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ABSTRACT Age-specific reproduction has been suggested for northern bobwhite (Colinus virginianus) and has been hypothesized as a

factor contributing to population irruptions. However, little research has been conducted on the subject. We conducted a laboratory and field

study to determine if age-specific reproduction occurred in northern bobwhites. Our objectives were to compare 7 reproductive measures (% F

nesting, date of first incubated nest, egg-laying rate, nesting rate, clutch size, egg mass, and egg hatchability) between first- and second-year

breeders and determine if differential reproduction was impacted by diet quality. The laboratory study consisted of a 2 3 2 factorial experiment

with age and diet quality (low protein [12%] and high protein [24%]) as the factors. Data for the field study represented a 6-year data set of

bobwhite reproduction (May–Sep 2000–2005) obtained from an ongoing radiotelemetry study in southern Texas, USA. We documented

similar productivity (i.e., % F laying, egg-laying rate, and egg mass) and timing of laying (i.e., date of first egg) between juvenile (n¼ 33) and

adult bobwhites (n¼ 27) in our laboratory study. However, females on the high-protein diet exhibited a greater egg-laying rate than females on

the low-protein diet. Under field conditions, we also documented no difference in productivity (% F nesting, nesting rate, clutch size, egg

hatchability) and timing of nesting (date of first incubated nest) between age classes (n¼ 59 juv and 32 ad). Our findings do not support early

suppositions of age-specific reproduction in quail. Quail irruptions should not be influenced by population age structure as it relates to age-

specific reproduction. (JOURNAL OF WILDLIFE MANAGEMENT 71(3):895–901; 2007)
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Most North American quail species exhibit irruptive

population behavior; populations rapidly increase during
relatively wet periods and abruptly decrease during drought.
Irruptive behavior has been documented in northern
bobwhite (Colinus virginianus; Kiel 1976), scaled quail

(Callipepla squamata; Campbell et al. 1973), California quail
(C. californica; Francis 1970), Gambel’s quail (C. gambelii;
Heffelfinger et al. 1999), and Montezuma quail (Cyrtonyx

montezumae; Brown 1989). Quail populations fluctuate so
drastically on semiarid rangelands that population changes
have been referred to as boom and bust. Various hypotheses

have been researched to explain this phenomenon including
vitamin A deficiency (Nestler and Bailey 1943), phosphorus
deficiency (Cain et al. 1982), phytoestrogens (Leopold et al.
1976), water deprivation (Koerth and Guthery 1991), and

heat stress (Guthery et al. 2001). Despite years of research,
however, the causal factor(s) of the boom-bust phenomenon
remains unknown (Guthery 2002, Hernández et al. 2002).

Quail production is influenced by 4 crucial variables:

proportion of females that nest, nesting rate, probability of
nest success, and length of the nesting season (Guthery and
Kuvlesky 1998, Hernández et al. 2005). These variables

affect total nest production which is a primary determinant

of percent summer gain in bobwhite populations (Dimmick
1974, Klimstra and Roseberry 1975). As such, any factor
that influences nest production can exert a profound
influence on quail populations. Age-specific reproduction,
the phenomenon in which experienced breeders reproduce
earlier and are more productive than younger, inexperienced
breeders, is a process that, if present in quail, could influence
quail populations via nest production. Mere changes in
population age structure through time, therefore, could
affect the amplitude and frequency of quail irruptions.
Moreover, quail populations also could be impacted if poor
nutritional conditions further exacerbated differential pro-
ductivity between age classes (Kirkpatrick 1988).

Age-specific reproduction is a common phenomenon in
many avian species (Curio 1983, Forslund and Pärt 1995).
Evidence for differential productivity in quail, however, is
tenuous (Johnsgard 1973, Kirkpatrick 1988). Although
researchers have suggested that older quail exhibit both
earlier nesting (Lehmann 1953, Parmalee 1955, Rosene
1969) and increased egg production (Robinson 1963,
Francis 1970, Brooks 2005), evidence for age-specific
reproduction in quail is weak because low sample size limits
existing data. Kirkpatrick (1988) noted that almost no data
existed regarding age-specific reproduction in quail. Lacking
evidence to the contrary, Johnsgard (1973) proposed that
quail did not exhibit age-specific reproduction.

Age-specific reproduction is an unresolved question in
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quail demography (Klimstra and Roseberry 1975, Brooks
2005). Given the impact that differential productivity may
have on quail populations and the lack of rigorous testing,
we conducted a laboratory and field study to determine if
age-specific reproduction occurred in northern bobwhites.
Our objectives were to compare 7 reproductive measures
(percentage of F nesting, date of first incubated nest, egg-
laying rate, nesting rate, clutch size, egg mass, and egg
hatchability) between first- and second-year breeders and
determine if differential reproduction was impacted by diet
quality. Hereafter, we use the term juvenile and adult to
signify first-year breeder and second-year or older breeder,
respectively.

STUDY AREA

We conducted the field portion of this study on a private
ranch in Brooks County, Texas, USA, which lies in the Rio
Grande Plains ecoregion (Gould 1975). The vegetation for
the ecoregion was a mixed-brush community (Scifres 1980).
Predominant shrubs consisted of honey mesquite (Prosopis
glandulosa), huisache (Acacia farnesiana), granjeno (Celtis
pallida), live oak (Quercus virginiana), and pricklypear
(Optuntia engelmannii). Predominant herbaceous vegetation
included doveweed (Croton spp.), sunflower (Helianthus
spp.), partridge pea (Chamaecrista fasciculata), little bluestem
(Schizachyrium scoparium), paspalum (Paspalum spp.), three
awn (Aristida spp.), gulf cordgrass (Spartina spartinae), and
sandbur (Cenchrus spinifex).

The ecoregion was a semi-arid, sub-humid environment
characterized by a high rate of evaporation (Williamson
1983). The months of June and September historically
received the greatest amount of precipitation. Monthly
precipitation ranged from 1.4 cm to 13.0 cm with a mean
annual rainfall of 65.4 cm (Williamson 1983). Rainfall during
the dry period (Sep 1999–Aug 2000) totaled 51 cm compared
to 93 cm during the wet period (Sep 2000–Aug 2003).

METHODS

Laboratory Study
We purchased 80 bobwhite females (n ¼ 40 juv [30–40
weeks] and 40 ad [.2 yr]) from a commercial breeder in
Texas during March 2005. We weighed and leg-banded all

bobwhites and placed them in individual cages (51 3 27 3

28 cm) within an environmental chamber where temper-
ature, humidity, and photoperiod were controlled. We
allowed a 3-week acclimation period (16 Mar–6 Apr; 228 C,
80% humidity, 15-hr photoperiod) providing food and
water ad libitum.

After the acclimation period, we randomly assigned a
treatment (low protein [12%] and high protein [24%]) to
bobwhite females by age. We formulated the low-protein and
high-protein diet to meet the maintenance and breeding
requirements of bobwhites, respectively (Nestler 1949,
National Research Council 1977). We obtained initial body
masses to the nearest 0.1 g using a digital, electronic scale and
then began a 12-week experiment (7 Apr–23 Jun) to assess
egg production. We re-weighed bobwhites every 7 days.
When females began producing eggs, we collected and
weighed all eggs daily throughout the experiment. We used
egg mass as an index of egg quality (Giuliano et al. 1996). We
conducted all data collections at the same time to minimize
any diel changes in body mass (Kontogiannis 1967).

Field Study
We obtained data for 6 nesting seasons (May–Sep, 2000–
2005) for this study from an ongoing radiotelemetry project
on bobwhites conducted in Brooks County, Texas. Hernán-
dez et al. (2005) provided complete descriptions of study
area, experimental design, and methodology. We captured
bobwhites using standard funnel traps throughout the study
period as needed to maintain �20 bobwhites in each of 3
spatially independent study sites (1,200–2,000 ha each). We
fitted bobwhites of both sexes and age classes (i.e., juv and
ad) weighing .150 g with a 5–6-g neck-loop radio-
transmitter (American Wildlife Materials, Monticello, FL)
and an aluminum leg band. We monitored bobwhites using
radiotelemetry about 3 times per week using a hand-held, 3-
element yagi antenna. We located nests via radiotelemetry
and documented nest fate (i.e., successful, depredated, or
abandoned), clutch size, and egg hatchability (i.e., propor-
tion of eggs that hatch from a successful clutch) for each nest.

Hernández et al. (2005) reported that drought negatively
influenced bobwhite nesting effort. Thus, we partitioned our
study period into relative categories dry (May–Sep 2000–
2002, 2005) and wet (May–Sep 2003–2004) based on the
Modified Palmer Drought Severity Index (PDMI; Palmer
1965; Fig. 1). We identified females with complete nesting
histories (alive 1 May–15 Sep) for each weather period and
used this sample to document percent of females nesting and
nesting rate. We only used females alive during 1 May–15
September (although radiomarked F continued to be added
throughout the nesting season due to trapping) because we
could account for their entire effort throughout the duration
of the nesting season. For date of first incubated nest, we
used females that were alive 1 May and that survived at least
to first nesting.

Statistical Analyses
Laboratory study.—To test for the effect of diet and age on

body mass, we used a completely randomized 2-way analysis

Figure 1. Mean modified Palmer Drought Severity Index (PMDI) values
for southern Texas, USA, during a relatively dry period (May–Sep, 2000–
2002, 2005) and wet period (May–Sep 2003–2004). Negative PDMI values
represent droughty conditions whereas more positive values represent
relatively more mesic conditions.
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of variance (ANOVA) where age and diet were the factors
and the difference in body mass between the beginning and
end of the experiment represented the dependent variable.
We computed a Cochran–Mantel–Haenszel chi-square for
the 3-way contingency table (diet [2 levels] by age [2 levels]
by laying status [2 levels]) and used Breslow–Day test for
homogeneity of odds ratios to determine if the percent of
females laying was similar for the 2 age classes across diets
(Stokes et al. 1995, Zar 1999). We evaluated the effect of
age and diet on egg-laying rate and day of first egg using a
completely randomized 2-way factorial ANOVA.

Field study.—We used the same analysis as above (i.e.,
Cochran–Mantel–Haenszel chi-square and Breslow–Day
test for homogeneity of odds ratios) to determine if the
percent of females nesting was similar for the 2 age classes
across periods. We used ANOVA to evaluate the effect of
age and period on nesting rate, clutch size, egg hatchability,
and date of first incubated nest. We reported results as mean
6 standard error.

Because differential production could still exist between
age classes even if individual reproductive variables did not
differ (via a cumulative effect), we estimated chick
production for each age class using a simple, deterministic
model comprised of the various reproductive variables using
age-specific field data. Estimated chick production was the
product of 6 demographic variables (F population size,
proportion of F nesting, nesting rate, nest success, clutch
size, and egg hatchability). We estimated chick production
both for a dry and wet period by using the actual values
collected for these demographic variables during our study.
Our hypothetical population consisted of 1,000 females
whose age structure reflected that observed during a
particular weather period. We did not directly incorporate
any density-dependent, reproductive effect into our model
because 1) population size was constant (i.e., always 1,000 F)
and therefore our hypothetical density also was constant and

2) our population model inherently contained the influence
of any density-dependent reproduction effect present
because we used actual field data. We graphically compared
estimated chick production against proportion of adults in
the breeding population for each period.

RESULTS

Laboratory Study
Ten bobwhites (5 ad, 5 juv) in the high-protein group and 8
bobwhites (6 ad, 2 juv) in the low-protein group died during
our study. This reduced our sample size from 39 bobwhites
to 29 bobwhites in the high-protein treatment (14 ad, 15
juv) and from 39 bobwhites to 31 bobwhites in the low-
protein treatment (13 ad, 18 juv). Cause of deaths was
unknown.

We detected no age 3 diet interaction (P¼ 0.48) in body-
mass change (Table 1). Pooled over age, females in the
high-protein group (n¼29) exhibited mass gain (10.0 6 4.3
g), whereas females in the low-protein group (n ¼ 31)
exhibited negligible mass loss (�2.3 6 4.3 g; P¼0.07; Table
1). Test for homogeneity of odds ratios was not significant
for percent of females laying controlling for diet (v2¼ 0.97,
df ¼ 1, P ¼ 0.33), suggesting odds ratios could be obtained
from the combined data. The odds of an adult laying was
0.77 (95% CI: 0.18–3.37) times that of a juvenile (v2 ¼
0.12, df ¼ 1, P ¼ 0.73) adjusting for diet (Table 2).

We detected no age 3 diet interaction for egg mass (P ¼
0.94), egg-laying rate (P ¼ 0.48), or date of first egg (P ¼
0.79). Of females that laid eggs, mean mass of eggs was
similar between adult (9.7 6 0.2 g) and juvenile females (9.7
6 0.1 g), as was laying rate (0.37 6 0.05 eggs/d vs. 0.32 6

0.04 eggs/d, respectively). We documented no difference in
start of laying between adult (120.8 6 3.0 Julian d) and
juvenile females (122.0 6 3.0 Julian d).

Regarding diet effect, we documented that mean egg mass
was similar between females on a high-protein (9.9 6 0.1 g)

Table 1. Change in body mass of captive northern bobwhites fed a low-protein (12%) and high-protein (24%) diet during a 12-week productivity
experiment, Kingsville, Texas, USA, March–June 2005.

High-protein diet Low-protein diet

Beginning mass Ending mass Difference Beginning mass Ending mass Difference

Age n x̄ SE x̄ SE x̄ SE n x̄ SE x̄ SE x̄ SE

Ad 14 224.9 4.3 234.0 8.4 9.1 7.5 13 202.8 5.9 204.6 9.7 1.8 7.4
Juv 15 210.7 3.4 221.6 2.9 10.9 4.7 18 216.9 4.3 211.7 5.5 �5.2 5.3

Table 2. Percentage of northern bobwhite females laying eggs during a 12-week productivity experiment, Kingsville, Texas, USA, March–June 2005.

High-protein dieta Low-protein diet

Laid eggs No eggs Laid eggs No eggs

Age N n % SEb n % SE N n % SE n % SE

Ad 14 13 92.9 9.0 1 7.1 3.3 13 10 76.9 8.3 3 23.1 5.9
Juv 15 13 86.7 8.7 2 13.3 4.8 18 16 88.9 8.6 2 11.1 4.8
Total 29 26 89.7 8.1 3 10.3 6.0 31 26 83.9 7.9 5 16.1 7.8

a F were fed either a low-protein (12%) or high-protein (24%) diet throughout the duration of the experiment.
b SE(p)¼ sq root of [p(1 � p)/n].
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and low-protein diet (9.6 6 0.1 g). However, females on the
high-protein diet exhibited a greater egg-laying rate (0.43
6 0.04 eggs/d) than females on the low-protein diet (0.25
6 0.03 eggs/d). Date of first egg was similar between
females on the high-protein diet (117.4 6 2.8 Julian d) and
low-protein diet (125.6 6 3.1 Julian d).

Field Study
Univariate comparisons.—We monitored 124 radiomarked

females during the nesting season of the dry period, of
which 49 (26 ad, 23 juv) had complete nesting histories (i.e.,
alive 1 May–15 Sep). For the wet period, we monitored 99
radiomarked females during the nesting season of which 39
(6 ad, 33 juv) had complete nesting histories. Test for
homogeneity of odds ratios was not significant for percent of
females nesting controlling for period (v2¼ 0.07, df¼ 1, P¼
0.79), suggesting odds ratios could be obtained from the
combined data. The odds of an adult nesting was 2.8 (95%
CI: 0.63–13.0) times that of a juvenile adjusting for period;
however, the odds were not significant (v2¼ 1.9, df¼ 1, P¼
0.79; Table 3).

We detected no age 3 period interaction for clutch size (P
¼ 0.78), egg hatchability (P ¼ 0.20), date of first incubated
nest (P¼0.98) or nesting rate (P¼0.90) so we pooled across
period for these variables (Table 4). We documented similar
clutch size between adult (11.9 6 0.3 eggs; n ¼ 86 nests)
and juvenile females (11.9 6 0.2 eggs; n¼ 163 nests) as well

as similar egg hatchability (87.3 6 2.5% [n ¼ 45 clutches]
vs. 86.2 6 2.2% [n ¼ 103 clutches], respectively). Test for
homogeneity of odds ratios was not significant for nest
success controlling for period (v2 ¼ 2.2, df ¼ 1, P ¼ 0.14).
The odds of an adult producing a successful nest was 0.77
(95% CI: 0.47–1.26) times that of a juvenile (v2¼ 1.1, df¼
1, P ¼ 0.30) adjusting for period (Table 5).

Of females that nested, we documented similar nesting
rates between adult (1.4 6 0.2 nests/F; n¼ 32) and juvenile
females (1.6 6 0.1 nests/F; n¼ 56). Moreover, date of first
incubated nest was similar between adult (153.1 6 3.4
Julian d; n¼ 61) and juvenile females (157.7 6 2.7 Julian d;
n ¼ 97; Table 4).

Production model.—Adult females comprised 44% of the 1
May population during the dry period (n¼ 141 bobwhite F)
and 26% during the wet period (n ¼ 98 bobwhite F). We
documented that weather had a greater effect on total chick
production than age structure (Table 6; Fig. 2). Although
increasing the proportion of adults in the population from
0.20 to 0.50 (the approx. range in age structure observed in
our study) resulted in 14.9% change in chick production
during the dry period, the projected production at 0.50 was
still considerably less (4,968 chicks) for the dry period than
for the wet period (9,706 chicks; Fig 2). In addition, we
observed an interaction between age class and cumulative
effect of reproduction; increasing the proportion of adults in

Table 3. Percentage of wild, northern bobwhite females nesting during a relatively dry period (May–Sep 2000–2002, 2005) and wet period (May–Sep 2003–
2004), Brooks County, Texas, USA. Classification for periods based on Modified Palmer Drought Severity Index values.

Dry Wet Pooled

Nested No nests Nested No nests Nested No nests

Age N n % SEa n % SE N n % SE n % SE N n % SE n % SE

Ad 26 23 88.5 6.7 3 11.5 18.4 6 6 100.0 0.0 0 0.0 32 29 90.6 5.4 3 9.4 16.8
Juv 23 17 73.9 10.6 6 26.1 17.9 33 32 97.0 3.0 1 3.0 17.1 56 49 87.5 4.7 7 12.5 12.5
Pooled 49 40 81.6 6.1 9 18.4 12.9 39 38 97.4 2.6 1 2.6 15.8

a SE(p)¼ sq root of [p(1 � p)/n].

Table 4. Comparison of reproductive variables for wild, radiomarked northern bobwhites during a relatively dry period (May–Sep 2000–2002, 2005) and wet
period (May–Sep 2003–2004), Brooks County, Texas, USA. Classification for periods based on Modified Palmer Drought Severity Index values.

Variable
Dry Wet Pooled

Age n x̄ SE n x̄ SE n x̄ SE

Clutch size
Ad 61 11.9 0.3 25 12.2 0.6 86 11.9 0.3
Juv 71 11.8 0.4 92 11.9 0.3 163 11.9 0.2
Pooled 132 11.8 0.2 117 12.0 0.3

Egg hatchability (%)
Ad 32 89.5 2.2 13 82.0 6.9 45 87.3 2.5
Juv 40 84.4 4.3 63 87.3 2.4 103 86.2 2.2
Pooled 72 86.7 2.6 76 86.4 2.3

First nest (Julian d)
Ad 44 157.1 4.3 17 142.6 4.1 61 153.1 3.4
Juv 42 166.0 5.4 55 151.3 2.3 97 157.7 2.7
Pooled 86 161.4 3.4 72 149.3 2.0

Nesting rate (nests/F)
Ad 26 1.3 0.2 6 2.0 0.4 32 1.4 0.2
Juv 23 1.1 0.2 33 1.9 0.2 56 1.6 0.1
Pooled 49 1.2 0.1 39 1.9 0.1

898 The Journal of Wildlife Management � 71(3)



the 1 May population increased production during the dry
period but decreased production during the wet period (Fig.
2).

DISCUSSION

Effect of Age on Reproduction
Our laboratory and field data did not support the existence
of age-specific reproduction in bobwhites. We documented
similar productivity (i.e., % F laying, egg-laying rate, and
egg mass) and timing of laying (i.e., date of first egg)
between juvenile and adult bobwhites in the environmental
chamber. Under field conditions, we also documented no
difference in productivity (% F nesting, nesting rate, clutch
size, egg hatchability) and timing of nesting (date of first
incubated nest) between age classes. Our findings do not
support early suppositions of age-specific reproduction in
quail. Francis (1970) reported that captive adults of
California quail (n ¼ 4) exhibited greater egg production
than juveniles (n ¼ 3). Robinson (1963) also documented
that adult bobwhite females (n ¼ 4) produced more eggs
than juveniles (n ¼ 4). Regarding timing of nesting,
Parmalee (1955) suggested that adult bobwhites nested
earlier in the season than juveniles based on ovarian
development of field specimens (n¼ 2 bobwhites/age class).
Lehmann (1953) presented further evidence reporting that
adults comprised 75% of breeding females (n¼ 4) and only
14% of nonlaying females (n¼ 14) in a sample of bobwhites
collected during May. Although these data are suggestive of
differential productivity in quail, small sample size limits
their inference.

Brooks (2005) recently conducted a 2-year field study
using a larger sample specifically to test age-specific
reproduction in bobwhites across 5 variables (timing of

nesting, clutch size, nest fate, nesting rate, and no. of chicks
hatched). During the first year, Brooks (2005) documented
no difference in all 5 reproductive variables between juvenile
(n¼ 51) and adult (n¼ 51) females. During the second year,
he also documented no difference in 4 of the 5 variables;
however, the fifth variable (nesting rate) was greater for
adults (1.04 nests/ad vs. 0.58 nests/juv). Differences in
renesting rates between adults and juveniles probably
accounted for this finding because adults initiated 80% of
renesting attempts (n ¼ 15). However, Brooks (2005) did
not report whether females with complete nesting histories
(i.e., alive during the entire nesting period) were used to
calculate nesting effort per female. Without this knowledge,
his finding of differential nesting rates between adult and
juvenile bobwhites during one of 2 years is difficult to
interpret.

Brooks (2005) concluded his data were suggestive that 1)
adult birds were more productive breeders than juveniles
when considering the cumulative effect of reproduction, and
2) this increased production by adult females could be a
mechanism allowing populations to rebound rapidly follow-
ing periods of lower production. We disagree with his
general conclusions. Using a production model similar to
ours, Brooks (2005) actually reported juveniles produced
more chicks (2,407 chicks) than adults (468 chicks) during
one year of his study, a finding inconsistent with his first
conclusion. Regarding his second, our production model
indicated that weather had a greater impact on chick
production (primarily through its negative effects on % F
nesting and nesting rate) than relatively large changes (20–
50%) in population age structure. An extensive literature
base exists documenting the profound influence that
weather has on quail populations (Guthery et al. 1988,

Table 5. Apparent nest success of wild, radiomarked northern bobwhite females during a relatively dry period (May–Sep 2000–2002, 2005) and wet period
(May–Sep 2003–2004), Brooks County, Texas, USA. Classification for periods based on Modified Palmer Drought Severity Index values.

Dry Wet Pooled

Successful Unsuccessful Successful Unsuccessful Successful Unsuccessful

Age N n % SEa n % SE N n % SE n % SE N n % SE n % SE

Ad 67 33 49.3 8.7 34 50.7 8.6 32 13 40.6 0.0 19 59.4 11.3 99 46 46.5 7.4 53 53.5 6.9
Juv 81 39 48.1 8.0 42 51.9 7.7 107 63 58.9 6.2 44 41.1 7.4 188 102 54.3 4.9 86 45.7 5.4
Pooled 148 72 48.6 5.9 76 51.4 5.7 139 76 54.7 5.7 63 45.3 6.3

a SE(p) ¼ sq root of [p(1� p)/n].

Table 6. Production model used to estimate production of northern bobwhite females during a relatively dry period (May–Sep 2000–2002, 2005) and wet
period (May–Sep 2003–2004), Brooks County, Texas, USA. Values for each variable represent field data obtained from wild, radiomarked bobwhites
monitored during each period. Classification for periods based on Modified Palmer Drought Severity Index values.

Period
Reproductive variables

Age N % nesting Nesting rate Nest success Clutch size Egg hatchability Chicks produceda Total chicks % of total chicks

Dry
Ad 440 0.885 1.3 0.493 11.9 0.895 2,658 4,839 54.9
Juv 560 0.739 1.1 0.481 11.8 0.844 2,181 45.1

Wet
Ad 260 1.000 2.0 0.406 12.2 0.820 2,112 10,466 20.2
Juv 740 0.971 1.9 0.589 11.9 0.873 8,354 79.8

a Chicks produced is the product of 6 variables (F population size, proportion F nesting, nesting rate, nest success, clutch size, and egg hatchability).
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Heffelfinger et al. 1999, Lusk et al. 2001, Hernández et al.
2005). We suggest that any potential influence that
population age structure may have on bobwhite fluctuations
via production is likely overridden by the strong influence of
weather. We acknowledge this supposition arises from a
simple, deterministic model and requires further testing
using a more complex, time-based model.

Given past research, we conclude that age-specific
reproduction does not occur in bobwhites in our region.
Data suggestive of differential productivity in quail arise
from studies limited by low sample size. Thus, data may have
captured mere natural variability in reproductive measures.
Data emerging from larger samples (Brooks 2005), including
our study, do not indicate the existence of age-specific
reproduction in bobwhites. Because the phenomenon has
been reported for many avian species (Curio 1983, Forslund
and Pärt 1995), our conclusion prompts the question: why do
quail not exhibit age-specific reproduction? We propose that
age-specific reproduction would be a maladaptive trait for
short-lived species like quail based on life-history theory
(Stearns 1976, Martin 2004). Life-history theory suggests
that birds balance current reproductive effort against residual
reproductive value (i.e., probability of future reproductive
success minus current; Williams 1966). Consequently, fitness
value of current reproductive effort becomes inversely related
to residual reproductive value. When residual reproductive
value is low (i.e., low probability of survival to future
breeding), the fitness value of current reproductive effort
becomes high and vice versa (Ghalambor and Martin 2001,
Martin 2004). Therefore, age-specific reproduction would
not be expected for species experiencing annual high
mortality because probability of future breeding would be
low (i.e., low residual reproductive value). For a taxon like
quail that sustains high mortality (Rollins and Carroll 2001)
and, therefore, possess little opportunity for future breeding,
age-specific reproduction would be maladaptive for popula-
tion persistence. This rationale is consistent with Curio
(1983), who predicted that age-specific reproduction would
be more prevalent and dramatic in long-lived species than
short-lived species.

Effect of Diet on Reproduction
Quail productivity was not influenced by breeding age.
However, it was affected by level of dietary protein. We
documented that females on a low-protein diet exhibited a
lower egg-laying rate than females on the high-protein diet.
Similarly, Nestler et al. (1944) reported that bobwhite
females on a low-protein diet (13%) produced fewer eggs
(36 eggs/F) compared to females on a high-protein diet
(23%; 69 eggs/F). Giuliano et al. (1996) reported a similar
negative effect of reduced egg production resulting from
lower protein intake. Our finding adds to the growing body
of evidence documenting a general, negative effect of
protein deficiency on avian egg production (Kirkpatrick
1988).

Nestler et al. (1944) reported a positive, albeit imprecise,
trend between length of laying period and levels of dietary
protein (from 13% to 23% in 2% increments). Females on
a low-protein diet (13%) exhibited a shorter laying period
(112 d; 13 May–2 Sep) than females on a higher level (23%;
137 d; 5 May–19 Sep). However, the relationship was not
consistent because the 2% increments in dietary protein
from 13% to 23% did not always result in successive
increases in laying period length. We did not document a
protein effect on length of laying period. Our finding could
reflect the imprecise nature of the relationship observed by
Nestler et al. (1944) or result from the shorter duration of
our experiment (3 months [Mar–Jun] vs. 6 months [Mar–
Sep], respectively). We terminated our experiment while
females on both diets were still laying, thereby not providing
females the opportunity for natural termination of egg
laying. Giuliano et al. (1996) terminated their experiment
after 4 weeks and, therefore, also did not provide data to
evaluate the influence of protein intake on length of laying
period.

Our finding that egg mass was not affected by protein level
is consistent with prior research. Giuliano et al. (1996)
reported that protein deficiencies did not affect egg mass in
either bobwhites or scaled quail. Nestler et al. (1944)
reported that egg mass increased in direct proportion with
level of dietary protein from 9.2 g (13% diet) to 9.7 g (23%
diet). However, it is questionable whether this small
numerical increase in egg weights is biologically meaningful.

MANAGEMENT IMPLICATIONS

We initiated this basic research with the intent of increasing
our understanding of bobwhite reproduction. We conclude
that age-specific reproduction does not exist in northern
bobwhites in our region and should not be influencing
bobwhite population dynamics (i.e., a yr of good production
should not necessarily be followed by a yr of bad production
because of high no. of first-yr breeders). Our study and
available data indicate that weather and nutrition appear to
have a greater influence on bobwhite production than age.
Thus, management practices that potentially affect popula-
tion age structure (e.g., differential harvest vulnerability by
age class) should not be impacting bobwhite productivity
within the context of age-specific reproduction.

Figure 2. Estimated chick production of northern bobwhite females as a
function of population age structure during a relatively dry period (May–
Sep 2000–2002, 2005) and wet period (May–Sep 2003–2004), Brooks
County, Texas, USA. Classification for periods based on Modified Palmer
Drought Severity Index values. Vertical lines represent range in proportion
of adults documented during this study.
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