;Fig. G10. We estimated an average male deer
abundance across the three year study within a 2 km buffer to be hMduat$ Fig. 49,
translating to a density of 1.75 malesfkwe excluded density estimates for two fortnights due
to models failing to converge and camera removal during wildfires. The lowest mean fortnight
estimate wa 0.12 males/kR while the highest fortnight estimate was 7.35 male$/km

For FPNWR, we used detection histories and telemetry locations from 1-2@dH&®d
male deer to estimate the encounter rate paraméierss(). The estimate of the mean spatial
scale parameter] was 350.0 (319:382.2;Fig. G11). The estimate of the mean baseline
encounterate parameteriﬁ) was 0.051 (0.029.073;Fig. G19. During December 3
December 30, 2015, no GRS8llared males remained on siygelding imprecise parameter
estimates for the 2 fortnight periods. We estimated an average male deer abundance across the
three year study within a 2 km buffer to be 162 individualg.(51), translating to a densityf
1.89 males/krh The lowest mean fortnight estimate was 0.45 mal&skmile the highest

fortnight estimate was 4.39 malesAkm
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Since the state spac® {aried in model development for each sex, no comparisons can
be drawn between abundance estimttemales and females. Therefore, we calculated sex
ratios using the ratio of mean density estimates for each site. The adult deer sex ratio was 58%
males oML, 33% males oI, and 29% males on FPNWR. The adult deer sex ratios reported
were calculated usg the mean for thd-year period and do not reflect the temporal variation in
sexspecific density estimates. Male and female density estimates were combined to produce
adult deer density estimatégsd. 5. Mean adulteer density was 3.51 deer/kior AL, 5.31
deer/kntfor Bl, and 6.39 deer/kfifior FPNWR. Historical aerial linéransect surveys yielded
deer density estimates of approximately-8.6 deer/kriwithin lower BCNP (Labisky et al.
1995). During 19941994, potlight surveys in westerBI resulted in variable annual deer
density estimates ranging from 0.973 to 6.336 deér(Bozzo and Schortemeyer 1995). Thus,
density estimates from our study fall within the range of historical estimates. Estimates from
morerecent aerial surveys using distance sampling metlvedsconsiderably lower; id\L, a
five year (20142018) global density estimate was 1.20 deet/f@8% Cl: 0.981.45) and irBl
2.12 deer/krh(1.66-2.77). However, due to the low detection rates of dethre closed canopy
portions of the units, the estimates are known to be biased low and are used as indices of
population trends, rather than actual density estimates. In addition, aerial surveys are conducted
throughout the whole unit, whereas camerdsycovered a smaller proportion of the unit.
Therefore, direct comparison with camda@sed density estimates should be viewed with those
caveats in mind.

We detected spatial variation in density across our study area. Female density estimates
followed alongitudinal gradient, being highest in the drier, western portion of the study area in

FPNWR and lowest in the wetter eastern regioAlin The estimates of the baseline encounter
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rates o) for both sexes followed a similar gradient, while the estimates of the spatial scale
parameterd) displayed a reverse gradient, being highegtlirand lowest in FPNWRMale
density estimates remained relatively stable across sites.

Several options exist for obtaining more precise density estimates. Data on unmarked
individuals will always yield estimates that are less than precise than data on marked individuals.
If resources are available to uniquely identify males and spotted fawns, these data could be
analyzed with standard spatial captteeapture models. Modeling temporal autocorrelation in
density estimates could yield more precise estimates. Additionallyitivairsgy the SCR model
from the closed population model of-#@tnight periods to &yearopen population model
would allow for the incorporation of demographic processes such as survival and recruitment
(Gardner et al. 2010, Chandler and Clark 2014d@Gearet al. 2018).

Highly dynamic systems often require letegm data to understand population dynamics
and conservation status of species in order to make informed management decisions. While our
study occurred continuously for three years, >10 yeansomiitoring is often required to detect
population trends at high statistical power (Gerrodette 1987, Dixon et al. 1998, White 2018). Our
estimates indicated that density varied over time at each of the three study areas, but most of the
variation was seasal, and there was no evidence of persistent population declines. Gradual
trends in density could be detected by applying our camera trapping methodology and statistical
modeling framework to monitoring data collected over longer time periods. Design

recanmendations are provided in t@gtimal Monitoringsection.
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Fawn Recruitment and Phenology

Fawn Recruitment and Phenologyntroduction

Fawn survival and recruitment are critical processes influencing deer populatemids, but
reliable estimates are difficult to obtain because of the challenges associated with capturing and
monitoring fawns over sufficient time scales. Although much published information is available
about adult deer survival rates, studies focusefivenile survival and recruitment are often
highly variable or limited by small sample sizes. Previous studies focused ortaileitiedeer

fawn survival have documented a wide range of mortality rates, from 9.3% to 90% (DeYoung
2011). Numerous envirorental variables, including the quality and quantity of vegetation,
availability of concealment cover, previous fire history of an area, the suite of predator species
present, and intensity of human disturbance, can influence both fawn production and fawn
survival across the landscape (Taber and Dasmann 1957, Loveless NBE®n and Woolf

1987, Berger 2007, Tollefson et al. 2011, Shuman et al. 2017).

South Florida deer exhibit lower productivity than many other deer populations in
temperate North Americaue primarily to a low fecundity rate, estimated between-1.28
fetuses/pregnant female (Richter and Labisky 1985, McCown 1991, Fleming et al. 1994). Fawn
survival in South Florida can be highly variable due to fluctuations in local environmental
condtions. A previous BCNP study recordadnualfawn survival rates ranging from 0% to
42.6% (Labisky et. al 1995). The Florida Fish
aerial recruitment surveys over the Everglades Wildlife Management Area aodngling state
lands documented fawio-doe ratios averaging 35.44% from 2e@J17 (Ward, M. R., Florida

Fish and Wildlife Conservation Commission, unpublished data). However, aerial surveys are
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often biased by detectability (Caughley 1975), and theyestused to track annual trends in
fawn recruitment rather than provide precise estimates of fawn survival.

We examined whit¢ailed deer fawn production and survival to recruitment using a novel
and norinvasive SCR model (Chandler et al. 2018) applieghtmunter histories of fawns
uniquely identified using their spot patterns. This model was developed to build upon recent
SCR advancements that allow estimation of survival and recruitment while accounting for
individual variation in detection probabilifgsardner et al. 2010, Royle et al. 2@L3Ne used
data from 180 passive cameras to estimate (1) fawn productivity in the study aeé@c{apf
factors affecting spatial variation in birth locations, and (3) fawn survival rate to the recruitment
age.We investigated the effects of vegetation type and fire history on the spatial variation in the
density of fawn birth locations. We also evaluated the effect of birth location and fawn age on
survival rate.

Fawn Recruitment and Phenologyethods

We utiized photos of spotted fawns taken by 180 cameras over two fawning seasons, spanning
from 1 December 2014 to 1 October 2015 (hereafter the 2015 fawning season) and from 1
December 2015 to 1 October 2016 (the 2016 fawning season). We uniquely identifiedrfa

each photo using their spots, which are distinctive from birth until approximately six months old
(Fig. 53. As described in Chandler et al. (2018), we identified unique spot patterns from each
side of the fawn, asell as photos from directly behind or in front of the fawn, to confirm a
complete individual fawn ID. We removed nordependent fawn detections using-bour

detection threshold of the same individual at the same camera. We then created-spatially

referenced capture histories for each individual indicating all detections of each fawn at each
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cameralfig. 54). We developed a binary camera operational status matrix for both fawning
seasons to account for camera malfumsior noroperational occasions.

We estimated a birth date range for each fawn based on morphological characteristics in
the photo detection$(g. 54. We considered body size of the fawn relative to the dam, head
size and shape, brightness of spots, and length of hind foot relative to body size to determine
minimum and maximum birth dates. Two experienced observers independently viewed all
images of each fawn and created a range of possible birth dates by estimatingrthen and
maximum age of the fawn in each photo. Fawns detected very young (<10 days) and surviving
many months provided a baseline for determining the birth date ranges of fawns that were
detected less frequently. Discrepancies between the indepegdergtamates were resolved by
combining or averaging the estimates from the two observers to create a conservative birth date
range.

We modeled the number of fawns born, spatial and temporal variation in the density of
fawn birth locations, fawn survivab recruitment, and detection probability using the model
described in Chandler et al. (2018). This model is a type of open population SCR model in which
birth locations are modeled as outcomes of a spatial point process (Borchers and Efford 2008,
Gardneret al. 2010). A birth location is defined as the estimated area where the fawn was born,
which cannot be precisely determined using camera data. Because our methods did not include
capturing neonates at the birth site, we inferred birth locations by th&ingcations and the
ages of the fawns detected by our cameras. The older a fawn was at first detection, and the fewer
photos of a fawn in the dataset, the more uncertainty was present around the estimated birth
location. Spatial variation in the densdlbirth locations was modeled using spatially

referenced covariates. Individual lifetimes were modeled using a féilaeeapproach
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(Chandler et al. 2018). We modified the model presented in Chandler et al. (2018) to include
covariates of the hazard ratehich was defined as the daily mortality rate. Detection probability
was model ed as a function of the individual 0s
the location of the camera trap, while accounting for the fact that the birth loisatioknown
and must be estimated. As discussed in Chandler et al. (2018), the probability of detecting a fawn
far from its birth location is assumed to increase with age, as the fawn becomes more mobile.
Additional detection parameters can also be modeded) trapspecific temporallywarying
covariates. To account for the fact that fawns could not be individually identified after they lost
their spots, we set the detection probability to zero for individuals greater thaayistfic

To define the spadl region that included the population of interest, we created an 800 m
buffer around each trail camera, which resulted in a cumulative 10,941 ha region around the
three camera grids. This buffer was chosen to be large enough to include the birth lo€ations
fawns that could have been detected by our cameras. This was determined by estimating the
detection parameters with a larger buffer and reducing it to meet the requirement that fawns born
near the edge of the spatial region had a negligible detgatobability.

We examined the effect of vegetation type and fire history on the number of fawns born
and spatial variation in birth location density. We classified vegetation type and cover using
FNAI GIS raster site data (FWC/FNAI 2016) cropped toregtangular 53,333 ha complete
study area and reclassified the 72 FNAI vegetation types into four muéxallysive categories
to capture the variation in canopy closure, cover availability, forage production, and seasonal
hydroperiod that may impact mawent and survival of females and fawwée grouped
vegetation typeaspine flatwoods, cypress forests, hardwood hammocks, and open canopy

(including marsh and prairie). For the fire history on FPNWR, we usedumittevel records of
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both wildfires and pescribed burns from 1 January 1998L December 2015 to calculate fire
frequency. For the two BCNP camera grids, we used ArcGIS 10.5 (ESRI, Redlands, CA, USA)
to stack individual raster layers that detailed each fire within our study area betweenr§ Janua
1995 and 31 December 2015 and calculated the frequency of fire in each 30x30 m pixel in the
study area.

We usedBayesian methods for statistical inferendée preformed malysis using a Gibbs
sampler written in program R (R Core Team 2019). We fit ooéainto each fawning season
dataset separately. Each model included a raster for the four vegetation typésyaadire
history as predictors for the variation in density of fawn birth locations. We included trail status
(on- or off-trail) for each camara as a covariate of fawn detection probability. We modeled
survival as a function of both fire history
Fawn Recruitment and PhenolofjyResults and Discussion
In 2015, we utilized 6,914 images of spottadns and identified 145 unique individuals across
the study area: 33 individualsAk grid, 57 atBl, and 55 at FPNWR. In 2016, we utilized 5,801
images of spotted fawns and identified 124 unique individuals across the study area: 29
individuals atAL grid, 31 atBI grid, and 64 at FPNWR.

The estimated peak birth date across our study site for both the detected and undetected
fawns was 24 January in 2015 and 28 January in 280654). For the 2015 fawning season,
we estimated that 283 fawns (95% CI: 2381) were born in the 10,941 ha study grid. The
model predicted that the density of fawn birth locations per square km was highest in the
hardwood hammocks (7.95 fawsg/km, 95% CI 4.4312.64), and this estimate wager twice
as high as the densities in flatwoods, cypress, or open canopy habigatd)( For the 2016

fawning season, our model predicted that 268 (95% CI3BIN) fawns were born in the study
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area. Hardwood hammocksll had the highest density of fawn birth locations in 2016 (4.14
fawnskqg.km, 95% 1.057.60), but this was only slightly higher than the other habitat types and
was followed closely by cypress (3.93 favgggskm, 95% 2.386.17). Hammocks may provide
increased cover for females and fawns for parturition and throughout the hiding stage,
highlighting the importance of patches of thick concealment cover for fawn survival. Fire history
over the past 20 years did not have a significant effect of the deh&iwyn birth locations in

either 2015 or 2016.

Tralil status (onor off-trail) did not have a significant impact of fawn detection
probability in 2015. However, in 2016, trail status had a significantly positive effect on fawn
encounter rate in 2016, wieefawns were more likely to be detected at atraihcamera than
off-trail camera. Fire history did not have a significant impact on overall fawn survival rate in
either 2015 or 2016. Additionally, there were no significant changes in fawn survivial rate
either 2015 or 2016 with increasing fawn age.

Fawn survival to 30 days was 83.92% in 2015 and 70.18% in Z04.650. We
estimated that 123 of the 283 fawns (43.5%) born in the 2015 fawning season survived to the
recruitment age, which we specified as 180 d&ys.(57). For the 2016 fawning season, only 36
of 268 (13.4%) fawns survived to the recruitment age. This significant difference in fawn
recruitment between 2015 and 201@&vwsdent from early on in both the realized survivorship
curve Eig. 56 and the fawn and recruit abundance grapb. (57).

The drastic difference we detected in recruitment rates througcamera study is
corroborated by annual aerial recruitment surveys that estimated a recruitment rate of 43.6% in
2015, but only 17.0% in 2016 (Ward, M. R., Florida Fish and Wildlife Conservation

Commission, unpublished data). The decrease in fawivalibetween the two years is likely
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due to the highintensity rain and record flooding that South Florida experienced during the wet
season of 2016. Mean daily water levels from 1 January to 1 April 2016 ranged fron85@L5

cm in marsh vegetation, weas the water levels documented at the same wells from 1 January
to 1 April 2015 ranged from only 7-:446.6 cm (data from EDEN). A previous BCNP study
indicated that water depths above 50 cm severely impact adult deer movement, survival, and
productivity(MacDonaldBeyers and Labisky 2005). Additionally, their study documented a 10
fold decrease in apparent fawn recruitment during a year of significantly high rainfall
(MacDonaldBeyers and Labisky 2005). In two other studies, standing water depths arar 30
and 45 cm during the fawning season significantly reduced fawn recruitment (Fleming et al.
1994, Garrison et al. 2011). Thus, it is likely that tHel8 decrease in fawn survival rate
between the two years was due to the severity of the wet sedmoraw photo data shows a
lower rate of spotted fawn detections in the 2016 fawning season compared t&i2028 (
Additionally, our individual fawn detection histories show that fewer fawns are continuously
deteded throughout the length of 2016 fawning season, further supporting our finding of lower
survival in 2016 compared to 2015 d. 59).

The fawn survivorship curves in both years showed a relatively high survival ratghhr
the first 30 days (83.92% and 70.18% for 2015 and 2016, respectively) compared to many other
white-tailed fawn survival studies in the southe&st)(56. Collared fawn survival studies
typically report a steep iniétl decline in survival, where roughly osigird of fawns survive the
first 30-60 days (Jackson and Ditchkoff 2013, Watine 2015, Shuman et al. 2017). This high
mortality rate often stabilizes as fawns reach a size that reduces their risk of predation, and
overall survivorship remains around etiérd of the original collared sample. However, the

survival rate we observed continued to decline sharply, with 55.14% and 30.75% (2015 and
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2016, respectively) of fawns surviving to 120 days and 43.46% and 13.4@%nsf surviving
to 180 daysKig. 56. The unique pattern of fawn survivorship detected may be due to the
structure of the predator community in South Florida. Many fawn studies in the Southeast find
coyotes and bears be the moshighly efficientfawn predators within the first 30 days (Jackson
and Ditchkoff 2013, Watine 2015, Shuman et al. 2017). However, coyotes exist only at low
densities in South Florida, and bears are still largely inactive when fawns are baortttizie
early spring fawn parturition seen in South Florida. These unigue environmental characteristics
may allow neonate fawns to survive at a higher rate in the first 30 days than seen in comparative
studies in the Southeast. However, once fawns atlgliglder, bobcats and panthers likely
provide an increased risk of predation that continues to reduce the fawn population, unlike in the
rest of the Southeast where fawn survival stabilizes aft&03fays and there are fewaghly
efficient predatorof juvenile or adult deer.

In this analysis, we demonstrated the use of a recently publishedvasive SCR
method (Chandler et al. 2018) to resolve a critical lack of information regardingtaite: deer
fawn survival and recruitment in South Floridéhere deer are the primary prey of the Florida
panther. Additionally, we provided the first estimates of fawn survival to recruitment in BCNP
since the 19906s (Land 1991, Lablevelky et al
environmental variables thathpact fawn birth location and activity rates in this region. We
modeled survival and recruitment of fawns in a typical year and asleiggrity flood year in
South Florida. Estimates suggest that few fawns born in this region will survive to reproductive
maturity in extremely highvater years, but recruitment in typical years may be sufficient to
sustain the population. Due to the severity of the fdamlight cycle in South Florida,

monitoring annual survival and recruitment of adults and juvenilesmary years is necessary
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to understand the true trajectory of population growth. However, our fawn recruitment study
only consisted of two years of fawning data in this highly variable ecosystem. Analysis of
multiple fawning seasons of data is needed tootighly assess the annual variability in fawn
survival and recruitment over time.

Antler Casting

Antler Casting’ Introduction

Antlers are a secondary sexual characteristic of males that go through an annual cycle of growth,
mineralization, and castinghis cycle is closely timed with reproductive seasons and regulated

by both sexual hormones and photoperiod (Bubenik 1990). In the Everglades, antler growth
begins in February and continues through July. By August, antlers have mineralized. Males shed
theirantlers beginning in late November and most have been shed by late January (Loveless
1959b). Antler casting dates can improve understarttie reproductive chronology in males

and help inform hunting regulations and harvest information, as harvesngedulated by

antlered or antlerless deer.

Antler Casting’ Methods

To estimate the timing of antler casting, we used the trail camera data to categorize all male deer
independent detections (5 min threshold, 11,748) where the state of the antlevgh could

be clearly identified as antlered £ 9,046) or antlerlessE 2,702). Males were categorized as
antlered if they had at least one calcified antler or significant velvet growth. Males were
categorized as antlerless if they had shed theirfieal@ntlers from the previous growtkcle

andhad yet to begin significant velvet growth. In order to accountdarera trappingffort, the

number of antlerless photos per day was represented as a proportion of the total number of male

deer photos capted that day. Bar graphs of the proportion of daily antlerless deer captured were
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created across the year for each of the three grids to visually estimate the peak casting date
across each grid.

Antler Casting Results and Discussion

Antler casting forhe FPNWRgrid peaks around 27 January, antler casting foBthgid peaks
around 5 February, and antler casting forAhegrid peaks around 15 JanuaFyd. 59.

Optimal Monitoring Design

Optimal Monitoring Desigri Introduction

Camera traps can be used to study population dynamics and to monitor populations as a
component of management programs (Nichols et
small fraction of a large, heterogeneous landscape is able toviegelirselecting an appropriate
camera trap design becomes vital in obtaining reliable estimates of abundance and distribution.
Modern approaches for analyzing data from camera trap studies do not require random
placement of camera traps, but the scogafefence and the precision of estimates is strongly
influenced by the number and distribution of deployed cameras (Royle2613ih, Ch. 10).

Simulation studies can be used to assess the impacts of design decisions on parameter estimates.
When combinedvith a cost analysis, this approach can be used to identify an optimal design to
meet specific monitoring objectives.

Optimal Monitoring Desigri Methods

We conducted a simulation study to identify the optimal design for capased monitoring of
white-tailed deer populations in the study area. We developed 10 potential designs for each of

the three study sites using data from the camera study and using input from agency biologists
about the feasibility of operating cameras in the region. For each gdesiggimulated 500

datasets using an extension of the population model describedAbuhdance and Density
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section that allowed the baseline detection rate to differ betweemndrofftrail cameras. Next,
we fitted he model to each simulated dataset and computed the bias and precision of abundance
estimates for each design. The design resulting in the lowesneasquared error (RMSE),
which is a function of bias and precision, was deemed the optimal desigarfrestimation
perspective. Financial considerations are taken into account in the followaig\nalysis
section.
Evaluated Camera Trap Desig(idaps of each design are showrtins.H1, H2, H3).
1) Status Quo (SQ)
This design corresponds to the design used during the study, with 60 cameras&l) on
20 off-trail) at each of the three sites site.
2) Forty pairedn and offtrail cameras (P)
This design involves 40 cameras at each of the three sites, withtedll@ameras and
20 paired offtrail cameras. The paired camera locations are the same as those used
during the study.
3) Twenty random cameras (R20)
This design involves 20 cameras at each of the three sites. The 20 camera locations per
site were randomly sampled from the existing 60 locations used in the study, allowing for
both on and ofttrail.
4) Thirty random cameras (R30)
Similar to R20 but with 3@andomly selected cameras at each of the three sites.
5) Forty random cameras (R40)
Similar to R20 but with 40 randomly selected cameras at each of the three sites.

6) Twenty ontrail cameras, no oftrail cameras (T20)
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This design involves 20 etnail cameras and no offail cameras at each of the three

sites. The 20 camera locations per site were randomly sampled from thérdd on

locations used in the study.
7) Thirty ontrail cameras, no offrail cameras (T30)

Similar to T20 but with 30 cameraseach of the sites.
8) Forty ontrail cameras, no offrail cameras (T40)

Similar to T20 but with 40 cameras at each of the three sites.
9) Fifty ontrail cameras, no ofrail cameras (T50)

Similar to T20 but with 50 cameras at each of the three 3ibes50 ortrail cameras per

site include the 40 camera locations used in the study, and an additionairad on

camera locations that were randomly selected with the constraint that they were spaced

by a minimum of 250 m from existing cameras.
10) Sixtyon-trail cameras, no offrail cameras (T60)

Similar to T50 but with 60 cameras at each of the three sites.
Optimal Monitoring Desigri Results and Discussion
Increasing the number of cameras deployed increased the average number of deer detection
eventg(Fig. 59, defined as the detection of at least one deer at a camera durihgsarapling
occasion. In general, all camera designs performed well with minimal bias and nominal coverage
of 95% Cls Figs. 6Q 61). Precision increased with the number of camera traps, but precision
was not influenced by the placement of cameras on vs. off trails. In other words, for designs with
the same number of camerpegcision of abundance estimates was similar when all the cameras
were on trails as when half of the cameras were off trails. Across all camera sites, the optimal

design for estimating abundance (i.e., the design with the lowest RMSE) was design 20 (60 on
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trail cameras]able 3(). Camera designs involving only 20 camera traps performed worst
overall. However, this analysis did not include financial costs, and the optimal design for
balancing precision and costs area#ed in theCost Analysissection.

Spacing of cameras did not strongly influence bias or precision of estimates of
abundance, a finding that contrasts with previous studies of SCR designs (Roy2®8&ICh.

10). For a fixed number of cameras, spacing influences the number of individuals that will be
detected and the number of spatial recaptures (i.e., recaptures at different locations) of each
individual. In most settings, an optimal SCR design is one that meesntie number of

individuals detected and the number of spatial recaptures. However, the primary role of spatial
recaptures is to provide information about the encounter rate parametensl¢), which is

relatively unimportant in this case because we used GPS telemetry data to provide direct
information about the encounter rate parameters. Regardldéssjrm years, when telemetry

data is not available, we recommend following the guidance from Chandler and Royle (2013)
that camera spacing should be approximatelyThus, for ferales that had values efranging

from approximately 200 to 300, we recommend spacing cameras #0000, equivalent to 1
camera per 186 ha. Males have larger homamgesput population viability is more closely

linked to female abundance, and we therefore suggest designing the study to optimally monitor
females.

Cameras can be operated continuously throughout the year, or they can be operated
seasonally to reduce costs. Faasmal monitoring, we recommend deploying cameras during
May and June for aBweekperiod when movement and detection parameters are relatively
stable. This timeframe also allows for the potential to uniquely identify fawns and adult males.

May is the betsmonth for collecting data on fawns because most fawns in a cohort have been
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born by that time, and most fawns have unique spot patterns until June. Incorporating sampling
in June allows for data to be collected on males whestantlers have hardenedlcaving for
individuals to be uniquely identified. If data are collected continuously over two months, density
of adults could be estimated during fourdaly periods within which the population could be
assumed to be closed with respect to recruitmentamthlity. The closure assumption is more
difficult to meet for fawns because their mortality rate is higher, so density could be estimated
separately for each-dayperiod within May, or open population models could be used to relax
the closure assumptiqChandler et al. 2018). If open population models are used, data should
be collected from 1 December until 1 August to span the parturition period through the spot loss
period.

Cost Analysis

Cost Analysi$ Introduction

A tradeoff exists between the ¢ad a study design and the accuracy of estimates yielded by the
design. The previous section focused on accuracy. In this section, we present the results of a cost
analysis in which we calculated the monetary costs of implementing each of the desigs optio
being considered for loAgrm monitoring.

Cost Analysi§ Methods

We conducted a cost analysis comparing aerial line transect surveys to trail camera monitoring
for white-tailed deer in South Florida. Currently, FWC conducts annual aerial surveykife-

tailed deer within BCNP. Thus, for comparison purposes, we us&l that as an example

survey unit for both monitoring technigues. We evaluated the cost for each camera monitoring
design under the assumption of 14 camera days during May. Tdeyddriod represents a

balance between the goals of obtaining a large sample of detections and meeting the population
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closure assumption of SCR models (8&endance and Dens)tyA 14-dayperiod is also

comparable to thduration of a single aerial survey. Additionally, we evaluated the costs for
each camera monitoring design under the assumption of seasonal monitoring during May and
June.
Cost Analysi$ Results and Discussion
Based on the estimated cost analysis, cardesign 6 (20 otrail cameras, no offrail cameras)
is the most cost efficient approach to monitoring deer in South Flaradae 3). When
comparing a single year of surveying, only two camera designs prodogtsdess than costs of
aerial surveys. Both of these designs used the minimum number of trail cameras proposed. The
majority of costs for each camera design survey was incurred during the initial purchase of
equipment, which included: trail cameras, tcaimera boxes, memory storage cards, batteries,
and GPS unitsIiable 3). Labor required for surveying was higher for trail camera monitoring
than aerial surveying. Aerial surveying requiresva-personsurvey teamdr two half day
flights. In contrast, trail camera surveying required both the deployment and retrieval of cameras
following the survey period. Camera designs that implemented betindrofftrail cameras
resulted in higher field labor due to the extahtine needed to travel to difail locations. Data
management and analysis costs wegher forcamera monitoringue to extended time needed
for the photo tagging process.

When evaluating the costs of surveying on a recurring yearly basis, aerigisswere
three timesnoreexpensive to implement than trail camera monitoring. Aerial surveys required
the rental of helicopter services for two flight paths, resulting in an estimated annual cost of
$5,752.50 to survey BI. In contrast, trail camera momitponly required labor since all

equipment would be owned by FWC. The variation in recurring yearly costs became noticeable
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when investigating the potential for implementing-gear study protocol. Trail camera
monitoring became more cost efficient tras@rial surveying with a minimum estimated savings
of $6,363using the most expensive camera design.

The optimal monitoring design should achieve a balance between the objectives of
maximizing the precision of estimates while minimizing costs. When congptiré camera
designs across all sites, camera design 10 (@Badrcameras) performed best at maximizing the
precision of estimates, while camera design 6 (20@hcameras) best minimized the costs of
surveying Fig. 64). However, camera design 8 (40-ail cameras) performed best overall at

meeting both objectives when equally weighting each objective.

While the cost analysis focuses on comparinglay camera monitoring, cameras can be
operated throughout thy@ar or seasonally depending on management objectives. Extending
camera monitoring to ahonth period would allow for-fortnight periods from which to
estimate density. For seasonal monitoring, we recommend that cameras be deployed during May
and June wdn males can be uniquely identified by antler morphology (June), and when fawns
can be uniquely identified by their spot patterns (May). Increasing camera monitoring to a two
month period incurs additional costs for data analysis, but is still below ¢natimmal costs of
aerial surveyindor long-term monitoring(Table 33. During May and June, the seasonal
hydrology is shifting from the dry season into the wet season 7). Depending on the timing
and severity of the hydrological season, field labor cost may increase due to increased travel time

caused by trail inundation.
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MANAGEMENT RECOMMENDATION

Water Management

Water management decisions in South Florida address muabi@etives including wildlife
management. Our results support previous research indicating that high water levels can
negatively impact deer recruitment and female survival. Female survival was decreased by up to
9% when water level reached 0.5 m, andaip2% at 1 m. Managers seeking to increase deer
population viability should not only take into consideration the impact of water when setting
objectives for survival, but also the linear relationship between these parameters, as any increase
in water degt could affect survival. Likewise, hydrological restoration efforts aiming at the
restoration and protection of water resources in Central and South Florida need to acknowledge
the consequences of water management decisions on local conditions thatectayesif
populations.Water management decisions in South Florida address multiple objectives

including wildlife management. Our results support previous research indicating that high water
levels can negatively impact deer recruitment and adult surtiladagers seeking to increase

deer population viability should ensure that habitats with less than 0.5 m of standing water are
interspersed throughout the region. Currently, these conditions exist where hydric pines, mesic
pines, and hardwood hammocks acicuthe study area. Preventing these habitats from

becoming inundated during most of the year would be beneficial to the deer population.

Harvest Management

Legal harvest represented a small fraction of the 134 mortalities documented during our study.
Only one out of the 241 deer with active GPS collars was legally harvested, and only one other
deer was known to have been legally harvested after its GPS collar failed. These results suggest

that legal hunting had a negligible impact on the deer populdtiong the study period. The
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low impact of legal hunting on the deer population was the result of regulations that prohibited
hunting on the FPNWR, and limited harvest to males with at least two antler points on BCNP.
We found that hunter harvest rates &eery low, which suggests that current harvest

regulations are adequate for meeting the objectives of allowing for sustainable deer hunting
opportunities without compromising panther recovery efforts. However, additional management
actions (including chages to hunting regulations) may be necessary in the future if there are
significant chances in deer population trends, habitat suitability, etc. We also recommend that
law enforcement efforts continue to remain vigilant because we found evidence tdattwo

were harvested illegally during the study period

Predator Considerations

One of the primary findings of this research was that predation by Florida panthers has increased
greatly since the | ast deer s ur inéreased predatiaondi e s
rate is the result of panther recovery efforts, which have caused the panther population to grow
from less than 40 individuals approximately\200 individuals over a 3@ear period FWC

201h). The predation rate and the annual mawtahtes that we documented are higher than

most published estimates from other regions in the Southeast, and are higher than most previous
estimates from South Florida. Although we found no evidence of persistent population declines
during the3-year canera study, low adult survival rates and low fecundity rates in the region
suggest that the deer population could decline in the future. Population monitoring efforts should
be enacted to alert managers if persistent declines do occur. In the eventukettqrogeclines

are detected, we recommend that managers respond by improving deer habitat quality to increase
productivity and survival rates. Although it was not the focus of our research, we suggest that

habitat quality could be improved by increasihg use of prescribed fire, mechanical removal of
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cabbage palm from pine uplands, and chemical control of invasive species such as cogon grass
(Imperata cylindricd, Brazilian pepperfchinus terebinthifolia melaleucaNlelaleuca

guinquenervig and climbng fern(Lygodium japonicuim Such management activities are

already being implemented at FPNWR, and they will likely improve range conditions.

Monitoring Recommendations

Our results suggest that camera traps can be used to effectively monitor degtiqrogpun

South Florida. We recommend that arrays eb8@@ameras, spaced by 4600 m (1 camera per
16-36 ha), be deployed on trails in regions of interest. Cameras can be operated continuously
throughout the year or seasonally to reduce costs. Fomsgasonitoring, we recommend that
cameras be deployed during May and June when movement and associated detection parameters
are most consistent. May provides the best month for estimating fawn abundance because most
fawns in a cohort have been born and infi@ans still have their spots. Recruitment could be
estimated in two ways. First, closed population SCR models could be used to estimate the
number of fawns alive during eight consecutivedek time intervals in May and June. This

would provide informatin about productivity that could be compared among years.

Alternatively, the method of Chandler et al. (2018) could be used to estimate the total number of
fawns that are born and survive to the recruitment age of d@0 This method provides a richer
perspective on recruitment, but it requires much more data. To use the method of Chandler et al.
(2018), cameras should be operated fliobecembeii 1 August each year, to collect data from

the parturition period until the time when most spots have beernrosrporating sampling in

June allows for data to be collected on males when most antlers have hardened, allowing for

individuals to be uniquely identified. Some males are still in velvet during June, so surveys could
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continue into July if individualevel encounter history data on males is desired, but male
movement behavior also become erratic in July, making it more difficult to fit SCR models.

Data on uniquely identifiable individuals will provide the best estimates of abundance
and recruitment becaa these data provide direct information about individkag| detection
probability; however, females cannot be uniquely identified from camera trap photographs, and
uniquely identifying adult males and fawns can be very time consuming and expensive. We
therefore developed methods that can be used to estimate abundance using simple data on
"unmarked" individuals. These "unmarked SCR models" require binary detection data in which
each observation indicates if at least one deer was detected at a cantiera dioceng a24-hour
period. We recommend estimating density dufidgiayperiods in May and June. The-tidy
periods are short enough to assume population closure for adults, and long enough to obtain
enough detection events to estimate density. Bynasitig density in four consecutive-tldy
periods each year, managers will also be able to assess-gatson variation in abundance and
detection parameters.

Unmarked SCR models will not yield precise estimates of abundance without ancillary
information about individualevel detection probability, but we were able to obtain direct
information about detection probability using telemetry data. We recommend that our estimates
of the detection probability parameters be used in the analysis of future nmgnitata on
unmarked individuals unless there is reason to believe that activity patterns and home range sizes
change substantially over time. In that case, periodic telemetry studies could be conducted to

update estimates of the detection probabilityapeeters.
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PRIORITY RESEARCH NEEDS

Several lines of research could be pursued to build upon our work and to better inform
management activitie8Ve documented that panther predation rates on deer have increased
greatly since 199%yhile bobcat predation ahhunter harvest rates hageclined. 2er survival
rateswerelower and more variabléhan in most other deer populations in the Southeast. These
findings raise concerns about letegm viability of deer populations in South Floridfghile we
did not findevidence of persistent population declines oveBtiiear camera survey perioolir
research was not conducted over a sufficiently long time period to understand how changes in
environmental conditionshe predator communitynd deer mortality ratesill impactlong-
term deer population viability this highly variable system

Future research could be coordinated with monitoring efforts to collect data at scales
appropriate for making lonterm forecasts of deer and predator population dynamics. For
example, camera data could be combined with additional data espagédic and location
specific demographic parameters to develop population models needed for viability analysis.
Spatiallyexplicit models could be used to forecast population dynamicsaifgpregions in
South Florida. Ideally, such research would be coordinated with agencies and personnel involved
with the management of hydrology and predators in the region. One benefit of coordinating deer
research with ongoing panther research woultbtamswer the question of why deer survival
rates increased over the four years of our study. It is possible that the increasing trend in deer
survival was the result of declines in the local density of panthers during our investigation, but
additional reearch focusing on both deer and panthers would be needed to assess this possibility

and to understand if the upward trend in survival continues.
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Managers of deer populations in South Florida are unable to directly control variables
such as water levelsd predation rates; however, managers can impact deer habitat quality
through the use of prescribed fiteerbicide applicationgnd mechanical treatments. Research
could be conducted to identify optimal vegetation management regimes for enhancing deer
suvival and fecundity rates. Ideally, experimental manipulations would be used to isolate the
effectshabitatmanagement treatments while avoiding confounding with other factors that affect
deer population parametefkhis would lead to habitat managemestammendations targeting
deer productivity, which is likely vital rate most easily influenced by managesearch on the
effects of habitat management practices could be incorparaseplopulation viability analysis
to identify optimal management praes for meeting panther recovery goals while sustaining
healthy deer populations in South Florida.
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TABLES
Table 1. Capture data summary by sex, year, area, and collaredrsta®4) These data were collected fraanuary 2015 to

DecembeR017 in Big Cypress Mtional PreservéBCNP) and Florida Panther National Wildlife RefufePNWR).

2015 2016 2017 Grand
BCNP FPNWR Total BCNP FPNWR Total BCNP FPNWR Total Total

Collared

Female 65 17 82 52 8 60 20 10 30 172

Male 33 5 38 25 8 33 8 12 20 91

Total 98 22 120 77 16 93 28 22 50 263
Eartagged only

Male 2 1 3 3 2 5 4 4 8 16

Female 5 2 7 2 1 3 4 4 14

Fawn 1 1 1

Total 7 4 11 5 3 8 8 4 12 31
Grand total 105 26 131 82 19 101 36 26 62 294
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Table 2. Summary of the causesnfite-tailed deer mortalityn = 241), sorted by frequency, in
in Big Cypress National Preserve and Florida Panther National Wildlife Re&igeen January

20157 December 2018.

Proportion of

Cause of death Mortalities  Frequency (%) .
mortalities

Panther 96 39.8 0.72
Bobcat 7 2.9 0.05
Pathology 4 1.7 0.03
Predation (unknown) 4 1.7 0.03
Research induced 3 1.2 0.02
Bear 2 0.8 0.01
Poaching 2 0.8 0.01
Alligator 1 0.4 0.01
Hunting 1 0.4 0.01
Unknown cause of death 14 5.8 0.10
Survived 107 44 .4
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Table 3.Survival nodel selection resulissing all mortality datéor adult male and female
white-tailed deer (n = 241) in Big Cypress National Preserve and Florida Panther National
Wildlife Refugefrom January 2015 December 2018 in South Flori@la= 241). Best supported

models are in bold

Model description WAIC
sex * days to peak fawning + sex * water depth + time 2055.97
sex * days to peak fawning + management area + sex * water depth + time  2055.98
sex * days to peak fawning + management areawater depth + time 2056.76
sex * days to peak fawning + water depth + time 2057.78
sex * season + management area + sex * water depth + time 2062.60
sex * season + sex * water depth + time 2062.64
sex * season + water depth + time 2063.44
sex * seaon + management area + water depth + time 2064.14
sex * days to peak fawning + management area + # of days since last dry + 2065.14
sex * days to peak fawning + # of days since last dry + time 2065.29
sex + season + management area + time 2068.91
sex * season + management area + time 2069.55
sex + season + time 2069.76
sex * season + time 2069.99
sex * season + management area + time + # of days since last dry 2071.39
sex * season + management area + sex * water depth 2073.40
sex * season + anagement area + water depth 2074.73
sex * season + sex * water depth 2076.78
sex * season + management area 2078.48
sex 2079.03
sex * season + water depth 2079.71
Intercept only 2080.17
sex * season 2082.76
sex + season 2083.04
season 2083.97

128



Table 4.Survival model selection resulisr panther only mortality foadult male and female
white-tailed deer (n = 241) in Big Cypress National Preserve and Florida Panther National
Wildlife Refuge from January 20Ii5December 2018 in South Florida (r241). Best supported

models are in bold

Model description WAIC
sex * days to peak fawning + management area + water depth + time 1536.53
sex * days to peak fawning + water depth + time 1537.11
sex * days to peak fawning + management area + sex * watkepth + time 1537.21
sex * days to peak fawning + sex * water depth + time 1537.49
sex * days to peak fawning + management area + # of days since last dry + 1539.10
sex * days to peak fawning + # of days since last dry + time 1539.36
sex * seaso + management area + sex * water depth + time 1542.18
sex * season + management area + water depth + time 1542.42
sex * season + water depth + time 1542.75
sex * season + sex * water depth + time 1542.86
sex * season + management area + time 1543.59
sex * season + time 1543.81
sex + season + management area + time 1544.53
sex * season + management area + time + # of days since last dry 1544.85
sex + season + time 1545.14
sex * season + management area + sex * water depth 1549.28
sex * season + nmagement area + water depth 1549.89
sex * season + management area 1551.19
sex * season + water depth 1554.33
Intercept only 1554.77
sex * season + sex * water depth 1554.95
sex 1555.01
sex * season 1555.12
season 1555.63
sex + season 1556.50
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Table 5. Estimates and 95% credible intervals (Cl) for the parameters of deer survival model that
included all sources of mortality Big Cypress National Preserve and Florida Panther National
Wildlife RefugeduringJanuary 2015 December 20181(= 241). This model did not have the

lowest WAIC, but it is presented to show the estimates for the management area effect and the

sex by season interaction.

Mean Lower Cl Upper CI

Intercept (Female, pedkwning, BCNP) 6.34 5.98 6.70
Male -0.43 -0.79 -0.05
Management areaFPNWR 0.38 -0.07 0.88
Water depth (females) -0.43 -0.70 -0.17
Water depth (males) -0.09 -0.38 0.18
Days to peak fawning (females) 0.22 0.01 0.43
Days to peak fawning (males) -0.24 -0.51 0.02
Time 0.43 0.20 0.67
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Table 6 Estimates and 95% credible intervals (ClI) for the parameters of-taiiéd deer

survival model that only included mortality attributed to panther in Big Cypress National
Preserve and Florida Panther National Wildlife RefdgengJanuary 2015 Decemler 2018

= 241). All other sources of mortality were treated as censoring events in this analysis. This
model did not have the lowest WAIC, but it is presented to show the estimates for the

management area effect and the sex by season interaction.

Mean Lower CI Upper CI

Intercept (Female, pedkwning, BCNP) 6.67 6.27 7.1
Male -0.44 -0.88 -0.02
Management aresFPNWR 0.53 -0.06 1.2
Water depth (females) -0.31 -0.62 -0.03
Water depth (males) -0.05 -0.38 0.27
Days to peak fawning (females) 0.34 0.1 0.6
Days to peak fawning (males) -0.22 -0.54 0.10
Time 0.43 0.16 0.7
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Table 7. Mean seasonal home rangeZkand 95% confidence intervals (Cl) for male and
female whitetailed deer during hydrological seasons (wet season,iM@gtober; dy season,
Novembeii April) in Big Cypress National Preserve and Florida Panther National Wildlife

Refuge for aldeerqualifying for analyses from January 2015 to October 20181(53).

Mean Lower CI Upper CI

Florida Panther National Wildlife Refuge

Male- Wet  3.66 3.35 3.96
Male-Dry 2.03 1.72 2.34
Female- Wet 0.82 0.52 1.12
Female-Dry 0.72 0.42 1.03
Big Cypress National Preserve
Male- Wet Seaso  4.90 4.61 5.20
Male- Dry Seaso 2.72 2.42 3.02
Female- Wet Seaso  1.10 0.82 1.39
Female- Dry Seaso 0.97 0.68 1.26
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Table 8. Mean seasonal home range?jkand 95% confidence intervals (Cl) for male and
female whitetailed deer for the four biological seasons (fawning, Jariudtgrch; fawn
rearing, Aprili June; rut, July September; pasut, Octobeii Decembern =188) in Big
Cypress National Preserve and Florida Panther National Wildlife Refuge @ereatjualifying

for analyses from January 20®ecember 2018.

Mean Lower ClI  Upper ClI

Florida Panther National Wildlife Refuge

Male - Fawning 1.65 1.05 2.25
Male- Rearin¢  2.11 1.51 2.71
Male- Rut  3.95 3.36 4.55
Male- PostRut  2.42 1.82 3.02
Female- Fawninc  0.70 0.11 1.30
Female- Rearing  0.72 0.12 131
Female- Rut  0.76 0.17 1.35
Female- PostRut  0.71 0.11 1.30
Big Cypress National Preserve
Male- Fawnin¢  2.10 1.51 2.69
Male- Rearin¢  2.69 2.10 3.28
Male - Rut 5.04 4.46 5.63
Male- PostRut  3.09 2.50 3.68
Female- Fawninc  0.90 0.32 1.48
Female- Rearing 0.92 0.34 1.50
Female- Rut  0.97 0.39 1.55
Female- PostRut  0.90 0.33 1.48
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Table 9. Sexand seasospecific candidate step selection functions (Formula) for vihited deelF wet season = 120, F dry
seasom = 143; M wet season= 70, M dry season = 78)duringJanuary 201% December 2018 in Big Cypss National Preserve
and Florida Panther National Wildlife Refugled associated degrees of freedom (df}lilkeglihood (logLik), Akaike information
criteria (AIC,), difference in AIGf r om t o p R)caddaniodel(wepghis (W) with respect to distateckabitat and surface

water index (SWI). Top segeason specific models are in bold.

SexSeasor Model Formula df logLik AlCc Al (W
Female
Wet

Global (Hammock + Swamp + Marsh + Flatwoods + Prairie + Road + Edge
* SWI + strata(SteplID) + cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Prairie) * SWI +

15 -564867 1129764 O 1

4 strata(StepID) + cluster(id) 11 -565027 1130077 313 0
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge) * SWI - i

strata(StepID) + cluster(id) 13 -565034 1130094 330 0

5 glsuv;?errr\(ﬁ)d;r Marsh + Flatwoods + Road + Edge) * SWI + strata(Step 11 -565069 1130160 396 0

6 glsuv;?errr\(ﬁ)d;r Marsh + Flatwoods + Road) * SWI + strata(StepID) + 9 565167 1130351 587 0

glsuv;?errr\(ﬁ)d;r Marsh + Flatwoods #ge) * SWI + strata(StepID) + 9 565173 1130364 600 0

Null 1 + strata(SteplD) + cluster(id) 0 -306802: 6136045 5006281 0

Dry
Globa| (Hammock + Swamp + Marsh + Flatwoods + Prairie + Road + Edgt
* SWI + strata(SteplID) + cluster(id)

(Hammock + Swamp + Marsh + Flatwoods + Road + Edge) * SWI - i
strata(StepID) + cluster(id) 13 -569318 1138663 233

5 (Swamp + Marsh + Flatwoods + Road + Edge) * SWI + strata(Step 11 -569323 1138668 238

15 -569200 1138430 O 1

o O
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cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Prairie) * SWI +

4 strata(SteplID) + cluster(id) 11 -569392 1138806 376
(Swamp + Marsh + Flatwoods + Edge) * SWI + strata(StepID) + 9 -569400 1138818 389
cluster(id)

6 (Swamp + Marsh + Flatwoods + Road) * SWI +at(StepID) + 9 -569463 1138943 513
cluster(id)

Null 1 + strata(SteplID) + cluster(id) 0 -308701¢ 6174038 503560¢
Male
Wet
(Hammock + Swamp + Marsh + Flatwoods + Prairie + Road + Edge i
Global SWI + strata(SteplD) + cluster(id) 15 -231514 463058 0
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge) * SWI - i

3 strata(StepID) + cluster(id) 13 -231563 463151 93

5 (Swamp + Marsh + Flatwoods + Road + Edge) * SWI + strata(Step 11 -231567 463155 97
cluster(id)

(Hammock +Swamp + Marsh + Flatwoods + Prairie) * SWI + )

strata(StepID) + cluster(id) 11 -231572 463166 108
(Swamp + Marsh + Flatwoods + Road) * SWI + strata(StepID) + 9 -231580 463177 119
cluster(id)

*
(Swamp + Marsh + Flatwoods + Edge) * SWI + strata(®gpl 9 -231633 463285 226
cluster(id)
Null 1 + strata(StepID) + cluster(id) 0 -118136< 2362727 189966¢
Dry

Global (Hammock + Swamp + Marsh + Flatwoods + Prairie + Road + Edge 15
* SWI + strata(SteplID) + cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge) * SWI -
strata(StepID) + cluster(id)
*
f;ﬁﬁ?en:(ﬁ)d; Marsh + Flatwoods + Road + Edge) * SWI + strata(Step 11 237249 474521 36

7 (Swamp + Marsh + Flatwoods + EdgeSWI + strata(SteplD) + 9 -237301 474620 185

-237203 474435 0

13 -237241 474509 74
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cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Prairie) * SWI +

4 strata(StepID) + cluster(id) 11 -237306 474634 199 0
*
6 (Swamp + Marsh + Flatwoods + Road) * SWI + strata(StepID) + 9 -237B1 474681 246 0
cluster(id)
Null 1 + strata(SteplD) + cluster(id) 0 -121128¢ 2422571194813t O
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Table 10. Sexand seasospecific candidate step selection functions (Formula) for vthited dee(F wet season = 120, F dry

seasom = 143; M wet season= 70,M dry seasom = 78)duringJanuary 2015 December 2018 in Big Cypress National Preserve
and Florida Panther National Wildlife Refugeamining habitat selection in regards to distance to habitat, surface water (SWI), and
panther activity rates (PAR) amadsociated degrees of freedom (df);likglihood (logLik), corrected AIC (AICc), and model weight

(W). Top sexseason specific models are in bold.

SexSeasot Model Formula df  logLik AlCc Al C W
Female
Wet

I(Hammock + Swamp + Marsh + Flatwoods + Prairie + Road +

Globa Edge + SWI) * PAR + strata(StepID) + cluster(id) 17 -248721.44497476.8¢ 0.00 1
(Hammock + Swamp + Marsh + Flatwoods + Prairie + SWI)*F i
4 7 strata(Stef) + cluster(id) 13 -248798.52 497623.04 146.15 O
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge + i o c
3 SWI)*PAR + strata(SteplD) + cluster(id) 15 -248860.95497751.95 275.11 O
* -
5 (Swamp + Marsh + Fla.twoods + Road + Edge + SWI) * PAR 13 -248875.75 497777.51 30063 O
strata(SteplD) <luster(id)
(Swamp + Marsh + Flatwoods + Road + SWI) * PAR + ) c
6 strata(StepID) + cluster(id) 11 -248890.04497802.0¢ 325.21 O
. . \
12 gl;ilgzrrw(ig)Prame + Road + Edge + SWI)*PAR + strata(StepID; 11 -248923.32 497868.65 39177 O
(Swamp + Marsh + Flatwoods + Edge + SWI) * PAR + ) c
7 strata(StepID) + cluster(id) 11 -248967.32497956.65 479.77 O
iy .
11 (Hammock + Flatwoods_+ Prairie + Road + Edge + SWI)*PAFR 13 -249119.3C 498264.7¢ 787.90 O
strata(StepID) + cluster(id)
*
13 (Swamp + Flatwoods + Road + Edge + SWI)*PAR + 11 -249247 08 498516.1€ 1039.28 0

strata(StepID) + cluster(id)
10 (Hammock + Swamp + Prairie + Road + Edge + SWI)*PAR + 13 -249271.43 498568.8¢ 1091.97 O
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strata(StepID) + cluster(id)
14 (Flatwoodst+ Edge + SWI)*PAR + strata(SteplID) + cluster(id) 7 -249368.04 498750.0¢ 1273.20
E:ISuvg?eT(?d; Edge + Road + SWI)*PAR + strata(StepID) + 9 -249383.87 498785.75 1308.86
9 (Road + Edge + SWI) * PAR + strata(SteplID) + cluster(id) 7 -24941393 498841.8c 1364.97
Hammock + Swamp + Marsh + Flatwoods + Prairie + Road +

o O O O O

B L BWI 4 PAR Stiati(StonID) + clustortid) 8 -258163.12516342.27 18865.39
Null 1 + strata(SteplID) + cluster(id) 0 -1329563.7.2659127.4:2161650.6!
Dry
Global (E'jjag';‘”josc\‘;vs f‘gig‘1’;t'}"aat‘gs(gt;;'[‘;‘;"iogﬂzt;zae)‘i”e tRoad+ 17 541493.09483021.9¢6  0.00 0.9
4 iHSat?;gc(’gfeglg‘;"frzﬁj ;gfgé‘;'h + Flawoods + Prairie + SWI'F 13 54150047 482026.95 4.97  0.08
3 g@?giﬁ: ;;’;?;T(‘gt;p'\lﬂg)rihcj’uggtr‘gg)ods tRoad +Edge + 15 541504 2748321845 196.47 0.0C
5 g?rgf‘ar?s"t;’p':ga;rihcL;':rtz’i‘:jo)c’ds +Road + Edge + SW)"PAR - 15 54161210 482250.38 228.40 0.0C
7 gf’rgf‘ar?spt;’p'l\’[')"’;rihcL;':rt(i"‘;ofds + Bdge + SWI) " PAR + 11 -241615.75 483253.5C 231.52 0.0C
gf’rgf‘ar?spt;’p'l\’[')"’;rihcL;':rt(i"‘;ofds + Road + SWI) * PAR + 11 -241622.04483266.06 244.10 0.0C
12 ((:I;{I;:Zr(i;)Prairie + Road + Edge + SWI)*PAR + strata(StepID] 11 -241638.4€ 483298.92 276.94 0.0C
11 g';g?;r(g‘;ggI’[’))Fiaf:"lfjos‘zgf(i;)Prame + Road + Edge + SWIPAR 15 541774 81483575.62 553.63 0.0C
10 g';i?;r(g‘;gg”&)s)viaé}‘ui; rF(’irdaSi”e + Road + Edge + SWI'PAR+ 13 541837.7¢ 483701.5¢ 679.60 0.0C
13 (Swamp + Flawoods + Road + Edge + SWI)*PAR + 11 -241850.95 483723.9C 701.91 0.0C

strata(SteplD) + cluster(id)
14 (Flatwoods + Edge + SWPAR + strata(StepID) + cluster(id) 7 -241895.6€ 483805.31 783.33 0.0C
15 (Swamp + Edge + Road + SWI)*PAR + strata(StepID) + 9 -241934.57483887.14 865.15 0.0C
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cluster(id)
9 (Road + Edge + SWI) * PAR + strata(SteplID) + cluster(id) 7 -241988.3¢48390.79 968.81 0.0C
Hammock + Swamp + Marsh + Flatwoods + Prairie + Road +

8 SWI + PAR strata(StepID) + cluster(id) 8 -249700.82499417.64 16395.66 0.0C
Null 1 + strata(SteplD) + cluster(id) 0 -1280707.6:.2561415.2:2078393.310.0C
Male
Wet
(Hammock + Swamp + Marsh + Flatwoods + Prairie + Road + i
Global Edge + SWI) * PAR + strata(StepID) + cluster(id) 17 -83017.62 166069.2¢ 0.00 1
(Hammock + Swamp + Marsh + Flatwoods + Prairie + SWI)*F i -
+ strata(SteplID) + cluster(id) 13 -83(26.31 166078.6% 9.37 0
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge + i
3 SWI)*PAR + strata(SteplD) + cluster(id) 15 -83029.86 166089.74 20.48 0O
o . .
12 ((:I?{Igzzrr](ig)Pralrle + Road + Edge + SWI)*PAR + strata(StepID] 11 -83068.73 166159.4€ 90.21 0
* -
5 (Swamp + Marsh + FIatvyoods + Road + Edge + SWI) * PAR 13 -83078.59 166183.1¢ 113.93 0
strata(SteplD) + cluster(id)
(Swamp + Marsh + Flatwoods + Road + SWI) * PAR + i
6 strata(StepID) + cluster(id) 11 -83084.12 166190.2€ 121.00 O
(Swamp + Mark + Flatwoods + Edge + SWI) * PAR + i
7 strata(StepID) + cluster(id) 11 -83085.20 166192.41 123.15 O
. .
11 (Hammock + Flatwoods_+ Prairie + Road + Edge + SWI)*PAF 13 -83130.28 166286.5¢ 217.32 O
strata(StepID) + cluster(id)
. .
10 (Hammock + Swamp + PrairieRoad + Edge + SWI*PAR+ 15 o415 13 16631026 241.02 0
strata(StepID) + cluster(id)
*
13 (Swamp + Flatwoods + Road + Edge + SWIJ*PAR + 11 -83192.53 166407.0¢ 337.82

strata(StepID) + cluster(id)
14 (Flatwoods + Edge + SWI)*PAR + strata(SteplID) +star(id) 7 -83202.33 166418.6€ 349.40
9 (Road + Edge + SWI) * PAR + strata(SteplD) + cluster(id) 7 -83202.70 166419.4C 350.14

*
15 f:m?é?(?d; Edge + Road + SWI)*PAR + strata(StepID) + 9 -83202.36 1664227 353.47

o OO o
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Dry

8

3

Global

10

11

13

15

12

14

8
Null

Hammock + Swamp Marsh + Flatwoods + Prairie + Road + el
+ SWI + PAR strata(SteplD) + cluster(id)

(Hammock + Swamp + Marsh + Flatwoods + Road + Edge +
SWI)*PAR + strata(SteplID) + cluster(id)

(Hammock + Swamp + Marsh + Flatwoods + Prairie + Road +
Edge + SWI) * PAR + strata(SteplD) + cluster(id)

(Swamp + Marsh + Flatwoods + Road + Edge + SWI) * PAR -
strata(StepID) + cluster(id)

(Hammock + Swamp + Marsh + Flatwoods + Prairie + SWI)*F 1
+ strata(SteplID) + cluster(id)

(Hammock + Swamp + Prairie + Road + Edge + SWI)*PAR +
strata(StepID) + cluster(id)

(Swamp + Marsh + Flatwoods + Edge + SWI) * PAR +
strata(StepID) + cluster(id)

(Hammock + Flatwoods + Prairie + Road + Edge + SWI)*PAR
strata(SteplD) + cluster(id)

(Swamp + Marsh + Flatwoods + Road + SWI) * PAR +
strata(StepID) + cluster(id)

(Swamp + Flatwoods + Road + Edge + SWI)*PAR +
strata(SteplD) + cluster(id)

(Swamp + Edge Road + SWI)*PAR + strata(StepID) +

cluster(id)

(Marsh + Prairie + Road + Edge + SWI)*PAR + strata(SteplD

cluster(id)

(Road + Edge + SWI) * PAR + strata(SteplID) + cluster(id)

8

15

17

13

3

13

11

13

11

11

9

Al

211
7

(Flatwoods + Edge + SWI)*PAR + strata(StepID) + cluster(id) 7

Hammock + Swamp + Marsh + Flatwoods + Prairie + Road +
+ SWI + PAR strata(SteplD) + cluster(id)
1 + strata(SteplID) + cluster(id)

8

-101084.57 202185.14

-79654.92

-79653.76

-79702.77

-79711.31

-79715.15

-79728.28

-79755.99

-79760.04

-79766.76

-79768.92

-79770.08

-79817.14
-79838.78

159339.8¢

159341.54

159431.55

159448.62

159456.32

159478.5¢

159538.0C

159542.1C

159555.5:

159555.8¢

159562.1¢

159648.2¢
159691.57

-101228.6€ 202473.38
0 -1280707.6.2561415.2:2402075.4.0.0C

36115.88 0

0.00

1.69

91.70

108.78

116.47

138.73

198.15

202.25

215.68

216.00

222.31

308.44
351.72

0.70

0.3C

0.0C

0.0C

0.0C

0.0C

0.0C

0.0C

0.0C

0.0C

0.0C

0.0C
0.0C

43133.54 0.0C




Table 11. Sexand seasospecific candidate step selection functions (Formula) for vthited dee(F wet season = 120, F dry
seasom = 143; Mwet seasom = 70, M dry season = 78)duringJanuary 2015 December 2018 in Big Cypress National Preserve
and Florida Panther National Wildlife Refugeamining habitat selection in regards distance to habitat, surface water (SWI), and
human activity rees (HAR) and associated degrees of freedom (dflikegihood (logLik), corrected AIC (AICc), and model weight

(W). Top sexseason specific models are in bold.

SexSeasorModel Formula df  logLik AlCc Al C W
Female
Wel

Globa (Hammock + Swamp + Marsh + Flatwoods + Prairie + Road
| + Edge + SWI) * HAR + strata(SteplID) + cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Prairie +

17 -248782.06 497598.13 0.00 1

4 SWI)*HAR + strata(StepID) + cluster(id) 13 -248861.24 497748.49 15036 0
12 ((:I;{I;:Zr(i;)Prairie + Road + Edge + SWI)*HAR + strata(Stepl 11 -248923.37 497868.65 27052 O
3 (S':,%mi%(: sst\rlé?;?gt;pl\(lg)r SjrhCTuZ'titr‘gg;’ds +tRoad +Edge - 15 54590658 497883.17 28504 0
5 gﬁgf‘ar?spt;gfggsf :Iqulflet;lziC(;())dS +Road + Edge + SW) "HAR 153 548040.68 497907.35 309.22 0
6 gf’rgf‘ar?spt;’p'l\’[')"’;rihcL;':rt(i"‘;ofds +Road+ SW)"HAR* 11 54895418 497930.36 33223 0
7 Srg%r?sptgp%?rihcﬁj;'ﬂ(viﬁ;w Edge + SWI) * HAR + 11 -249034.02 498090.05 491.92 O
11 e acstomDy & costergicy | ood T EA0e TSWIY 13 24918137 498388.74 790.61 0
13 (Swamp © Flanwoods + Road + Bdge + FHAR + 11 -249247.08 498516.16 918.03 0

strata(StepID) + cluster(id)
10 (Hammock + Swamp + Prairie + Road + Edge + SWI)*HAR 13 -249333.4S 498692.99 1094.86 O
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Dry

strata(StepID) + cluster(id)

14 (Flatwoods + Edge + SWI)*HAR + strata(StepID) + clust®r(i 7
15 (Swamp + Edge + Road + SWI)*HAR + strata(StepID) + 9
cluster(id)
9 (Road + Edge + SWI) * HAR + strata(StepID) + cluster(id) 7
8 Hammock + Swamp + Btsh + Flatwoods + Prairie + Road + 8
edge + SWI + HAR strata(SteplD) + cluster(id)
Null 1 + strata(SteplID) + cluster(id) 0
Globa (Hammock + Swamp + Marsh + Flatwads + Prairie + Road 17
|+ Edge + SWI) * HAR + strata(SteplD) + cluster(id)
4 (Hammock + Swamp + Marsh + Flatwoods + Prairie + 13
SWI)*HAR + strata(SteplD) + cluster(id)
3 (Hammock + Swamp Marsh + Flatwoods + Road + Edge + 15
SWI)*HAR + strata(SteplD) + cluster(id)
5 (Swamp + Marsh + Flatwoods + Road + Edge + SWI) * HAF 13
strata(SteplD) + cluster(id)
- (Swamp + Marsh +latwoods + Edge + SWI) * HAR + 11
strata(SteplD) + cluster(id)
6 (Swamp + Marsh + Flatwoods + Road + SWI) * HAR + 11
strata(SteplD) + cluster(id)
(Marsh + Prairie + Road + Edge + SPWHAR + strata(SteplD) -
12 . 11
cluster(id)
11 (Hammock + Flatwoods + Prairie + Road + Edge + SWI)*H/ 13
+ strata(SteplID) + cluster(id)
10 (Hammock + Swamp + Prairie + Road + Edge + SWARH+ 13
strata(StepID) + cluster(id)
13 (Swamp + Flatwoods + Road + Edge + SWI)*HAR + 11
strata(SteplD) + cluster(id)
14 (Flatwoods + Edge + SWI)*HAR + strata(StepID) + cluster(ic 7
15 (Swamp + Edge + Road + SWI)*HAR + strata(StepID) + 9
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-249368.04 498750.08
-249383.87 498785.75
-249482.7S 498979.58
-258163.13 516342.27

-1329563.7:2659127.4£2161529.3!

-241478.01 482990.03

-241484.31 482994.62

-241582.9C 483195.82

-241601.56 483229.13

-241604.98 483231.96

-241611.21 483244.42

-241638.46 483298.93

-241757.32 483540.64

-241820.64 483667.28

-241850.95 483723.90

-241895.66 483805.31
-241934.57 483887.14

1151.95

1187.61

1381.45
18744.14

0.00

4.59

205.78

239.10

241.93

254.39

308.90

550.61

677.25

733.87

815.28
897.11

0.91

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00



cluster(id)
9 (Road + Edge + SWI) * HAR + strata(StepID) + cluster(id) 7 -241978.14 483970.28 980.25 0.00

Hammock + Swamp Marsh + Flatwoods + Prairie + Road +
8 edge + SWI + HARpstrata(StepID) + cluster(id) 8 -249700.82 499417.64 16427.61 0.00
Null 1 + strata(SteplD) + cluster(id) 0 -1280707.6-2561415.2¢2078425.2! 0.00
Male
Wei
Globa (Hammock + Swamp + Marsh + Flatwoods + Prairie + Road
| + Edge + SWI) * HAR + strata(SteplID) + cluster(id)
(Hammock + Swamp + Marsh + Flatwoods + Prairie +

17 -83017.80 166069.62 0.00 1

4 SWI)*HAR + strata(SteplD) + cluster(id) 13 -83027.42 166080.84 11.22 0
(Hammock + Swamp + Marsh + Flatwoods + Road + Edge - i

3 SWI)*HAR + strata(SteplD) + cluster(id) 15 -83029.64 166089.30  19.68 0

. .
12 ((:I?{Igzzrr](ig)Pralrle + Road + Edge + SWI)*HAR + strata(Stepl 11 -83068.73 166159.46 89.84 0
* .

5 (Swamp + Marsh Flatwqods + Road + Edge + SWI) * HAR 13 -83077.26 16618052 11090 O
strata(SteplD) + cluster(id)
(Swamp + Marsh + Flatwoods + Road + SWI) * HAR + )

6 strata(StepID) + cluster(id) 11 -83082.65 166187.30 117.68 O
(Swamp + Marsh + Flatwoods + Edge + BWHAR + )

7 strata(StepID) + cluster(id) 11 -83084.48 166190.96 121.34 O
(Hammock + Flatwoods + Prairie + Road + Edge + SWI)*H/ )

11 ] strata(StepID) + cluster(id) 13 -83131.06 166288.14 21852 O

10 (Hammock + Swamp + I_Dralrle + Road + Edge + SWI)*HAR 13 -83143.12 16631226 24264 0
strata(StepID) + cluster(id)

*
13 (Swamp + Flawoods + Road + Edge + SWI)*™HAR + 11 -83192.53 166407.08 337.45

strata(StepID) + cluster(id)
9 (Road + Edge + SWI) * HAR + strata(StepID) + cluster(id) 7 -83202.07 166418.5 348.53
14 (Flatwoods + Edge + SWI)*HAR + strata(SteplD) + cluster(ic 7 -83202.33 166418.66 349.04

*
15 f:m?é?(?d; Edge + Road + SWI)*HAR + strata(StepID) + 9 -83202.36 166422.72 353.10

o oo o
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Hammock + Swamp + Marsh + Flatwoods + Rea# Road +

8 edge + SWI + HAR strata(SteplD) + cluster(id) 8
Null 1 + strata(SteplID) + cluster(id) 0
Dry
3 (Hammock + Swamp + Marsh + Flatwoods + Road + Edge - 15
SWI)*HAR + strata(SteplD) + cluster(id)
Global(Hammock + Swamp + Marsh + Flatwoods + P_rairie + Road 17
Edge + SWI) * HAR + strata(SteplID) + cluster(id)
5 (Swamp + Marsh + Flatwoods + Road + EdgeW s HAR + 13
strata(StepID) + cluster(id)
4 (Hammock + Swamp + Marsh + Flatwoods + Prairie + 13
SWI)*HAR + strata(SteplD) + cluster(id)
10 (Hammock + Swamp + Prairie + Road + Edge + SWAR + 13
strata(StepID) + cluster(id)
" (Swamp + Marsh + Flatwoods + Edge + SWI) * HAR + 11
strata(StepID) + cluster(id)
11 (Hammock + Flatwoods + Prairie + Road + Edge + SWI)*H/ 13
+ stratdSteplID) + cluster(id)
6 (Swamp + Marsh + Flatwoods + Road + SWI) * HAR + 11
strata(StepID) + cluster(id)
13 (Swamp + Flatwoods + Road + Edge + SWI)*HAR + 11
strata(StepID) + cluster(id)
15 (Swamp + Edge + Road + SWI)*HAR + strata(SteplID) + 9
cluster(id)
12 (Marsh + Prairie + Road + Edge + SWI)*HAR + strata(Stepl 11
cluster(id)

9 (Road + Edge + SWI) * HAR + strata(StepID) + cluster(id) 7
14 (Flatwoods + Edge + SWI)*HAR + strata(SteplID) + cluster(ic 7
8 Hammock + Swamp + Marsh + Flatwoods + Prairie + Road 3
edget+ SWI + HAR strata(SteplD) + cluster(id)

Null 1 + strata(SteplID) + cluster(id)

-101084.57 202185.14 36115.52 O
-485334.09 970668.18 804598.5¢ 0O

-79636.89

-79636.14

-79684.18

-79693.89

-79698.74

-79710.00

-79738.45

-79741.14

-79766.76

-79768.92

-79770.08

-79798.96
-79838.78

159303.80

159306.31

159394.38

159413.79

159423.49

159442.01

159502.92

159504.29

159555.53

159555.85

159562.16

159611.93
159691.57

-101228.69 202473.38

0.00

2.50

90.58

109.99

119.68

138.21

199.12

200.48

251.72

252.05

258.36

308.13
387.77

0.78

0.22

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

43169.58 0.00

0 -1280707.6-2561415.2¢2402111.4:0.00
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Table 12. Seasonal selection coefficients (Est), standard errors {StB)jiskcs (Fstat),95%
confidence intervals (Lower, Upper), and@lues from step selection functions fit to seasonal
data subsets for all male whitgiled deer eligible for analyséset seasom = 70; dry season

= 78)duringJanuary 201517 December 2018 Big CypreBkational Preserve and Florida

Panther National Wildlife Refugeith respect to distance to habitat and surface water index

(SWI).
Season Term Est SE F-Stat Lower Upper p-value
Dry
Hammock -0.020 0.007 -0.821 -0.069 0.028 0.412
Swamp -0.011  0.006 -0.468 -0.055 0.034 0.640
Marsh -0.103 0.006 -3.400 -0.162 -0.044 0.001
Flatwoods -0.037  0.006 -1.276 -0.093 0.020 0.202
Prairie -0.044  0.005 -2.016 -0.087 -0.001 0.044
Road -0.022  0.005 -0.715 -0.081 0.038 0.475
Edge 0.012 0.006 0.508 -0.0#  0.058 0.611
SWi -0.012 0.004 -0.806  -0.040 0.017 0.420
Hammock:SWI -0.013  0.004 -1.204 -0.034 0.008 0.229
Swamp:SWI  0.027 0.004 2.853 0.008 0.045 0.004
Marsh:SWI 0.010 0.004 0.727 -0.017 0.037 0.467
Flatwoods:SWI -0.025 0.004 -2.224  -0.047 -0.003 0.026
Prairie:SWI -0.015 0.004 -1.499 -0.034 0.005 0.134
Road:SWI -0.032  0.003 -2.741 -0.054 -0.009 0.006
Edge:SWiI -0.040 0.004 -3.291 -0.063 -0.016 0.001
Wet
Hammock 0.011 0.007 0.484 -0.034 0.056 0.629
Swamp 0.024 0.005 1.261 -0.013  0.062 0.207
Marsh -0.168 0.006 -6.808 -0.217 -0.120 <0.001
Flatwoods -0.008 0.006 -0.309 -0.056 0.041 0.757
Prairie -0.042 0.005 -2490 -0.075 -0.009 0.013
Road -0.036  0.005 -1.532 -0.083 0.010 0.126
Edge -0.010 0.005 -0.421 -0.055 0.035 0.674
SWI -0.056  0.004 -4.038 -0.083 -0.029 <0.001

Hammock:SWI -0.005 0.003 -0.469 -0.027 0.017 0.639
Swamp:SWI  0.019 0.003 2.556 0.005 0.034 0.011
Marsh:SWiI -0.008 0.004 -0.655 -0.031 0.016 0.513
Flatwoods:SWI -0.011  0.003 -1.181 -0.030 0.007 0.238
Prairie:SWI -0.016  0.003 -2.758 -0.027 -0.005 0.006
Road:SWI -0.022  0.003 -2.101 -0.043 -0.002 0.036
Edge:SWI -0.012  0.003 -1.220 -0.032  0.007 0.222
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Table 13. Seasonal selection coefficients (Est), standard errors {SB)iskcs (FStat), 95%
corfidence intervals (Lower, Upper), anevplues from four step selection functions fit to
seasonal data subsets for all female wtatied deer eligible for analyséset seasom = 120;

dry seasom = 143)duringJanuary 2015 December 2018 in Big Cypredational Preserve and

Florida Panther National Wildlife Refugdth respect to distance to habitat and surface water

index (SWI).

Season Term Est SE F-Stat Lower Upper p-value

Dry
Hammock 0.006 0.021 0.285 -0.036  0.048 0.776
Swamp 0.057 0.021 2.650 0.015 0.099 0.008
Marsh -0.052 0.017 -3.116 -0.084 -0.019 0.002
Flatwoods -0.045 0.024 -1.863 -0.093 0.002 0.062
Prairie -0.049 0.018 -2.765 -0.084 -0.014 0.006
Road 0.011 0.017 0.659 -0.022  0.045 0.510
Edge -0.034 0.017 -2.041 -0.066 -0.001 0.041
SWiI -0.004 0.013 -0.270 -0.030 0.023 0.787

Hammock:SWI -0.003  0.007 -0.452 -0.017 0.011 0.651
Swamp:SWI  0.023 0.006 3.719 0.011 0.036 <0.001
Marsh:SWiI 0.052 0.009 5.512 0.033 0.070 <0.001
Flatwoods:SWI -0.006  0.009 -0.680 -0.025 0.012 0.497
Prairie:SWI -0.005 0.008 -0.676  -0.021 0.010 0.499

Road:SWI -0.024 0.006 -3.699 -0.036 -0.011 <0.001
Edge:SWI -0.033 0.010 -3.432 -0.052 -0.014 0.001
Wet
Hammock 0.010 0.021 0.491 -0.031 0.052 0.624
Swamp 0.039 0.022 1.768 -0.004 0.082 0.077
Marsh -0.103 0.018 -5.785 -0.138 -0.068 <0.001
Flatwoods -0.077  0.025 -3.051 -0.127 -0.028 0.002
Prairie -0.050 0.019 -2.692 -0.087 -0.014 0.007
Road -0.023  0.020 -1.142 -0.061 0.016 0.253
Edge -0.025 0.020 -1.272 -0.064 0.014 0.203
SWiI -0.057 0.013 -4.302 -0.083 -0.031 <0.001

Hammock:SWI 0.016 0.008 2.109 0.001 0.031 0.035
Swamp:SWI  0.019 0.008 2.394 0.003 0.034 0.017
Marsh:SWI 0.067 0.012 5.854 0.045 0.090 <0.001
Flatwoods:SWI -0.007  0.010 -0.663 -0.026 0.013 0.507
Prairie:SWI -0.018 0.009 -1.947 -0.036 0.000 0.052
Road:SWI -0.021  0.008 -2496 -0.038 -0.005 0.013
Edge:SWI -0.025 0.012 -2.149 -0.048 -0.002 0.032
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Table 14. Seasonal selection coefficients (Est), standard errors {S)iskcs (Fstat), 95%
confiderce intervals (Lower, Upper), andvalues from step selection functions fit to seasonal
data subsets for all male whitgiled deer eligible for analyséset seasom = 70; dry season

= 78)duringJanuary 2015 December 2018 in Big Cypress Nationalgemee and Florida
Panther National Wildlife Refugeith respect to distance to habitat, surface water (SWI), and

panther activity rates (PAR).

Seasor Term Est SE F-Stat Lower Upper p-value

Dry
Hammock 0.10¢ 0.011 2.981 0.03¢ 0.174 0.00¢
Swamp -0.09¢ 0.00¢ -3.64¢ -0.15¢ -0.04¢€ <0.001
Marsh -0.10¢ 0.01C -3.057 -0.17¢ -0.03¢ 0.00z
Flatwoods 0.02¢ 0.00¢ 0.75¢ -0.03¢ 0.08¢ 0.44¢
Road 0.05¢ 0.00¢ 1.51C -0.017 0.134 0.131
Edge 0.07¢ 0.00¢ 2.601 0.02C 0.13¢ 0.00¢
SWi -0.04¢ 0.007 -2.212 -0.09¢ -0.00¢ 0.027
PAR -0.04z 0.01¢ -1.91¢ -0.084 0.001 0.05¢
Hammock:PAR  -0.017 0.00¢ -1.92¢ -0.034 0.00C 0.05¢
Swamp:PAR -0.00¢ 0.00¢ -0.47¢ -0.017 0.01C 0.63<
Marsh:PAR -0.01z 0.01C -0.721 -0.04: 0.02C 0.471
Flatwoods:PAR  -0.001 0.01C -0.078 -0.022 0.021 0.93¢
Road:PAR 0.001 0.00¢ 0.127 -0.01z 0.01< 0.89¢
Edge:PAR 0.004 0.00¢ 0.57C -0.011 0.02C 0.56¢
SWI:PAR -0.004 0.007 -0.31¢ -0.02¢ 0.01¢ 0.75C

Wet
Hammock 0.09¢ 0.011 3.154 0.037 0.16C 0.00z
Swamp -0.011 0.00¢ -0.487 -0.05¢ 0.03¢ 0.62¢
Marsh -0.14< 0.01C -4.28¢ -0.20¢ -0.077 <0.001
Flatwoods 0.03¢ 0.00¢ 1.01z -0.037 0.11¢ 0.311
Prairie -0.03¢ 0.00¢ -1.401 -0.09¢ 0.01¢ 0.161
Road -0.027 0.00¢ -0.84¢ -0.08¢ 0.03¢ 0.39¢
Edge 0.01¢ 0.00¢ 0.451 -0.05C 0.08C 0.652
SWi -0.05¢ 0.00¢ -3.14% -0.09¢ -0.022 0.00z
PAR -0.00z 0.01¢ -0.10¢ -0.031 0.02¢ 0.91¢
Hammock:PAR  -0.011 0.00¢ -1.07¢ -0.03C 0.00¢ 0.281
Swamp:PAR 0.00¢ 0.00¢ 0.67¢ -0.011 0.02¢ 0.49¢
Marsh:PAR 0.00¢ 0.00¢ 0.81¢ -0.01z 0.02¢ 0.41¢

Flatwoods:PAR  -0.00¢ 0.00¢ -0.512 -0.024 0.014 0.60¢
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Prairie:PAR
Road:PAR
Edge:PAR
SWI:PAR

0.014
0.007
0.011
0.02¢

0.00¢
0.00¢
0.00¢
0.00¢

2.04¢
1.05¢
1.40¢
5.19z2

0.001
-0.00¢
-0.00¢4

0.017

0.02¢
0.021
0.02¢
0.03¢

0.04C
0.291
0.15¢
<0.001
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Table 15. Seasohselection coefficients (Est), standard errors (SEStdfistics (Fstat), 95%
confidence intervals (Lower, Upper), and@lues from step selection functions fit to seasonal
data subsets for all female whitileddeereligible for analysegwet seasom = 120; dry season
n = 143)duringJanuary 2015 December 2018 in Big Cypress National Preserve and Florida
Panther National Wildlife Refugeith respect to habitat, surface water (SWI), and panther

activity rates (PAR).

Season Term Est SE F-Stat Lower Upper p-value

Dry
Hammock 0.025 0.006 0.831 -0.035 0.085 0.406
Swamp 0.023 0.005 0.784 -0.035 0.082 0.433
Marsh -0.114 0.005 -4.700 -0.162 -0.067 <0.001
Flatwoods -0.083 0.006 -2.752 -0.143 -0.024 0.006
Prairie -0.071 0.005 -2.697 -0.123 -0.019 0.007
Road -0.004 0.005 -0.173 -0.045 0.038 0.863
Edge -0.017 0.005 -0.728 -0.062 0.029 0.467
SWi -0.018 0.004 -0.957 -0.056 0.019 0.339
PAR -0.011 0.010 -0.845 -0.038 0.015 0.398
Hammock:PAR 0.002 0.005 0.350 -0.009 0.013 0.727
SwampPAR -0.001 0.005 -0.199 -0.012 0.010 0.842
Marsh:PAR 0.007 0.005 1.224 -0.004 0.018 0.221
Flatwoods:PAR 0.006 0.006 0.911 -0.007 0.020 0.363
Prairie:PAR -0.005 0.005 -0.829 -0.015 0.006 0.407
Road:PAR 0.007 0.005 1.132 -0.005 0.019 0.257
Edge:PR -0.004 0.005 -0.717 -0.015 0.007 0.473
SWI:PAR 0.006 0.004 1.376 -0.003 0.015 0.169

Wet
Hammock 0.020 0.006 0.610 -0.044 0.083 0.542
Swamp 0.003 0.005 0.089 -0.058 0.063 0.929
Marsh -0.142  0.005 -5.736 -0.191 -0.094 <0.001
Flatwoods -0.106  0.006 -3.289 -0.168 -0.043 0.001
Prairie -0.084 0.005 -2.944 -0.140 -0.028 0.003
Road -0.056 0.005 -2.202 -0.106 -0.006 0.028
Edge -0.017 0.005 -0.592 -0.074 0.039 0.554
SWi -0.058 0.004 -3.125 -0.094 -0.022 0.002
PAR -0.014 0.010 -1.148 -0.037 0.010 0.251
Hammock:PAR -0.006 0.005 -1.315 -0.015 0.003 0.189
Swamp:PAR 0.001 0.005 0.256 -0.008 0.010 0.798
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Marsh:PAR
Flatwoods:PAR
Prairie:PAR
Road:PAR
Edge:PAR
SWI:PAR

-0.001
0.009
0.001
0.004
0.006
0.025

0.005
0.006
0.005
0.005
0.005
0.004

-0.223
1.536
0.281
0.740
1.250
4.884

-0.012
-0.002
-0.009
-0.007
-0.003
0.015

0.009
0.020
0.012
0.016
0.016
0.034

0.823
0.125
0.779
0.459
0.211
<0.001
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Table 16. Seasonal selection coefficients (Est), standard errors {Sjiskcs (Fsta), 95%
confidence intervals (Lower, Upper), and@lues from step selection functions fit to seasonal
data subsets for all male whitgiled deer eligible for analyséset seasom = 70; dry season

= 78)duringJanuary 2015 December 2018 in Big Cypss National Preserve and Florida
Panther National Wildlife Refugeith respect to distance to habitat, surface water (SWI), and

human activity rates (HAR).

Season Term Est SE F-Stat Lower Upper p-value

Dry
Hammock 0.105 0.011 3.005 0.036 0.173 0.003
Swamp -0.099 0.009 -3.659 -0.152 -0.046 <0.001
Marsh -0.107 0.010 -3.058 -0.176 -0.039 0.002
Flatwoods 0.025 0.009 0.757 -0.039 0.089 0.449
Road 0.059 0.008 1.514 -0.017 0.134 0.130
Edge 0.079 0.009 2.593 0.019 0.138 0.010
SWi -0.049 0.007 -2.213 -0.093 -0.006 0.027
HAR -0.039 0.020 -1.104 -0.109 0.030 0.270
Hammock:HAR  0.017 0.010 1.551 -0.005 0.040 0.121
Swamp:HAR -0.008 0.009 -1.129 -0.023 0.006 0.259
Marsh:HAR -0.006 0.010 -0.376 -0.039 0.026 0.707
Flatwoods:HAR  0.014 0.010 0.938 -0.015 0.042 0.348
Road:HAR 0.005 0.009 0.508 -0.014 0.024 0.612
Edge:HAR -0.003 0.009 -0.298 -0.021 0.015 0.766
SWI:HAR -0.003 0.007 -0.271 -0.022 0.016 0.787

Wet
Hammock 0.098 0.011 3.161 0.037 0.159 0.002
Swamp -0.011 0.008 -0.500 -0.056 0.033 0.617
Marsh -0.142 0.010 -4.290 -0.207 -0.077 <0.001
Flatwoods 0.040 0.008 1.033 -0.035 0.115 0.302
Prairie -0.041 0.009 -1.445 -0.097 0.015 0.149
Road -0.027 0.008 -0.846 -0.088 0.035 0.397
Edge 0.015 0.008 0.459 -0.050 0.080 0.646
SWi -0.060 0.006 -3.137 -0.098 -0.023 0.002
HAR -0.009 0.020 -0.264 -0.074 0.056 0.792
Hammock:HAR  0.004 0.010 0.342 -0.019 0.027 0.732
Swamp:HAR -0.001 0.008 -0.137 -0.017 0.015 0.891
Marsh:HAR 0.005 0.010 0.450 -0.015 0.024 0.653

Flatwoods:HAR 0.004 0.009 0.472 -0.013 0.021 0.637
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Prairie:HAR
Road:HAR
Edge:HAR
SWI:HAR

-0.012 0.009
0.014 0.009
0.010 0.009
0.000 0.006

-0.959
1.266
1.075
-0.038

-0.036
-0.008
-0.008
-0.015

0.013
0.036
0.029
0.015

0.337
0.205
0.283
0.970
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Table 17. $asonal selection coefficients (Est), standard errors (S&atistics (Fstat), 95%
confidence intervals (Lower, Upper), and@lues from step selection functions fit to seasonal
data subsets for all female whitiled deer eligible for analysésetseasonn = 120; dry
seasom = 143)during January 2016 December 2018 iBig Cypress National Preserve and
Florida Panther National Wildlife Refugdth respect to distance to habitat, swd watemdex

(SW1), and human activity rates (HAR).

Season Term Est SE F-Stat Lower Upper p-value
Dry
Hammock 0.025 0.006 0.831 -0.035 0.085 0.406
Swamp 0.024 0.005 0.796 -0.035 0.082 0.426
Marsh -0.114 0.005 -4.682 -0.161 -0.066 <0.001
Flatwoods 