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Introduction: Reproductive success is a critical factor affecting avian demographics and can be influenced by many
factors including nesting chronology, predation risk, and fine-scale nest site selection.

Methods: We modeled the relative influences of habitat-related covariates at six spatial scales (nest site: 15-, 40-,
80-, 120-, 160-, and 200-m radii) on Eastern wild turkey (Meleagris gallopavo silvestris) nest site selection in two
pine savannas managed by frequent prescribed fire (<3 years) in southwestern Georgia during 2011-2013.

Results: Nest site (15-m scale) habitat metrics (mean visual obstruction [cm] and canopy closure [%)]) had the
greatest influence on nest site selection relative to covariates measured at larger spatial scales. Scaled odds ratios
suggested that nests were 26.8 % more likely to occur for every 10 cm increase in mean vegetation height with a
range of 7.5 to 150.0 cm and 18.5 % less likely to occur for every 10 % increase in canopy closure with a range
from 0.0 to 97.8 %. Total ground cover, canopy closure, edge density, and percent land cover type (e.g., mature
pine, mixed pine/hardwood, shrub/scrub) had minimal influence on nest site selection.

Conclusions: Management of pine savannas for turkey nest sites should focus on creating early-successional
vegetation to conceal nests from potential predators. Additionally, we suggest that future studies consider
evaluating the influence of spatial scale on turkey nest site selection.
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Introduction

Longleaf pine (Pinus palustris) savannas are considered
one of the most biologically diverse systems in North
America and support hundreds of species of flora and
fauna (Alavalapati et al. 2002). This ecosystem histor-
ically occupied over 30 million ha in the southeastern
USA (Brockway et al. 2005, Van Lear et al. 2005), but
today, approximately 1.2 million ha of longleaf pine
savannas remain in isolated patches (Van Lear et al.
2005). This reduction is primarily due to land use
change (e.g., conversion to agriculture and establish-
ment of intensively-managed pine plantations where
the primary goal is timber production). Additionally, long-
leaf pine savannas were historically maintained by fire
ignited by natural and anthropogenic sources but today
are commonly managed by prescribed fire (Komarek
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1964, Pyne 1982, Robbins and Myers 1992). Frequent fire
events (<3 years) are critically important to many species
found in this ecosystem. However, changes in government
policies have encouraged landowners to exclude fire from
their properties (Alavalapati et al. 2002). Without fire
disturbance, longleaf pine savannas are replaced by
hardwoods and other pine species (Landers et al. 1995,
Glitzenstein et al. 2012). Fire is also beneficial to fauna
found in a fire-maintained system, as it promotes avail-
ability of nesting and brood-rearing cover for ground-
nesting birds (Dickson 1981, Hurst 1981, Landers 1981)
and maintains open, park-like conditions needed by
species such as the endangered red-cockaded wood-
pecker (Picoides borealis; Alavalapati et al. 2002). How-
ever, information is needed to fill this knowledge gap in
our understanding of wild turkey nest site selection in
longleaf pine savannas to direct our future management
decisions.
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Wild turkey populations are strongly influenced by
reproductive success (Palmer et al. 1993, Roberts et al.
1995, Roberts and Porter 1996, Miller et al. 1999,
Thogmartin and Shaeffer 2000), and predation is a driver
of this success (Speake 1980, Still and Baumann 1990,
Miller and Leopold 1992, Lovell et al. 1997). Lower nest-
ing success of turkeys may depend on multi-scale pro-
cesses including differences in vegetation structure around
nest sites, land cover composition and configuration at
larger spatial scales, and predator densities (Thogmartin
1999). For example, Martin and Roper (1988) suggested
that habitat selection at larger scales surrounding avian
nest sites could affect predation risk; therefore, turkeys
may select a nest site based not only on the vegetative
characteristics at a nest site but also on the surrounding
land cover composition. Research is needed to fill this gap
in our understanding of wild turkey nest site selection in
pine savannas and direct future management decisions.
Additionally, few studies have evaluated the role of spatial
scale on turkey nest site selection (Thogmartin 1999,
Lehman et al. 2008, Fuller et al. 2013).

Wild turkeys primarily select nest sites with greater
understory vegetation (Speake et al. 1975, Healy 1981,
Badyaev 1995, Byrne and Chamberlain 2013, Streich et
al. 2015) and less canopy closure (i.e., shrub/scrub land
cover) presumably because these areas are considered
important to future broods for foraging and cover (Hil-
lestad and Speake 1970, Hurst and Stringer 1975, Martin
and McGinnes 1975, Sisson et al. 1991, Streich et al.
2015). Selection of nest sites with greater understory
vegetation may also reduce transmission of olfactory and
visual cues to potential nest predators and impede
predator foraging efficiency (Bowman and Harris 1980,
Lehman et al. 2008). For example, Lehman et al. (2008)
found that coyotes (Canis latrans) were the primary
predator of turkey nests, and as nesting season pro-
gressed, nest survival increased, which they suggested
may be a function of reduced precipitation making
detection of nesting turkeys increasingly difficult via
olfactory senses. Wild turkeys have also been shown
to select nest sites in large patches with reduced edge
density presumably to reduce the risk of nest predation
(Thogmartin 1999). Roads have been shown to be a detri-
mental influence on wild turkey nest survival (Thogmartin
1999), likely due to the high probability of use of roads as
travel corridors by mesocarnivores (e.g., raccoon, Frey and
Conover 2006).

Nest site selection is thought to be a hierarchical
process (Lazarus and Porter 1985, Martin and Roper
1988, Badyaev 1995, Thogmartin 1999) such that turkeys
may first locate a general area to establish a nest and
within this area select a suitable nest site. For example,
Thogmartin (1999) suggested that wild turkey nest site
selection and success likely depends on patterns and
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processes at multiple spatial scales such as fine-scale
vegetation structure within patches (nest site), broader
scale land cover composition and configuration, and
mesocarnivore densities. Lehman et al. (2008) evaluated
the effects of multiple spatial scales on turkey nest site
selection and survival and found that successful turkey
nests were located in larger land cover patches that
contained greater visual obstruction surrounding the
nest site. Conversely, Fuller et al. (2013) evaluated the
effects of nest site and patch-level metrics on turkey nest
site selection and survival and found little support for a
hierarchical process concluding that vegetation around
the nest site was most important. Recently, Conley et al.
(2015) studied mean area used by turkeys during incuba-
tion and suggested future habitat assessments associated
with turkey nests should be focused on small spatial
scales (<3 ha). Uncertainty regarding the influence of
spatial scale on turkey nest site selection warrants research
to help guide future decisions directed at managing habi-
tats for wild turkeys.

Few research studies have evaluated effects of spatial
scale on turkey nest site selection, especially in frequently
burned (<3 year fire-return interval) pine savannas. Streich
et al. (2015) did not consider the hierarchical process that
may influence nest site selection; rather, they evaluated
effects of nest site and land cover on nest site selection
separately. Additionally, Streich et al. (2015) used distance
metrics to evaluate nest site selection, which do not in-
corporate the juxtaposition and potential importance of
multiple land cover types that may be biologically relevant
to nest site selection. Frequently burned pine systems pro-
vide a unique opportunity to evaluate the effects of spatial
scale on turkey nest site selection because this system is
primarily characterized by open, park-like conditions with
a predominantly herbaceous understory, which is not
characteristic of habitat conditions in many previous stud-
ies (e.g., Lehman et al. 2008, Fuller et al. 2013). Therefore,
our objective was to evaluate whether turkeys exhibited a
hierarchical nest site selection in two pine-dominated
systems managed by frequent fire (<3 years). Based on
previous research (Lazarus and Porter 1985, Martin and
Roper 1988, Badyaev 1995, Thogmartin 1999), we hypoth-
esized that nest site selection would follow a hierarchical
process such that turkeys would may first locate a general
area (larger spatial scale) to establish a nest and within this
area select a suitable nest site (smaller spatial scale).
Although, this selection process would strongly be influ-
enced by available nesting cover at the smaller spatial scale
(Fuller et al. 2013).

Methods
Study area
Our study was conducted on the 11,735-ha Joseph W.
Jones Ecological Research Center at Ichauway (hereafter,
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Jones Center) located in Baker County, Georgia, and the
3900-ha Silver Lake Wildlife Management Area (here-
after, Silver Lake WMA) owned by the Georgia Depart-
ment of Natural Resources located in Decatur County,
Georgia. The Jones Center was comprised of approxi-
mately 39 % mature pine (>20 years old), 24 % mixed
pine/hardwood, 11 % agriculture/food plot, 8 % young
pine (<20 years old), 7 % hardwoods, 4 % scrub-shrub,
3 % wetland, 3 % open water, and 1 % residential/barren.
Wiregrass and old-field grasses (e.g., Andropogon spp.)
were the dominant understory habitat in the pine and
mixed pine/hardwood stands (Goebel et al. 1997). How-
ever, >1000 vascular plant species occur on the site
(Drew et al. 1998). Silver Lake WMA was comprised of
approximately 56 % mature pine (>20 years old), 22 %
young pine (<20 years old), 10 % open water, 9 % mixed
pine/hardwood, 1 % shrub/scrub, 1 % hardwood, 1 %
residential/barren, and <1 % wetlands and agriculture/
food plots. The Georgia Department of Natural Resources
provided all land cover classification data for Silver Lake
WMA, which we used to create similar land cover classes
across both study sites. Paved, gravel, and dirt road dens-
ities were 5.48 and 6.59 km/km? on the Jones Center and
Silver Lake WMA, respectively. Total rainfall during the
nest and brood-rearing season (1 April-31 July) at the
Jones Center was 28.32 ¢m in 2011, 36.35 ¢cm in 2012, and
52.02 c¢cm in 2013. Similarly, total rainfall at Silver Lake
WMA was 25.48 cm in 2011 and 36.55 cm in 2012.
Average daily temperature at the Jones Center was
25.09 °C in 2011, 24.56 °C in 2012, and 23.62 °C in
2013 (Newton; Georgia Automated Environmental
Monitoring Network; http://georgiaweather.net). Likewise,
average daily temperature at Silver Lake WMA was
25.77 °C in 2011 and 25.24 °C in 2012 (Lake Seminole;
Georgia Automated Environmental Monitoring Network;
http://georgiaweather.net). Data collection ended in 2012
on Silver Lake WMA but continued for an additional year
on the Jones Center.

Turkey capture and monitoring

We captured female wild turkeys using rocket nets
baited with corn during December—March of 2011-2013
and June—August of 2011-2012. We fitted all captured
females with serially numbered, butt-end (left leg) and
riveted (right leg) aluminum leg bands (National Band
and Tag Co., Newport, KY). We also affixed a backpack-
style VHF radio-transmitter, weighing approximately 60 g
(Sirtrack, Havelock North, New Zealand; and Telenax,
Playa del Carmen, México) to all females. All birds were
released at the capture site immediately after processing.
The Institutional Animal Care and Use Committee at
the University of Georgia approved all turkey capture,
handling, and marking procedures (Protocol #A2013
05-034-Y1-AO0).
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We used a handheld, three-element Yagi antenna and
Wildlife Materials TRX 2000S receiver (Wildlife Materials,
Murphysboro, IL) to locate radio-marked females >2 times
per week from mid-July to mid-March and =1 time per day
from mid-March to mid-July. We triangulated each female
and recorded the locations using a mobile phone contain-
ing Location Of A Signal-SD software (LOAS™ [2010]
Ecological Software Solutions LLC. Hegymagas, Hungary,
Version 4.0.3.8.) and a Bluetooth Global Positioning System
unit. We considered a female to be incubating if she did
not move for three consecutive days during the nesting sea-
son. Once a female was determined to be incubating, we
approached to within 25 m of the nest and recorded com-
pass bearings toward the nest to facilitate in detection of
the nest following loss or hatch. After termination of incu-
bation, we approached nest sites to determine nest fate,
clutch size, and possible brood size, and a GPS location was
recorded for future analyses.

Land cover classification

Pine stands consisted of loblolly, longleaf, slash, and short-
leaf (Pinus echinata) pine with >90 % pine. We separated
pine stands into two classes: mature pine and young pine.
Mature pine consisted of trees >20 years old and in large
pole (12.6-25.4 cm) or saw timber (>25.4 cm) size classes.
Average basal area for mature pine stands was 4.9 m>
(range 0.2 to 12.6 m?). Young pine consisted of trees
<20 years old and in seedling/sapling (0—12.7 cm) or small
pole timber (12.7-25.4 cm) size classes. Average basal area
for young pine was 2.0 m? (range 0 to 10.43 m?).

Mixed pine/hardwood stands contained a variety of
species (e.g., loblolly, longleaf, slash pine, southern red
oak [Quercus falcata), turkey oak [Quercus laevis], live
oak [Quercus virginiana), laurel oak [Quercus laurifolia),
and sweetgum [Liquidambar styraciflua]). Mixed pine/
hardwood consisted of stands with 50 to 80 % hardwood
or pine. Tree sizes ranged from seedling/sapling through
saw timber within these stands; however, most (>90 %)
were in the pole to saw timber classes. Average basal
area was 2.8 m” (range 0 to 8.8 m?) for pine and 3.2 m?
(range 0 to 20.8 m?) for hardwoods.

Hardwood stands consisted of a variety of species (e.g.,
southern red, turkey, live, laurel oaks, and sweetgum)
with tree sizes ranging from seedling/sapling to saw
timber; however, most (>90 %) were in the pole to saw
timber classes. Average basal area was 9.8 m” (range
2.9 to 30.1 m?) and consisted of >90 % hardwoods.
Agriculture/food plot consisted of cropland, pasture
land, wildlife food plots, or horticultural crops (e.g.,
pecan orchard). Shrub/scrub stands consisted of aban-
doned agricultural fields and pastures, clear-cuts, grass-
land, and shrubby areas.

To restore and maintain pine savannas on our study
sites, land managers used prescribed fire and mechanical
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hardwood removal. Fire was applied to mature pine,
young pine, mixed pine/hardwood, and shrub/scrub land
cover types. Prescribed fire was conducted throughout
the year with >95 % of burns conducted during January—
July. Prescribed fire application occurred in a mosaic
fashion, which promoted landscape diversity. Average
patch size burned at the Jones Center was 21.41 ha (SE =
0.83; range 0.02-240.57 ha), whereas average patch size
burned at Silver Lake WMA was 14.41 ha (SE =0.58;
range 0.66—88.27 ha). Fire-return interval typically ranged
from 1-3 years, but most (295 %) fires applied to our
study sites were <2 years (38.4 %, O year; 34.9 %, 1 year;
21.7 %, 2 year; 4.9 % of stands with 3-year time-since-fire).
Land managers often used mechanical removal to remove
large off-site hardwoods [e.g., water oak (Quercus nigra)]
from within mature pine stands.

Habitat characteristics across scales

One issue with multi-scale studies is the selection of an
appropriate set of scales based on the biology of the
species. Biotic and abiotic processes operate and interact
at multiple spatial scales on the landscape (Turner
1989), which suggests that no single spatial scale likely
exists for multiple landscape metrics that may influence
avian nest success and/or survival (Stephens et al. 2005,
Webb et al. 2012). Therefore, we evaluated non-random
turkey nest site selection at multiple spatial scales (15-
[nest site], 40-, 80-, 120-, 160-, and 200-m radii) by
comparing used (actual nest sites) to available locations
(potential nest sites). Specifically, we generated an equal
number of random locations (potential nest sites) to
used locations (actual nest sites) within each study area
boundary to evaluate non-random turkey nest site se-
lection. Although this range of scales was somewhat
arbitrarily selected, it was roughly centered on Conley
et al’s (2015) suggestion that future turkey nest ecology
studies should focus on nesting habitat <3 ha surround-
ing the nest (~100-m radius), and the maximum scale
was constrained by the availability of high-quality land
cover data outside the area of interest. Streich et al.
(2015) evaluated turkey nest site selection on the same
study sites using 52 nests (including three found oppor-
tunistically) from 2011-2012 that contained nest site
vegetation metrics. However, they did not consider the
potential hierarchical process that may influence turkey
nest site selection. We combined the nest site data
from Streich et al. (2015) with 22 (27.8 %) additional
nests sampled in 2013 at the Jones Center to evaluate
whether nest site metrics, landscape metrics, or a com-
bination of both influenced nest site selection.

At the nest site (15-m spatial scale), we measured
understory vegetation height (cm), percent canopy cover,
and percent ground cover immediately following nest
hatch or nest loss. Similarly, we measured the same
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variables at the randomly generated locations (potential
nest sites) across the study areas. To evaluate understory
vegetation height, we measured the average visual ob-
struction (cm) at each nest site using a Robel pole (Robel
et al. 1970). The Robel pole was placed in the nest bowl
and viewed from a distance of 15 m in each cardinal
direction from the nest site at a height of 1 m. We
measured percent canopy cover using a spherical densi-
ometer (Lemmon 1956) and percent ground cover using
a 1-m? Daubenmire frame (Daubenmire 1959) at the
center of the nest bowl and at a distance of 15 m in each
cardinal direction from the nest site. We partitioned
ground cover into six cover types: debris, fern, forb,
grass, vine, and woody, before combining the six cover
types into one variable (total ground cover).

At larger spatial scales (40-, 80-, 120-, 160-, and 200-m
radii), we used FRAGSTATS (McGarigal and Marks 1995)
with a moving-window analysis to calculate landscape
metrics. We calculated the percentage of mature pine,
mixed pine/hardwoods, hardwoods, young pine, agricul-
ture/food plots, and shrub/scrub habitat types. We calcu-
lated edge density as the total length (m) of edge between
all cover classes divided by the total area (m?) multiplied
by 10,000 to convert to hectares (McGarigal and Marks
1995). We calculated distance to nearest road by calcu-
lating the linear distance from each used (actual nest
site) to the nearest road (paved, gravel, and dirt) using
ArcGIS® 10.2 (Environmental Systems Research Insti-
tute Inc., Redlands, CA, USA). Similarly, we measured
the same variables at the randomly generated locations
(potential nest sites) across the study areas.

Model development and statistical analysis

We implemented a three-step hierarchical variable in-
clusion approach to reduce the number of variables
in the final model. First, we used logistic regression
in an information-theoretic framework (Burnham and
Anderson 2002) to select the best supported scale for
each individual variable. The scale producing the lowest
value of Akaike’s information criterion (AIC; Akaike 1973)
corrected for small sample size (AICc; Burnham and An-
derson 2002) was retained for additional modeling. For
example, we evaluated percent mature pine at 40-, 80-,
120-, 160-, and 200-m radii and selected the scale with the
lowest AICc. In cases where multiple models for a land-
scape variable had AICc scores <2.0 units from each other,
we selected the scale that corresponded closely to Conley
et al’s (2015) maximum value (<3 ha) suggested for future
turkey nest site selection studies resulting in selection
of the 80-m scale. We used a generalized linear model
(GLM) implemented in R (R Core Team 2013) and a
use vs. availability resource selection approach to evaluate
non-random nest site selection by comparing used (ac-
tual nest sites) to available (potential nest sites) in a
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logistic regression framework where nests were repre-
sented as a binary response (1 = actual nest site; 0 = po-
tential nest site). Second, after only one spatial scale
was selected for each landscape variable, we evaluated
pairwise correlations among the nest site, landscape,
and distance to nearest road explanatory variables using
Pearson correlation. No variables were found to be
highly correlated (r=0.6); therefore, we developed a
“full” nest site selection model, which contained vari-
ables measured at the nest site and landscape scales
(Table 1). Using a GLM, we assessed the influence of all
covariates in a full nest site selection model simultan-
eously on nest site selection. Due to small sample size,
we combined nest sites for all 3 years across both study
sites. We included study site and year as fixed effects in
the full model to account for spatial and temporal vari-
ation; however, we were not interested in evaluating
differences in selection spatially and temporally.

Results

We monitored 84 nests during 2011-2013 of which 79
were initiated by 45 radio-marked individuals (78 adults
and 1 juvenile) and 5 nests were found opportunistically.
We excluded 12 of the 84 nests from the analysis
because vegetation at the nest site was altered by pre-
scribed fire and/or mowing (n =7) and 5 nests that were

Table 1 Variables and scales considered important to Eastern
wild turkey nest site selection

Variable® Scale (m)

Nest site
Mean visual obstruction 15
Canopy closure 15
Total ground cover 15

Landscape
Mature pine (%) 80
Mixed pine/hardwoods (%) 80
Hardwoods (%) 80
Young pine (%) 80
Agriculture (%) 80
Shrub/scrub (%) 40
Edge density 40
Distance to nearest road N/A

This research was conducted in two pine savannas (Joseph W. Jones
Ecological Research Center and Silver Lake Wildlife Management Area) located
in southwestern Georgia, USA, 2011-2013

#Information-theoretic approach was used to evaluate each larger landscape
variable at multiple spatial scales (i.e., 40-, 80-, 120-, 160-, and 200-m radii).
The spatial scale for each landscape variable was selected using Akaike’s
information criterion (AIC) adjusted for small sample size (AICc). In cases where
multiple models for a landscape variable had AICc scores <2.0 units from each
other, we selected the scale that corresponded closely to Conley et al.s (2015)
maximum value (<3 ha) suggested for future turkey nest site selection studies
resulting in the selection of the 80-m scale
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found opportunistically had limited information. Our final
dataset used for analysis consisted of 72 nests.

Mean visual obstruction was the most important pre-
dictor of nest site selection followed by percent canopy
closure (Table 2). Scaled odds ratios suggested that nests
were 26.8 % more likely to occur for every 10 ¢cm in-
crease in mean vegetation obstruction. Mean visual
obstruction at used nest sites was 113.7 cm (SE =3.1)
and 82.4 cm (SE=5.3) at random sites with a range
from 7.5 to 150.0 cm. Scaled odds ratios suggested
that nests were 18.5 % less likely to occur for every
10 % increase in canopy closure. Mean percent canopy
cover at used nest sites was 56.6 % (SE =3.4) and 64.1 %
(SE = 3.2) at random sites with a range from 0.0 to 97.8 %.
At the nest site scale, total ground cover had little influ-
ence on nest site selection. Similarly, at the larger spatial
scale, percent land cover type, edge density, and distance
to nearest road had little influence on nest site selection.

Discussion

Wild turkey nest site selection was strongly influenced
by vegetative structure at the nest site (15-m scale) rela-
tive to other habitat variables. We found that visual ob-
struction and canopy closure strongly influenced nest
site selection, which is consistent with findings of Streich
et al. (2015). However, we found habitat metrics measured
at larger spatial scales (e.g., percent habitat type) had
minimal influence on turkey nest site selection, which is
contrary to Streich et al. (2015). Streich et al. (2015) found
that turkeys selected nests farther from mature pine and
mixed pine/hardwoods and closer to shrub/scrub land
cover types than expected. We suggest that the difference
we observed is primarily due to the evaluation of multiple
spatial scales in the same modeling procedure, compared
to separately evaluating nest site and landscape-level
metrics on nest site selection as reported in Streich et al.
(2015). Our analytical approach accounted for the poten-
tial hierarchical process in nest site selection and evalu-
ated influences of land cover metrics measured at multiple
spatial scales on turkey nest site selection. Additionally,
we used land cover composition (%) and edge density
metrics, which incorporate the land cover composition
and structure around the nest sites compared to using
distance-based metrics as reported by Streich et al. (2015).
Our findings also illustrate the importance of evaluating
the influence of spatial scale on wildlife-habitat relation-
ships because metrics measured at larger spatial scales
had little influence on where female turkeys established
nest sites. This suggests that turkeys are primarily focused
on finding nest sites that provide adequate visual obstruc-
tion from predators. Furthermore, our study provides evi-
dence that vegetation at the nest site-level is the primary
driver of nest site selection in pine savannas managed by
frequent prescribed fire (<3 year fire-return interval).
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Table 2 Parameter estimates of nest and landscape variables important to Eastern wild turkey nest site selection

Variable Estimate SE Scalar P Odds ratio Lower 95 % odds ratio Upper 95 % odds ratio
Nest site
Mean visual obstruction 0.237 0.065 10° <0.001 1.268 1.117 1439
Canopy closure —-0.204 0.092 10¢ 0.027 0815 0.680 0.977
Total ground cover® 0.126 0.219 10¢ 0.565 1.134 0.739 1.741
Landscape-level
Mature pine (%)° -0.014 0.017 N/A 0.397 0.986 0.955 1.019
Mixed pine/hardwoods (9%)° 0.005 0.017 N/A 0.766 1.005 0972 1.039
Hardwoods (%)" —-0.035 0.025 N/A 0.173 0.966 0919 1.015
Young pine (%)° —-0.020 0.017 N/A 0.237 0.980 0.948 1.013
Agriculture (%)° -0.019 0.024 N/A 0416 0.981 0.936 1.028
Shrub/scrub (%)° 0.005 0.018 N/A 0.773 1.005 0971 1.040
Edge density (%)° 0.002 0.002 N/A 0470 1.002 0.997 1.006
Distance to nearest road -0.020 0.245 50¢ 0.935 0.980 0.607 1.583

This research was conducted in two pine savannas (Joseph W. Jones Ecological Research Center and Silver Lake Wildlife Management Area) located in

southwestern Georgia, USA, 2011-2013

“Total ground cover: percentage of debris, fern, forb, grass, vine, and woody cover

PRefer to Table 1 for spatial scale selected for each variable
“Biologically relevant scaler in centimeters (cm)
“Biologically relevant scaler in percent (%)

“Biologically relevant scaler in meters (m)

Mean visual obstruction was the most important
predictor of nest site selection followed by percent can-
opy closure. Our findings are consistent with previous
studies that found turkeys select nest sites in areas with
increased vegetation height (Badyaev 1995, Chamberlain
and Leopold 1998, Byrne and Chamberlain 2013, Fuller et
al. 2013). Visual obstruction surrounding nests may re-
duce transmission of olfactory and visual cues for po-
tential nest predators and impede foraging efficiency by
restricting predator movements (Bowman and Harris
1980, Lehman et al. 2008). Fuller et al. (2013) found
daily survival rate of turkey nests during incubation in-
creased as percent understory cover (vegetation <1 m
tall) increased but they also found that nest survival de-
clined with increasing density of woody shrubs and sap-
lings and herbaceous stems <1 m tall (understory
vegetation density) around the nest. They suggested
survival was likely dependent on a balance of sufficient
understory cover around nests to provide concealment
but not so great as to impede a female’s ability to detect
and escape predators. Percent canopy closure was also
an important predictor of nest site selection. Reduced
canopy closure also allows for greater sunlight and
presumably greater understory growth.

Contrary to Thogmartin (1999), we found habitat met-
rics measured at larger spatial scales had little influence
on nest site selection. We suggest our lack of support
for landscape metrics on nest site selection may have
occurred for a couple reasons. First, many multi-scale
studies select observational scales without regard to how

habitat metrics of interest quantify along the scale
continuum (Wheatley 2010). In our case, we arbitrarily
selected the larger spatial scales (40-, 80-, 120-, 160-,
and 200-m radii) by increasing the buffer size by 40 m
without considering potential among-scale differences in
mean or variation of the selected habitat metrics. There-
fore, to improve our understanding of why we may have
observed little support for the influence of landscape-
level metrics on nest site selection, we conducted a post
hoc analysis to evaluate the scale-domain continuum for
our selected metrics as suggested by Wheatley (2010).
We used the same observational extents for all land-
scape metrics but also included a radius of 500 m to
determine if larger extents are needed to detect differ-
ences in landscape-level metrics on nest site selection in
our study. We spaced circular sampling plots systematic-
ally throughout the study areas. Sample-plot size corre-
sponded to the chosen observational-extent sizes. Using
FRAGSTATS, we calculated percent land cover type and
edge density across all observational extents. We then
calculated the mean and associated standard deviation
for each spatial extent (Fig. 1). Our results illustrated
that our metrics were primarily measured on the same
domain of scale indicated by minimal differences in the
mean and variation of each metric across scales (Fig. 1),
which provides support for why our landscape-level
metrics may not have influenced turkey nest selection.
The lack of variability among the different metrics sug-
gests that our study areas are fairly homogenous as you
increase in spatial extent, suggesting that landscape-level
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Fig. 1 Average values and associated variation for seven landscape metrics across six spatial extents. Grain was held constant [10 m] across all six
spatial extents. The research was conducted in two pine savannas (Joseph W. Jones Ecological Research Center and Silver Lake Wildlife Management
Area) located in southwestern Georgia, USA, 2011-2013. a Percent mature pine. b Percent mixed/pine hardwood. ¢ Percent hardwood. d Percent

young pine. e Percent agriculture. f Percent shrub/scrub. g Edge density

metrics may not be an important driver of nest site
selection in pine savannas.

Another key difference between our study and
Thogmartin (1999) is that we conducted our research
in a pine savanna system managed by frequent pre-
scribed fire. Frequent prescribed fire reduces small
hardwoods and shrubs resulting in a corresponding
increase in grasses and forbs creating open, park-like
conditions (Waldrop et al. 1992, Brockway and Lewis
1997, Glitzenstein et al. 2012). Additionally, frequent
prescribed fire in pine savannas increases understory
plant species richness, diversity, and evenness (Brockway
and Lewis 1997), which potentially provides wild turkeys
with an abundance of suitable nesting habitat. Previous
research has indicated that prescribed fire is an important
factor in maintaining quality early-successional understory
habitat conditions and herbaceous vegetation while in-
creasing insect abundance for wild turkeys (McGlincy
1985, Landers and Mueller 1986, Exum 1988, Provencher
et al. 1998). Our research suggests open, pine savannas
managed by frequent prescribed fire (<3 years) and at
small scales (12—22 ha) are beneficial for the development
of early-successional turkey nesting habitat.

Multi-scale studies facilitate an improved understand-
ing of how scale can influence ecosystem functions
(Wheatley and Johnson 2009). Our study is one of only
a few studies that has used a multi-scale approach to
evaluate the effects of vegetation composition across mul-
tiple spatial scales on turkey nest site selection. Fuller et
al. (2013) evaluated Eastern wild turkey nest survival in
Connecticut as a function of nest site and patch-level
habitat metrics and found the nest site scale (vegetation
surrounding the nest site) was most important to nest site
selection and survival. Lehman et al. (2008) evaluated
Merriam’s turkey (Meleagris gallopavo merriami) nest site
selection and survival in South Dakota as a function of
multiple habitat components collected at multiple spatial
scales. They provided evidence for a hierarchical nest site
selection process because they found land cover patch size
(ha) and visual obstruction at the nest site to be the two
primary habitat components that influenced nest site
selection and survival. More recently, Conley et al. (2015)
found that the mean area used by turkeys during incuba-
tion was <3 ha, suggesting smaller spatial scales may be
important to turkey nest site selection. These studies all
illustrate the importance of scale when evaluating turkey
nest site selection because some habitat components may
be important at one spatial scale relative to another.

However, all of these studies illustrate that turkeys are
primarily focused on finding nest sites that provide
adequate visual obstruction from predators.

Conclusions

Our research indicates that turkey nest site selection is
primarily influenced by vegetative structure immediately
surrounding the nest site. Mean visual obstruction and
percent canopy closure were the primary drivers of nest
site selection on our study sites. Total ground cover,
edge density, and percent habitat type (e.g., mature pine,
mixed pine/hardwood, shrub/scrub) had minimal influ-
ence on turkey nest site selection. Our study suggests
that management of pine savannas with frequent (<3 years)
prescribed fire-return intervals can be beneficial to turkeys
by providing early-successional vegetation for nest site
establishment. We suggest land managers balance man-
agement objectives of wild turkey habitat management
with those of threatened and endangered species (e.g.,
gopher tortoise [Gopherus polyphemus] and red-cockaded
woodpecker [Picoides borealis]) by promoting early-
successional vegetation in pine savannas through use of
small-scale (12-22 ha) and periodic prescribed fire (2—
3 years).

Multi-scale studies are important for our understand-
ing of how patterns and processes interact and operate
on the landscape and influence animal behaviors. Our
findings illustrated that turkeys primarily focused on
habitat components measured at small spatial scales
(15 m). Therefore, we suggest future turkey nest site
selection and survival studies should primarily focus on
smaller spatial scales surrounding the nest site as sug-
gested by Conley et al. (2015). Secondly, we suggest that
future multi-scale studies may benefit from a preliminary
analysis of how mean and associated standard deviation of
potential covariates change along the scale continuum as
suggested by Wheatley (2010). Understanding how habitat
metrics behave across multiple scales may provide add-
itional support for scale choice and interpretation of pre-
dictive species-habitat models (Wheatley 2010).
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