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Abstract As a model for understanding the population dy-
namics of the quail, captive breeding was used to monitor
reproduction in expanding and declining populations. Twelve
pairs of quail were managed, with or without mate switching,
to simulate phases of population expansion and decline. Fail-
ure of reproduction was explained by non-acceptance of the
mate, infertility as a result of stress due to captivity or physi-
ological problems. During population increase, the number of
pairs that bred successfully (11 vs. 9), the clutch size (72 vs.
43, P=0.0003) and the number of hatched chicks (23 vs. 7,
P=0.0001) were higher than in the decline phase. In the ex-
pansion phase, females laid more eggs, whereas in the decline
phase, they laid heavier eggs (7.9 vs. 8.3 g, P=0.0001). Dur-
ing expansion, the number of mate switches was higher, while
during decline, a higher no breeding pair rate was observed.
Reproductive parameters of pairs are conditioned by density
and sexual selection depending on the mate choice. Clutch
size and egg mass varied between years and between breeding
pairs. Our findings suggest that mating interactions and sexual
selection account for the biological success of the species.
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Introduction

The quail (Coturnix coturnix) is a small migratory gallina-
ceous bird that inhabits European agro-environments during
the summer (Moreau and Wayre 1968; Zduniak and Yosef
2008). Surprisingly, despite the impacts and transformations
that human activity has caused in the agricultural environ-
ment, quail populations continue to persist. The Atlantic pop-
ulation of quail has remained stable over the past two decades,
both locally and at the European level (Rodríguez et al. 2010;
Puigcerver et al. 2012). This achievement is undoubtedly due
to the plasticity of the species’ population dynamics, which
derives from its reproductive strategy (Guyormac’h and
Belhamra 1998).

There is little information in the literature about the repro-
ductive strategy of quails (Rodrigo et al. 1997; Rodríguez
et al. 2003; Sardà et al. 2011). This is mainly due to the cryptic
behaviour of the species, its size and the closed habitat used
for reproduction. It is important to build theories to explain the
processes that govern populations during expanding periods
and the changes that occur when they are in decline
(Sandercock et al. 2008; Yamanaka and Liebhold 2009; Tobin
et al. 2011). In expanding periods, quails produce an abundant
surplus of chicks. In phases of population decline, reproduc-
tion is low and fails to compensate for mortality. As a result,
the breeding stock is reduced, restricting opportunities for
mate selection (Guyomarc’h et al. 1990; Guyormac’h 2003;
Hernández et al. 2007). This affects many reproductive pa-
rameters, including number of breeding pairs, clutch size,
egg size, fertility and number of hatched chicks per pair (Mar-
tin et al. 2013; Santos et al. 2015). A key step in exploiting
captive breeding of wild quail to understand quail dynamics is
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to determine how periods of population decline and increase
correlate with pair production, followed by identifying the
number and quality of offspring needed to compensate for
mortality.

Quail life expectancy is commonly 0.72–0.85 years; on-
ly 20–31 % of birds reach 7–10 months old. There are
large year-to-year fluctuations in population numbers
(Guyormac’h 2003; Rodríguez et al. 2012). The dynamic
of animal populations in many species is regulated by den-
sity; in some cases, density is positively correlated with
population size; in others, the correlation is negative.
Changes in these trends (positive or negative) often signals
the existence of an abundance threshold (Yamanaka and
Liebhold 2009; Tobin et al. 2011). Mating competition
among males is beneficial because it usually improves the
genetic health of the species (Lumley et al. 2015). Low-
and high-density conditions are connected with density-
dependent mechanisms that regulate population size
through phases of decline, stability and expansion that
can last for single years or longer periods (Yamanaka and
Liebhold 2009; Tobin et al. 2011). Different mechanisms
are responsible for positive or negative density dependence
in population dynamics, according to species life history
traits (Carrete et al. 2006).

Quails maximize the production of yearlings in a remark-
able sequential breeding strategy similar to that of certain but-
terflies and moths (Guyormac’h 2003). After the main breed-
ing period, in early September, the age ratio is 3.97–11.24 and
the sex ratio 0.85–1.2 (Nadal and Ponz 2012). Population
parameters frequently change from 1 year to the next. The
abundance of quails in any given year is not dependent on
abundance in the preceding year; rather, population dynamics
are determined by reproductive success (Zuckerbrot et al.
1980).

Quail life history traits during the breeding season reveal
distinctive female and male capacities and behaviours: (1)
body size and temperament condition vary between individ-
uals, (2) females are larger than males and often display more
aggressive behaviour than males and (3) males operate in
groups to search for females. Individual capacities are related
to breeding strategies and opportunities: (1) lower- and
higher-ranked individuals use different mating strategies; (2)
when a choice is available, females select the highest-ranked
male and (3) males always try to have a partner (Gallego et al.
1993; Rodrigo et al. 1997; Guyormac’h 2003; Rodríguez et al.
2003; Persaud and Galef 2004; Sardà et al. 2011).

In wild European quail, sexual selection plays an important
role. Breeding stock is concentrated in selected areas, to pre-
vent the failure to locate suitable mates that can occur in sparse
populations. If a constant number of males enter the breeding
area per unit time, the probability of a female selecting a male
declines as the population density weakens. The rate of suc-
cess in locating a good mate within the reproductive period

generally falls as population density decreases, which can lead
to a decline in population. This breeding failure lowers per
capita population growth rates as population density de-
creases. The number of males in a breeding area is critical in
driving sexual selection through the choice of consort by the
female (Tobin et al. 2011; Lumley et al. 2015).

Captive breeding to simulate the dynamics of natural pop-
ulations has been used to examine the phenology of annual
cycles, global reproduction strategy and physiological param-
eters in quail (Guyomarc’h et al. 1990; Saint-Jalme and
Guyomarc’h 1990; Guyormac’h and Belhamra 1998;
Fontoura et al. 2000) and has also proved effective in under-
standing bobwhite decline (Hernández et al. 2007). Here, we
establish a captive breeding system that simulates the condi-
tions of reproductive success and failure in a density-
dependent breeding scenario. Phases of population decline
stability or expansion are dependent on sexual selection
(Lumley et al. 2015). Females can make an effective choice
of male when population density is high. Quality quail breed-
ing areas concentrate individuals to optimize mating interac-
tions and sexual selection. Mate-finding behaviour is often a
key mechanism in regulating reproductive successful and fail-
ure. Synchrony and physical proximity determine the choice
of mate, and mate switching allows females to select a better
consort at any time.

In this wok, a quail population model was tested under
captive breeding conditions in simulated phases of population
increase and decline, to detect changes in reproductive behav-
iour and success between the two periods (Rolland et al.
2011). From the results of this experiment, we inferred hy-
potheses aimed at understanding the mechanisms that regulate
the size of quail populations in natural conditions (Cox et al.
2005).

Materials and methods

Quails were captured in the field, and pairs that bred in cap-
tivity were selected according to health, size and temperament
inclined to empathize. We choose nonaggressive birds to
get along well with others (Guyormac’h and Belhamra
1998). To prevent problems caused by inbreeding and by age-
ing beyond reproductive limits, new consorts were added
from the field in some pairs, though it should be acknowl-
edged that this does not guarantee reproductive success, be-
cause we do not know if the new pair will interact positively.
Wild quail often fail to reproduce in captive experimental
conditions (Moreau and Wayre 1968). If a pair did not repro-
duce, one quail was replaced (mate switching) until breeding
success was achieved during the season, as occurs in nature
(Rodrigo et al. 1997; Rodríguez et al. 2003; Sardà et al. 2011).
Every year, at least 30% of pairs and 50% of individuals were
of known reproductive capacity in captivity. Each season,
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approximately half of the quails were in their second breeding
season and the other half in their first breeding season
(Zduniak and Yosef 2008). Specimens used to form pairs were
chosen by the research team through direct observation of the
success or failure of interaction. Cages were housed inside a
building with open windows. Egg laying was constantly stim-
ulated by removing eggs daily. We did not artificially increase
daylight hours, and the quails were supplied with commercial
feed ad libitum (Caballero et al. 1999).

The cages were designed to encourage captive breeding of
wild quail and were equipped with a grating floor, trundle
drawer and anti-shock ceiling. In nature, production exceeds
mortality in the stable and expanding phases. In our study, an
expanding phase of 5 years (from 2000–2004) was required to
achieve maximum reproduction of the 12 quail pairs. Over
this period, animals were changed (mate switching) if they
did not lay or the eggs were infertile (Cornil and Ball 2010).
This was intended to simulate the reproductive success
achieved in the field in an optimal area with abundant quails.
In nature, new groups of males enter the breeding area fort-
nightly in search of females. This broadens the choice of pos-
sible consorts and improves reproductive success. In areas
with large quail populations, individuals will often seek the
best mates to achieve higher production (Fontoura and
Gonçalves 1996; Fontoura et al. 2000). To simulate popula-
tion stability or increase, we changed the male in the pen until
the pair was productive. In nature, population abundance en-
ables females to successfully locate mates, and the selection
can be improved over time. Mate switching plays a dominant
role in population dynamics through sexual and natural selec-
tion. To simulate population decline, we did not change the
male in the pen.

During population decline, we gradually restricted pair
changes (no mate switching) over a 7-year period (2005–
2011), completely suppressing mate switching in the last
2 years (no changes of consort). In unproductive couples,
consort changes were not made to increase reproduction. Dur-
ing phases of population decline in the field, the scarcity of
animals restricts mate selection; animals must take advantage
of the limited opportunities for mating, even those involving

inbreeding. As a result, clutch sizes are smaller, fertility drops
and the number of surviving chicks falls (Gallego et al. 1993).
Production is lower during population decline than during
expansion (Collins et al. 2009). In nature, decline phases are
characterized by shorter breeding intervals and fewer nests per
pair. To simulate these natural conditions, the experimental
decline intensified as the optimal reproduction period de-
creased (May, June, July and August in the expansive phase)
from 123 to 20 days (Hernández et al. 2005).

At 14 days of incubation, infertile eggs were identified with
a candling lamp and removed. After hatching, any unhatched
eggs were dissected to determine their fertility status and to
identify those containing dead embryos. The unit studied was
the pair, but the individuals making up the pair may have
changed. Averages of the following parameters were calculat-
ed for each pair: number of eggs laid, number of unincubated
eggs (including broken eggs, dirty, excessively small or large
eggs and those eggs laid outside May–August, the optimum
period for chick growth), number of incubated eggs, number
of infertile eggs (embryos that did not develop), number of
dead embryos, number of hatched chicks and egg weight
(Okuda et al. 2014). These reproduction parameters were sta-
tistically compared between pairs for each year by the chi-
square test and between different years and different periods
by Wilcoxon analysis. The exception was egg weight, which
was compared by ANOVA (Corrêa et al. 2011). These analy-
ses revealed whether the reproductive characteristics of pairs
changed over time.

Pairs were classified by egg mass into three groups: small
eggs (low weight, <7.5 g), medium eggs (average weight, 7.5
−8.5 g) and large eggs (high weight, >8.5 g). We calculated
the average weight of eggs over 12 years for a total of 6614
eggs. The frequency distribution of weight series was tested
for normality. Moreover, the frequency distribution of weight
series for each pair and the average egg weight for the popu-
lation were analysed for each year. Analysis also revealed
whether there was a difference between egg weights for dis-
tinct pairs. Pairs were classified into groups based on whether
egg weight followed a Gaussian distribution. We then exam-
ined whether the number of pairs in each group (normally

Table 1 Reproductive
parameters by population phase Expansion Decline Wilcoxon test

X SD X SD X2 P

Number of eggs 72.45 47.71 43.03 38.30 12.2 0.0005

Number of incubated eggs 63.11 43.50 20.52 20.56 2.2 0.14

Number of unincubated eggs 9.34 10.34 22.52 26.10 33.7 0.0001

Number of infertile eggs 32.18 35.61 9.69 14.47 20.8 0.0001

Number of dead embryos 7.57 7.22 4.24 6.38 11.1 0.0009

Number of hatched chicks 23.36 21.41 6.58 8.00 22.3 0.0001

Average egg weight (g) 7.87 0.77 8.30 0.946 396.3 0.0001
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distributed or otherwise) changed between periods of popula-
tion expansion and decline (Hernández et al. 2005).

The decline phase was divided into two sub-phases: the
first lasted 3 years (2005–2007, gentle decline) and the second
lasted 4 years (2008–2011, steep decline). The chi-square test
was used to compare the number of pairs in each of the cate-
gories between periods. Pairs were also classified into three
groups according to clutch size: (a) no eggs, (b) few eggs
(≤32) and (c) many eggs (>32). In nature, we expected three
clutches of 10, 12 and 10 eggs. We then compared the number
of pairs in each clutch size group between the expansion,
gentle decline and steep decline phases. The same comparison
was made for the number of pairs that laid small, medium and
large eggs. We also looked for possible associations between
the reproductive characteristics of each pair and precipitation,
given that humidity affects the viability of eggs.

Results

The average number of eggs laid per pair was lower and had a
higher coefficient of variation in the decline phase (N=6626,
CVe=66%, CVd=89%). A similar trend was observed for the
average number of incubated eggs per pair (N=118, CVe=
69 %, CVd=100 %). By contrast, the average number of in-
fertile eggs per pair was higher and had a lower coefficient of

variation in the decline phase (N=118, CVe=111 %, CVd=
149 %), and the same trend was observed for the average
number of dead embryos per pair (N=118, CVe=95 %,
CVd=150 %) and for the average number of hatched chicks
per pair (N=118, CVe=92 %, CVd=150 %) (Table 1).

The reproductive parameters changed among pairs each
year, with the exception of unincubated eggs in 2001, 2003
and 2011; dead embryos in 2000, 2003, 2007, 2008 and 2009
and hatched chicks in 2006, 2007, 2009 and 2010 (Table 2).
The average clutch size for set of pairs varied considerably
both within and between years (Table 2). Differences among
the weights of the eggs produced by different breeding pairs
were recorded each year, and differences between years were
statistically significant (N=6614; F11=112; P=0.0001). The

Table 3 Number of pairs in each clutch size category for each
population phase

Phase Type of pairs according to clutch size

No eggs Few eggs Many eggs

Expansion (2000–2004) 5 14 42

Gentle decline (2005–2007) 7 13 17

Sharp decline (2008–2011) 16 18 14

Total 28 45 73

Table 2 Reproductive parameters by year

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
No. pairs 12 11 11 10 12 9 10 11 11 9 7 5

Average number of eggs per pair

X 70.3* 64.0* 69.8* 73.5* 83.9* 42.6* 77.7* 35.3* 34.3* 53.1* 26.0* 16.6* 0.01
SD 28.4 31.3 61.4 48.2 64.3 31.3 45.6 38.3 29.9 42.9 25.7 13.7

Average number of incubated eggs per pair

X 59.2* 60.0* 61.0* 68.4* 67.5* 38.2* 31.7* 10.9* 25.8* 12.7* 8.1* 7.2* 0.002
SD 23.44 30.60 56.17 46.55 57.82 25.73 22.41 16.29 20.27 9.27 8.30 6.83

Average number of unincubated eggs per pair

X 11.1* 4.1 8.8* 5.1 16.4* 4.3* 46.0* 24.4* 8.5* 40.4* 17.9* 9.4 0.001
SD 12.3 4.0 9.4 5.6 12.7 6.6 27.4 25.5 12.1 34.7 18.2 8.6

Average number of infertile eggs per pair

X 15.8* 30.0* 36.3* 37.4* 42.6* 13.1* 15.3* 5.0* 17.2* 8.1* 1.9* – 0.0001
SD 15.1 31.5 44.7 30.2 46.8 12.5 21.4 10.9 18.7 7.7 2.5 –

Average number of dead embryos per pair

X 10.3 8.1* 6.4* 7.9 5.2* 11.0 4.8* 2.8 3.9 0.9 1.0 5.4 0.004
SD 8.0 6.6 10.2 4.9 5.2 9.7 7.3 4.0 5.7 1.4 1.4 5.5

Average number of hatched chicks per pair

X 33.2* 21.8* 18.4* 23.1* 19.8* 14.1* 11.6 3.1 4.7* 3.7 5.3 1.8 0.0003
SD 21.5 18.5 18.3 24.5 24.1 12.3 8.1 3.3 6.4 4.4 6.8 2.5

Average egg weight (g)

X 7.80* 7.84* 7.55* 7.91* 8.13* 8.21* 8.44* 7.88* 7.73* 8.69* 8.74* 8.87* 0.0001
SD 0.74 0.67 0.75 0.82 0.76 0.90 0.79 0.91 0.79 1.03 0.91 0.62

*Chi-square statistically significant at P<0.05
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reproductive characteristics changed between pairs in most of
the years studied (Table 2).

In periods of population increase, the number of pairs pro-
ducing many eggs (>32) was higher, while during decline, the
number of pairs producing no eggs increased and the number
of pairs that lay eggs decreased (N=146, X4

2=20.1, P=
0.0005) (Table 3).We observed a clear trend for large numbers
of pairs laying many eggs during the increase phase but large
numbers of pairs laying few or no eggs during decline.

The number of pairs for which egg weights followed a
normal distribution did not differ between the increasing and
declining population phases (N=82, X2

2=1.21, P=0. 56)
(Table 4). The average weight of eggs per year was negatively
correlated with the number of pairs that lay eggs; the model
explains 68 % of the variance (N=12, R2=0.68; F=21.1; P=
0.001). Egg weight was also negatively correlated with the
number of chicks born, explaining 32 % of the variance (N=
12, R2=0.32; F=4.74; P=0.05). The average egg weight was
8.04 g (N=6614, normal distribution, P=0.01). The number
of pairs that lay small (<7.5 g) and medium (7.5–8.5 g) eggs
was the highest during the expanding phase. In the first de-
cline phase, the proportion of pairs that lay medium eggs was
higher. During the steep decline phase, there were more pairs
laying large eggs (>8.5 g) (N=116, X4

2=15.76, P=0.003);
(Figs. 1 and 2, Table 5).

The mean number of chicks per pair and year was positive-
ly correlated with the number of partners, accounting for 36%
of the variance (N=12, R2=0.36, F=5.68, P=0.04), with
number of eggs explaining 56 % (N=12, R2=0.56, F=12.8,
P=0.005), number of infertile eggs explaining 44 % (N=12,

R2=0.44, F=7.9, P=0.02) and number of dead embryos
explaining 57 % (N=12, R2=0.57, F=13.1, P=0.005). The
average number of pairs was positively associated with the
mean number of eggs, accounting for 50 % of the variance
(N=12, R2=0.50, F=10.1, P=0.01); a positive correlation
was also observed with infertile eggs, explaining 42 % of
the variance (N=12, R2=0.42, F=7.1, P=0.02). The average
number of eggs per pair was positively correlated with the
number of infertile eggs 64 % (N=12, R2=0.64, F=17.7,
P=0.002). The average number of incubated eggs per pair
was negatively correlated with the number of dead embryos,
explaining 36 % of the variance (N=12, R2=0.36, F=5.7, P=
0.04).

The number of years elapsed and the decline in population
were correlated with a drop in egg production 58 % of vari-
ance (N=12,R2=0.58, F=14.0, P=0.004), number of partners
56 % (N=12, R2=0.56, F=12.9, P=0.007), the infertile eggs
43 % (N=12, R2=0.43, F=6.8, P=0.03), the dead embryos
53 % (N=12, R2=0.53, F=11.3, P=0.03) and of chicks 87 %
(N=12, R2=0.87, F=68.1, P=0.000). Although the experi-
ment was conducted indoors, the number of dead embryos
was negatively associated with precipitation in April (N=12,
R2=0.35, F=4.91, P=0.05), explaining 35 % of the variance.

Discussion

Twelve pairs of quail were tested over 12 years to simulate
population dynamics. In the stable population phase, the larg-
est possible number of pairs with reproductive success was

Fig. 1 Number of eggs per
weight range in the stable
population phase (2002)

Table 4 Number of pairs and
range of egg weights by
population phase

Phase Egg weights Number of pairs Range of egg weights (g)

Expansion Normal distribution 31 6.6–8.95

Non-normal distribution 15 6.81–8.53

Gentle decline Normal distribution 11 7.05–9.06

Non-normal distribution 9 6.34–9.35

Sharp decline Normal distribution 9 7.30–9.46

Non-normal distribution 7 7.24–9.83
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maintained. In the decline phase, the 12 cages were not satu-
rated with successful breeders, i.e., those quails that did not
reproduce were not replaced. Reproductive failure was due to
non-acceptance of the consort, infertility as a result of malad-
justment to captivity or physiological problems. Mate
switching or restriction of mate switching was used to simu-
late the expansion and decline phases, respectively.

The mean number of eggs laid per pair was different in
every year of the study. Clutch size also changed between
years for all pairs (Caballero et al. 2005). Clutch size is a
feature of every female that is subject to inter-annual variabil-
ity. The number of eggs laid was affected by interactions with
different mates and has implications for population dynamics
(Mahometa and Domjan 2005; Guibert et al. 2011). In the
years with a declining population, pairs laid fewer eggs on
average and clutch size variability increased. The main deter-
minant of the total production of the population was the num-
ber of pairs in each clutch size category: pairs laying no eggs,
pairs laying few eggs and pairs laying many eggs. Thus, in the
decline phase, there were more pairs that laid few or no eggs
than in the stable and expansion phases. This is consistent with
observations of Galliformes in nature (Hernández et al. 2005;
Rolland et al. 2011; Martin et al. 2013).

Knowing whether egg weight follows a Gaussian distribu-
tion is useful for evaluating the quality of females and their
laying rhythm and, therefore, breeding potential. There were
no differences in the percentage of pairs whose egg weights
followed a Gaussian distribution in the stable population
phase and the decline phase (Table 4). Quails had a similar

reproductive potential in both the stable and decline phases
(Zduniak and Yosef 2008). Natural selection on a smaller or
larger group of individuals, combined with mate choice, reg-
ulates population productivity (Guyormac’h and Belhamra
1998).

The number of incubated eggs and hatched chicks per pair
depend on the clutch size. During population decline, the
number of unincubated eggs and its coefficient of variation
rise. The number of infertile eggs by pair was dependent on
clutch size; so in the decline phase, the number of infertile
eggs was lower. The opposite may occur in nature, as sug-
gested by the higher coefficient of variation for infertile egg
number during population decline. We found the same trend
with number of dead embryos per pair, which was also more
variable in the decline phase (Cox et al. 2005; Collins et al.
2009).

In addition to changes in clutch size between females, dif-
ferences in egg weight were also recorded. Average egg mass
is a useful benchmark for assessing the quality of laying in a
population. The association between the decreased number of
partners and increased egg weight suggests that during popu-
lation decline, the pairs laid heavier eggs to increase the chick
survival probability (Guibert et al. 2011). The negative rela-
tionship between egg weight and number of hatched chicks
can be explained by the smaller clutch size (Okuda et al.
2014).

During the population decline phase, the number of pairs
with heavier and larger eggs increased, whereas the number of
partners and hatched chicks decreased. In the stable phase, the

Table 5 Number of pairs for
each range of egg weights (small,
medium and large) for the
expansion, gentle decline and
sharp decline population phases

Years Number of pairs according to egg weight range

Small (<7.5 g) Medium (7.5–8.5 g) Large (>8.5 g)

Expansion (2000–2004) 17 34 5

Gentle decline (2005–2007) 8 16 6

Sharp decline (2008–2011) 5 11 14

Total 30 61 25

Fig. 2 Number of eggs per
weight range in the declining
population phase (2009)
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clutch size and the number of productive pairs increased, as
did the number of infertile eggs and hatched chicks. The neg-
ative association between clutch size and egg weight suggests
that clutch size is optimized during increasing periods, while
egg weight is maximized in periods of population decline.
This mechanism operates through sexual selection (Persaud
and Galef 2004) and is conditioned by the density of the pop-
ulation (Sardà et al. 2011). The presence of more quails en-
ables optimal choices of consorts, so females are stimulated to
increase the number of eggs (Cornil and Ball 2010). Other-
wise, they tend to increase the weight of the eggs (Guibert
et al. 2011).

The number of infertile eggs per pair is related to the num-
ber of dead embryos, and both are associated with clutch size.
Clutch size and mate switching in captive pairs demonstrate
the productive limits of quails. In domestic quails, strains have
been selected that can far exceed these limits (Caballero et al.
2005). The mechanisms that operate in nature select the quails
to be effective in achieving optimal clutch sizes or egg
weights. Both strategies can maximize offspring in expansion
and declining population phases. Field trials should be de-
signed to verify this in nature.

Although the cages were located indoors, the number of
dead embryos decreased with the higher levels of precipitation
in April. We did not observe any other association between
rainfall and the other reproductive variables studied. This re-
lationship can be explained by the greater humidity in the
building, which favoured the viability of the eggs (Hernández
et al. 2005; Vercese et al. 2012). Wild quails constantly move
from place to another in search of optimal breeding condi-
tions, as this can increase the size of their offspring. When
the quail population is expanding, the number of descendants
is maximized, while the decline phase is characterized by
increased egg weight to improve chick survival. Thus, quail
populations optimize their reproductive strategy to ensure
generational continuity.
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