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Northern Bobwhite (Colinus virginianus) populations have been declining throughout most of their endemic
range due to numerous factors (e.g., increased urbanization, predators); however, changing land-use practices
have proved most detrimental to bobwhites. In parts of the southeastern USA, small-scale farming has been re-
placed by large-scale center-pivot irrigated fields and this has exacerbated habitat loss. Despite these trends,
bobwhite populations in the Southeast have remained stable or increased on many areas employing intensive
habitat management regimes, substantiating the importance of appropriate habitat management for long-term
bobwhite persistence. In effort to reverse one such decline, we intensively modified a center-pivot, agriculture
dominated landscape to benefit bobwhites by creating new habitat and improving existing habitat. Techniques
utilized to modify this landscape were: establishment of linear habitats (field borders and buffer strips); plant-
ing longleaf pines; and management of existing habitat via prescribed burning and timber management. During
1998-2001, we monitored bobwhite (n = 498) demographics and population response following annual habitat
restoration and management using radio-telemetry and fall abundance estimation (i.e., covey call-counts). Av-
erage survival during over-winter (0.4698, SE = 0.0721), breeding (0.3561, SE = 0 .0667) and annual (0.1673, SE
= 0.0411) time-periods were higher than those reported for other agriculture studies and similar to those of
intensively managed, “plantation” habitats. Bobwhite coveys and broods used newly developed longleaf pine,
linear habitats (e.g. field borders/hedgerows), and managed woodlands. Further, nest site selection was com-
monly associated with these novel habitat types. As a result of the positive demographic response to habitat
modification, bobwhite abundance also improved during the study. Consequently, we surmised that modifica-
tion of agricultural landscapes may improve habitat quality and quantity for bobwhites and subsequently help
to increase demographic rates and bobwhite abundance.
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Introduction
Despite being the most studied upland game-

bird in North America, northern bobwhite (Colinus
virginianus) populations have continued to decline
throughout most of their endemic range. Whereas
declining populations have been associated with
various factors (e.g., increased urbanization, chang-
ing predator dynamics), changing land-use practices
have proved most detrimental to bobwhites (Bren-

nan 1991, 1999, Church et al. 1993, Rollins and Car-
roll 2001). Recent changes among agriculture land-
scapes have dramatically affected bobwhites by re-
ducing habitat quantity and quality (Brennan 1999).
Clean farming, larger fields, center-pivot irrigation
systems and increased herbicide and pesticide use
(Capel et al. 1993, Sotherton et al. 1993) have be-
come a common rubric among these landscapes-an
ecosystem which once supported high densities of
bobwhites. As these habitats, which once benefited
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bobwhites, have diminished, bobwhite populations
have also waned. Further, more intensive or lack
of management among remaining forested habitats
(e.g. silviculture) surrounding agriculture fields
has also contributed to habitat loss (Burger 2002).
Notably, the declining status of bobwhite popula-
tions are not unique to bobwhites, but have also
affected numerous species of songbirds (Conover
2005). Contrary to these trends, bobwhite popula-
tions in the Southeast have not declined on many
areas that have employed intensive habitat man-
agement regimes (Brennan et al. 2000, Palmer et al.
2002, Stribling and Sisson 2009); this substantiates
the importance of appropriate habitat management
to maintaining long-term bobwhite populations.

During the past decade, in an attempt to mitigate
habitat loss among agricultural landscapes, federal
Farm Bill programs (e.g., CRP, WHIP, EQIP) have
been implemented to provide landowners mone-
tary incentive to restore or set aside portions of
their cropland to promote early-succession vegeta-
tion (Burger 2002). Numerous management prac-
tices qualify for enrollment in these programs bene-
fiting bobwhites and other species: cool- and warm-
season grass plantings; conservation tillage; exotic
grass control; wildlife habitat improvement or de-
velopment; pine tree management; and linear habi-
tats (LH) including filter or buffer strips, field bor-
ders and riparian buffers. However, the utility of
these linear habitats, pine plantings, and other habi-
tats, when applied to agricultural ecosystems, to
bobwhite demographics and population growth is
poorly understood.

Previous research has demonstrated that bob-
whites used, and in some cases preferred, LHs for
normal daily activities, brood-rearing and nesting
(Puckett et al. 2000, Cook 2004). Likewise, previous
research has documented increases in bobwhite and
songbird abundance when combined with meso-
mammal reduction (Bromley et al. 2000) and without
mesomammal reduction (Hamrick 2002, Cook 2004,
Conover 2005). Additionally, Cook (2004) found that
bobwhites on areas with LHs exhibited higher sur-
vival and lower dispersal proclivities compared to

areas without LHs.
However, despite the wide-spread habitat imple-

mentation gained from Farm Bill programs and the
purported population increase associated with LHs
and agricultural ecosystems as mentioned above,
the utility of LHs relative to bobwhite demographic
parameters at both the local and regional scale re-
mains uncertain. Similarly, few studies have ex-
amined the utility of planting longleaf pines (PPs)
among agriculture landscapes to improve bobwhite
habitat. Whereas previous studies revealed that bob-
white abundance increased on areas with LHs com-
pared to areas without them (Bromley et al. 2000,
Hamrick 2002), their methods employed could not
provide the means to adequately ascribe whether the
observed population increase was a consequence of
higher survival, increased reproductive success, or
due to immigration. Furthermore, although Puckett
et al. (2000) suggested that linear habitats were pre-
ferred among bobwhites, they reported that nest sur-
vival was low, particularly during the early nesting
season. Moreover, Cook (2004) suggested that more
research was needed to examine the utility of linear
habitats to bobwhite broods. Thus, more research
has been warranted to ascertain whether novel habi-
tats improve demographic parameters and provide
a practical utility to facilitate reversal of population
declines observed among agricultural landscapes.

The primary objective of this study was to exam-
ine the utility of augmenting an agricultural domi-
nated landscape with novel habitat types and exam-
ine bobwhite habitat-use, demographics, and popu-
lation response following an intensive modification.
We intensively modified the center-pivot, agricul-
ture dominated landscape to benefit bobwhites by
creating new habitat and improving existing habi-
tat. Techniques utilized to modify this landscape
were: establishment of linear habitats, field borders
and buffer strips; planting longleaf pines at a con-
servative spacing; and management of existing habi-
tats via prescribed burning and timber management.
Finally, we compared our results, when applicable,
from this study to intensively managed sites and
an unmanaged agriculture site in southwest Georgia
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since we did not have pre-treatment demographic
data.

Study Area
The study was conducted on a privately-owned

property, Whitehall Plantation (3734 ha), in Laurens
and Bleckley counties, Georgia, USA. This study
site was located in the Upper Coastal Plain phys-
iographic region near the fall line. Prior to in-
tensive habitat modification during 1998-1999, the
study site was comprised of dry and irrigated agri-
culture fields (55%), unmanaged woodlands (40%)
comprised of mixed hardwoods and pines (Pinus
spp.), and 5% other, miscellaneous-type habitats
(e.g., pastures, ponds). During this time, the pri-
mary land-use objective was agriculture (i.e., row-
crop farming) and the estimated bobwhite popula-
tion was <1 bird/4 ha. However, during 1997, the
primary land-use objective changed to management
that benefited northern bobwhites, but farming re-
mained an objective-albeit secondary.

During 1998-1999, intensive habitat management
was undertaken converting the agriculture predom-
inated landscape to a landscape more conducive
to bobwhites. We employed numerous habitat
techniques to improve habitat for bobwhites: dry-
land agriculture fields were planted in longleaf
pines (Pinus palustris); 15 m field borders, buffer
strips, and hedgerows were created in all irrigated,
agriculture fields; no-tillage farming practices was
implemented; annual autumn disking and fallow
field management was employed to stimulate an-
nual weed production and arthropods for bobwhite
broods; and both chemical and mechanical silvicul-
tural treatments to decrease basal area (timber den-
sity) among upland and lowland timberland areas
was applied as needed. As such, the new land-
scape matrix was comprised of agriculture (22%),
managed woodlands (21%), and planted longleaf
(21%) with interspersed linear habitats (LH [12%];
hedgerows, terraces and field borders), hardwoods
(10%), other (ponds, pastures, etc; 8%) and fallow
fields (6%).

Methods
Trapping and Monitoring

We trapped bobwhites during October-
November and March-April 1998 - 2002 using stan-
dard funnel traps (Stoddard 1931) baited with grain
sorghum and cracked corn. We covered traps with
brush (e.g., fresh-cut pine limbs) to minimize stress
on captured birds and to conceal traps from preda-
tors. We classified bobwhites by age and gender,
and we weighed, leg-banded and released them at
the capture sites. We outfitted birds weighing ≥132
g with pendant-style (Mueller et al. 1988) transmit-
ters (6.0 g) equipped with an activity switch (Holohil
Systems Ltd., Ontario, Canada). Trapping, handling,
and marking procedures were consistent with the
guidelines in the American Ornithologists’ Union
Report of Committee on the Use of Wild Birds in Re-
search (American Ornithologists’ Union 1988) and
the protocol was approved by the Auburn Univer-
sity Institutional Animal Care and Use Committee,
IACUC (Protocol Review Numbers: 2002-0364).

Survival - We monitored bobwhites ≥3 times
weekly using the homing method (White and Gar-
rott 1990, pg. 42). We approached birds within 25-50
m to minimize location and classification errors; and
entered the locations into a geo-database using Geo-
graphic Information Systems (GIS) and ArcView R©

software (Environmental Systems Research Insti-
tute, Inc.). We determined specific causes of mor-
tality when possible, by evidence at the kill site
and condition of the radio-transmitter (Curtis et al.
1988). When radio contact was lost, we systemati-
cally searched on and off the study area within ap-
proximately 5 km of the bird’s last known location.

Reproduction - During nesting season, we as-
sumed inactive birds, determined via an activity
switch, observed in the same location on 2 consec-
utive days to be nesting. We approached inactive
hens and marked their location with flagging tape at
a distance of 5-10 m and recorded the location in our
geo-database. We monitored nests ≥5 times weekly
and determined exact nest location and number of
eggs when the incubating hen left the nest to feed.
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Table 1: Models explaining northern bobwhite survival derived via Program MARK (known-fate model;
c-hat = 1.78) relative to gender- and time-dependent factors for Whitehall Plantation located in Laurens and
Bleckley County, Georgia, 1999 - 2002.

Model K QAICc ∆ QAICc QDeviance Wi

S(season-constant) 2 1605.8567 0.0000 1601.8554 0.4700
S(season + gender) 3 1607.4971 1.6404 1601.4942 0.2070
S(.) 1 1608.2812 2.4245 1606.2806 0.1398
S(season+gender*season interaction) 4 1608.9472 3.0905 1600.9428 0.1002
S(. + gender) 2 1609.7107 3.8540 1605.7095 0.0684
S(annual-constant) 4 1613.6336 7.7769 1605.6295 0.0096
S(season-time) 7 1614.9662 9.1095 1600.9549 0.0049
S(t) 26 1636.7524 30.8957 1584.6097 0.0000

We monitored nests daily from distances of >10 m
and we determined fate of the nest as abandoned,
successful, or unsuccessful. We defined a depre-
dated nest as any nest in which ≥1 eggs was de-
stroyed and the adult bird did not return to incu-
bate the remaining clutch. A nest was deemed aban-
doned when the hen did not complete incubation
and all eggs were still intact. We defined a nest suc-
cessful when ≥1 egg hatched.

Statistical Analysis
Survival And Cause-specific Mortality - We used

the known-fate model in program MARK (version
5.2; White and Burnham 1999) to explain varia-
tion in survival, estimate daily survival rates and
estimate the probability of surviving explicit time-
periods (e.g., season, year) for male and female bob-
whites. The known-fate model employs a binomial
likelihood (weekly in our case) and permits incorpo-
ration of individual covariates (e.g., gender) delin-
eated by groups (e.g., years in our case) to evaluate
their affect on survival. When the fate (alive, dead
or censored) of every radio-marked animal is known
for each survival interval, the known fates model
generates Kaplan-Meier survival estimates (Kaplan
and Meier 1958, Pollock et al. 1989). However, be-
cause we had missing data for some intervals (e.g.,

when radio-contact was lost or bobwhites were not
checked during a given interval due to stochastic
events [i.e., inclement weather]), the variance com-
ponents of the survival estimates generated from
the known-fate model in program MARK are more
suitable than those calculated by traditional Kaplan-
Meier methods.

We used an information-theoretic approach
(Burnham and Anderson 2002, Anderson et al. 2000)
to evaluate the set of candidate models. The mod-
els were developed a priori based on biological in-
sight to avoid superfluous model building (i.e. data
dredging). The best approximating model in the set
of candidate models was determined by Akaike’s In-
formation Criteria (AIC); adjusted for small sample
bias and over-dispersion (QAICc; Burnham and An-
derson 2002). We used the median c-hat method
as implemented in Program MARK to assess and
correct for over-dispersion (c-hat = 1.78) among our
data. QAICc is a valid model selection method for
both nested and non-nested sets of models (Burn-
ham and Anderson 2002). QAICc was used to com-
pare each candidate model, and the model with the
lowest QAICc value was considered to be the best
approximating model given the data.

Nest Survival - We estimated daily survival rate
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Table 2: Predicted probability of surviving (mean survival and 95% confidence intervals) during over-
winter (OW), breeding (Breed) and annual time-periods derived via Program MARK for northern bob-
whites located on Whitehall Plantation in Laurens and Bleckley County, Georgia, 1999 - 2002.

Season DSRa SEb LCIc UCId Survival SE LCI UCI

OW 1998 - 1999 0.9757 0.0054 0.9625 0.9843 0.5272 0.0748 0.3806 0.6737
Breed 1999 0.9627 0.0073 0.9454 0.9746 0.3717 0.0713 0.2319 0.5116

ANNUAL 0.9697 0.0044 0.9597 0.9773 0.2024 0.0474 0.1094 0.2953
OW 1999 - 2000 0.9693 0.0056 0.9563 0.9786 0.4448 0.0655 0.3164 0.5732
Breed 2000 0.9605 0.0067 0.9449 0.9717 0.3503 0.0625 0.2277 0.4729

ANNUAL 0.9652 0.0043 0.9556 0.9727 0.1583 0.0365 0.0867 0.2299
OW 2000 - 2001 0.9710 0.0054 0.9582 0.9800 0.4656 0.0667 0.3348 0.5963
Breed 2001 0.9600 0.0072 0.9431 0.9720 0.3463 0.0664 0.2162 0.4764

ANNUAL 0.9662 0.0044 0.9565 0.9739 0.1677 0.0392 0.0908 0.2446
OW 2001 - 2002 0.9690 0.0071 0.9517 0.9803 0.4415 0.0815 0.2817 0.6013

aDSR is the interval survival 7-days for this study, bSE = standard error , cLCI = lower 95% confidence interval, dUCI = upper 95% confidence interval

(DSR) for bobwhite nests and evaluated competing
models explaining variation in nest survival using
a general linear mixed model approach (Dinsmore
et al. 2002, Stephens 2003, Rotella et al. 2004). We
fit models using PROC NLMIXED in SAS because it
provided the framework needed to model our bino-
mially distributed data (nest fate = 0 if failed and 1
if successful) and provided a user defined link op-
tion (i.e., logit link) while concurrently considering
the affects of habitat (PP [planted pines], LH [lin-
ear habitats], and other) and gender covariates and,
the random effect of year on nest survival (PROC
NLMIXED; Institute 1999). We considered year a
random effect because we assumed that year was
a random level sample and to avoid confounding
fixed effects of other variables of interest (e.g., LH,
PP).

We used an information-theoretic approach
(Burnham and Anderson 2002, Anderson et al. 2000)
to evaluate the set of candidate models. The mod-
els were developed a priori based on biological in-
sight to avoid superfluous model building (i.e., data
dredging). The best approximating model in the set

of candidate models was determined by Akaike’s In-
formation Criteria (AIC); adjusted for small sample
bias (AICc; Burnham and Anderson 2002). AICc

is a valid model selection method for both nested
and non-nested sets of models (Burnham and An-
derson 2002). AICc was used to compare each can-
didate model, and the model with the lowest AICc

value was considered to be the best approximat-
ing model given the data. The relative plausibil-
ity of each model in the set of candidate models
was assessed by Akaike weights (wi, Burnham and
Anderson 2002, Anderson et al. 2000), where the
best approximating model in the candidate set has
the greatest Akaike weight (Burnham and Anderson
2002, pg. 447). We used model averaging (Burn-
ham and Anderson 2002, pg. 448) to calculate model
averaged coefficients (LH, gender); and we report
these coefficients, their standard errors and 95% con-
fidence intervals, and odds ratios.

Habitat Use and Selection - We examined habi-
tat use for bobwhite coveys (1 Oct - 31 Mar) and
broods (breeding season) with 2nd and 3rd order
habitat selection (Johnson 1980) for individual cov-
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Figure 1: Predicted probability of surviving (mean survival and 95% confidence intervals) during over-
winter (OW), breeding (Breed) and annual time-periods obtained via Program MARK (black circles with
red outline data points), for our data compared to long-term plantation survival estimates (hollow square-
shaped points) and an unmanaged agriculture site (green diamond-shaped points) in southwestern Georgia
derived via Kaplan-Meier during 1998 - 2002.

eys and broods, respectively, using compositional
analysis (CA; Aebischer et al. 1993, Manley et al.
2000). We defined second order availability for in-
dividual coveys and broods (only when n > 3 radio-
tagged bobwhites/covey). The average habitat pro-
portions within these polygons was calculated and
considered to be second order availability. Second-
order use was defined as the proportions of each
habitat type within home ranges. We defined 3rd
order availability as the proportion of each habi-
tat type within home ranges and habitat use as the
proportion of individual radio-locations within each
habitat type. Prior to analysis, we replaced zero val-
ues for use with the value 0.001-an order of mag-
nitude less than the smallest nonzero value (Aebis-
cher et al. 1993). When a habitat was not available

for use, we replaced missing values in each log-ratio
with the mean of all non-missing values for the re-
spective log-ratio (Aebischer et al. 1993). All habi-
tat selection analyses were conducted using Compos
Analysis (version 6.2; Smith 2005). We used a mul-
tivariate analysis of variance (MANOVA) test to ex-
amine habitat selection (Aebischer et al. 1993). Habi-
tats were ranked using a matrix that indicated the
difference of log ratios between habitat types, and
log ratio differences were determined with paired t-
tests (Aebischer et al. 1993).

We used GIS to assess metrics of habitat composi-
tion and configuration using the Animal Movements
Extension (AME; Hooge and Eichenlaub 1997) to
calculate fixed kernel winter home ranges (Worton
1989) using a 95% isopleth. Kenward (2001, pg. 231)
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Table 3: Cause-specific mortality for known-fate radio-tagged northern bobwhites (n = 253) on Whitehall
Plantation in Laurens and Bleckley counties, Georgia, 1999 - 2002.

Causes of Mortality

Mammal Avian Snake Harvest Total

1998-1999 14 47 1 2 64
1999-2000 12 67 0 2 81
2000-2001 13 63 3 2 81
2001-2002 3 22 0 2 27

Pooled 42 199 4 8 253
Percent 16.6 78.66 1.58 3.16 100

indicated that ∼20 locations was needed for home
range size stability when using the kernel method;
thus, coveys and broods with ≤20 locations were
excluded from analysis. We also excluded mortal-
ity locations from analysis since predators may have
transported birds away from the original kill site.

Results
Survival

We monitored 498 bobwhites (nfemale = 279, nmale

= 219) during the 3.5-year study. The most parsi-
monious known-fates model for our data included
time-dependency as a constant-seasonal effect (Ta-
ble 1) with a model weight of 0.47. The model av-
eraged coefficient for breeding season (1 May - 30
Sep) was -0.303 (SE = 0.151). This indicated that
breeding season had a negative effect (i.e., survival
was lower than over-winter season) on survival for
our data. Annual variation in survival was not ev-
ident (w = 0.0096; Table 1) for our data. The addi-
tive effect of gender to the best model did warrant
some consideration (w = 0.2070; Table 1). Whereas
the model averaged coefficient estimate for gender
(i.e., female) effect was 0.124 (SE = 0.175) indicat-
ing that females survived better than males, but the
confidence limits for the effect of gender included 0.
Further, the model including a season and gender

interaction had relatively little support (∆QAICc =
3.09, w = 0.1002) indicating that variation in survival
relative to gender was not dependent on season (i.e.,
breeding or over-winter) for our data.

Generally, over-winter (OW) seasonal survival
was higher than breeding (Breed) season survival
(Table 2). Breeding season had a negative effect on
survival (β = -0.318; 95% CI: -0.614, -0.023). The
average OW and Breed season survival was 0.4698
(SE = 0.0721) and 0.3561 (SE = 0.0667), respectively.
OW survival was lower than long-term bobwhite
estimates from plantations but higher than unman-
aged agriculture sites in southwestern Georgia (Fig-
ure 1). Breeding season and annual survival was
similar among sites (Figure 1). Avian species were
the most prevalent agent of mortality accounting for
78.66% of the known-fate bobwhites (Table 3). Mam-
mals accounted for 16.60% of bobwhite mortalities,
whereas snakes and harvest combined for <5%.

Reproduction
We monitored 165 nests (n1999 = 45, n2000 = 72,

n2001 = 48) during the 3.5-year study. The constant-
among years-model was the best supported model
for our data (Table 4); however, models including
individual-additive fixed effects of gender, PPs, LHs
and a random year-effects model warranted con-
sideration (∆AICc ≤2, w > 0.1000). The model
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Table 4: Mixed models (i.e., fixed and random effects models) explaining nest survival treating year as fixed
and random effects; and, linear habitats (LH) and gender as fixed effects for northern bobwhites located on
Whitehall Plantation in Laurens and Bleckley County, Georgia, 1999 - 2002.

Model K AIC AICc ∆ QAICc Wi

B0 1 604.8676 604.8695 0.0000 0.3013
B0 +B1

∗(PP ) 2 606.7752 606.7808 1.9113 0.1159
B0 +B1

∗(Gender) 2 606.8171 606.8226 1.9531 0.1135
B0 +B1

∗(LH) 2 606.8453 606.8508 1.9813 0.1119
B0 + u 2 606.8676 606.8732 2.0037 0.1106
B0 +B1

∗(Y ear1) +B2
∗(Y ear2) 3 607.9712 607.9823 3.1128 0.0635

B0 +B1
∗(PP ) +B2

∗(LH) 3 608.7739 608.7849 3.9154 0.0425
B0 + u+B1

∗(PP ) 3 608.7752 608.7863 3.9168 0.0425
B0 + u+B1

∗(Gender) 3 608.8171 608.8281 3.9587 0.0416
B0 + u+B1

∗(LH) 3 608.8453 608.8563 3.9869 0.0410
B0 + u+B1

∗(PP ) +B∗2(LH) 4 610.7739 610.7923 5.9228 0.0156

considering year as a fixed effect had relatively lit-
tle support (∆AICc = 3.11, w =0.0731) compared to
other top-ranked models. Therefore, we primarily
fit models treating years as random effects so as not
to confound with other fixed effect parameters.

We used model averaging to interpret coeffi-
cients for nest survival and individual covariates
(Table 5). The odds ratios for gender, PP and LH
were 1.07, 1.07 and 0.95 (Table 5), respectively, in-
dicating that females and nests located in PPs were
7% more likely to be successful than nests incubated
by males and found in other habitats, respectively;
however, the confidence interval for these log ra-
tios included 1. Daily nest survival (DSR) for 1999,
2000, and 2001 was 0.9727 (SE = 0.0065), 0.9645 (SE
= 0.0055), and 0.9705 (SE = 0.0065), respectively.
The average DSR for years pooled was 0.9687 (SE
= 0.0037). Nest survival for years pooled delineated
by gender and habitat type was higher for females
and nests located in PPs, although these differences
were not significant (Figure 2).

Habitat Use
Coveys - We combined all coveys (n = 67) during

the 3.5-year study for habitat selection analysis; we
determined that habitat selection did not differ be-
tween years (F2,66 = 1.58, P = 0.214). Covey habitat
selection departed from random at both the second-
order (λ = 0.6467, χ2

3 = 29.206, P < 0.001) and third-
order (λ = 0.2644, χ2

3 = 89.139, P < 0.001) levels.
For our data, coveys preferred PP types over hard-
woods and miscellaneous types (Table 6; 2nd order:
t66 = 3.515, P < 0.001; 3rd order: t66 = 5.870, P <

0.001) and AG/FAL habitat types (Table 6; 2nd or-
der: t66 = 3.628, P < 0.001; 3rd order: t66 = 9.580, P
< 0.001). LH habitat types was preferred to hard-
woods and miscellaneous habitats, but the differ-
ence was not significant at the 3rd order level (Ta-
ble 6; 2nd order: t66 = 2.921, P = 0.005; 3rd order:
t66 = 0.220, P = 0.827), and LH was preferred to
AG/FAL habitat (Table 6; 2nd order: t66 = 4.247,
P < 0.001; 3rd order: t66 = 3.181, P = 0.002). In
order of preference at the second order level bob-
white coveys preferred: planted pines, linear habi-
tats, managed woodlands, hardwoods and thinned
hardwoods, agricultural and fallow land. And at the
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Table 5: Model averaged, estimated coefficients and associated precision for parameters used to model
variation in nest survival for northern bobwhites located on Whitehall Plantation in Laurens and Bleckley
County, Georgia, 1999 - 2002.

Confidence Interval

Parameter Estimate SE Lower 95% Upper 95% Odds Ratio

Gender (female) 0.0710 0.3136 -0.5437 0.6856 1.0736
Planted Pine (PP) 0.0764 0.2518 -0.1755 0.3282 1.0793
Linear Habitat (LH) -0.0486 0.3234 -0.3720 0.2748 0.9525

third order level bobwhite coveys preferred: planted
pines, managed woodlands, linear habitats, hard-
woods and thinned hardwoods, agricultural and fal-
low land.

Broods - We combined all broods (n = 73) to exam-
ine habitat selection and preference for the 3.5 year
study. Brood habitat selection was not random at
both the second-order (λ = 0.2631, χ2

3 = 97.470, P <

0.001) and third-order (λ = 0.2632, χ2
3 = 97.441, P <

0.001) levels. Broods preferred LHs over all other
habitat types at the second-order level and all other
habitat types except PPs at the third-order levels (Ta-
ble 7). At the second-order level: LHs were pre-
ferred to agriculture and fallow habitats although
the difference was not significant (t72 = 1.034, P =
0.302), PPs (t72 = 3.051, P = 0.003), hardwoods and
other habitats (t72 = 12.906, P < 0.001), and managed
woodlands (t72 = 2.867, P = 0.005); PPs was pre-
ferred to hardwoods and other habitats (t72 = 7.859,
P < 0.001), and managed woodlands (t72 = 2.867, P
= 0.005); agriculture and fallow lands was preferred
over hardwoods (t72 = 10.132, P < 0.001), managed
woodlands (t72 = 2.034, P = 0.046), and planted pines
(PPs) although the difference was not significant (t72
= 1.785, P = 0.085); and managed woods was pre-
ferred over hardwoods (t72 = 6.583, P < 0.001). At
the third-order level: PPs was preferred to agricul-
ture/fallow land (t44 = 4.672, P < 0.001), hardwoods
and other habitats (t10 = 7.709, P < 0.001), man-

aged woodlands (t34 = 2.876, P = 0.007), and LHs,
although the difference was not significant (t46 =
0.371, P = 0.713); and LHs was preferred to agri-
culture habitats (t54 = 4.688, P < 0.001), hardwoods
and other late-succession habitats (t12 = 2.154, P <

0.050), and managed woodlands although the differ-
ence was not significant (t72 = 1.303, P = 0.200).

Population Response
We used covey call counts via the point-count

method (Wellendorf et al. 2004) to determine bob-
white abundance. Using a replicated design and
14 individual, fixed points we estimated the ini-
tial bobwhite abundance at 0.86 birds/ha (∼45 cov-
eys). During fall 2001, we estimated a final bobwhite
abundance of 1.48 birds/ha. Thus, we observed an
estimated 75% increase in bobwhite abundance dur-
ing the 3.5-year study.

Discussion
Survival

Bobwhite survival has been documented to vary
both temporally and spatially (Burger et al. 1995a,
1998, Curtis et al. 1988, Sisson et al. 2009, Taylor et al.
2000, Terhune et al. 2007) and relative to gender (Pol-
lock et al. 1989). During this study, variation in sur-
vival was best explained by models including sea-
sonal effects. There was a negative effect of breeding
season on bobwhite survival; bobwhites were 1.37
times (37%) less likely to survive during breeding
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Figure 2: Predicted probability of survival (mean survival and 95% confidence intervals) of northern bob-
white nests as estimated via model averaging for gender (male [solid black bars], female [solid white bars])
and habitat (LH [black-speckled bars], other habitats [solid black bars], and PPs [solid white bars]) on
Whitehall Plantation in Laurens and Bleckley County, Georgia, compared to nest survival estimates for an
intensively managed plantation and an unmanaged agriculture site during 1999 - 2002.

season than OW season. Whereas the most parsi-
monious model including gender did warrant some
consideration, the model including the interaction
of gender and season was not adequately supported
(∆ QAICc = 3.09). This suggested that survival rel-
ative to gender was not dependent on season. Our
survival estimates were similar to those of other re-
ported studies (Curtis et al. 1988, Burger et al. 1998,
Sisson et al. 2009, Terhune et al. 2007). Breeding
season and annual survival during our study was,
in general, similar to intensively managed planta-
tion sites and an unmanaged agriculture site (Fig-
ure 1); however, OW survival was markedly dis-
parate between sites. Interestingly, survival dur-
ing OW declined relative to management strategy
whereby intensively managed plantation sites, man-
aged agriculture sites (i.e. our study site), and un-

managed agriculture sites incurred the highest, near
average, and lowest survival, respectively. Similarly,
Cook (2004) demonstrated that bobwhites exhibited
higher survival on areas with linear habitats com-
pared to those void of them. As such, the utility for
augmenting habitat among agricultural landscapes
via novel habitats (i.e. PPs and LHs) to improve sur-
vival, at least compared to unmanaged agricultural
landscapes, was substantiated by our critique.

Fies et al. (2002) suggested bobwhite dispersal
and movement proclivities are potentially greater
among fragmented landscapes and Kabat and
Thompson (1963) reported increased movements of
bobwhites when landscapes typically consisted of
marginal habitat. Incidentally, Cook (2004) reported
that bobwhites on sites with linear habitats exhib-
ited lower dispersal rates than sites without these
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Table 6: Simplified ranking matrices for northern bobwhite coveys based on second- and third-order com-
positional analysis on Whitehall Plantation located in Laurens and Bleckley counties, Georgia 1999-2002.

Ag / Falla PPb LHc HW / Otherd MWe Rank

2nd Order habitat selection (n = 67)f

Ag / Fall — — - — 0
PP +++ + +++ + 4
LH +++ - + +++ 3
HW / Other + — — — 1
MW +++ - +++ - 2

3rd Order habitat selection (n = 67)g

Ag / Fall — — - — 0
PP +++ +++ +++ + 4
LH + — + — 2
HW / Other +++ — - — 1
MW +++ - +++ +++ 3

aAg / Fall denotes habitat types including agriculture and fallow fields, bPP represents planted pines (typically longleaf), cLH represents linear habi-

tats: field buffers and borders, hedgerows, linear longleaf pines, and terraces, dHW denotes habitat types including hardwoods and other habitats not

typically associated with early succession vegetation (e.g., drains), eMW represents managed woods: upland pines, early succession vegetation areas

other than fallow fields, burned and unburned habitats, and thinned and managed mixed hardwood pine stand, f 2nd order analysis was based on

comparing the proportional habitat use within home ranges with the proportion of total available habitat types (i.e., study area vs. home range); a triple

sign indicates a significant deviation from random at the alpha level of 0.05 and positive and negative signs indicates habitat preference and avoidance,

respectively, g3rd order analysis was based on comparing the proportional habitat use within home ranges with the proportion of telemetry locations

located within each habitat type within each bird’s home range (i.e., home range vs. locations).

habitats. Additionally, Sisson et al. (2000, 2002)
demonstrated that survival and home range size
was dependent on resource quality and availabil-
ity. Hughes et al. (2005) reported evidence to sup-
port these notions: they suggested that due to lack
of resources (e.g. habitat and food availability) bob-
whites were forced to utilize lower quality habitats
(e.g. creek swamps, hardwoods) and traverse un-
suitable habitat(s) to get to suitable habitat and/or
food; however during years of abundant food re-
sources they determined that home range size and
survival improved dramatically. Although not re-
ported herein, bobwhites on our study site gen-
erally retained high site fidelity; home range size
was only marginally larger than those on intensively
managed plantation sites and smaller than those on
unmanaged agriculture sites (S. Mitchell, Alabama

Quail Project, unpublished report), indicating that
resource availability was likely not a limiting factor
during our study - although supplemental feeding
did occur on our study site and thus home range
size may have been low from this highly available
resource (Sisson et al. 2000). Collectively, novel habi-
tats (e.g. PPs and LHs) may decrease home range
size, improve survival, and reduce dispersal rates
among fragmented and/or agricultural landscapes.

Covey Habitat Use - Bobwhite coveys preferred PP
habitats, managed woodlands, and LHs to all other
available habitats (Table 6). These findings were
not contrary to what we expected because during
OW months (1 Oct - 31 Mar) a significant portion
of the agriculture area was disked under and was
thus bare soil. The preference of PP and LH (3rd
Order selection) habitats over managed woodlands
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Table 7: Simplified ranking matrices for northern bobwhite broods based on second- and third-order com-
positional analysis on Whitehall Plantation located in Laurens and Bleckley counties, Georgia 1999-2002.

Ag / Falla PPb LHc HW / Otherd MWe Rank

2nd Order habitat selection (n = 73)f

Ag / Fall + - +++ +++ 3
PP - — +++ + 2
LH + +++ +++ +++ 4
HW / Other — — — — 0
MW — - — +++ 1

3rd Order habitat selection (n = 73)g

Ag / Fall — — + - 2
PP +++ + +++ +++ 4
LH +++ - + + 3
HW / Other - — - + 1
MW + — - - 1

aAg / Fall denotes habitat types including agriculture and fallow fields, bPP represents planted pines (typically longleaf), cLH represents linear habi-

tats: field buffers and borders, hedgerows, linear longleaf pines, and terraces, dHW denotes habitat types including hardwoods and other habitats not

typically associated with early succession vegetation (e.g., drains), eMW represents managed woods: upland pines, early succession vegetation areas

other than fallow fields, burned and unburned habitats, and thinned and managed mixed hardwood pine stand., f 2nd order analysis was based on

comparing the proportional habitat use within home ranges with the proportion of total available habitat types (i.e., study area vs. home range); a triple

sign indicates a significant deviation from random at the alpha level of 0.05 and positive and negative signs indicates habitat preference and avoidance,

respectively, g3rd order analysis was based on comparing the proportional habitat use within home ranges with the proportion of telemetry locations

located within each habitat type within each bird’s home range (i.e., home range vs. locations).

was likely a result of the timing of the study. The
managed woodlands were heavily disturbed when
they were logged and cleaned up therefore produc-
ing mostly weeds during the first couple of years.
This made good summer habitat but had not yet de-
veloped into good winter cover. We speculated that
bobwhites utilized PP habitats at a higher than ex-
pected rate because of the woody vegetation com-
ponent provided via the longleaf pines and the fact
that groundcover was more fully developed, thereby
improving the quality of “escape” cover for coveys.

Among agriculture landscapes a paucity of suit-
able bobwhite habitat exists throughout the year.
This was evident by the extremely low OW survival
and large home range sizes observed on agricultural
sites without PPs and LHs or newly created early-
succession habitats (Hughes et al. 2005) when com-

pared to OW survival for our site where these habi-
tats were available during the entire study. Further-
more, breeding season survival did not vary among
sites, irrespective of management strategy, indicat-
ing that PP habitat was more critical during OW sea-
sons, a time when habitat is likely a limiting factor
among agricultural landscapes. Because bobwhites
are considered an r-selected species (demonstrated
by high annual mortality and high reproductive out-
put), OW survival has been recognized as a vital de-
mographic parameter for increasing bobwhite popu-
lations (Burger et al. 1998, Sisson et al. 2009). Under
this tenet, by increasing OW survival, whether via
habitat management or other means, the number of
bobwhites available to reproduce is potentially aug-
mented; and thus, improving reproductive output
and subsequently increasing bobwhite abundance.
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Therefore, the utility of creating novel habitats (PPs
and LHs) and improving existing habitat as demon-
strated in this study, under this tenet alone, may im-
mensely improve bobwhite abundance among agri-
cultural landscapes and other OW-habitat deficient
sites.

Cause-specific Mortality - Despite numerous stud-
ies reporting agents responsible for mortalities
of bobwhites, cause-specific mortality remains an
enigma and is one of high observer subjectivity.
Therefore, in this study, we only report assessed
causes of mortality and compare our results to those
studies conducted by the AQP (where protocols for
ascribing causes of mortality were similar) to limit
observer variability.

During this study, avian depredation was the
leading cause of mortality for all years accounting
for nearly 80% of all known-fate mortalities. Mam-
mals accounted for approximately 17% and snake
and harvest combined for <5%. Our results were
generally similar to those reported by Sisson et al.
(2009); however, avian mortality was elevated for
our study site compared to their long-term results.
Surprisingly, differences in causes of mortality did
not vary relative to season for our data; avian species
remained the leading mortality agent during both
breeding and OW season. Notably, other sites ex-
hibited variation in causes of mortality relative to
season, whereas during breeding season mammals
typically became a more salient cause of mortality
than during OW seasons (Sisson et al. 2009). For
example, Sisson et al. (2009) reported that one site
in east-central Georgia experienced high OW-avian
mortality (>71%) and high breeding-season mortal-
ity caused by mammals (>61%). Particularly note-
worthy was the unmanaged agriculture site: avian
mortality during breeding season (>61%) was much
higher than mammalian mortality (<34%). Perhaps
avian mortality, while ostensibly dependent on the
timing and duration of raptor migration, is higher
on agriculture sites whether or not PP and LH habi-
tats are present. In such cases, habitat composition
and juxtaposition may play a key role in the effi-
ciency of avian predators to locate (and depredate)

bobwhites among these types of landscapes. Thus,
more research is warranted to determine whether
wider linear habitats may mitigate avian mortalities
and/or whether other proximate habitats (e.g. hard-
woods) decrease the utility of novel habitats on spe-
cific sites.

Reproduction
Daily survival rates for northern bobwhite nests

in our study did not vary among years for our data
(Table 4). Since we were interested in nest sur-
vival among PPs and LHs compared to other habitat
types, we treated year as a random effect to evaluate
habitat type and gender effects on nest survival. The
most parsimonious model was a constant survival
model with no covariate effects. Our nest survival
estimates were higher than those reported for other
nest studies (Burger et al. 1995b, Puckett et al. 1995,
Hughes et al. 2005), and similar to long-term nest
survival estimates for intensively managed planta-
tions (Figure 2). However, mammalian nest predator
management did occur on these study sites.

Hughes et al. (2005) surmised that lack of re-
source availability, particularly habitat availability,
was a limiting factor during their study, and sug-
gested that habitat development - such as field bor-
ders, field buffers, and hedgerows as well as other
habitat practices (e.g., no-till farming) - would bene-
fit bobwhite nest survival and production. Previous
researchers have indicated that nest predators may
more efficiently forage in landscapes comprised of
small and/or narrow habitats (Puckett et al. 1995,
2000). Additionally, Puckett et al. (1995) reported
low nest success for nests located in filter strips, par-
ticularly during the early nesting season. We did
not, however, find evidence suggesting that linear
habitats negatively impacted nest survival (Figure
2). Notably, when compared to our study, the effec-
tive land area and width of filter strips was differ-
ent for the study conducted by Puckett et al. (1995,
2000), mean filter strip width was 9.2 m and the ef-
fective land area comprised of filter strips was <10
percent. Further, filter strips were designed to re-
duce soil erosion and thus oftentimes were located
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along ditches (Puckett et al. 1995) - a habitat con-
ducive to certain predators (e.g., snakes). In con-
trast, during our study, the effective land area cre-
ated from PP (21%) and LH (12%) habitat devel-
opment was >30% and the mean LH width was
15 m. Therefore, implementation of wider LHs
and increased effective land area may improve nest
survival, increasing the amount of habitat for nest
predators to rummage. As such, recent implementa-
tion has demonstrated that when the effective land
area was increased and wider LHs were constructed,
bobwhite demographics and population levels in-
creased among agricultural landscapes (D. C. Sisson,
Albany Quail Project, unpublished report).

Among PP habitats, longleaf pines provided
woody substrate and pine needles for nest build-
ing; nearly 42% of all nests during this 3.5-year
study were located in PP habitats (S. Mitchell, Al-
abama Quail Project, personal communication) and
nest survival among these habitat types was highest
during our study. When combined with the nests
located in LHs nearly 64% of all nests were con-
structed and incubated in these newly created habi-
tat types. Thus, the development of these habitat
types minimally improved the quantity of habitat
available during nest season and, seemingly, did not
render bobwhite nests more susceptible to preda-
tion.

Brood Habitat Use - Bobwhite hens preferred to
raise broods in LHs, PPs and fallow areas compared
to other habitat types, and they used PPs and LHs
more than agriculture sites (Table 7). The higher use
of LHs and PPs compared to agriculture cropland
may have been attributed to later cover availabil-
ity via crops in those areas combined with pesticide
use (and low arthropod availability). Our results, for
brood habitat use, were similar to those reported for
other studies (Puckett et al. 1995, 2000, Cook 2004).

Cook (2004) and Puckett et al. (2000) reported
that hens raising broods used LHs more than agri-
culture fields and other habitat types. Puckett et al.
(2000) also reported that bobwhite chick survival
was high among LHs and brood home range sizes
were small. Although not reported herein, we

observed that, in general, bobwhite brood home-
range size was similar to those of intensively man-
aged plantation broods (S. Mitchell, Alabama Quail
Project, personal communication). Therefore, we
surmised that given the preference for LHs and PPs,
and similar home range size of broods during our
study when compared to other intensively man-
aged sites that these habitat types may facilitate re-
duced home range size for broods in agriculture
landscapes. Thus, provided herbicides and pesti-
cides are not exploited in these habitats, LHs and
PPs may render the much needed niche for bobwhite
broods in agriculture ecosystems whereby weedy
vegetation and arthropods are prevalent and year-
round habitat is made available.

Summary
In this study, we reported data that advocated

novel habitat (e.g. PPs and LHs) establishment as
a practical utility to promote improved demograph-
ics when compared to intensively managed planta-
tion sites and unmanaged agriculture sites: survival
was generally similar to managed sites and higher
than unmanaged sites; reproduction was similar to
managed sites and higher than unmanaged sites;
habitat use by broods and coveys was high among
novel habitats and, while anecdotal, broods and cov-
eys benefited from PPs and LHs by reducing their
home range size and providing the much needed re-
source availability during germane times (i.e. OW
months). And, these novel habitats effectively ren-
dered nesting habitat during breeding season and
nest survival was similar among these habitat types
compared to other habitat types. The combined
effect of novel habitat establishment and improve-
ment of existing habitat provided a substantial over-
haul to the landscape on this study site. We ef-
fectively managed >60% of the landscape to bene-
fit bobwhites, while maintaining farm practices on
much of the remainder. As a result, bobwhites uti-
lized novel and improved habitats heavily for covey
home ranges, nest sites, and brood habitat which re-
sulted in increased bobwhite abundance and a re-
newed optimism for managing bobwhites outside
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the traditional “plantation belt” located in south-
west Georgia and north Florida. Bobwhite abun-
dance increased each year following habitat modi-
fication whereby point counts conducted during the
fall (Oct-Nov; Wellendorf et al. 2004) indicated an
increase by >75 percent. Bobwhite abundance in-
creased from <0.86 birds per hectare to >1.48 birds
per hectare during the 3.5-year study.

Management Implications
Researchers and biologists have demonstrated

that the most effective mode to restore bobwhite
populations, both at local and regional scales, is
to increase habitat availability (Klimstra 1972, Bren-
nan 1991). Likewise, long-term research corrobo-
rates this notion where, despite the declining status
of bobwhites throughout most of their range dur-
ing the past decade, intensively managed bobwhite
plantations have experienced stable-to-increasing
bobwhite abundance (Brennan 1991, Stribling and
Sisson 2009). The results from this study also illus-
trated the importance of habitat management to ben-
efit bobwhites. Thus, for bobwhites to persist among
agricultural landscapes, restoration (i.e., Farm Bill -
CRP) programs should continue to focus on habi-
tat management. Whereas implementation of novel
habitats is by no means a panacea for reversing pop-
ulation declines, they may serve as pragmatic utility
for at least improving bobwhite habitat among agri-
cultural landscapes and perhaps extenuate bobwhite
population declines among these ecosystems. Fur-
ther, several other techniques (i.e. conservative bob-
white harvest, nest predator management, supple-
mental feeding) when used in conjunction with es-
tablishing novel habitats among agriculture ecosys-
tems, may also increase restoration success.

When establishing linear habitats among agricul-
tural landscapes, we recommend setting the target
of land area affected at a minimum of 10-15% and
linear habitat widths ≥15 m (and when applicable
wider). We also recommend employing other habi-
tat management techniques in conjunction with lin-
ear habitat establishment when appropriate: man-
aging dry corners for early-succession vegetation,

timber density reduction on adjacent sites, mid- and
over-story hardwood reduction, prescribed burning,
supplemental feeding and nest predator manage-
ment. When planting pines, we recommend plant-
ing longleaf pines at a conservative (8X8 or greater;
600 trees/acre or less) spacing, and utilizing pre-
scribed fire and limb pruning as needed to bene-
fit early-succession vegetation over time. Proper
management of woodlands surrounding agricul-
tural areas should also greatly improve habitat con-
ditions among agricultural ecosystems - this type
of management was a large part of the success ob-
served during our study. Additionally, we encour-
age federal and state programs implementing early-
succession habitat establishment to concentrate ef-
forts to specific-focal areas, particularly areas lo-
cated near existing bobwhite populations, and ex-
pand outward in order to maximize restoration ef-
forts at both the local and regional scale. Lastly, we
recommend continued research and monitoring of
bobwhite populations among these types of ecosys-
tems to continue gleaning insight about the utility of
novel habitats and learn how these ecosystems func-
tion, as a whole, both locally and regionally.
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