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Abstract

Changing landscapes and land-use practices are altering habitat for Florida wild tur-
keys (Meleagris gallopavo osceola). However, an understanding of habitat determi-
nants of nest success is lacking for this unique turkey subspecies, potentially limiting
conservation success. We examined female wild turkey nest site selection and nest
success at microhabitat and patch levels using logistic regression in an Information-
Theoretical framework in Florida, 2008-2010. We captured and radio-equipped adult
female turkeys, and followed birds to nests. Nests were monitored to document suc-
cess, and habitat was measured at multiple levels at nest and random sites. Females
selected nest sites in dense vegetation (Ze., increased saw palmetto cover [Serenoa
repens] and higher palm stem densities) that may have provided lateral and vertical
cover for concealment at the microhabitat level (i.e., area within 7 m of the nest),
while selecting for a more open habitat (ie., decreasing hardwood and conifer stem
densities) at the patch level (ie., area within 28 m of the nest). Similarly, successful
nests were in more dense vegetation at the nest site (ie., increased saw palmetto cov-
er) in an otherwise more open habitat (/.e., lower basal area) than unsuccessful nests.
Habitat management that creates patches of dense shrub vegetation such as saw pal-
metto within an open landscape may be best for Florida wild turkey nesting habitat
and success.
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1. Introduction

Very little is known about nest habitat selection and its effects on nest success of the
unique Florida wild turkey (Meleagris gallopavo osceola). With changing land-use prac-
tices degrading or destroying native habitats through urban development, road con-
struction, fragmentation, conversion to agriculture, fire exclusion, invasive species, and

changes in natural disturbance regimes [1] [2], this lack of understanding may limit
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Florida turkey conservation success.

Anecdotal evidence suggests that female Florida wild turkeys select areas in transi-
tion zones between palmetto prairie and oak scrub [3], saw palmetto ecotones [4], and
dense vegetation [5] for nesting. Habitat often drives nest success, habitat selection is a
hierarchical process where birds select features at different scales [6] [7] [8], and nest
success may be the most important factor affecting wild turkey population growth and
size [9] [10]. Therefore, to better manage the unique Florida wild turkey subspecies,
further information is needed to understand habitat determinants of nest success. Our
objectives were to understand how nest site characteristics influence female turkey nest

site selection at two spatial scales and evaluate how nest site selection relates to success.

2. Materials and Methods
2.1. Study Area

We conducted the study on two sites in south Florida from 2008-2010, representing
typical public and private lands turkey habitat in the region. The first site was the 6273
ha Quail Enhancement Area of Three Lakes Wildlife Management Area (WMA), lo-
cated in Osceola County, Florida. Three Lakes WMA consisted primarily of pine flat-
woods, with lesser amounts of intermingled hammocks, swamps, and wet and dry prai-
ries [11]. Three Lakes WMA is managed by the Florida Fish and Wildlife Conservation
Commission (FWC) and hunting is allowed for most game species, including wild turkey.

The second site was Longino Ranch, located in Sarasota County, Florida. Longino
Ranch encompasses approximately 4040 ha, with 2020 ha used for the production
of cattle, sod, and citrus. The remaining 2020 ha were primarily pine flatwoods, with
lesser amounts of intermingled wet and dry prairies and oak-cabbage palm hammocks
[11]. The ranch allows hunting by the owners of most game species, including wild

turkey.

2.2. Methods and Analyses

We prepared capture sites (n = 20 - 35/year; January-February) on both study areas
each year by clearing and pre-baiting with cracked corn or multi-grain livestock feed.
Rocket nets were placed at sites after confirming use by female turkeys. We netted tur-
keys from January to early March each year [12]. Once netted, we secured turkeys,
placed each into cardboard boxes specifically designed for wild turkeys, and fitted each
captured female with standard numbered metal leg bands and a backpack-style radio
transmitter with mortality switch (ATS transmitters, model A1540, 69 - 80 g; weighing
<3.5% of birds body weight). We aged, weighed, and released turkeys within 45 minutes
of capture at the capture location.

We located radioed females remotely by triangulation from >3 distinct telemetry sta-
tions within 15 minutes to reduce error associated with long-distance movements of the
radioed bird [13] [14] using hand-held radio receivers and three element Yagi antennae
from pre-established telemetry stations (n = 100 - 250 depending upon site and year)

using the peak method [14]. We entered recorded azimuths into the program Location
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of a Signal [15] to map the estimated location of females. Birds were located >3 times
weekly from early March until 15 July each year. When observations indicated a female
had initiated a nest and begun incubation (e, was found repeatedly in the same loca-
tion), we recorded a nesting attempt if it could be confirmed by homing on the nesting
bird [16]. Active nests were monitored =1 times daily via telemetry, and when the fe-
male was away from the nest, we confirmed the status of the nest visually. We consi-
dered nests that hatched >1 egg successful [16].

Once nest fate was determined, we measured nest site habitat characteristics at mi-
crohabitat (e, the area within 7 m of the nest) and patch levels (ie., the area within 28
m the nest; Table 1). After recording the characteristics at the nest site, we immediately
recorded the same characteristics in a similar plot located at a random distance and di-
rection from the nest within the same habitat patch [11] for both microhabitat and patch
levels.

To characterize microhabitat, we established a 7 m radius plot centered on the nest.
Within the plot, three 7 m transects were established radiating out from the nest and
separated by 120°. We measured basal area (m*/ha) of hardwood, conifer, and palm
species >11.43 cm diameter-at-breast-height (dbh) surrounding the nest using a stan-
dard 10-BAF prism [17] [18] [19]. Stem density (no./ha) of tree species 22.54 cm dbh
within the plot were tallied as hardwood, conifer, or palm species. Canopy cover of saw
palmetto at 1.5 m above the ground was estimated using the line-intercept method
along each transect (%; [19]). From the nest at a height of 1.7 m, we visually estimated
lateral cover (visual obstruction) by determining total cover (%) of a 36 cm x 90 cm
cover board placed at three equally spaced points (Ze, 120° apart) 7 m from the nest
[19]. To classify cover, we recorded cover estimates as one of six cover classes: 1 = 0% -
3%, 2 =24% - 12%, 3 = 213% - 25%, 4 = 226% - 50%, 5 = 251% - 75%, and 6 = 276% -
100%. On each transect, we recorded height of the tallest shrubs (including shrubs and
trees <2.54 cm dbh; [19]) intersecting the transect.

Table 1. Florida wild turkey nest habitat variables at microhabitat (within 7 m of nest) and patch
(within 28 m of nest) levels, Florida, 2008-2010.

Variable (Abbreviation) Description
Conifer basal area (BAC) Conifer species basal area (m*/ha)
Hardwood basal area (BAH) Hardwood species basal area (m*/ha)
Palm basal area (BAP) Palm species basal area (m*/ha)
Total basal area (BAT) Total basal area (m*/ha)
Conifer stems (STC) Conifer species stem density (number/ha)
Hardwood stems (STH) Hardwood species stem density (number/ha)
Palm stems (STP) Palm species stem density (number/ha)
Total stems (STT) Total stem density (number/ha)
Saw palmetto cover (SC) Saw palmetto cover (%)
Visual obstruction (VO) Visual obstruction (%)
Shrub height (SHT) Shrub height (cm)
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To characterize vegetation at the patch level, we established a 28 m radius plot cen-
tered on the nest. Within the plot, three 28 m transects were established radiating out
from the nest and separated by 120°. We established a 7 m radius subplot on the nest
and 21 m from the nest on each transect (four subplots total). Within each subplot,
basal area, stem density, and lateral cover were determined as described for microhabi-
tat. Along each 28 m transect, saw palmetto cover and shrub height were quantified as
described for microhabitat.

To understand female Florida wild turkey nest habitat selection and how habitat
affected nest success, we used logistic regression in an Information-Theoretical frame-
work [20]. We used case-control logistic regression to compare habitat variables within
nest plots and their associated random plots at the microhabitat and patch levels. Based
on prior knowledge, field experience, and study objectives, we created a priori models
featuring combinations of variables at both microhabitat and patch levels (Table 1).
Individual models were limited to 3 predictor variables to reduce the likelihood of over-
fitting. We examined Akaike’s Information Criterion corrected for small sample size
(AIC,), distance from the lowest AIC. (AAIC,), and Akaike weights (w;) for models
with different combinations of predictor variables, and considered models with AAIC,
< 2 supported [21]. Where multiple models were supported, we used model averaging
to increase precision of inference, and when 85% confidence intervals (CI) for model-
averaged variables overlapped with zero, we considered them to have a weak effect on
the dependent variable and be uninformative [22]. When an 85% CI was >0, we indi-
cate that the variable was selected and <0 avoided.

We used logistic regression, following methods described above for selection, to
compare habitat of successful and unsuccessful nests at the microhabitat and patch le-
vels. For brevity and clarity, we only present results on supported models. A complete

list of models considered can be found in [2].

3. Results

We discovered 67 nests (27 successful) of radioed females. The leading cause of nest
fajlure was depredation (n = 24), though nests also failed due to predation of the adult
female on the nest (n = 8) and abandonment (total n = 7; due to habitat management
[n = 3; prescribed fire and logging], due to observer interference [n = 1], and unknown
cause [n = 3]). One nest was established near the study’s terminus and not monitored
to fate. We censored this nest and nests failing due to management or observer interfe-
rence (n = 5) from all analyses because no data regarding habitat characteristics could
be recorded and these nests failed due to artificial causes not dependent upon the adult
females selection decisions.

At the microhabitat level, three models were supported, with increasing saw palmetto
cover and palm stem density selected (Table 2 and Table 3). Five models were sup-
ported at the patch level, with increasing hardwood and conifer stem density avoided
(Table 4 and Table 5).

At the microhabitat level, seven models examining habitat differences between successful
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Table 2. Supported models, number of variables (K), Akaike’s Information Criterion corrected
for small sample size (AIC,), distance from the lowest AIC. (AAIC,), and model weights (w}) used
to predict female Florida wild turkey nest microhabitat selection in Florida, 2008-2010.

Model* K AIC, AAIC. w;
STP, STC, SC 3 59.18 0.00 0.31
STP, STH, SC 3 59.29 0.11 0.29

STP, SC 2 59.52 0.34 0.26

*See Table 1 for descriptions.

Table 3. Model-averaged parameter estimates and 85% confidence intervals (CI) for variables
used in supported models to predict female Florida wild turkey nest microhabitat selection in
Florida, USA, 2008-2010.

85% CI
Variable® Estimate
Lower Upper
STP 0.254 0.001 0.487
STC -0.014 -0.031 0.005
SC 0.065 0.024 0.094
STH -0.010 -0.023 0.005

*See Table 1 for descriptions.

Table 4. Supported models, number of variables (K), Akaike’s Information Criterion corrected
for small sample size (AIC)), distance from the lowest AIC. (AAIC,), and model weights (w}) used
to predict female Florida wild turkey nest patch habitat selection in Florida, 2008-2010.

Model* K AIC, AAIC, w,
STP, STH 2 70.63 0.00 0.23
STP, STH, SC 3 71.75 1.13 0.14
STP, VO 2 72.02 1.39 0.11
STP 1 72.12 1.49 0.11

STP, STC, STH 3 72.57 0.94 0.09

*See Table 1 for descriptions.

Table 5. Model-averaged parameter estimates and 85% confidence intervals (CI) for variables
used in supported models to predict female Florida wild turkey nest patch habitat selection in
Florida, USA, 2008-2010.

85% CI
Variable® Estimate

Lower Upper

STP 0.047 -0.018 0.103
STH —-0.002 -0.003 -0.001
SC —0.008 -0.020 0.006
VO -0.016 -0.035 0.005
STC -0.002 -0.003 —0.001

*See Table 1 for descriptions.
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and unsuccessful nests were supported, with decreasing total and conifer basal area and

increasing saw palmetto cover important to success (Table 6 and Table 7). Patch level

nest success had three supported models, but included no informative individual va-

riables (Table 8 and Table 9).

Table 6. Supported models, number of variables (K), Akaike’s Information Criterion corrected
for small sample size (AIC,), distance from the lowest AIC. (AAIC,), and model weights (w}) used
to predict Florida wild turkey nest success at the microhabitat level in Florida, 2008-2010.

Model® K
BAT 1
BAC, SC 2
BAT, SC 2
STP, BAC 2
STP, BAT 2
BAT, STT 2
STP, STC 2

AIC,

82.66
82.95
83.04
83.19
83.44
84.01

84.15

AAIC,

0.00

0.12

0.10

0.09

0.09

0.08

0.05

0.05

*See Table 1 for descriptions.

Table 7. Model-averaged parameter estimates and 85% confidence intervals (CI) for variables

used in supported models to predict Florida wild turkey nest success at the microhabitat level in

Florida, 2008-2010.

85% CI
Variable® Estimate
Lower Upper
BAT -0.103 -0.132 -0.001
BAC -0.192 -0.230 -0.009
SC 0.013 0.001 0.026
STP -0.636 b --b
STT -0.001 -0.003 0.001
STC -0.004 -0.008 0.001

*See Table 1 for descriptions. *Did not converge.

Table 8. Supported models, number of variables (K), Akaike’s Information Criterion corrected
for small sample size (AIC,), distance from the lowest AIC. (AAIC,), and model weights (w;) used
to predict Florida wild turkey nest success at the nest patch level in Florida, 2008-2010.

Model* K
BAP 1
BAT 1

STP, BAP 2

AIC,
83.63
85.44

85.62

AAIC,
0.00
1.81

1.99

0.22

0.10

0.08

*See Table 1 for descriptions.
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Table 9. Model-averaged parameter estimates and 85% confidence intervals (CI) for variables
used in supported models to predict Florida wild turkey nest success at the nest patch level in
Florida, 2008-2010.

85% CI
Variable®* Estimate
Lower Upper
BAP -1.561 -3.362 0.552
BAT —-0.109 -0.213 0.018
STP 0.002 —0.006 0.009

*See Table 1 for descriptions.

4. Discussion

Turkey nests failed for several reasons, but the most significant causes of failure were
nest depredation or predation of the incubating female. Many have cited depredation
or predation of the incubating adult as the leading causes of turkey nest failure, which
may limit populations (e.g., [4] [8] [10] [23] [24]). Others such as [8] [9] [25] have re-
ported habitat effects on nest success, and suggested that depredation may influence se-
lection of nest sites by causing avoidance of certain habitats or habitat features. However,
no such data exists for Florida wild turkeys.

Female Florida wild turkey microhabitat selection was for the presence of dense lat-
eral cover in the form of shrubs. This manifested primarily in increased saw palmetto
cover and palm stem density. Other researchers have also observed thick vegetation and
saw palmetto at Florida wild turkey nests [4] [5] [26]. Females selected for greater levels
of saw palmetto cover most likely to aid in concealing incubating birds as it can provide
significant lateral cover. Saw palmetto also provides adult females with cover overhead,
which reduces the probability of detection by avian predators [27] [28] [29], and may
function to shade birds, decreasing nest temperatures. Our finding that successful nests
at the microhabitat level had greater saw palmetto cover compared to unsuccessful
nests, supports this conclusion. Findings for other wild turkey subspecies corroborate
the importance or presence of dense cover featuring low shrubs and slash at nest sites
and more open overstory canopies (e.g., [30]-[37]). Additionally, females preferred areas
with higher densities of palm stems, which can also provide a great degree of lateral and
overhead cover through standing vegetation and associated litter, decreasing predator
efficiency by providing visual, auditory, and olfactory obstruction at nest sites [25] [38]
[39] [40] [41]. Dense cover such as this may also provide greater numbers of locations
where birds could establish nests, decreasing predator efficiency by making predators
search in more areas to find nests. Reference [42] reported similar findings, with female
eastern wild turkeys selecting for more stems near the nest site. However, compared to
unsuccessful nests, successful nests at the microhabitat level in our study had lower to-
tal and conifer basal area.

At the patch level, females avoided areas with increasing hardwood and conifer stem

densities. The dense cover selected at nest sites may conceal birds well, but it may not
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allow adult females to move easily or survey surrounding areas. Therefore, birds may
choose to have more open habitats adjacent to nest sites. While models were supported
assessing habitat differences between successful and unsuccessful nests at the patch lev-
el, no individual habitat variables informed those differences. Other research has found
similar results for nesting birds, suggesting that they prefer to be concealed on the nest,
while being able to survey the area for threats when coming from and going to the nest
(e.g., [25] [43] [44]). Additionally, though species such as saw palmetto afford dense
understory cover to conceal adult females while nesting, it inhibits growth of other ve-
getation used for foraging by wild turkeys (e.g., [3] [45]). By selecting for patches of
dense cover within more open habitats, birds may be selecting for areas with greater
food potential nearby. And when they must leave the nest to forage, they do not have to
travel far, and while foraging, they can readily see threats around them due to the re-
duced levels of lateral and overhead cover. Foraging in more open habitat such as this
may decrease the risk of predation [4]. Moreover, when adult females are successful,
newly hatched poults do not have to travel far to reach areas suitable for foraging [7]
[46].

5. Conclusion

Female Florida turkeys selected for dense cover at the immediate nest site and more
open habitats surrounding the nest. This selection may provide concealment at the nest
site and habitat structure suitable for surveying areas surrounding the nest, facilitating
nest site ingress and egress and foraging and brooding nearby. In some areas of Florida
where saw palmetto dominates, shrub removal may be necessary to maintain appropri-
ate overall habitat conditions [45] [47]. However, this study demonstrates its benefits to
female Florida wild turkey nest site selection and success. Clumps of saw palmetto should
be allowed to remain throughout habitats to aid in concealing incubating hens and
possibly increasing the area that predators must search to find nests, while kept in low

enough densities that turkeys can easily move and see through the area.
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