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Spatiotemporal variability of fire
characteristics affect animal responses in
pyric landscapes
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Abstract

Background: Behavioral responses are the most immediate ways animals interact with their environment, and are
primary mechanisms by which individuals mitigate mortality risk while ensuring reproductive success. In disturbance-
driven landscapes, animals must adjust behaviors both spatially and temporally to maximize individual fitness.
Prescribed fire is an important ecosystem driver in many coniferous forests, as fire cycles nutrients, creates spatially
heterogeneous distributions in quantity and quality of forage and cover, and provides opportunities for fire-adapted
taxa. Because fire immediately shifts resource distribution, and fire characteristics may drive behavioral responses to
recent burns, we examined behavioral responses of 105 Global Positioning System (GPS)-tagged female eastern wild
turkeys (Meleagris gallopavo silvestris Linnaeus, 1758) to fire application at three sites in southeastern United States. We
used satellite-derived imagery to calculate burn severity and burn heterogeneity. We also calculated distance to
adjacent unburned stands and time-since-fire at GPS locations of each turkey while inside burned stands. We used
behavioral change point analyses to estimate behavioral state for turkeys using burned areas, and generalized linear
mixed models to estimate how fire characteristics affected turkey behavior inside burned areas.

Results: Turkeys focused their use in less severely burned areas, and were less likely to use the interior of burned areas.
Turkeys were more likely to forage and rest in less severely burned areas, suggesting that managers should apply
prescribed fire frequently enough to promote low-severity burns. We found that, as distance to neighboring unburned
areas increased, turkeys were more likely to walk through the interiors of recently burned areas, as opposed to resting
or foraging in them, suggesting that the interiors of some burn units are less suitable habitat in the year that
prescribed fire is applied. Our findings suggest that prescribed fire applied to ensure that interior areas of burned
stands are <250 m from adjacent unburned stands or to stands shaped to maximize edge-to-area ratios likely create
more suitable conditions for foraging and resting.

Conclusions: The application and spatial arrangement of prescribed fire, even in frequently burned areas, affect animal
response and behaviors. Prescribed fire regimes should be created in recognition that sizes of burned stands and fire
severity, along with determinants of fire severity (e.g., fuel loads, return intervals, timing), are important influences on
animal behavior in frequent-fire-managed landscapes.
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Resumen

Antecedentes: Las respuestas en el comportamiento son las formas más inmediatas en que los animales interactúan
con su ambiente, y son mecanismos primarios por medio de los cuales los individuos mitigan riesgos de mortalidad
mientras aseguran su éxito reproductivo. En paisajes disturbados, los animales deben ajustar sus comportamientos,
tanto espaciales como temporales para maximizar su adaptación individual. Los fuegos prescriptos son importantes
promotores de cambios en ecosistemas de bosques de coníferas, dado que el fuego recicla los nutrientes, crea
distribuciones espaciales heterogéneas de forraje en cantidad, calidad y cobertura, y provee oportunidades para el
establecimiento de taxones adaptados al fuego. Dado que el fuego cambia inmediatamente la distribución de los
recursos, y las características del fuego pueden producir respuestas de comportamiento en quemas recientes,
examinamos respuestas de comportamiento de 105 pavos silvestres orientales hembras (Meleagris gallopavo silvestris
Linnaeus, 1758), marcados con tarjetas acopladas a un sistema de posicionamiento global GPS, después de la
aplicación de quemas prescriptas en tres sitios en el sudeste de los EEUU. Utilizamos imágenes satelitales para calcular
la severidad y la heterogeneidad de la quema. También calculamos la distancia a sitios adyacentes sin quemar, y el
tiempo pasado desde el inicio del fuego en ubicaciones del GPS de cada pavo mientras estuvieron en los rodales
quemados. Utilizamos análisis puntuales de comportamiento de los pavos que utilizan áreas quemadas y modelos
generalizados mixtos para estimar como las características del fuego afectaron el comportamiento de los pavos dentro
de las áreas quemadas.

Resultados: Los pavos enfocaron el uso en áreas menos severamente quemadas, y fue menos probable que usaran el
interior de áreas quemadas. Los pavos tuvieron la tendencia a alimentarse y descansar en sitios menos severamente
quemados, sugiriendo que los gestores deberían aplicar quemas prescriptas con la suficiente frecuencia para promover
quemas poco severas. Encontramos que a medida que la distancia hacia lugares vecinos sin quemar aumentaba, era
más probable que los pavos caminaran hacia el interior de algunas áreas recientemente quemadas, en contraposición
con descansar o alimentarse en ellos, lo que sugiere que los interiores de algunos sitios quemados son hábitats menos
adecuados en el año en que la quema prescripta fue aplicada. Nuestros hallazgos sugieren que la quema prescripta
aplicada para asegurar que el interior de los rodales quemados estén a menos de 250 m de rodales adyacentes no
quemados, o de rodales modelados para maximizar la relación de borde/área, crean probablemente condiciones más
adecuadas para alimentarse y descansar.

Conclusiones: La aplicación y el arreglo espacial de quemas prescriptas, aún en áreas frecuentemente quemadas,
afecta la respuesta animal y sus comportamientos. Los regímenes de quemas prescriptas deberían ser creados
reconociendo que el tamaño de los rodales quemados y la severidad del fuego, junto con determinantes de la
severidad del fuego (por ej. cargas de combustible, intervalos de retorno, tiempos), influencian de modo importante el
comportamiento animal en paisajes manejados con fuegos frecuentes.

Background
Prescribed fire is an ecosystem driver in southeastern
USA coniferous forests, where fire leads to spatially het-
erogeneous distributions in quantity and quality of for-
age and cover depending on the characteristics of the
fires. The ecological effects of fire depend on burn sever-
ity (Key and Benson 2006; Elliott et al. 2009), frequency
(Haywood 2012), heterogeneity in burn severity across a
burned stand (Hayes and Robeson 2011; Parkins et al.
2018), fire size (Baker 1993; Key and Benson 2006), and
time-since-fire (Harrod et al. 2000, Hurteau et al. 2008,
Elliott et al. 2009), which in turn dictate vegetation re-
sponses (Kirkman et al. 2004; Elliot et al. 2009; Wiggers
et al. 2013). In pine (Pinus L. spp.)-dominated forests of
southeastern United States, vegetation responses to
fire are dynamic, and variation in fire characteristics
influences survival of understory plants, germination
of herbaceous plants, and future vegetation conditions

(Thaxton and Platt 2006; Ellair and Platt 2013;
Wiggers et al. 2013).
A central question in ecology is the role that compo-

nents of disturbance (e.g., distribution, frequency, size,
severity; White and Pickett 1985) play in affecting re-
source availability and animal response (Wong and
Candolin 2015). In pyric landscapes, animal responses
post fire are driven by vegetation structure and compos-
ition within the post-burn stand, and resources provided
by burned and neighboring unburned stands (Dunning
et al. 1992; Madden et al. 1999; Briani et al. 2004).
Vegetation communities in southeastern United States
shift rapidly post fire (Glitzenstein et al. 2012; Haywood
2012), from predominately bare ground immediately
after fires (Jones et al. 2013), to grass- and forb-
dominated understories during the first growing season
(Kirkman et al. 2004). After one growing season post
fire, hardwood stems increase in the midstory and
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overstory (Provencher et al. 2001; Beckage et al. 2009;
Haywood 2012), decreasing the prominence of forbs and
grasses, unifying structural heterogeneity in the under-
story (Kush et al. 2000; Varner et al. 2000), and decreas-
ing understory vegetation diversity (Glitzenstein et al.
2012). Thus, vegetation differences between burned and
unburned areas are most distinct the first year post fire
(Varner et al. 2000; Provencher et al. 2001; Beckage
et al. 2009) and, as time progresses, burned areas can
converge in habitat suitability for some species, as vegeta-
tion communities more closely mirror surrounding un-
burned areas (Provencher et al. 2001, Beckage et al. 2009).
The eastern wild turkey (Meleagris gallopavo silvestris

Linnaeus, 1758; hereafter, turkey) inhabits pine-
dominated ecosystems in southeastern United States that
are frequently managed with prescribed fire. Recent
evidence suggests that turkeys select for recently burned
(≤2 yr post burn) pine stands within these landscapes
(Yeldell et al. 2017a; Yeldell et al. 2017b, 2017c; Wood
et al. 2018). Herbaceous vegetation comprises a substan-
tial component of turkey diets (Exum et al. 1987; Hurst
1992), and changes in groundcover vegetation (Wiggers
et al. 2013), herbaceous plants (Ellair and Platt 2013), and
invertebrates (New 2014) after prescribed fire may shift
forage availability (Campo et al. 1989; Burk et al. 1990;
Sisson et al. 1990; Still and Bauman 1990). Likewise,
sparse understory immediately following prescribed fire
but before plant regrowth (Lavoie et al. 2010), coupled
with decreases in midstory structure, may shift available
concealment and escape cover (Andersson et al. 2009).
Additionally, female turkeys inhabiting landscapes in
southeastern United States that are managed with pre-
scribed fire encounter a dynamic landscape as fire events
occur concurrent with reproductive efforts (Yeldell et al.
2017a; Wood et al. 2018). Females maintaining ranges that
encompass fire-affected stands must find areas within
burned patches that optimize forage intake, during and
after the processes of egg laying, incubation, and post-
nesting behaviors (Dickson 1992; Palmer and Hurst 1998).
Therefore, females must immediately assess spatial shifts
in resource availability post fire and alter their behavior to
increase relative fitness (Candolin and Wong 2012).
Behavioral responses of wild turkeys to prescribed

fire may be driven by the temporal and spatial redistri-
bution of resources within the landscape, and the
availability of vegetation communities near, but not
influenced by, fire activity. Because prescribed fire
immediately alters vegetation communities, and is
applied during winter, spring, and summer, which
coincides with the reproductive period of wild turkeys,
it has the potential to alter fitness in turkey popula-
tions (Yeldell et al. 2017a). However, fire characteris-
tics (i.e., burn severity, time-since-fire, etc.) influence
vegetation response, affecting availability of both

forage and cover, and may mediate turkey response
immediately following prescribed fire application.
Therefore, our objectives were to examine female
turkey use of pine stands managed with prescribed fire
to assess what fire characteristics impact patterns of
use and behavior following fire application. Specific-
ally, we examined how time-since-fire, burn severity,
burn heterogeneity, and distance to nearest unburned
stand affected turkey use and behaviors in recently
burned pine stands. We hypothesized that burned
areas would be more likely to be used by turkeys as
time-since-fire increased because of increased forage
availability. We also hypothesized that turkeys would
be more likely to use the edge of burned areas because
it provided closer proximity to escape cover, and
turkeys would be less likely to use areas of higher burn
severity and lower burn heterogeneity because these
conditions would decrease forage availability and
escape cover. We hypothesized that turkeys would be
more likely to forage and rest in areas with lower burn
severity and increased time-since-fire because of in-
creases in forage availability, while they were likely to
engage in walking behaviors in more severely burned
areas and in locations farther from non-burned stands.

Methods
Study area
We conducted research on three study sites dominated by
pine forest communities managed extensively with pre-
scribed fire to manipulate vegetation composition, struc-
ture, and understory communities (Additional file 1). We
conducted research on the Kisatchie National Forest
(KNF) and Fort Polk Wildlife Management Area (WMA)
in west-central Louisiana, USA (31.122475°, −93.172794°),
during 2014 to 2015. The KNF was owned and managed
by the United States Forest Service (USFS), whereas Fort
Polk WMA was jointly owned by the USFS and the
United States Army. Sites were composed of pine-
dominated forests, hardwood riparian zones, and forested
wetlands, with forest openings, utility right-of-ways, and
forest roads distributed throughout. Primary overstory
species included longleaf pine (Pinus palustris Mill.),
loblolly pine (P. taeda L.), oaks (Quercus L. spp.), hickories
(Carya Nutt. spp.), and red maple (Acer rubrum L.).
Average size of burn patches on KNF was 485 ha
(SD = 295 ha) but ranged from 7 to 1567 ha. In
2014 and 2015, the proportion of land burned within the
KNF and Fort Polk WMA study areas was 23.2% and
19.2%, respectively. Prescribed fire was applied in both
dormant seasons (December to March) and growing
seasons (April to July), with most fires (71.3% of total area
burned) applied in dormant seasons. Stands were
managed with fire return intervals ranging from 3 to 5 yr,
although some pine-dominated areas had no recent burn
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history at the time of our study. For a detailed description
of site conditions on KNF and Fort Polk WMA, see
Yeldell et al. (2017a).
During 2015 to 2016, we conducted research on the

Silver Lake Wildlife Management Area (30.818734°,
−84.740749°), owned and managed by the Georgia
Department of Natural Resources-Wildlife Resources
Division (GADNR), and the Lake Seminole Wildlife
Management Area, owned by the US Army Corps of
Engineers and managed by GADNR in southwest
Georgia, USA (collectively hereafter referred to as
SLWMA). The SLWMA was dominated by mature
pine forests and forested wetlands. Overstory species
were predominately longleaf pine, loblolly pine, slash
pine (Pinus elliottii Engelm.), oaks, and sweetgum
(Liquidambar styraciflua L.). The proportion of land
within the study area burned annually was 22.5% in
2015, and 25.7% in 2016. Prescribed fire was applied
throughout the year on SLWMA but most fires
occurred during the dormant season in 2015 (63.3%)
and growing season in 2016 (92.3%). Average size of
burns on SLWMA was 26 ± 3.7 ha (range: 3 to 72
ha) in 2015, and 20 ± 2.5 ha (range: 1 to 73 ha) in
2016. Prescribed fire was applied on an approximately
2- to 4-year return interval. For a detailed description of
site conditions on Silver Lake Wildlife Management Area,
see Wood et al. (2018).
During 2014 to 2016, we conducted research on

three contiguous wildlife management areas (Webb,
Hamilton Ridge, and Palachucola; hereafter Webb
WMA Complex) in South Carolina, USA, all managed by
the South Carolina Department of Natural Resources
(SCDNR). The Webb WMA Complex (32.589718°,
−81.310642°) was dominated by longleaf, loblolly, and
slash pine forests with hardwood stands along riparian
corridors, and expanses of bottomland hardwood wet-
lands. The average size of burn patches on Webb WMA
Complex during our study was 57 ha (SD = 58 ha) but
ranged from 2 to 353 ha. The proportion of land within
the study area burned annually was 18.2% in 2014, 13.5%
in 2015, and 11.6% in 2016. Prescribed fire was applied
from January to August, with 47.2% of burns occurring
during the dormant season. Prescribed fire was applied on
an approximately 3- to 5-year return interval. For a
detailed description of site conditions on the Webb WMA
Complex, see Wightman et al. (2019).

Animal capture, Global Positioning System locations, and
availability of burned stands
We captured female turkeys using rocket nets during
January to March of 2014 to 2017. We fitted turkeys
with a serially numbered, butt-end style or riveted
aluminum tarsal band and a backpack-style Global Posi-
tioning System (GPS) transmitter (Guthrie et al. 2011)

equipped with a VHF (Very High Frequency) beacon
and mortality sensor weighing approximately 88 g
(Lotek Minitrack Backpack L; Lotek Wireless Inc.,
Newmarket, Ontario, Canada). We programmed GPS
transmitters to record hourly locations from 0500 to
2000 local time each day, and one nightly roost loca-
tion at 23:59:58, between 1 March and 31 July (Cohen
et al. 2018). We chose these dates because they coin-
cide with the traditional timing of the reproductive
season on our sites, when flocks have broken up and
individual females are usually separate from other
females (Yeldell et al. 2017a; Wood et al. 2018;
Wightman et al. 2019). All birds were released on site
immediately after processing.
We used a hand-held, three-element Yagi antenna

and R2000 or R4000 receiver (Advanced Telemetry
Systems, Inc., Isanti, Minnesota, USA) to locate and
monitor the status of radio-marked individuals ≥1
time per week. We assumed onset of nest incubation
when GPS locations were fixed around a central point
for at least 24 hours (Yeldell et al. 2017a) and moni-
tored incubating females daily using radio telemetry.
When GPS locations indicated that females left the
nest and did not return for >24 hours, we assumed
that the female had stopped incubating. We then
located the nest using GPS coordinates to determine
nest fate and recorded the dates of nest initiation and
nest termination.
To determine what percentage of radio-marked turkeys

may have had burned stands available to them, we gener-
ated a 100% minimum convex polygon (MCP) around all
recorded GPS locations of each turkey and identified all
turkeys whose MCP intersected ≥1 burned area. We
assumed that any burned area within a turkey’s MCP was
available to that individual (Yeldell et al. 2017c).

First passage time
Understanding the influence of environmental factors on
behavior is a central question in movement ecology.
However, assessing environmental factors at inappropri-
ate spatial scales can bias inferences, particularly when
attempting to understand animal responses to changing
landscapes (Lai et al. 2015; Bissonette 2017). Scale issues
can be minimized by using movement data to inform
the biologically relevant scales used by animals (Byrne
et al. 2014). We estimated first passage time (FPT)
values to quantify the scale of activity at the individual
level, which provides an accurate assessment of the scale
at which individuals react to their environment
(Bissonette 2017). First passage time is defined as the
time it takes an animal to move through a circle of a
given radius r centered on a given point, and provides
inferences about animal behavior when measured at
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evenly spaced points along a movement trajectory
(Fauchald and Tveraa 2003).
Following the methodology of Byrne et al. (2014) to

estimate the scale at which female turkeys perceived
and reacted to stimuli within their environment, we
interpolated times and locations at 1 m intervals
along daily movement paths, and calculated FPT
centered on these locations for circles with radius r
ranging from 10 m to 400 m in 10 m increments.
For each path, we extracted the value of r associated
with the greatest variance in log-transformed FPT
values, which indicated the scale at which a turkey
was concentrating its activities (Fauchald and Tveraa
2003). Because scale varied across individual paths,
we defined a common scale for analysis using the
largest mean variance averaged across all paths for
each individual (76.12 m). Because this is the scale at
which the variance was most pronounced, we offer
that it also is the scale at which behavioral responses
were influenced by environmental stimuli, and at
which the greatest effect sizes should occur. As such,
we quantified covariates associated with prescribed
fire (described below) by calculating mean values
within a 76.12 m buffered circle around each GPS
location, and used these values for subsequent analyses.

Burn characteristic covariates
Burn severity and heterogeneity
Burn severity influences vegetation communities (Gagnon
et al. 2015), and may ultimately influence how ani-
mals are able to acquire resources after fires occur.
Burn severity affects survival of midstory and canopy
plants, and heterogeneity in burn severity promotes
diversity in understory plant growth, woody plant
stem density, germination of legumes and grasses, and
vertical and horizontal structure (Brockway and Lewis
1997; Thaxton and Platt 2006; Grady and Hoffmann
2012). Prescribed fire can produce patchy outcomes
(Penman et al. 2007), and the degree of vegetation
removal directly influences the spatial distribution of
resources and predator communities. Hence, these
resulting changes affect forage availability and preda-
tion risk, and habitat quality may differ across burned
areas based on burn severity and burn heterogeneity.
Therefore, we examined how burn severity and hetero-
geneity affected turkey behavior within burned areas.
To quantify burn severity and heterogeneity, we first

obtained spatial data displaying history of prescribed fire
application across our study areas from land manage-
ment agencies (USFS, state agencies, and private timber
companies). We used these data to create polygons of
fire events that occurred during our study period. To as-
sess burn severity of prescribed fires, we used the USGS
Landsat 5, 7, and 8 Surface Reflectance Tier 1 collections

(Masek et al. 2006), which we accessed via Google Earth
Engine (Gorelick et al. 2017). From these collections, we
selected all available Landsat scenes from 2011 to 2017
that had <50% cloud cover for each study area. We used
the radiometric saturation and pixel quality bands to
mask any scene pixels that were saturated or not classi-
fied as Clear, low-confidence cloud or Clear, medium-
confidence cloud (Ernst et al. 2018). We then computed
the normalized burn ratio (NBR) for all scenes and
unmasked pixels in our collection. Normalized burn
ratio is the ratio of between Landsat bands that are
sensitive to vegetation cover and exposed soil cover
(bands 4 and 7 in Landsat 5 and 7; bands 5 and 7 in
Landsat 8). Therefore, we calculated NBR using the
following formulas:

Landsat 5 and 7 NBR ¼ Band 4−Band 7ð Þ
Band 4þ Band 7ð Þ ð1Þ

Landsat 8 NBR ¼ Band 5−Band 7ð Þ
Band 5þ Band 7ð Þ ð2Þ

Next, we processed each burn polygon to determine if
suitable pre-fire and post-fire Landsat scenes were avail-
able to calculate a differenced Normalized Burn Ratio
(dNBR) of the burn (Miller and Thode 2007; Picotte and
Robertson 2011). Difference Normalized Burn Ratio is
calculated by subtracting the post-fire NBR image from
the prefire (unburned) NBR image, and is used to
identify the severity of changes resulting from fire
(Miller and Thode 2007; Picotte and Robertson 2011). It
has been used successfully for evaluating response of
wild turkeys to wildfire (Oetgen et al. 2015). Following
recommendations of Picotte and Robertson (2011), we
limited pre-burn scenes to those collected ≤2 yr prior to
the burn and within a ±30-day window of the burn. We
limited post-burn scenes to those that occurred 2 to 8
weeks following the burn date. For all burns with suit-
able Landsat imagery, we exported a 30 m raster layer
containing dNBR values for each burn (Fig. 1). In
instances where multiple pre- or post-burn scenes were
available, we calculated the average pre:post burn NBR
values prior to calculating the difference. For our esti-
mates, 2.0 dNBR was the maximum possible estimate of
burn severity, with values closer to zero representing less
burn severity. Negative values represented unburned
areas and were therefore excluded from our analyses
(Picotte and Robertson 2011).

Distance to nearest unburned stand
Prescribed fire removes vegetation and thatch and stimu-
lates new vegetation growth, which creates ideal foraging
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habitat for turkeys (Healy 1992). However, prescribed fire
temporarily removes structure that provides visual
obstruction and thermal refuge; hence, turkeys may
need access to unburned stands that provide those
resources. Landscape complementation hypotheses
suggest that animals that require resources found in
different vegetation communities will have their great-
est populations in landscapes where these communi-
ties are juxtaposed (Dunning et al. 1992). Recent
evidence suggests that turkeys may use the interface
between burned and unburned areas as complemen-
tary patches to balance food availability and proximity
to escape cover (Yeldell et al. 2017c). Because the size
and juxtaposition of fires within the landscape

potentially affects distance between vegetation com-
munities that provide different resources and turkey
response in burned areas, we assessed if turkeys con-
strained their behavioral responses in proximity to
unburned areas. For each GPS location, we calculated
distance to the nearest unburned stand. We con-
sidered recently burned stands to be any forest stand
≤250 days post burn. We considered an unburned
stand to be any forest stand that was not burned in
the same calendar year that an individual turkey was
monitored, or that had no known burn history.
Although unburned stands could have been burned
previously or had a history of prescribed fire applica-
tion, vegetation communities converge rapidly post

Fig. 1 The differenced Normalized Burn Ratio (dNBR) for all burns in a single year (2015) at one study site (SLWMA; Silver Lake Wildlife
Management Area in Georgia, USA). For all burns with suitable Landsat imagery, we exported a 30 m raster layer containing dNBR values for each
burn during our study period. Inset: part of one individual female eastern wild turkey’s (Meleagris gallopavo silvestris) GPS track showing use of
burned and unburned areas
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burn on our study sites (Haywood 2009, 2010).
Therefore, we treated all stands ≥1 yr post burn as
unburned stands, as our objective was to assess
behavioral responses of turkeys to fire within the same
growing season as fire application.

Days-since-fire
Because vegetation cover is lowest immediately fol-
lowing a burn but increases through time (Jones et al.
2013), time-since-fire may affect turkey response to
recently burned stands (Kilburg et al. 2014; Yeldell
et al. 2017b, 2017c). We updated fire history maps
daily, which allowed the landscape that a turkey
encountered to change daily as fires occurred, and
allowed us to identify if a turkey used an area ≥1 day
post burn. We calculated the associated time-since-
fire value for all locations as time (days) lapsed
between the GPS location date and the prescribed fire
application.
Using burn polygons and Landsat dNBR scenes, we

created a daily landscape of time-since-fire and burn se-
verity. From this data set, we calculated the following for
each turkey GPS location within a burn polygon: time-
since-fire (days), distance to unburned stand (m), burn
severity (mean dNBR within FPT radius), and burn
heterogeneity (variance dNBR within FPT radius).
Because we were interested in turkey responses to fire
during the year of fire application, we excluded any
location with a negative time-since-fire value or a time-
since-fire value >250 days.

Behavioral states
We quantified how turkeys behaved in burned areas
and what fire characteristics affected behaviors. We
modeled turkey behavior using behavioral change
point analysis (BCPA; Gurarie et al. 2009), a
likelihood-based method allowing identification of
changes in movement parameters underlying loca-
tional time-series data. The BCPA uses a sweeping
window analysis and temporal autocorrelation asso-
ciated with telemetry locations to detect changes in
movement parameter values, specifically velocities and
relative turn angles (RTAs), and then estimates the
most likely change point (i.e., location where shift in
movement parameters occur) within each window
according to a Bayesian Inference Criterion (BIC;
Gurarie et al. 2009). We used BCPA to identify and
interpret movement behaviors because it can reveal
behavioral structure in animal-tracking data without
any prior assumptions regarding the distributions of
movement parameters (Gurarie et al. 2009, 2016).
We calculated velocity and RTA between all se-

quential locations for the full path collected for each
turkey. We used a smoothed BCPA analysis in R (R

Core Team 2017) package bcpa (Gurarie 2014), and
tuned our analysis using a window size of 30 sequen-
tial locations and sensitivity (K) of 1 (Gurarie 2014;
Gurarie et al. 2016). These settings allowed us to
identify changes in behavior at the smallest temporal
scale possible while still meeting the minimum sam-
ple size required for BIC model selection (Gurarie
et al. 2009). We hereafter refer to segments of trajec-
tories between the change points identified by BCPA
as bouts. Because the distribution of velocity and
RTA values were positively skewed, we calculated me-
dian values for these metrics.
We assessed within-group sum of squares and serial

classification of bouts using Krzanowski and Lai’s
(1988) hierarchical clustering method to determine
the number of distinct behavioral states for each
turkey based on combinations of median velocity and
RTA (Zhang et al. 2015). Specifically, we used k-
means clustering (Hartigan and Wong 1979) in
packages cluster (Maechler et al. 2017) and fpc
(Hennig 2018) to classify movement bouts into mutu-
ally exclusive behavioral states based on combinations
of median velocity and RTA. This allowed us to
categorize bouts identified by BCPA into unique be-
havioral states based on similarities in patterns of
movement, but the number of unique behavioral
states for each individual could vary based on k-
means clustering. We chose to limit our k-means
clustering to three behavioral states (Zhang et al.
2015). These behavioral states were 1) an area-
restricted search behavior, in which movements would
have higher RTA but lower velocities, presumably as
turkeys searched and foraged; 2) a resting behavior, in
which movements would have lower RTA and lower
velocities, presumably as turkeys “loafed;” and 3) a
directional movement behavior, in which movements
would have lower RTA but higher velocities, as presum-
ably turkeys walked through an area (Additional file 2;
Zhang et al. 2015; Gurarie et al. 2016). We then assigned
each GPS location to its appropriate behavioral state.
Because we were interested in how turkey behaviors

potentially changed within burned stands relative to
when they used all areas within their ranges, we
evaluated how turkey behaviors differed outside and
inside burned stands. To discern these differences, we
calculated the proportion of locations spent in each
behavioral state for each female, and then calculated
the mean and standard error of these proportions
across females. We then described behavior within
burned areas by calculating the proportion of loca-
tions in each behavioral state for each female while
they were inside burned areas, and then calculated
the mean and standard error of these proportions
across females.

Cohen et al. Fire Ecology           (2019) 15:41 Page 7 of 17



Distribution of use in recent burns
We examined if time-since-fire, burn severity, burn
heterogeneity, and distance to unburned stand influ-
enced the spatial distribution of turkey locations
within burned stands. For each turkey that used a
burned area, we counted numbers of locations within
a particular burn stand following fire application and
generated three random locations within the same
stand (Northrup et al. 2013). All three random loca-
tions were associated with a single used location and
shared the same time-since-fire value. For turkeys
that used multiple burned areas, we generated sepa-
rate sets of random locations within each unique
burn stand used. For each random and used loca-
tion, we then calculated the time-since-fire, distance
to nearest unburned stand, burn severity, and burn
heterogeneity.

Statistical analyses
Because wild turkeys are a diurnal species and we
were only interested in behavior when turkeys were
active, we removed all roost locations and locations
for females that were incubating nests. Prior to
constructing models, we scaled some covariates to
ease iteration of the likelihood and aid model conver-
gence. We calculated Pearson correlation coefficients
(r; Dormann et al. 2013) between explanatory vari-
ables and variance inflation factors prior to model fit-
ting, and removed any variables that were correlated
|r| ≥ 0.7 or variance inflation factors >4. (Zuur et al.
2009; Dormann et al. 2013).
We conducted generalized linear mixed modeling

(GLMM) analyses using package lme4 (Bates et al.
2015) in program R v.3.3.3 (R Core Team 2017) to in-
vestigate the explanatory power of fire characteristics
on distribution of use and behaviors of turkeys within
burned areas. We modeled distribution of use within
burned stands using a generalized linear model with a
binary response variable wherein we treated known
turkey locations as a 1 and random locations as 0. We
modeled how fire characteristics affected the probabil-
ity of a behavioral state by analyzing three separate
models wherein we assigned the behavioral state of
interest (e.g., walking) as 1 and all other states (e.g.,
foraging and loafing) as 0. We treated time-since-fire,
burn severity, burn heterogeneity, and distance to
unburned stand as continuous predictor variables. We
included a unique turkey identifier (Turkey ID) as a
random effect to account for individual variability in
response. Because our data collection coincided with
flock breakup and turkey reproductive season on our
sites (Yeldell et al. 2017a; Wood et al. 2018; Wightman
et al. 2019), we expected that female behaviors would
be driven by their focus on survival and reproduction,

rather than on being part of a social group. Therefore,
a random effect of “group” was not necessary. Because
we were interested in how each covariate affected
turkey responses, we estimated effect sizes using a
single, full additive effects model for each of our
analyses (Whittingham et al. 2006).

Results
We captured 153 female turkeys, 121 (79%) of which
had burned areas available to them. Of these 121 tur-
keys, 105 (87%) were located within recently burned
areas (Additional file 1). We recorded locations of 15
(14.2%) females inside a burned area on the day of fire
application, 25 (23.8%) 1 day post burn, 31 (29.5%) 2
days post burn, and 88 (83.8%) within 30 days post burn.
The number of locations collected per individual female
ranged between 298 to 3295.

Use within recently burned areas
No covariates were excluded due to collinearity. Prob-
ability of use was affected by time-since-fire, burn se-
verity, and distance to unburned stands (Table 1;
Fig. 2). Turkeys were less likely to use areas with
higher burn severity and areas farther from unburned
stands. For example, the probability of turkeys using
burned areas declined as distance to adjacent un-
burned stands increased, decreased by 50% between 0
to 250 m from unburned stands, and declining to
almost zero use after 600 m. As time-since-fire
increased, turkeys were less likely to use burned areas,
although the decreases in probability of use were relatively
small. Burn heterogeneity did not affect use.

Behavior within recently burned areas
All turkeys exhibited three distinct modes of behav-
ior in their movement trajectories (Fig. 3). Behavioral
state 1 was characterized by fast (median velocity =
211.63 ± 39.96 m hr−1) and comparatively straight
(median RTA = 53.17 ± 6.87°) movement trajector-
ies. We interpreted this behavior as a directional
movement and considered individuals in this state to
be walking. Behavioral state 2 had slow velocities
(median velocity = 64.10 ± 12.55 m hr−1) and low
turn angles (median RTA = 34.14 ± 5.63°). We inter-
preted this to be a resting behavior, and considered
individuals in this state to be loafing. Behavioral
state 3 was comparatively slow velocity (median vel-
ocity = 98.42 ± 13.64 m hr−1) but highly tortuous
(median RTA = 124.44 ± 9.36°). We interpreted this
as an area-restricted search behavior, and considered
individuals in this state to be foraging. The propor-
tion of time spent in each of the three behavioral
states varied widely across movement trajectories of
individual females. When evaluating behavioral states
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across the entire sample of turkeys, including loca-
tions inside and outside burned areas, walking
accounted for 12.6 ± 0.5% of individual locations
(range = 6.3 to 24.3%), loafing accounted for 62.3 ±
0.4% (range = 47.7 to 73.2%), and foraging accounted
for 25.2 ± 0.2% (range = 15.3 to 34.9%). However,
behavioral states changed when turkeys used burned
areas; 22.5 ± 2.6% of individuals’ locations that fell
in burned areas were walking, 42.4 ± 1.5% were
loafing, and 35.1% ± 1.9 were foraging.

Fire characteristics affected turkey behavior when
using burned areas (Table 1). As time-since-fire in-
creased, turkeys were less likely to engage in walking
behaviors (Fig. 4), but more likely to loaf (Fig. 5).
For example, probability of walking decreased by half
between 0 to 250 days post fire, but probability of
loafing nearly doubled. Time-since-fire did not affect
the probability of turkeys foraging. Turkeys were
more likely to walk (Fig. 4) but less likely to forage
(Fig. 6) as distance to unburned stands increased.

Table 1 Parameter estimates (β; logit scale) for models examining how fire characteristics affect female eastern wild turkeys
(Meleagris gallopavo silvestris) distribution of use and behaviors (i.e., foraging, loafing, and walking) within recently burned (i.e., ≤250
days post burn) areas. Standard errors (SE), Z values, and probabilities that a coefficient differs from 0 are also presented. Data were
collected from GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia, Webb Center Complex in South
Carolina, and Kisatchie National Forest in Louisiana, USA, between 1 March and 31 July, from 2014 to 2017

Model Covariate βa SE Z P

Distribution of use

Intercept 0.067 0.021 39.92 <0.01

Time-since-fire −0.060 0.028 −27.72 <0.01

Burn severity −1.723 0.973 −16.32 <0.01

Burn heterogeneity 0.119 0.069 3.77 0.34

Distance to unburned stand −0.525 0.227 −22.50 <0.01

Turkey IDb 0.190 NA NA NA

Behavioral state

Foraging

Intercept −0.488 0.091 −14.978 <0.01

Time-since-fire −0.052 0.030 −1.706 0.09

Burn severity −1.743 0.444 −2.634 0.04

Burn heterogeneity 0.451 0.136 3.288 <0.01

Distance to unburned stand −0.191 0.018 −2.799 <0.01

Turkey IDb 0.275 NA NA NA

Loafing

Intercept −0.222 0.095 2.329 <0.01

Time-since-fire 0.201 0.021 7.055 <0.01

Burn severity −0.432 0.215 −3.080 0.04

Burn heterogeneity −0.649 0.064 −1.010 0.31

Distance to unburned stand −0.001 0.016 −0.089 0.93

Turkey IDb 0.570 NA NA NA

Walking

Intercept −1.534 0.135 −11.396 <0.01

Time-since-fire −0.319 0.041 −7.860 <0.01

Burn severity 0.702 0.183 4.761 0.01

Burn heterogeneity −0.189 0.080 −2.337 0.02

Distance to unburned stand 0.085 0.025 2.239 0.03

Turkey IDb 0.837 NA NA NA
aVariables are scaled to aid model convergence. Distance to unburned stand was divided by 100, time-since-fire (days) was divided by 50, and burn heterogeneity
was multiplied by 100. Parameter estimate on logit scale
bTurkey ID was considered to be a random effect in the model. Thus, it is an estimate of standard deviation of the random effect term

Cohen et al. Fire Ecology           (2019) 15:41 Page 9 of 17



For example, probability of walking increased 50%
but probability of foraging decreased by approxi-
mately 40% as distance to unburned stand increased
from 0 to 500 m. Distance to unburned stand did
not affect probability of loafing in burned areas.
Burn severity affected the probability of all three
behavioral states; turkeys were less likely to forage
(Fig. 6) and loaf (Fig. 5), but more likely to walk
(Fig. 4) in areas as burn severity increased. For
example, probability of foraging decreased to almost
zero when dNBR values approached 1.5, whereas
probability of walking increased nearly 140% as burn
severity increased from 0.0 to 2.0. Lastly, turkeys
were more likely to forage (Fig. 6), but less likely to
walk (Fig. 4) as burn heterogeneity increased. Prob-
ability of foraging increased by approximately 40% as
burn heterogeneity increased from 0.0 to 2.0, while
probability of walking decreased by 20%. Burn he-
terogeneity did not affect the probability of loafing.

Discussion
Prescribed fire is applied in southeastern USA pine-
dominated ecosystems to mimic historic fire regimes
and promote early successional understory vegetation
favored by disturbance-dependent species (e.g., red-
cockaded woodpecker [Picoides borealis Vieillot, 1809],
gopher tortoise [Gopherus polyphemus Daudin, 1802],
and northern bobwhite [Colinus virginianus, Linnaeus,
1758]). Animal populations residing in these ecosystems
are linked to frequent fires (e.g., 2- to 5-year burn
rotations) and have adopted behaviors to exploit shifts
in resources caused by disturbance (Hutto et al. 2008;
Fontaine and Kennedy 2012). Although only 11.6% to
25.7% of our study areas were burned annually, 79% of
turkeys had burned areas available to them and 87%
used recently burned stands. Furthermore, turkeys with
burned areas in their range rapidly responded to pre-
scribed fire, with 73% using burned areas within 30 days
post burn. Turkeys were also more likely to forage inside

Fig. 2 Predicted probability of use (solid line) ± standard error (dotted line) of burned areas (≤250 days post burn) by female eastern wild turkeys
(Meleagris gallopavo silvestris) as a function of (A) distance to unburned stand, (B) burn severity, and (C) time-since-fire. Data were collected from
GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia, Webb Center Complex in South Carolina, and Kisatchie National
Forest in Louisiana, USA, between 1 March and 31 July, from 2014 to 2017
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burned stands, suggesting that turkeys responded to
these areas because of quality foraging opportunities
created by prescribed fires. Wild turkeys forage on a
wide diversity of prey items, but foraging activities
are closely tied to availability of succulent green
vegetation, various seed-producing plants, and insects
from early spring until late summer (Hurst 1992),
which coincided with our monitoring and analyses.
Prescribed fire immediately immobilizes and exposes
insects to predation, while creating vegetation condi-
tions attractive to recolonizing insects (Swengel 2001),
resulting in higher densities of invertebrates in burned
areas than unburned areas (Hurst 1972; Brennan
et al. 2000). Our results suggest that turkeys in pyric
landscapes are well adapted to fire disturbances and
rely on burned areas during their life cycle (Yeldell
et al. 2017b; Wood et al. 2018). We noted that
turkeys use burned areas quickly post fire. Previous
authors have reported selection for areas ≤2 yr post
burn during all phases of the reproductive period (i.e.,
laying, nesting, brooding; Martin et al. 2012; Kilburg
et al. 2014; Little et al. 2016; Yeldell et al. 2017a;
Yeldell et al. 2017b; Wood et al. 2018).
Recent evidence suggests that turkey use of burned

stands peaks around 141 days post fire and declines
thereafter (Yeldell et al. 2017c). Similarly, we noted
that turkeys were less likely to use burned areas as

time-since-fire increased. As time-since-fire increases,
vegetation communities become similar in structure
to those in areas not recently burned. Specifically,
herbaceous communities decline (Haywood 2009,
2010), as does prevalence of bare ground (Jones et al.
2013), and midstory and canopy vegetation increase
(Wiggers et al. 2013). Collectively, as time progresses
post burn, burned areas likely become similar in habi-
tat suitability for turkeys (Provencher et al. 2001;
Beckage et al. 2009), as vegetation and insect commu-
nities more closely mimic surrounding unburned
areas. Turkeys tended to loaf in burned areas as
time-since-fire increased, which we suspect is a func-
tion of vegetation recovery post burn. Ideal loafing
vegetation should provide cover and thermal refuge,
while allowing an unobstructed visual field for pre-
dator detection (Dickson 1992). Loafing conditions decline
in subsequent growing seasons as hardwood and shrub
vegetation sprouts (Glitzenstein et al. 2012), creating
thicker understory conditions, which hinders turkey
movement and obstructs their visual field.
The size and shape of burned stands affects both

spatial distribution and juxtaposition of resources
across a landscape (Pickett et al. 1989; McKenzie
et al. 2011; Parkins et al. 2018). The proximity of re-
sources affects behavior, and in turn drives demo-
graphic outcomes (Ries et al. 2004; Wellendorf and

Fig. 3 Statistical definitions of behavioral states inferred for GPS locations of 105 female eastern wild turkeys (Meleagris gallopavo silvestris). Data
were collected from GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia, Webb Center Complex in South Carolina, and
Kisatchie National Forest in Louisiana, USA, between 1 March and 31 July, from 2014 to 2017. Behaviors were classified by sequential use of
behavioral change point and k-means clustering analyses, based on combinations of between-relocation velocities (solid line) and relative turn
angles (dotted line). Dots represent mean values, and vertical bars represent standard error
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Palmer 2006; Hovick et al. 2015). Our results demon-
strate that the scale of prescribed fire affects turkeys’
use within burned stands. The probability of turkeys
using burned areas declined as distance to adjacent
unburned stands increased, decreasing by 50% be-
tween 0 to 250 m, and declining to almost zero use
after 600 m. Likewise, turkeys were less likely to
forage and more likely to walk when farther from
unburned stands, suggesting that proximity of burned
and unburned areas creates favorable foraging condi-
tions. Presumably, turkeys used areas closer to un-
burned stands because the denser vegetation provided
escape or thermal cover, as previously noted for
northern bobwhite (Kassinis and Guthery 1996) and
Himalayan snowcock (Tetraogallus himalayensis G.R.
Gray 1843; Bland and Temple 1990). Alternatively,
vegetation in surrounding unburned stands would not
only be structurally different, but also support prey
resources (e.g., insects) different from those in re-
cently burned areas because of the availability of refu-
gia for insects when fires were initially applied

(Knight and Holt 2005). Insect abundance is also ty-
pically greater at the edges of burned areas compared
to interior areas because insects recolonize these areas
more quickly (Porter and Redak 1996; Knight and
Holt 2005; Mutz et al. 2017). Nonetheless, farther dis-
tances away from areas not burned resulted in turkeys
walking through these areas, suggesting that these
areas are less suitable in the year prescribed fire is
applied. Prescribed fire applied to create interior areas
<250 m from adjacent unburned stands, or to stands
shaped to maximize edge-to-area ratios likely create
more suitable conditions for turkeys.
Burn severity affects patterns in avian use, behavior,

and biodiversity (Artman et al. 2005; Klaus et al.
2010; Lindenmayer et al. 2014; Rose et al. 2016). The
degree of burn severity is a proximate measure of
vegetation removal, with severity ranging from min-
imal damage to understory vegetation and removal of
thatch to complete mortality of midstory and canopy
vegetation (Platt and Connell 2003; Thaxton and Platt
2006; Gagnon et al. 2015). More severe burns are also

Fig. 4 Predicted probability of female eastern wild turkeys (Meleagris gallopavo silvestris) engaging in walking behavior (solid line) ± standard
error (dotted line) while using burned areas (≤250 days post burn) as a function of (A) distance to unburned stands, (B) burn severity, (C) burn
heterogeneity, (D) and time-since-fire. Data were collected from GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia,
Webb Center Complex in South Carolina, and Kisatchie National Forest in Louisiana, USA, between 1 March and 31 July, from 2014 to 2017
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associated with delayed plant regrowth in the under-
story (Lavoie et al. 2010). Thus, lower burn severities
are associated with increased herbaceous biomass,
structural heterogeneity, and vegetation diversity
(Brockway and Lewis 1997; Kirkman et al. 2004;
Grady and Hoffmann 2012). Beyond reductions in
herbaceous vegetation, higher burn severities are

associated with reductions in invertebrate density and
diversity (New 2014). Oetgen et al. (2015) noted that
turkeys avoided more severely burned areas created
after a natural wildfire in Texas, USA, presumably be-
cause of drastic alterations to vegetation communities.
Similarly, our results suggest that turkeys are less
likely to use areas within stands that are more
severely burned after prescribed fire. When using
burned stands, turkeys were less likely to forage and
loaf, and more likely to walk, in more severely burned
areas. We offer that turkeys avoided foraging and
loafing in more severely burned areas simply because
of reductions in habitat quality within these areas.
Notably, increases in burn severity are often associ-
ated with the buildup of fuel loads resulting from
less-frequent fire return intervals (Albini 1976; Thaxton
and Platt 2006; Gagnon et al. 2015). Hence, man-
agers should apply prescribed fire frequently enough
to promote low-severity burns, which will vary
across landscapes depending on fuel loads, fire his-
tory, ignition sources, and weather, among other things
(Ryan et al. 2013; Gagnon et al. 2015; Platt et al. 2016;
Wragg et al. 2018).
Turkeys in our study had different percentages of

their available landscape burned annually. We
recognize that the amount of area burned within an
individual’s range may affect its response. On one
hand, individuals residing in landscapes where less
areas are burned may not have responded when fire
was sparsely distributed; conversely, turkeys may be
more likely to exploit burned areas if recently burned
forested stands provide important resources not found
elsewhere. It is also possible that different reproduct-
ive stages (e.g., pre-nesting, brood-rearing) could affect
the relative importance of these burned areas to fe-
male turkeys. For example, burned stands may provide
decreased visual obstruction, improved mobility, and
increased availability of insects for poults (Yeldell
et al. 2017b). Future research should focus on the
response of turkeys to burned areas based on the
availability of these areas within their range, and the
reproductive stage that the female is in.
Behavior is the primary mechanism underlying

mortality risk and reproductive success in dynamic
landscapes (Heinen et al. 2013). We linked fire char-
acteristics measured via satellite imagery to behav-
ioral responses of turkeys that were located using
GPS data. Because BCPA requires no a priori know-
ledge about the movements and behaviors of ani-
mals, we have no way of verifying the behavioral
states that we derived from our analyses. It is pos-
sible that similarities in velocity between loafing and
foraging behaviors affected our sensitivity to detect
shifts between these two behaviors. Similarly, we

Fig. 5 Predicted probability of female eastern wild turkeys (Meleagris
gallopavo silvestris) engaging in loafing behavior (solid line) ±
standard error (dotted line) while using burned areas (≤250 days
post burn) as a function of (A) burn severity and (B) time-since-fire.
Data were collected from GPS-tagged wild turkeys at Silver Lake
Wildlife Management Area in Georgia, Webb Center Complex in
South Carolina, and Kisatchie National Forest in Louisiana, USA,
between 1 March and 31 July, from 2014 to 2017
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recognize that turkey foraging and loafing behaviors
are not mutually exclusive. For example, turkeys will
forage on nearby herbaceous plants and insects while
resting (Healy 1992). Nonetheless, our findings
suggest that fire characteristics affect how turkeys
respond to prescribed fire events in areas where fire
is frequently applied, and that these same character-
istics can affect habitat suitability. We noted that
more severe burns created less suitable foraging and
loafing habitats for turkeys. Likewise, our findings
demonstrated that areas farther into the interior of
burned stands are unlikely to be used by turkeys
during the same growing season in which the fire
occurred.

Conclusions
Accurately discerning behaviors at a fine scale and
understanding environmental factors mediating those
behaviors is critical for informing management

decisions (Cooke 2008). In particular, identifying how
disturbance and characteristics associated with dis-
turbance affect animal foraging or resting behavior is
critical for conservation efforts, as these behaviors are
directly linked to parameters affecting individual
fitness (Wong and Candolin 2015). Collectively, our
findings suggest that how prescribed fire is applied to
landscapes has important implications to useable
space (Guthery 1997) for some species, particularly
those residing in frequently burned landscapes.
Hence, managers should design prescribed fire re-
gimes with the recognition that sizes of burned stands
and fire severity, along with determinants of fire
severity (e.g., fuel loads, return intervals, timing), are
important influences on animal behavior in frequent-
fire-managed landscapes. Future research should
elucidate the optimal spatial arrangement of burn
patches in conjunction with estimates of individual
relative fitness.

Fig. 6 Predicted probability of female eastern wild turkeys (Meleagris gallopavo silvestris) engaging in foraging behavior (solid line) ± standard
error (dotted line) while using burned areas (≤250 days postburn) as a function of (A) distance to unburned stands, (B) burn severity, and (C)
burn heterogeneity. Data were collected from GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia, Webb Center
Complex in South Carolina, and Kisatchie National Forest in Louisiana, USA, between 1 March and 31 July, from 2014 to 2017
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Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s42408-019-0058-4.

Additional file 1. Distribution and number of female eastern wild
turkeys (Meleagris gallopavo silvestris) that used recently burned areas
(i.e., areas ≤250 days post burn) at three study sites within three states in
southeastern United States. Data were collected from GPS-tagged wild
turkeys at Silver Lake Wildlife Management Area in Georgia, Webb Center
Complex in South Carolina, and Kisatchie National Forest in Louisiana,
USA, between 1 March and 31 July, from 2014 to 2017. We used Global
Positioning System data associated with each wild turkey to investigate
effects of time-since-fire, burn severity, burn heterogeneity, and distance
to unburned stands on turkey behavior.

Additional file 2. Example of behavioral states assigned to an individual’s
GPS track inside and outside a burned area. Data were collected from
GPS-tagged wild turkeys at Silver Lake Wildlife Management Area in Georgia
(SLWMA), USA, between 1 March and 31 July, from 2014 to 2017. To assign
behavioral states, we used behavioral change point and k-means clustering
analyses. All locations for an individual’s track were assigned a behavioral
state based on velocity and relative turn angles, and then locations inside
burned areas and their associated values of burn severity (dNBR), burn
heterogeneity (variance dNBR), distance to unburned stand, and time-since-
fire were extracted for analyses. Results of our behavioral change point ana-
lysis determined that turkeys engaged in three behavioral states, for which
we assigned 1 = walking, 2 = foraging, and 3 = loafing. Black dots with
brown edges are GPS relocations of a single adult female wild turkey
located on SLWMA (entire site shown on bottom right of figure).
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