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ABSTRACT.--Rates of nesting participation, renesting, and nesting success for Wild Tur- 
keys (Meleagris gallopavo) in the Ouachita Mountains, Arkansas, are among the lowest re- 
corded in the eastern United States. I studied spatial attributes of 113 Wild Turkey nests to 
determine landscape-scale habitat characteristics that were important for nest placement 
and survival. Hens generally nested close to roads in large pine patches that occurred on 
southeast-facing slopes. Hens selected shortleaf pine (Pinus echinata; 68.1%) over mixed hard- 
wood (23.9%), hardwood (0.9%), and open areas (7.1%). Most of the hens (57.5%) placed 
their nests in edge habitat, but placement in these areas did not influence nesting success. 
Rather, female turkeys appeared to respond to a high risk of predation by placing nests in 
large patches, away from areas of high edge density favored by nest predators. Mean patch 
size chosen by nesting females (6,912.6 + SE of 634.5 ha) was considerably larger than the 
mean patch size for the study area (31.4 + 7.8 ha). Although most hens nested close to roads, 
this association appeared to be detrimental to nesting success because all nests close to roads 
were unsuccessful. In general, habitat characteristics examined at the level of patch and stand 
were good predictors of nest location but poor predictors of nesting success, possibly due 
to a high abundance of edge habitat in the landscape. This large amount of edge apparently 
sustained predator populations that made even the largest patches hazardous for nesting by 
Wild Turkeys. Therefore, the lack of suitable nest sites may limit population size of Wild 
Turkeys in the Ouachita Mountains. Received 10 July 1998, accepted 25 January 1999. 

POPULATIONS OF WILD TURKEYS (Meleagris 
gallopam) in some southern pine forests are de- 
clining (Palmer et al. 1993), including that 
within the Ouachita Mountains of west-central 

Arkansas and eastern Oklahoma (Nicholson et 
aL 1995, Thogmartin 1998). The most impor- 
tant demographic parameter affecting Wild 
Turkey population size is nesting success (Rob- 
erts and Porter 1996), making quality of nest- 
ing habitat particularly important to Wild Tur- 
keys (Hillestad and Speake 1970). If factors af- 
fecting nesting success can be identified and 
properly managed, populations of Wild Tur- 
keys may stabilize or even increase in areas 
where they are now declining. 

Microhabitats selected by nesting Wild Tur- 
keys are well described (Lazarus and Porter 
1985, Seiss et al. 1990, Badyaev 1995). For in- 
stance, shrub patches chosen for nesting often 
provide tall, dense vegetative cover (Lazarus 
and Porter 1985, Still and Baumann 1990). Veg- 
etative concealment may reduce transmission 
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of olfactory and visual cues and impede move- 
ment of potential nest predators (Bowman and 
Harris 1980, Redmond et al. 1982, Crabtree et 
al. 1989). Numerous studies of artificial nests 
and of ground-nesting birds have demonstrat- 
ed the importance of nest concealment to re- 
productive success (e.g. Keppie and Herzog 
1978, Picman 1988, Gregg et al. 1994, Badyaev 
1995). 

Wild Turkey hens may use different proxi- 
mate cues to select breeding-season habitat 
than to select actual nest sites (Orians and Wit- 
tenberger 1991, Bergin 1992). Lazarus and Por- 
ter (1985) reported nest-site characteristics at 
two scales, the immediate nest area (0.5 ha) and 
the surrounding nest patch (65 ha), that sug- 
gested Wild Turkeys in Minnesota were select- 
ing nesting habitat in a hierarchical fashion. 
Badyaev (1995) suggested similar processes in 
the Arkansas Ozarks. Few studies, however, 

have identified variables at patch, stand, or 
landscape levels that are important to repro- 
ductive success (Burk et al. 1990, Badyaev 
1995). Habitat selection at scales larger than the 
immediate area around the nest should affect 

predation risk (Martin and Roper 1988). Nest- 
site selection with consideration at both the 

912 



October 1999] Nest-site Selection in Turkeys 913 

landscape and the microhabitat level should 
provide a fitness benefit (Orians and Witten- 
berger 1991) and, therefore, should be readily 
identifiable. 

In the Ouachita Mountains of west-central 

Arkansas, 87% of Wild Turkey nests fail, most- 
ly due to predation (Thogmartin 1998). Con- 
sequently, Wild Turkeys in this area should be 
under intense selective pressure to choose hab- 
itat components that are linked to reproductive 
success. Successful decisions by hens at each 
level of nest-site selection are necessary if hens 
are to avoid detection by nest predators. I ex- 
amined nest-site selection in Wild Turkeys at 
the patch and landscape levels (1) to determine 
whether females choose features of the envi- 

ronment at scales higher than the area imme- 
diately around the nest bowl; and (2) if so, to 
examine whether these habitat features are as- 

sociated with reproductive success. 

STUDY AREA AND METHODS 

Study area.--I conducted this study on Muddy 
Creek Wildlife Management Area (Muddy Creek), a 
39,000-ha reserve within the Ouachita National For- 
est cooperatively managed by the Arkansas Game 
and Fish Commission and U.S. Forest Service. This 

area lies within Scott, Yell, and Montgomery coun- 
ties, west-central Arkansas. East-west trending ridg- 
es and stream valleys dominate the topography, and 
elevations range from 200 to 750 m (œ = 331 m). Ter- 
rain was hilly, with an average slope of approxi- 
mately 5 ø. Cover types consisted chiefly of a patchy 
mosaic of shortleaf pine (Pinus echinata; 45%); mixed 
pine/hardwood (35%); hardwood (5%); and hay- 
fields, food plots, and recently harvested forest 
openings (15%). Mean patch size was 31.4 ñ SE of 7.8 
ha; shortleaf pine patches were larger and more nu- 
merous than hardwood (oak/hickory) patches 
(Thogmartin 1998). Drier south-facing slopes were 
dominated by shortleaf pine and some oak, princi- 
pally post oak (Quercus stellata). Mesic north-facing 
slopes and shaded, moist ravines were occupied by 
hardwoods, including northern red oak (Q. rubra), 
white oak (Q. alba), black oak (Q. velutina), mocker- 
nut hickory (Carya tomentosa), sweetgum (Liquidam- 
bar $tyracifiua), and blackgum (Nyssa sylvatica). Tree 
density varied from 490 to 620 trees per ha, with a 
mean diameter at breast height (dbh) of 23 cm (Krei- 
ter 1995). Areas of recent timber harvest were dom- 
inated by blackberry (Rubus spp.), greenbriar (Smilax 
spp.), poison ivy (Toxicodendron radicans), bluestem 
and panic grasses (Andropogon spp. and Panicurn 
spp.), grape (Vitis spp.), pine and oak seedlings, and 
sumac (Rhus spp.). 

Capture and radio-telemetry protocols are provid- 

ed in Thogmartin (1998). Briefly, turkeys were cap- 
tured in rocket nets from January to March, 1993 to 
1996 (see Bailey et al. 1980). This period is prior to 
the breakup of winter flocks, whereupon hens may 
disperse several km to suitable nesting areas. Cap- 
ture sites were distributed in all habitat types to in- 
sure representative coverage of the study area. 
Feather characteristics were used to determine sex 

and age of captured turkeys. Backpack-style radio 
transmitters weighing approximately 110 g were at- 
tached to captured hens. Transmitters were 
equipped with a 4-h delay motion switch that mod- 
ulated emitted pulse rate to determine whether a hen 
was active (signal unsteady and infrequent), inactive 
(signal steady and infrequent), or stationary ("mor- 
tality"; signal steady and frequent). All hens were 
released at their capture sites. 

Initiation of incubation was determined when a 

hen remained at the same location for two consecu- 

tive days of radio contact, or a consistent inactive or 
mortality signal was received. Because of the high 
rate of nest predation in the study area, nests were 
flagged in a circle at least 30 m from the nest site two 
to four days into incubation. Incubating hens were 
monitored daily from a distance using radio telem- 
etry until increased activity or dispersal indicated 
the hen had left the nest area. Nest sites were then 

located and nest fate, number of eggs laid, and num- 
ber of eggs hatched were recorded. Nests were clas- 
sified as successful if there were no signs of predator 
disturbance and at least one egg hatched, and un- 
successful if only unhatched eggs remained or if the 
nest exhibited obvious signs of disturbance or de- 
struction. 

Nest locations were marked on 1:24,000 U.S. Forest 

Service quadrangle maps, based upon distance from 
road, stream bed, and other topographical features. 
Universal Transverse Mercator coordinates of 

marked nest sites were recorded using a global po- 
sitioning system in two of the four years of study. 
Nests located in areas that were not mapped in the 
geographic information system (GIS; data were un- 
available for some stands) were not analyzed. Be- 
tween 1993 and 1996, ! located 113 nests suitable for 
analysis. 

Habitat sampling.--Habitat analysis was conducted 
in Geographic Resource Analysis Support System 
4.1 (GRASS; Army Corps of Engineers, Champaign, 
Illinois), a raster-based GIS. Overstory vegetation 
cover types, streams, roads, and elevation were ob- 
tained from the Gap analysis project for Arkansas 
(Dzur et al. 1996, 1998). Vector-based GIS (ARC/ 
INFO) coverages of forest stand condition, stand age, 
and forest structure were obtained from the U.S. For- 

est Service and imported into GRASS raster cover- 
ages; these data were derived from the Continuous 
Inventory of Stand Condition management system 
(CISC; USDA 1993). Seventeen (15 even-aged and 2 
uneven-aged) available stand-condition classes 
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within the CISC database were combined into three 

categories: (1) young (characterized by small and 
newly planted trees); (2) pole timber (characterized 
by trees <24.4 cm dbh; (3) and saw timber (charac- 
terized by trees >24.4 cm dbh). Unlike Gap-derived 
data sets, which were scaled to 900 m 2 pixels, CISC 
data were available only at the stand level. 

To define habitat available to sampled Wild Tur- 
keys, the study area was circumscribed by 3-km buff- 
ers around nests. This distance was chosen because 

it was approximately equal to annual hen dispersal 
from winter flocks and to the distance between an- 

nual nest sites (Thogmartin 1998). Comparison 
points were randomly generated within GRASS to 
locate 2,250 random sites in the study area. Because 
I compared used with available habitat as opposed 
to used versus unused habitat (design ILl; Manly et 
al. 1993), ! allowed random points to occur anywhere 
in suitable nesting habitat (i.e. water and dry crop 
agriculture cover types were excluded). 

A habitat patch was defined as a discrete, contig- 
uous "surface area differing from its surroundings" 
(Kotliar and Wiens 1990). Edge habitat was defined 
as the area 60 m into a patch from any boundary be- 
tween overstory cover-type polygons, whereas the 
inner portion of a patch farther than 60 m from the 
edge was defined as the core. This distance was cho- 
sen because Paton (1994) suggested that edge effects 
related to nest predation extended 50 m into forest 
patches, or nearly twice the 30-m pixel width. Using 
this definition of edge, edge habitat was not neces- 
sarily the sole product of roads, timber harvest, or 
other linear features of the environment, and includ- 
ed habitat (e.g. boundaries between pine and mixed 
pine/hardwood cover-types) that may be more 
properly defined as ecotones or "soft edges". Patch, 
core, and edge size were estimated for cover-type 
patches surrounding each nest using landscape ecol- 
ogy programs within GRASS (Baker and Cai 1992). 
An index of patch shape, the ratio of corrected pe- 
rimeter:area (CP/A), was calculated for each nest 
patch using the formula: (0.282 x perimeter)/ 
(area) •2 (Baker 1994). This index was chosen because 
it controls for variation attributed to increases in 

patch size, thus allowing for comparison of patches 
of different sizes. 

Statistical analyses.--I used various univariate and 
multivariate procedures to examine relationships 
among patch- and stand-level characteristics of nests 
sites and associated hen age, nesting attempt order, 
and nest survival. I employed principal components 
analysis (PCA) to reduce the dimensionality of the 
habitat data set by creating orthogonal (i.e. indepen- 
dent) linear combinations of the original data set, 
which reduces the number of highly intercorrelated 
habitat variables (Rencher 1995). Selection functions 
(used sample proportion divided by available sam- 
ple proportion) were employed to test use-availabil- 
ity patterns between cover types, understory corn- 

ponents, and slope classes (Manly et al. 1993). I es- 
timated the likelihood that hens differed in their use 

of each category and that this use was independent 
of category abundance. For comparisons between 
nest sites and random locations, frequencies of hab- 
itats derived from random locations were used as ex- 

pected habitat frequencies. 
! compared habitat composition around Wild Tur- 

key nests and random points at multiple spatial 
scales. Badyaev (1995) indicated that understory 
components in the Ozark Mountains differed be- 
tween nest patches and random patches. Therefore, 
overstory cover-type interspersion, measured as the 
percentage of cells differing from the center or focal 
cell, was evaluated at two scales: (1) the nest patch 
(0.81 ha; 9-pixel area) and (2) the approximate mean 
habitat patch size (56.25 ha; 625-pixel area). This ap- 
proach allowed examination of overstory cover-type 
variegation and its potential influence on nest-site 
selection at multiple scales. 

To examine the effect of streams and roads on nest 

predation, I created 40 distance classes in 30-m in- 
crements. I used the nest as the observational unit 

and regressed nest fate, hen age, and nest-attempt or- 
der against log10(area), log•0(area) 2, and distance to 
habitat variable in maximum-likelihood, multiple lo- 
gistic regression models. PCA scores were used in 
simple linear regression models as well to control for 
collinearity among habitat variables. Multiple linear 
and logistic regressions of reproductive parameters 
against habitat variables were rejected when models 
or effects were either nonsignificant (P > 0.05) or 
possessed Mallows' Cp far from 2p' - t, where p' is 
the number of variables in a subset model and t is the 

number of variables in the full model. Only signifi- 
cant models are presented here. 

Because of the generally poor performance of re- 
gression analyses in discriminating between suc- 
cessful and unsuccessful nests, I conducted stepwise 
linear discriminant function analysis (DFA) in SAS 
6.12. I used PROC STEPDISC to select a subset of var- 

iables from all available habitat variables; signifi- 
cance levels were 0.25 to enter and 0.10 to stay. To 
provide better separation between successful and 
unsuccessful nests, optimal scores and transforma- 
tions were provided by PROC TRANSREG. For con- 
sistency, I also conducted DFA to discriminate be- 
tween random and nest locations. Statistical hypoth- 
eses were rejected if probability of committing a 
Type I error was -<0.05; variation around means is 
presented as -+1 SE. 

RESULTS 

HABITAT INFLUENCING NEST LOCATION 

Patch size.--Principal components analysis 
identified five components (eigenvalues •>1) 



October 1999] Nest-site Selection in Turkeys 915 

TABLE 1. Habitat variables and associated PCA scores measured at 113 Wild Turkey nest sites at Muddy 
Creek Wildlife Management Area, Arkansas, 1993 to 1996. Only PCA scores ->10.40•are shown. 

Variable Scale PC 1 PC2 PC3 PC4 PC5 

Elevation Nest 

Slope Nest 
Dist. to stream Nest 
Dist. to road Nest 

Interspersion (0.81 ha) Nest 
Interspersion (56.25 ha) Patch 
Patch size Patch 
Core size Patch 

Edge size Patch 
Corrected perimeter: area Patch 
Stand age Stand 

0.47 
0.47 

0.47 

0.46 

-0.59 0.42 
-0.56 

0.43 

0.54 

0.58 0.68 
-0.71 

-0.47 

describing 83.5% of the variance in nest loca- 
tion (Table 1). Following Stevens (1996), only 
component loadings -> 10.401 were considered. 
Significant component loadings for the first 
principal component axis were weighted on 
patch characteristics. 

Four habitat variables and two interactions 

described habitat differences between turkey 
nests and random sites, with patch size exert- 
ing the largest influence on nest-site selection 
(Table 2). Habitat patches chosen by nesting fe- 
males (œ = 6,912.6 + 634.5 ha) were signifi- 
cantly larger than typical habitat patches avail- 
able in Muddy Creek (• = 31.4 + 7.8 ha; X 2 = 
255.9, df = 1, P < 0.001; Table 3, Fig. 1). To ex- 
amine whether a few very large patches in 
Muddy Creek may have biased this result, I ex- 
amined the proportion of area within Muddy 
Creek occupied by large patches versus the 
proportion of sampled nests within these large 
patches. Twelve habitat patches in Muddy 
Creek exceeded 500 ha and accounted for 

49.8% of the area; 67.3% of nests (76/113) were 
found in these large patches, a larger propor- 

TABLE 2. Multiple logistic regression of habitat var- 
iables chosen by nesting female Wild Turkeys at 
Muddy Creek Wildlife Management Area, Arkan- 
sas. 

Like- 

lihood 

Effect ratio X 2 df P 

Patch size 12.24 1 0.0005 

Slope 11.27 1 0.0008 
Patch size x slope 8.30 1 0.0040 
Interspersion (56.25 ha) 8.17 1 0.0043 
Aspect class 18.14 8 0.0202 
Patch size x aspect class 41.32 8 <0.0001 
Entire model 514.26 20 <0.0001 

tion than expected (X 2 = 51.9, df = 1, P < 
0.001). The single largest patch (13,795 ha; 
22.9%) in Muddy Creek accounted for 52 (46%) 
nesting attempts, again proportionately larger 
than expected (X 2 = 115.0, df = 1, P < 0.001). 

Mean patch size for each cover type was pos- 
itively related to the number of nests placed in 
each cover type (Fig. 2). Hens chose cover type 
nonrandomly (Fig. 3), selecting shortleaf pine 
(68.1%, n = 77) over mixed hardwood (23.9%, 
n = 27), hardwood (0.9%, n = 1), and open ar- 
eas (7.1%, n = 8). No difference was observed 
in cover types between successful and unsuc- 
cessful nests (X 2 = 1.33, df = 2 and 100, P > 
0.5), but successful nests were in habitat patch- 
es that were approximately 1,400 ha larger than 
were unsuccessful nests. 

Forty-eight of 113 hens (42.5%) placed nests 
in core habitat (>60 m from an edge). The mean 
ratio of edge:core habitat for random sites was 
1.80, indicating that nearly two-thirds of the 
typical patch in Muddy Creek consisted of 
edge habitat. Conversely, nests typically were 
placed in patches with an edge:core ratio <1.00 
(unsuccessful nests, g = 0.96; successful nests, 
g = 0.92), areas with nearly equal edge and 
core habitat. Adult hens, probably a more ex- 
perienced group of nesters, generally chose 
nest sites in core habitat (X 2 = 4.66, df = 1, P = 
0.03), whereas novice subadults placed their 
nests in edge and core habitat at random (X 2 = 
0.95, df = 1, P = 0.33). Patch shape, as mea- 
sured by the CP/A ratio, did not appear to in- 
fluence nest location except that CP/A was 
higher for nests placed in core habitat than for 
nests placed in edge habitat (28.9 + 2.0 vs. 20.0 
_ 1.9; t = 3.21, df = 111, P < 0.01). 

The first principal component loaded on 
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FIG. 1. Proportional distribution of Wild Turkey 
nests and random sites by log•0 of habitat patch size 
(ha) at the Muddy Creek study area, Arkansas. 

patch characteristics (Table 1) and was posi- 
tively correlated with the date incubation be- 
gan (r = 0.31, n = 72, P < 0.01). Hens nesting 
in intermediate-sized patches began incubation 
about 10 days earlier than those nesting in larg- 
er patches (t = 2.00, df = 83, P = 0.049), per- 
haps because of the lower amount of edge hab- 
itat in intermediate-sized patches. Understory 
cover also influenced the date incubation began 
(F = 4.16, df = 6 and 69, P = 0.004, adjusted R 2 
= 0.15); incubation at nests in blackgum and 
hickory understories started at least 10 days 
earlier than nests in grass or oak-dominated 
understories. 

Patch structure.--Grass and oak understories 

were avoided by nesting hens (Fig. 3), and 
grassy understories were occupied only after 
the second week in June. Hens that nested in 

lOO- 

75- 

50- 

25- 

ne 
Swe tgum 

Oak•,/O Open Areas . 
• I I I I i I 

10 20 30 40 50 60 70 

Mean Patch Size (ha) 

FIG. 2. Linear regression of the number of Wild 
Turkey nests in each cover type as a function of mean 
patch size. Number of nests = -14.32 + 1.33 mean 
patch size (adjusted R 2 = 0.992, F = 495.1, P = 0.002). 

o 

Bieckgum Grass Hickory Oak Sparse 

Understory Vegetation 

+ 0 0 0 0 0 

3.0 
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1.0 ÷ 

0.0 

SE S SW W NW N NE E 

Aspect 

FIc. 3. Selection indices for overstory cover type, 
understory vegetation, and aspect class by nesting 
Wild Turkeys in Muddy Creek, Arkansas. 0 = no se- 
lection, + = selection for habitat characteristic, - = 
avoidance of characteristic. A negative lower limit 
for the confidence interval was replaced by 0 because 
negative values for selection indices are not possible. 

core habitats avoided blackgum and selected 
hickory understories, although the opposite oc- 
curred for nests placed in edge habitats (X 2 = 
10.69, df = 4 and 84, P = 0.03). The basal area 
of mature hardwood saw timber was 50% high- 
er in these core habitats chosen by nesting hens 
compared with edge habitats (X 2 = 5.63, df = 
1, P < 0.02). 

Stand age did not appear to strongly influ- 
ence nest-site selection (t = -1.64, df = 274, P 
= 0.10) or nesting success (X a = 1.42, df = 1, P 
= 0.23), except that hens nesting early selected 
sites in stands with smaller hardwood pole 
timber (younger stands; Fig. 4). Stands occu- 
pied by adult hens were approximately 15 
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Linear regression of day of year incuba- 
tion began (DIB) for Wild Turkey nests in Muddy 
Creek versus diameter at breast height of hard pole 
timber DIB = 59.20 + 9.23 hard pole dbh (adjusted 
R 2 = 0.26, F = 8.01, P = 0.01). Only nests (n = 21) 
with sufficient data on DBH were evaluated (see 
Methods). 

with lower elevation and southwestern aspect 
being the best predictors of successful nesting. 
Successful nests were also on steeper slopes in 
older stands and were farther from roads and 

streams. Patch features important in nest-site 
selection did not enter into the linear DFA mod- 

el that discriminated between successful and 
unsuccessful nests. Discriminant function 

analysis successfully classified 82% of nests 
based upon habitat features. Successful nests 
were correctly classified in 87% of cases, 
whereas unsuccessful nests were classified cor- 

rectly in 77% of cases. Misclassified nests dif- 
fered from correctly classified nests in aspect 
(X 2 = 16.94, df = 8 and 97, P = 0.03). Finally, 
hens nested closer to roads than expected 
based on random locations (332.7 +_ 32.2 m; X 2 
= 13.46, df = 1, P < 0.001), but this association 
was detrimental to nesting success because 
only unsuccessful hens nested significantly 
closer to roads (X 2 = 8.79, df = 1, P < 0.01). 

DISCUSSION 

years younger than stands occupied by sub- 
adult hens (59.9 + 2.9 years vs. 75.5 + 5.8 years; 
t = -2.39, df = 93, P = 0.02). Based on logistic 
regression, adult hens occupied higher-eleva- 
tion sites in younger stands than did subadult 
hens (X 2 = 12.37, df = 2, n = 95, P = 0.002, 
pseudo R 2 (U) = 0.13). 

Topography.--Loadings on the second princi- 
pal component axis were weighted on topo- 
graphic features (Table 1). Elevation was chosen 
in proportion to availability (X 2 = 0.001, df = 1, 
P > 0.9), and hens chose southeast aspects and 
avoided southwest aspects (Fig. 3). Nest place- 
ment was influenced by slope and aspect and 
their interaction with patch size (Table 2). Nests 
in large patches were on steeper slopes than 
nests in smaller patches (X 2 = 8.61, df = 1, P = 
0.01). Nests in small and intermediate-sized 
patches also were farther from streams than 
those in large patches (X 2 = 6.28, df = 1, P = 
0.04). 

HABITAT INFLUENCING NESTING SUCCESS 

Only 13% of nests successfully hatched eggs 
during the study (Thogmartin 1998). Data were 
available for all successful nests (n = 17) and 87 
of 112 unsuccessful nests. Six of 25 habitat var- 

iables entered into the forward stepwise DFA, 

Nest-site characteristics.--The most important 
reproductive decision a Wild Turkey hen must 
make is where to locate her nest site. At the 

scales I examined, nest-site selection by Wild 
Turkeys in Muddy Creek was influenced pri- 
marily by patch size, slope, aspect, cover type, 
cover type interspersion, and to a lesser extent 
proximity to roads. A wide spectrum of char- 
acteristics within these variables was chosen, 
however, as evidenced by high coefficients of 
variation for many selected habitat features 
(Table 3). Wild Turkeys generally nested in 
large patches of pine and avoided patches con- 
taining oak, including mixed pine/hardwood. 
Seiss et al. (1990) reported similar findings for 
habitat selection by nesting Wild Turkeys in 
Mississippi. 

Wild Turkeys also avoided nesting in patches 
with oak understories. Occupation of grassy 
understories only after mid-June, and selection 
for larger hardwood mid-story trees later in the 
season, suggested that nesting activity shifted 
in response to increased availability of suitable 
habitat as the nesting season progressed. 
Grassy understories were used in late spring 
only after Panicurn and Andropogon grasses de- 
veloped sufficient cover for nesting (Williams 
et al. 1968). Occupation of grassy understories 
may also have been an attempt by late-nesting 
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Core Habitat 
Edge Habitat 

o kll 

FIG. 5. Edge/core contrast map (with Wild Turkey nest locations) illustrating the extent of edge habitat 
at Muddy Creek. White area is edge habitat, gray area is core habitat, boxes are approximate locations of 
nests (not to scale). 

hens to place their nests closer to suitable 
brood-rearing habitat (Lazarus and Porter 
1985). 

Influence of habitat on risk of nest predation.-- 
The probability of nest predation is a function 
of nest placement relative to predator activity 
centers (Gates and Gysel 1978, Boag et al. 
1984). The two most common nest predators in 
the Ouachita Mountains, raccoons (Procyon lo- 
tor) and black rat snakes (Elaphe o. obsoleta), fa- 
vor hard forest edges for hunting (Durner and 
Gates 1993, Pedlar et al. 1997). In Muddy 
Creek, timber harvest has reduced patch size 
so that 50% of habitat patches were <6 ha in 
size, 75% were <17 ha, and 90% were <52 ha, 
resulting in most of Muddy Creek consisting of 
edge habitat (Fig. 5). Nearly 9% (163 patches) 
of patches consisted entirely of edge. Open ar- 
eas resulting from timber harvest and food plot 
creation comprised up to 15% of the study area 
but averaged only 20 ha in size. This has re- 
suited in a large proportion of edge habitat in 

Muddy Creek consisting of hard discontinu- 
ities rather than gradual transitions between 
cover types. 

Higher densities of nest predators are found 
in smaller patches (Wilcove 1985, Heske 1995), 
at forest edges (Gates and Gysel 1978, Wilcove 
1985), and in landscapes such as Muddy Creek 
that have a complex and heterogeneous struc- 
ture (Angelstam 1986, Martin 1993, Donovan et 
al. 1997). Raccoon and coyotes (Canis latrans) 
are more abundant in diverse landscapes (Oeh- 
ler and Litvaitis 1996) and were very common 
in my study area (Thogmartin 1998). These fac- 
tors lead to elevated rates of nest predation in 
edge habitat (Paton 1994, Niemuth and Boyce 
1997) and probably explain the very low rate of 
nesting success that I observed, even in the 
highly dispersed core areas. 

In general though, female Wild Turkeys 
throughout their range select forest edges for 
nesting. For instance, in Mississippi (Seiss et al. 
1990) and West Virginia (Swanson et al. 1996), 
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most nests were within 60 m of a habitat edge. 
In Alabama (Speake et al. 1975) and Minnesota 
(Porter 1978), approximately 75% of nests were 
found in edge habitats. Conversely, although 
the majority of nests at Muddy Creek were 
placed in edge habitat (58%), adult hens chose 
edge habitat less than expected. In Muddy 
Creek, increased predator activity in edges 
may be responsible for a shift in selection away 
from "preferred" edge habitat toward nesting 
in core areas of large patches, which are less 
susceptible to edge-related nest loss (Burger et 
al. 1994, Niemuth and Boyce 1997). Nests in 
core areas survived 19% (2.7 days) longer than 
nests placed in edge habitat (t = 1.66, P = 0.10). 

In addition, although female Wild Turkeys 
chose nest sites that were closer to roads than 

were random sites, another measure of edge, 
distance of nests from maintained roads (œ = 
333 m), was considerably farther at Muddy 
Creek than for Wild Turkey nests in other stud- 
ies (Speake et al. 1975, Everett et al. 1985, Still 
and Baumann 1990), suggesting avoidance 
rather than selection for nesting near edges. 
Moore (1995) reported an increase in nest sur- 
vival of 1/2 day for each 100 m a nest was 
placed from a well-traveled road at Muddy 
Creek. Nests far from edges may be safer be- 
cause more potential nest sites are offered in 
large core areas (Martin 1993), potentially re- 
ducing the foraging efficiency of predators 
(Bowman and Harris 1980). 

Predator avoidance.--If hens cue on habitat 

features that are correlated with patch size, 
such as the type of overstory and understory 
cover, steepness of slope, stream distance, and 
size of hardwood timber, then core areas with- 
in large patches may be selected. Therefore, 
nest-site selection may not be a function of 
overstory cover type per se (e.g. Williams et al. 
1968, Burk et al. 1990, Seiss et al. 1990, Still and 
Baumann 1990), but rather may depend on 
whether the nest is placed within large or small 
patches. 

As suitable nesting patches at Muddy Creek 
decrease in number and size, the foraging ef- 
ficiency of nest predators may increase (Bow- 
man and Harris 1980), leading to increased risk 
of predation despite development of predator- 
avoidance behaviors (Martin 1992). An "eco- 
logical trap" may form as the landscape be- 
comes increasingly unsuitable (Gates and Gy- 
sel 1978). Heske (1995) suggested that a high 

level of habitat fragmentation (such as at Mud- 
dy Creek) may preclude persistence of true 
core habitat despite the few large tracts that re- 
main. Willson and Comet (1998) suggested that 
deciduous patches in their study area were not 
large enough to prevent conifer-based preda- 
tors from preying on nests in these patches. The 
abundance of predators at Muddy Creek ap- 
parently made even the largest patches hazard- 
ous for nesting. If this hypothesis is correct, 
suitable nest-sites may be limited at Muddy 
Creek, and their rarity may account for low 
rates of nesting participation and nesting suc- 
cess. Rates of nesting participation (62%), re- 
nesting (35%), and nesting success (13%) in my 
study area are among the lowest known for 
Wild Turkeys in the eastern United States 
(Thogmartin 1998). 

Conservation and management implications.- 
Placement of nests in edge habitat has been 
linked to both successful (Speake et al. 1975, 
Seiss et al. 1990) and unsuccessful (Moore 1995) 
nesting by Wild Turkeys. Other studies of nest 
predation in forested environments have 
shown little or no increase in predation along 
forest edges (Storch 1991, Rudnicky and Hunt- 
er 1993, Hanski et al. 1996). I suggest that this 
inconsistency is a function of the amount of 
edge per patch and landscape, rather than sim- 
ply the distance from edge. Negative effects of 
patch-size reduction may not occur until 70 to 
90% of original habitat has been lost or altered 
(Andr•n 1994). Studies suggesting that nesting 
success increases with edge proximity may 
have been conducted in landscapes with great- 
er original habitat, larger mean patch size, or 
lower road density. In studies evaluating the in- 
fluence of edge on nesting success, landscape 
context should be considered. 

In landscapes with multiple habitat types, 
further evaluation of the relationship of Wild 
Turkey nest-site selection to patch size is war- 
ranted. If high rates of nest predation have al- 
tered Wild Turkey nest-site selection behavior 
in Muddy Creek by requiring hens to nest away 
from edge habitats, then turkeys in less-frag- 
mented landscapes may not select large patch 
sizes. Much of the edge habitat at Muddy Creek 
was created by fragmentation of contiguous 
forest by logging roads and logging activity. 
Suitability of nesting habitat at Muddy Creek 
may increase with expansion in size of timber 
cuts, thereby enlarging mean patch size and re- 
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ducing edge habitat in the landscape (Li et al. 
1993, Niemuth and Boyce 1997). 
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