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Abstract: We studied northern bobwhites (Colinus virginianus) in western Oklahoma, USA, during the nesting sea-
sons of 1992–2001. We obtained latitude-specific information on nesting biology and tested hypotheses on the
cause of declines in clutch size with progression of the nesting season and on the phenological relation of first, sec-
ond, and third nesting attempts. For pooled data on bobwhites alive during 15 April–15 September, 64 ± 6.5% of
juvenile females (n = 56), 90 ± 10.0% of adult females (n = 9), 13 ± 4.1% of juveniles males (n = 68), and 41 ± 10.7%
of adult males (n = 22) incubated ≥1 nest. Bobwhites that entered the reproduction period starting on 15 April (n =
229) accumulated 203 nesting attempts (male and female incubations), which translated to 1.7 attempts/hen for
all hens that entered (n = 117) and 3.1 attempts/hen for hens that survived to 15 September (n = 65). Overall suc-
cess for incubated nests (48 ± 2.8%, n = 331) was independent of sex-age class and nesting attempt (1, 2, 3), but it
declined at a rate of 2.37%/year (95% CL = 1.10–3.64%/year) during the study. Clutch size declined by 1 egg for
every 14–20 elapsed days in the nesting season and the rate of decline was independent of incubation attempt (1
or 2); this result suggests that lower clutch sizes later in the nest season were not necessarily a function of re-nest-
ing. Ending of nest-incubation attempts (1, 2, 3) occurred within an 8-day period from 26 August–2 September.
Our results implied that early-season nesting cover is a management concern and that high nest success is possible
in the absence of nest predator suppression where abundant nest sites occur across the landscape.

JOURNAL OF WILDLIFE MANAGEMENT 69(1):133–139; 2005

Key words:  clutch size, Colinus virginianus, nest phenology, nest success, northern bobwhite, Oklahoma, reproduction.

133

The first documentation of multiple-brooding
in northern bobwhites (Sermons and Speake
1987) and the subsequent observance of
polyandry in bobwhite populations (Curtis et al.
1993, Burger et al. 1995) have generated a series
of studies on the breeding behavior of these
birds. The ensuing empirical (Taylor 1991, DeVos
and Mueller 1993, Suchy and Munkel 1993) and
theoretical (Guthery and Kuvlesky 1998) results
have changed biological understanding of repro-
duction behavior in this species. That is, the
hypotheses that bobwhites are monogamous and
raise at most 1 brood (Stoddard 1931:492,
Leopold 1933:49, Davison 1949:37–38) have been
discredited.

Concurrently, research has led to a better
understanding of expectations in demographic
traits of bobwhite populations as function of geo-
graphic location, particularly latitude (Guthery
1997). Bobwhites in northern latitudes tend to be
poor survivors and good producers; whereas,
bobwhites in southern latitudes tend to be poor

producers and good survivors (Guthery et al.
2000). Density dependence seems to act more
strongly on reproduction in northern latitudes;
whereas, it acts more strongly on fall–spring sur-
vival in southern latitudes.

We conducted a 10-year study of bobwhites in
western Oklahoma to obtain descriptive data on
reproduction for a mid-latitude population and
to test 2 hypotheses. First, we assessed reproduc-
tion performance (participation by males and
females in incubation, per-capita nest attempts
relative to populations that started and that start-
ed and survived the nesting season, and nest suc-
cess rates). Second, we assessed seasonal trends
in clutch size. This assessment provided data to
test the hypothesis that clutch size declines as the
nesting season progresses because later nesting
attempts represent second or third attempts, pre-
sumably associated with smaller clutches than
first nest attempts. An alternative hypothesis is
that clutch size declines independent of nesting
attempt. Finally, we assessed phenology of nest
initiation. This assessment provided a test of the
hypothesis (modeling assumption) that initia-
tions for first, second, and third attempts end on
a common date (Guthery and Kuvlesky 1998).
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STUDY AREA AND METHODS
We conducted our study on the Oklahoma

Department of Wildlife Conservation’s Packsaddle
Wildlife Management Area (6,475 ha) in southern
Ellis County, Oklahoma, USA, during October
1991–October 2001. DeMaso et al. (1997) and
Townsend et al. (2001) provided information on
climate, soils, and vegetation of the study area.

The Packsaddle Area had a diverse predator
fauna, none subject to control measures on site.
Common raptors included Cooper’s hawks
(Accipiter cooperii), sharp-shinned hawks (A. stria-
tus), red-tailed hawks (Buteo jamaicensis), and
northern harriers (Circus cyaneus;  DeMaso et al.
1998). Mammalian predators included bobcats
(Lynx rufus), coyotes (Canis latrans), gray foxes
(Urocyon cinereoargenteus), raccoons (Procyon lotor),
striped skunks (Mephitis mephitis), and swift foxes
(Vulpes velox).

We captured bobwhites with baited funnel traps
(Stoddard 1931:442) and with night-lighting
(Labisky 1968) throughout the study. Individuals
were classified by sex and age (Rosene 1969:44–54),
leg-banded, and fitted with mortality-sensing radio
transmitters (Holohil Systems Ltd., Carp, Ontario,
Canada; Wildlife Materials Inc., Carbondale, Illi-
nois, USA) weighing <7 g if the bird weighed
>150 g. Collar attachment was necklace-style
(Shields et al. 1982). We used radio-tagged bob-
whites to locate nests as judged from consecutive
locations of a bird at the same point. When a nest
was found, we counted the numbers of eggs and
estimated the date of initiation and hatch. Initia-
tion date was estimated by subtracting 1.2c from the
nest-location date, where c was the number of eggs
upon location (Burger et al. 1995). As date of hatch
neared, a subject was monitored ≥2 times/day. 

Reproduction Performance
We defined the nesting season as 15 April–15

September. To assess reproduction performance
within this period, we created 3 datasets:  (1) all
bobwhites that entered and survived the nesting
season, whether or not they incubated; (2) bob-
whites that entered and survived the nesting sea-
son and incubated; and (3) bobwhites that
entered the nesting season, incubated, and either
survived or died. The first dataset was necessary
to estimate true reproduction performance in
the population by analyzing birds that did and
did not incubate. The second dataset provided
complete nesting histories for birds that entered
and survived the nesting season; we did not ana-
lyze data from birds captured during the nesting

season because there was no way to identify the
incubation attempt (1, 2, or 3). The third dataset
provided a means of assessing the reproduction
effort relative to surviving birds. Bobwhites that
reproduced and died before the end of the nest-
ing season influenced the demographic nature of
the standing population at the end of the period. 

The sample started with 2,012 bobwhites (1.1
males/female) that were radiomarked and that
survived a 14-day conditioning period after cap-
ture (Cox et al. 2004). The restrictions that bob-
whites were alive at the beginning of the nesting
period and that birds captured during the nesting
season were excluded from analysis of reproduc-
tion performance (though not from estimation of
clutch size and nest success), severely truncated
that resulting sample size for analyses of repro-
duction performance. In some years, certain sex-
age classes were not represented in the sample.
Accordingly, we pooled over the study period and
present simple, descriptive statistics on these data.
In some cases, we could not estimate uncertainty
associated with point estimates of demographic
variables (e.g., attempts/hen) because of pooling.

Data for estimating nest success (≥1 chick
fledged) came from all bobwhites that entered
the laying season and had ≥1 nesting attempt
with a known fate. We did not attempt to ascribe
nest loss to sources because of ambiguity in iden-
tifying cause of loss based on evidence at a nest
site (Hernandez et al. 1997, Larivière 1999).
Because we knew approximate nest initiation
dates, we report the binomial probability of suc-
cess for incubated nests rather than invoking
time considerations (Mayfield 1961). 

Clutch Size Trends
For descriptive analysis of clutch size (means and

percent hatch of eggs within clutch), we limited
data to clutches that hatched, regardless of
whether the individual responsible for the hatch
survived the nesting season. In estimating trends
in clutch size as a function of Julian day, we trun-
cated the data to clutches that hatched for hens
that survived the nesting season. These trunca-
tions ensured that we knew the number of an incu-
bation attempt and that we had data on complete
clutches. We then regressed clutch size on Julian
day for first and second incubation attempts (the
sample size was too small for third attempts).

Nesting Phenology
Phenological analyses were based on data pooled

over all nesting seasons (1992–2001) and were
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limited to female bobwhites with complete nest
histories (alive during 15 Apr–15 Sep inclusive).
Bobwhites captured at any time in April were in-
cluded in the sample. The data were segregated
into first, second, and third incubation attempts.
Then the cumulative frequency of nest initiations
as a function of Julian day was modeled with poly-
nomials for each attempt. The polynomials were
differentiated and scaled to probability density
functions (pdf) to portray frequency distribu-
tions of nest starts in time (Guthery and Kuvlesky
1998). The resulting pdfs were scaled by multi-
plying each function by the proportion of first,
second, and third incubations in the total sample
(e.g., the proportion of first starts in the sample ×
the pdf for first starts). These transformations
provided an estimate of the relative importance
of incubation attempts to the total nest-incuba-
tion effort.

RESULTS

Reproduction Performance
Sixty-four bobwhites entered the nesting sea-

son, survived, and incubated, and 155 bobwhites
entered the nesting season, survived, and either
did or did not incubate (91 bobwhites did not incu-
bate). For the pooled data, 64 ± 6.5% of juvenile
females (n = 56), 90 ± 10.0% of adult females (n =
9), 13 ± 4.1% of juveniles males (n = 68), and 41 ±
10.7% of adult males (n = 22) incubated ≥1 nest. 

Bobwhites that entered and survived the nest-
ing season and incubated (n = 65) accumulated
92 nesting attempts. Most of these attempts were
by juvenile females (67 ± 4.9% ; n = 62), followed
by adult females (13 ± 3.5%; n = 12) and males
(10 ± 3.1%; n = 9 each for juvenile and adult
males). On a per-hen basis with male incubations
allocated to hens, there were 2.0 attempts/hen
conditional on incubation (1.6 attempts/hen
including females that did not incubate).

The 229 bobwhites that entered the reproduc-
tion period, including those that did not survive
it, accumulated 203 nesting attempts. This total
translates to 1.7 attempts/hen (n = 117) that
entered the season and 3.1 attempts/hen (n = 65,
including hens that did not incubate) that sur-
vived the season.

For hens that started and survived the nesting
season (n = 65), we observed 21 (32 ± 5.8%) that
incubated 2 clutches and 4 (6 ± 3.0%) that incu-
bated 3 clutches. Five double-clutching hens and
2 triple-clutching hens hatched 2 broods. We did
not observe a hen hatch >2 broods. 

The overall probability of success for incubated
nests was 48 ± 2.8% (n = 331). We observed similar
success rates for nests incubated by juvenile females
(49 ± 3.6%; n = 191), adult females (48 ± 6.2%; n =
65), juvenile males (43 ± 7.3%; n = 47), and adult
males (57 ± 9.5%; n = 28). Likewise, nest success
appeared independent of incubation attempt for
nests where the attempt number was known
(individuals that started and survived the nesting
season). Estimates were 56 ± 6.3% for first
attempts (n = 64), 54 ± 10.4% for second attempts
(n = 24), and 50 ± 28.9% for third attempts (n =
4). Nest success (y) declined (Fig. 1) during the
10 years (x) of study according to

y = 4,777 – 2.37x (r2 = 0.70).

Confidence intervals (95%) on the rate of
decline were 1.10–3.64%/year. 

Clutch Size Trends
We observed 161 completed (hatched) clutch-

es. The average clutch contained 13.6 ± 0.22 eggs,
of which 12.2 ± 0.29 hatched. The percent hatch
rate for eggs within clutches was 90.2 ± 1.4%.

Clutch size (yi, i = attempt 1 or 2) for females
that started and survived the nesting season
declined with Julian day (x) for first and second
nesting attempts (Fig. 2). The relations were

y1 = 21.8 – 0.05x (n = 59, r2 = 0.30) and
y2 = 26.0 – 0.07x (n = 21, r2 = 0.30).

The rates of decline for first and second
attempts were similar based on overlap of 95%
confidence intervals. The rates suggested an aver-
age loss of 1 egg/clutch for every 14–20 days that

Fig. 1. Annual trends in nest success for northern bobwhites,
Packsaddle Wildlife Management Area, Ellis County, Okla-
homa, USA, 1992–2001.
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elapsed in the laying season, and this rate was
independent of first or second nesting attempt.

Nesting Phenology
We obtained 81 complete nesting histories for

female bobwhites, including 56 first attempts, 21
second attempts, and 4 third attempts. Within
this dataset, which was truncated to birds alive
during April–15 September, initiation of incuba-
tion for first nests was observed over a 133-day
period (23 Apr–2 Sep), initiation for second nests
over an 86-day period (2 Jun–26 Aug), and for
third nests over a 51-day period (12 Jul–31 Aug).
Observed initiation dates, pooled over all nesting
attempts (n = 331), encompassed 140 days (23
Apr–2 Sep); hatching occurred over 129 days (26
May–2 Oct). 

Cubic polynomials provided satisfactory models
of the cumulative frequency of female incubation
initiations (yi, i = 1, 2 attempts) as a function of
Julian day (x) within the observed range of x values:

y1 = –39.66 – 0.3089x + 0.00875x2 – 0.00002x3

(n = 56, r2 = 0.99),

y2 = 727.24 – 11.67x + 0.0610x2 – 0.0001–x3

(n = 21, r2 = 0.97).

The data were too few (n = 4) to model third
nest initiations. The quadratic pdfs derived from
the cubic polynomials (Fig. 3) suggested peak
rate of nest initiation occurred on about 30 April
for first attempts. Initiation of first nests was a
threshold-like phenomenon (i.e., the rate of nest
incubation initiation went from zero to its high-
est value in ≤3 weeks). The peak rate of initiation
for second attempts occurred around 17 July.

Collapsing the pdfs (Fig. 3A) to account for
proportion of initiations (Fig. 3B) revealed the
importance of first initiations relative to second
or third initiations. First incubation initiations
accounted for 69 ± 5.2% of total initiations com-
pared with 26 + 4.9% for second initiations and 5
± 2.4% for third initiations. The area under the 2
curves in Fig. 3A is 2.0; whereas, the area under
the 2 curves in Fig. 3B is 0.95 (the curve for third
initiations is not given). Thus, Fig. 3B provides an
image of relative importance of incubation
attempt in the total nest-incubation effort.

Fig. 2. Relation between clutch size and Julian day of the nest-
ing season for first and second nesting attempts by female
northern bobwhites with known nesting histories, Packsaddle
Wildlife Management Area, Ellis County, Oklahoma, USA,
1992–2001.

Fig. 3. Phenology of nest initiation for female northern bob-
whites with known nesting histories, Packsaddle Wildlife Man-
agement Area, Ellis County, Oklahoma, USA, 1992–2001. A:
Raw probability distributions. B: Probability distributions
adjusted to account for the proportion of initiations in the sam-
ple. The dashed vertical lines show first and last initiation
dates for hens with 3 nesting attempts (n = 4).
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DISCUSSION

Reproduction Performance
Our results on reproduction effort were similar

to previously published results. For all incuba-
tions, the 20% rate of male incubation we ob-
served fell within reported ranges of 14–28%
(Curtis et al. 1993, DeVos and Mueller 1993,
Suchy and Munkel 1993, Burger et al. 1995).
Burger et al. (1995) observed that 40.2% of
females and 13.5% of males alive 15 April
hatched ≥1 nest; respective estimates from this
study were 28 ± 4.5% and 6 ± 2.1%. Burger et al.
(1995) also observed 74% of females and 26% of
males that survived the nesting season hatched
≥1 nest. We observed 43 ± 6.2% of females and 9
± 3.0% of males.

Rollins and Carroll (2001) reviewed 11 studies
of bobwhite nest-success rates and found a
weighted mean of 28%. The highest reported
rate (Peoples et al. 1996; 50%) was based on early
results from the present study. The lowest rate
reported was 12% based on a small sample from
north Texas (Jackson 1947, n = 34). Thus, the
overall success rate of incubated nests observed
in this study (48%) was high relative to the aver-
age expectation. However, the rate declined as
the study progressed (Fig. 1) and we did not ob-
tain data on loss of nests during pre-incubation.

The Packsaddle Area had ample amounts of
nesting cover in the form of perennial grasses
and low shrubs distributed throughout the area.
The area was grazed seasonally at a light–moder-
ate rate with stockers (Townsend et al. 2001),
which facilitated the quantity of nesting cover.
This high availability of nest cover could con-
tribute to nesting success (Taylor et al. 1999). 

The reason for the decade-long decline in nest
success (Fig. 1) is more difficult to explain.
Townsend et al. (2001) observed that visibility of
nest contents influenced nest success in 1996 and
1997 on the Packsaddle Area (lower visibility
implied higher success). During these years, visi-
bility at successful nests was about half that at
unsuccessful nests. In contrast, 1998 was a hot,
droughty summer and visibility at successful and
unsuccessful nests was similar and at about the
same level as unsuccessful nests in the previous 2
years. Townsend et al.’s (2001) data imply that a
long-term decline in the structural density, and,
therefore, the visual obstruction properties of
nesting cover, could plausibly be associated with
the decline in nest success we observed, despite
the widespread availability of nest cover per se.

Weather data from Arnett, Oklahoma (27 km
from the Packsaddle area), revealed no trend in
May–August precipitation during the study. How-
ever, mean maximum daily temperature during
May–August increased at a rate of 0.3 °C/year
(95% CL = 0.0–0.7 °C/year, P = 0.0538) during
1992–2001. Nest obstruction might have declined
given non-trending precipitation and upward
trending temperature. Of course, other factors
such as trends in predator abundance could be
responsible for the trend we observed.

Clutch Size Trends
Decline in clutch size as the laying season pro-

gresses is well documented in bobwhites through-
out their range (Stoddard 1931:28, Rosene
1969:68, Lehmann 1984:86, Roseberry and Klim-
stra 1984:74, Burger et al. 1995). Stoddard
(1931:28) hypothesized that the decline was due
to a high prevalence of dump nesting early in the
laying season and a low prevalence later in the
season. Roseberry and Klimstra (1984:74), on the
contrary, implicitly took declining clutch size to
be a reflection of first nests (early season) and
renests (later season), with renests containing
smaller clutches. Our results suggested that
clutch size declined independently of nesting
attempt and that the rate of decline was similar
for first and second clutches. Based on the regres-
sion equations presented in results, predicted
size of a first clutch initiated on Julian day 180 (29
Jun) was 13.0 vs. 13.5 for a second clutch on the
same Julian day. Thus, under the models, second
clutches were not necessarily expected to be
smaller than first clutches (we did not obtain data
on pre-incubation laying). Therefore, our results
were inconsistent with the hypothesis that later
clutches are smaller because they represented re-
nesting attempts, which presumably would be
associated with reduced energy reserves in
females, given an earlier nesting attempt.

Our results were consistent with the hypothesis
that some overriding factor might influence
clutch size as the laying season progresses. Two
such factors are plausible. First, Farnsworth and
Simons (2001) argued that a decline in clutch
size as the breeding season progresses maximizes
annual fecundity for multiple-brooding birds.
This result accrues from the interplay of preda-
tion rates and time remaining in the breeding
season for laying and incubating.

A second plausible factor is temperature, which
generally increases from start to end of a laying
season. Higher temperatures reduce the length
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of the laying season (Klimstra and Roseberry 1975)
and the intensity of the breeding effort (Guthery
et al. 1988) in bobwhites. However, these obser-
vations do not explain why a hen would lay small-
er clutches later than earlier. Smaller clutches
later in the nesting season could be an adaptive
response to reduced storage (pre-incubation)
time, perhaps associated with a lower daily rate of
egg-laying because of higher temperatures
(Thomason et al. 1972, Tanor et al. 1984, Muiruri
and Harrison 1991) and vulnerability of embryos
to hyperthermia. Blastoderm development in bob-
white eggs begins at 24.4–25.6 °C (Miller and Wil-
son 1975). The temperature of bobwhite eggs (not
incubated) in natural nests can exceed 40 °C in
mid-latitudes in late July; during hot weather,
incubating bobwhites serve an important cooling,
as well as a warming, function for eggs (Smith
2003). In general, high temperatures are more
deleterious to avian embryos than low tempera-
tures (Webb 1987). Thus, there are possible adap-
tive reasons (e.g., reduced storage time and pro-
tection of embryos from hyperthermia) for
reducing clutch size as the laying season progress-
es and ambient temperature increases. We recog-
nize these arguments are hypothetical, and we
encourage the generation and testing of addition-
al hypotheses that explain decline in clutch size.

Nesting Phenology
We observed a threshold-like increase in nest

initiation over about a 3-week period starting in
early April. That is, nesting bobwhites went from
no initiations to a relatively high sustained rate
(incubation initiations/bird/day) in this period.
Stanford’s (1972) hatch distributions (a translat-
ed version of the nest-initiation distribution) sug-
gested approximately a 5-week period from start
of initiations to peak rates in Missouri. Likewise,
Klimstra and Roseberry (1975) observed a 5–6-
week time frame in Illinois. In Missouri, the nest
initiation rate of females went from zero to a
peak value in about 3 weeks (Burger et al. 1995).

Our results on nest-initiation phenology were
somewhat ambiguous relative to the modeling
assumption of Guthery and Kuvlesky (1998).
They assumed hatching distributions (and by
translation, nest-initiation distributions) ended
on a common date. Our empirical observations
suggested initiation for first, second, and third
incubations ended in an 8-day period (26 Aug–2
Sep). However, a mixture of modeling and
empirical results indicated a more protracted
ending for first, second, and third initiations

(Fig. 3). Thus, the empirical results implied the
assumption of Guthery and Kuvlesky (1998) was
reasonable though inaccurate; whereas, the
mixed modeling and empirical results implied
possible bias in the modeling results of Guthery
and Kuvlesky (1998).

MANAGEMENT IMPLICATIONS
Our results primarily represented descriptive

biology on reproduction in a mid-latitude bob-
white population and perhaps have no practical
management implications, except insofar as they
lead to better understanding of bobwhite demo-
graphics. However, managers might take note of
the importance of first nest initiations relative to
second and third initiations (Burger et al. 1995,
Fig. 3B). This importance might imply that man-
agement of nesting cover should focus on its avail-
ability in the early nesting season. Finally, our
results provide an empirical example of high nest
success rates, especially during the early years of
the study, in the absence of any form of nest preda-
tor suppression. Leopold (1933:240) observed
provision of food and escape cover was “one of
the most effective forms of ‘predator control’” for
wintering bobwhites. In that the Packsaddle Area
had large quantities of nesting cover, Leopold’s
conjecture might hold for nesting as well as win-
tering bobwhites. However, this observation is cor-
relational, and it does not preclude the possibility
that high nest success accrued because of low pop-
ulations of nest predators or some other factor.

ACKNOWLEDGMENTS
We thank D. Rollins for critiquing a draft of the

paper. Support for this study was provided by the
Oklahoma Department of Wildlife Conservation
through Federal Aid, Pittman-Robertson Wildlife
Restoration Act under project W-149-R of the
Oklahoma Department of Wildlife Conservation
and Oklahoma State University. The Oklahoma
Cooperative Fish and Wildlife Research Unit
(Oklahoma Department of Wildlife Conserva-
tion, Oklahoma State University, U. S. Geological
Society Biological Resources Division, and
Wildlife Management Institute cooperating) pro-
vided logistical support. Additional support came
from the Departments of Forestry and Zoology,
Oklahoma Agricultural Experiment Station,
Grand National Quail Foundation, Mixon Foun-
dation, Game Bird Research Fund, and Bollen-
bach Endowment. This paper was approved for
publication by the Oklahoma Agricultural Exper-
iment Station.



J. Wildl. Manage. 69(1):2005 139BOBWHITE REPRODUCTION •  Cox et al.

LITERATURE CITED

BURGER, L. W., JR., M. R. RYAN, T. V. DAILEY, AND E. W.
KURZEJESKI. 1995. Reproductive strategies, success,
and mating systems of northern bobwhite in Mis-
souri. Journal of Wildlife Management 59:417–426. 

COX, S. A., A. D. PEOPLES, S. J. DEMASO, J. J. LUSK, AND

F. S. GUTHERY. 2004. Survival and cause-specific mor-
tality of northern bobwhites in western Oklahoma.
Journal of Wildlife Management 68:663–671.

CURTIS, P. D., B. S. MUELLER, P. D. DOERR, C. F. ROBI-
NETTE, AND T. DEVOS. 1993. Potential polygamous
breeding behavior in northern bobwhite. Proceed-
ings of the National Symposium 3:55–63.

DAVISON, V. E. 1949. Bobwhites on the rise. Charles
Scribner’s Sons, New York, USA.

DEMASO, S. J., A. D. PEOPLES, S. A. COX, AND E. S. PARRY.
1997. Survival of northern bobwhite chicks in western
Oklahoma. Journal of Wildlife Management
61:846–853.

———, E. S. PARRY, S. A. COX, AND A. D. PEOPLES. 1998.
Cause-specific mortality of northern bobwhites on an
area with quail feeders in western Oklahoma. Proceed-
ings of the Annual Conference of the Southeastern
Association of Fish and Wildlife Agencies 52:359–366.

DEVOS, T., AND B. S. MUELLER. 1993. Reproductive ecol-
ogy of northern bobwhite in north Florida. Proceed-
ings of the National Quail Symposium 3:83–90.

FARNSWORTH, G. L., AND T. R. SIMONS. 2001. How many
baskets? Clutch sizes that maximize annual fecundity
of multiple-brooded birds. Auk 118:927–982.

GUTHERY, F. S. 1997. A philosophy of habitat manage-
ment for northern bobwhites. Journal of Wildlife
Management 61:291–301.

———. 2002. The technology of bobwhite manage-
ment. Iowa State University Press, Ames, USA.

———, M. J. Peterson, and R. R. George. 2000. Viability
of northern bobwhite populations. Journal of Wild-
life Management 64:646–662.

———, N. E. Koerth, and D. S. Smith. 1988. Reproduc-
tion of northern bobwhites in semiarid environ-
ments. Journal of Wildlife Management 52:144–149.

———, AND W. P. KUVLESKY, JR. 1998. The effect of mul-
tiple-brooding on age ratios of quail. Journal of Wild-
life Management 62:540–549.

HERNANDEZ, F., D. ROLLINS, AND R. CANTU. 1997. Evalu-
ating evidence to identify ground-nest predators in
west Texas. Wildlife Society Bulletin 25:826–831.

JACKSON, A. S. 1947. A bobwhite quail irruption in
northwest Texas lower plains terminated by preda-
tion. Transactions of the North American Wildlife
Conference 12:511–519.

KLIMSTRA, W. D., AND J. L. ROSEBERRY. 1975. Nesting ecol-
ogy of the bobwhite in southern Illinois. Wildlife
Monographs 41.

LABISKY, R. F. 1968. Nightlighting: its use in capturing
pheasants, prairie chickens, bobwhites, and cotton-
tails. Illinois Natural History Survey, Urbana, USA.

LARIVIÈRE, S. 1999. Reasons why predators cannot be
inferred from nest remains. Condor 101:718–721.

LEHMANN, V. W. 1984. Bobwhites in the Rio Grande
Plain of Texas. Texas A&M University Press, College
Station, USA.

LEOPOLD, A. 1933. Game management. Charles Scribn-
er’s Sons, New York, USA. 

MAYFIELD, H. 1961. Nesting success calculated from
exposure. Wilson Bulletin 73:255–261.

MILLER, E. R., AND H. R. WILSON. 1975. The temperature
required to initiate blastoderm development in bob-
white quail eggs. Poultry Science 54:901–902.

MUIRURI, H. K., AND P. C. HARRISON. 1991. Effect of roost
temperature on performance of chickens in hot ambi-
ent environments. Poultry Science 70:2253–2258.

PEOPLES, A. D., S. J. DEMASO, S. A. COX., AND E. S. PARRY.
1996. Bobwhite reproductive strategies in western
Oklahoma. Pages 1–5 in W. E. Cohen, editor. Texas
Quail Short Course II, Texas Agricultural Extension
Service, College Station, USA.

ROLLINS, D., AND J. P. CARROLL. 2001. Impacts of preda-
tion on northern bobwhite and scaled quail. Wildlife
Society Bulletin 29:39–51.

ROSEBERRY, J. L., AND W. D. KLIMSTRA. 1984. Population
ecology of the bobwhite. Southern Illinois University
Press, Carbondale, USA.

ROSENE, W. 1969. The bobwhite quail. Rutgers Univer-
sity Press, New Brunswick, New Jersey, USA.

SERMONS, W. O., AND D. W. SPEAKE. 1987. Production of
second broods by northern bobwhites. Wilson Bul-
letin 99:285–286.

SHIELDS, L. J., R. DARLING, AND B. S. MUELLER. 1982. A
telemetry system for monitoring bobwhite quail activ-
ity. International Biotelemetry Symposium 7:112–115. 

SMITH, S. G. 2003. The effects of ambient temperature
on nesting northern bobwhites. Thesis, Oklahoma
State University, Stillwater, USA.

STANFORD, J. A. 1972. Bobwhite quail population dynam-
ics: relationships of weather, nesting, production pat-
terns, fall population characteristics, and harvest in
Missouri quail. Proceedings of the National Bobwhite
Quail Symposium 1:115–139.

STODDARD, H. L. 1931. The bobwhite quail: its habits,
preservation and increase. Charles Scribner and
Sons, New York, USA.

SUCHY, W. J., AND R. J. MUNKEL. 1993. Breeding strategies
of the northern bobwhite in marginal habitat. Pro-
ceedings of the National Bobwhite Quail Symposium
3:69–78.

TANOR, M. A., S. LEESON, AND J. D. SUMMERS. 1984. Effect
of heat stress and diet composition on performance
of white leghorn hens. Poultry Science 63:304–310.

TAYLOR, J. S. 1991. Aspects of northern bobwhite repro-
ductive biology in south Texas. Thesis, Texas A&I
University, Kingsville, Texas, USA.

———, K. E. CHURCH, D. H. RUSCH, AND J. R. CARRY.
1999. Macrohabitat effects on summer survival, move-
ments, and clutch success of northern bobwhite in
Kansas. Journal of Wildlife Management 63:675–685.

THOMASON, D. M., A. T. LEIGHTON, JR., AND J. P. MASON,
JR. 1972. A study of certain environmental factors on
the reproductive performance of large white turkeys.
Poultry Science 51:1438–1449.

TOWNSEND, D. E. II, R. E. MASTERS, R. L. LOCHMILLER, D.
M. LESLIE, Jr., S. J. DeMaso, and A. D. Peoples. 2001.
Characteristics of nest sites of northern bobwhites in
western Oklahoma. Journal of Range Management
54:260–264.

WEBB, D. R. 1987. Thermal tolerance of avian embryos:
a review. Condor 89:874–898. 

Associate Editor: Brennan.


