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Abstract Postcopulatory sexual selection plays an im-

portant role in the reproductive success of males in many

species. Differences in fertilization success could affect

rates of admixture and genetic introgression between di-

vergent lineages. We investigated sperm precedence in

matings in captivity involving Common quails (Coturnix

coturnix) and farm quails of hybrid origin (C. co-

turnix 9 domestic Japanese quail, C. japonica), the last

used in restocking practices to increase hunting bags. These

inter-specific matings in natural conditions are claimed to

represent an important threat to the conservation of native

Common quail populations. Results showed that fertiliza-

tion success of each male depended on (1) the time it spent

with the female, (2) the presence of sperm from a previous

male in the female oviduct, (3) the time that the previous

partner had been copulating with the female, and, most

importantly, (4) the genetic origin of the male (wild or

farm). Farm hybrid males showed higher fertilization

success than wild Common males, and they required less

time with the female to fertilize the same proportion of

eggs. The presence of sperm from another male in the

female oviduct reduced the percentage of fertilized eggs by

a male. However, this reduction was higher for wild males

when the precedent mate was a farm male. In summary, the

sperm of farm hybrid males may outcompete the sperm of

native males and this could be favoring the introgression of

domestic Japanese alleles into the Common quail popula-

tion, thus constituting a severe conservation threat to wild

Common quail populations.
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Zusammenfassung

Postkopulative sexuelle Selektion führt zu erhöhtem

Fortpflanzungserfolg von hybriden gegenüber frei

lebenden Wachteln (Coturnix coturnix)

In vielen Arten spielt die postkopulative sexuelle Selektion

für den Fortpflanzungserfolg von Männchen eine große

Rolle. Unterschiede im Befruchtungserfolg können Einfluss

haben auf die Rate der genetische Introgression und Ver-

mischung zwischen verschiedenen Abstammungslinien.

Um Unterschiede in der Spermienwettbewerbsstärke

zwischen wilden Wachteln (Coturnix coturnix) und Ja-

panischen Wirtschaftswachtelaus stammenden Hy-

bridwachteln (C. coturnix 9 C. japonica), die für die

Aufstockung von Beständen zur Jagd genutzt wurden, zu

untersuchen, haben wir Verpaarungen in der
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Gefangenschaft durchgeführt. Es wird vermutet, dass

solche zwischenartlichen Verpaarungen unter natürlichen

Bedingungen ein Risiko für den Erhalt des Artbestandes

von Wachteln darstellen. Unsere Ergebnisse zeigten, dass

der Fortpflanzungserfolg eines Männchen davon beeinflusst

wurde (1) wie viel Zeit es mit dem Weibchen verbrachte,

(2) ob bereits Spermien eines anderen Männchen im Ovi-

dukt waren, (3) wie lange ein vorheriger Partner mit dem

Weibchen kopuliert hatte, und vor allem (4) welchen

genetischen Hintergrund das Männchen (Wildtier oder

Wirtschaftswachtel) hatte. Hybride Wirtschaftswachteln

hatten den höchsten Fortpflanzungserfolg und befruchteten

die gleiche Anzahl Eier eines Weibchens schneller. Wenn

bereits Spermien eines anderen Männchens im Ovidukt

waren, verringerte dies den prozentualen Anteil erfolgrei-

cher Befruchtungen des nächsten Männchen. Dieser Effekt

war am stärksten für wilde Männchen, wenn der vorherige

Partner eine Wirtschaftswachtel war. Zusammenfassend

lässt sich sagen, dass Spermien von Hybridmännchen

wettbewerbsstärker zu sein scheinen als Spermien frei

lebender Wachteln. Dies mag die Introgression der Allele

von Japanischen Wirtschaftswachteln in die Wildpopula-

tion unterstützen und eine ernste Bedrohung für den Erhalt

wilder Wachtelpopulationen darstellen.

Introduction

Female promiscuity is widespread in nature (Birkhead and

Møller 1998), creating a favorable scenario for sexual se-

lection both before and after copulation (Shuster et al.

2013). Postcopulatory sexual selection plays an important

role in sexual evolution (e.g., Birkhead and Møller 1998;

Birkhead and Pizzari 2002; Birkhead et al. 2009) and can

occur through different mechanisms. One of them is sperm

competition, where gametes of different males compete to

fertilize the same set of ova (Parker 1970; Pizzari and

Parker 2009). Another mechanism is cryptic female choice,

by which females are able to bias paternity in favor of a

particular male after having copulated with several males

(Eberhard 1996; Kempenaers 1999; Pitnick and Brown

2000; Birkhead and Pizzari 2002; Dean et al. 2011). Both

mechanisms are usually closely related and, thus, difficult

to disentangle (Birkhead 1998), resulting in sperm prece-

dence patterns by which some gametes take precedence

over others when fertilizing ova.

Sperm competition and cryptic female choice are fa-

cilitated by the capability of females to store viable sperm

in their reproductive tract. Sperm storage enables sperm

from several males to compete to fertilize the ovum and

allows females to impose some kind of postcopulatory

selection, playing an important role in mating strategies

(Smith 1984; Birkhead and Parker 1997). Sperm-storage

tubules (SSTs) are structures for sperm storage found in the

oviduct of birds and some other taxa (Birkhead and Møller

1993; Pearse and Avise 2001). The persistence of viable

sperm within the female varies among bird species, from

days to weeks (Birkhead and Møller 1992a), allowing

fertilization of ova long after copulation (Cohen 1977;

Shugart 1988; Birkhead and Møller 1993).

The Common quail (Coturnix coturnix) is a migratory

galliform species that inhabits grasslands and croplands in

Europe, North Africa and West Asia during the breeding

season and African grasslands during winter (Guyomarc’h

et al. 1998; Rodrı́guez-Teijeiro et al. 2012). It is a game

species, with economic importance in several European

countries, where thousands of birds are hunted every year

(Guyomarc’h 2003). Although the census size is estimated

to be globally large, their populations are annually rein-

forced in many hunting grounds with the release of thou-

sands of quails bred in farms to boost the hunting

population. The number of individuals released can be up to

5–20 times larger than the breeding population in the same

areas (Sanchez-Donoso et al. 2012). A recent genetic ana-

lysis has shown that farm individuals are not Common

quails but descendants of crosses with domestic Japanese

quail (C. japonica, Sanchez-Donoso et al. 2012). Released

farm quails are competing with native quails for mating

opportunities and their admixture in the wild has been

identified as the main conservation problem for Common

quail populations (Guyomarc’h 2003; Perennou 2009).

Domestic Japanese quails have been artificially selected to

show, among other traits, a reduced migratory drive. It has

been shown that this character can be inherited by hybrids

(Derégnaucourt 2000 in Barilani et al. 2005; Derégnaucourt

et al. 2005a, b), as farm quails are intended for restocking;

so, it could impact natural populations if they interbreed.

This admixture could entail a loss of migratory impulse and

a sedentariness of native populations, thus inducing the

quail to winter in unfavourable latitudes. Moreover, grow-

ing quail in captivity makes the farm quails poorly adapted

to conditions of the wild when released. These individuals

suffer higher predation (Puigcerver et al. 2014) and could

also be subject to farm diseases or parasites due to lower

immune system response as a result of relaxed selection in

captivity (as in other related species, Villanúa et al. 2008).

Recent studies have confirmed that farm and wild quails

interbreed and produced offspring in the wild (Puigcerver

et al. 2014; Sanchez-Donoso et al. 2014).

One of the factors that could determine the success of

admixture between wild and farm quails is postcopulatory

sexual selection. Since domestic Japanese quails may have

been artificially selected to be highly fertile (Pérez and

Pérez 1966), their male farm descendants could be out-

competing wild males, which would be promoting the
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introgression of invasive alleles. Several characteristics of

both Common and domestic Japanese quails lead one to

believe that they can be exposed to postcopulatory sexual

selection (either by sperm competition and/or by cryptic

female choice), which could be influencing the success of

hybridization in the wild.

1. Females are polyandrous in both species. Domestic

Japanese quail females are receptive to multiple males

in laboratory settings and males can force copulations

if females are not receptive (Adkins-Regan 1995).

Common quail females usually mate with several

males in a single reproductive attempt (Rodrı́guez-

Teijeiro et al. 2003). Although the male and female

create a bond that lasts several days while the female is

sexually active, opportunistic extra-pair copulations

(EPCs) or mate-switching often occur during that time

(Rodrigo-Rueda et al. 1997).

2. Females of both species present SSTs which would

allow ejaculates from different males to accumulate,

even if matings occur on different days. Domestic

Japanese quail females can store viable sperm for a

median of 8 days (Sittmann and Abplanalp 1965;

Birkhead and Fletcher 1994).

3. Males of both species have large testes relative to their

body mass (Puigcerver 1990; Rodrı́guez-Teijeiro et al.

1992) which is a common feature in bird species with a

high frequency of extrapair paternity (Møller 1991;

Møller and Briskie 1995) and in species with intense

sperm competition (Møller 1988; Jennions and Pass-

more 1993; Gage 1994), because the investment in

sperm production is increased (Clulow and Jones 1982;

Møller 1989; Cook et al. 1997).

4. Quail males have a penis (Puigcerver et al. 1994),

which could facilitate forced copulations (as in water-

fowl, Coker et al. 2002) and some degree of post-

copulatory female selection could have developed to

manage the output of these copulations (Briskie and

Montgomerie 1997).

In this paper, we investigated whether postcopulatory

sexual selection exists between the sperm of Common

quail males and hybrid males intended for restocking. We

assessed if fertilization success for both kinds of males was

the same and also how fertilization success was modified

when other sperm was found in the female’s oviduct. To

study these questions, we carried out an experiment in

captivity with females mating with wild Common males or

with hybrid farm males. Some of those females were sec-

ondarily exposed to another male of the same or different

genetic origin. We studied the sperm precedence pattern

from these crosses by genetically analyzing the resulting

embryos and, thus, we assessed the fertilization success for

each kind of male. All in all, we investigated whether

postcopulatory sexual selection between farm-reared hy-

brids and Common quails could contribute to the admixture

between these two lineages in the wild, increasing the

threat imposed by the massive restocking campaigns.

Methods

Experimental design

Experimental crosses were initially attempted using wild

Common females captured from the field. However, they

did not succeed in breeding in captive conditions, since it is

very difficult for pure Common quail females to lay eggs in

captivity (Caballero de la Calle and Peña Montañés 1997).

Therefore, experiments were conducted with 16 females

from an experimental farm of the University of Castilla-La

Mancha (Spain), which were descendants of admixed fe-

males backcrossed with wild Common quail males for

about 20 generations, so they had domestic Japanese mi-

tochondrial DNA (Barilani et al. 2005) but nuclear DNA

indistinguishable from Common quail (Sanchez-Donoso

et al. 2012).

Twenty-seven males were used in the experimental

crosses. Ten of them were pure Common quails (without

any evidence of admixed ancestry) captured from the wild

in three cereal crop areas in Spain (four in Barcelona, four

in Ciudad Real and two in Seville provinces; see Puig-

cerver et al. 2007 for capture methods); the remaining 17

males were hybrid individuals with variable degrees of

admixture, hatched and reared in three different Spanish

game farms intended for restocking. Species identification

for all individuals was done following Sanchez-Donoso

et al. (2012; data not shown). All individuals were about

1 year old to avoid any possible effect of age on their

fertility (Santos et al. 2013).

Quails were kept in aviaries during at least 8 months

before the start of the experiments, in order to habituate

them to captive conditions. They were moved to individual

20 9 20 9 20-cm cages 14 days before the beginning of

the experiments to ensure that no viable sperm was stored

in the female SSTs (Birkhead and Fletcher 1994; Miranda

et al. 2013) and to avoid sperm depletion in males (Preston

et al. 2001). All experimental crosses were done during the

natural breeding season of the Common quail (from the

beginning of June to the end of July of 2010).

Females were retained in their cage during the ex-

periments to avoid disturbances and males were moved in

and out the cages as needed (see below). Individuals were

used just once in the experiment to avoid any effect of their

copulatory history over subsequent pre- and postcopulatory

traits or behavior. All individuals were sexually active

during the experiments. Female sexual maturity was
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confirmed by their capability of laying eggs, while for a

male, its sexual activity status was assessed by their

swollen cloaca (measured in length; Sachs 1969; Siopes

and Wilson 1975) and/or the presence of foam in the

cloacal gland (Adkins-Regan 1995). Physical condition and

health were assessed by the weight and physical appear-

ance and only individuals in good condition were used in

the experiments.

Statistical analyses were conducted in R 2.15.2 (R

CoreTeam 2012). Generalized linear models (GLMs) were

fitted using the glm() function and constructed assuming

a binomial error distribution and a logit link function.

GLMs were tested for the presence of outliers, ho-

moscedasticity, normality and overdispersion. Overdis-

persed models were recalculated assuming a

Quasibinomial error distribution. The significance of the

variables studied was evaluated by an analysis of deviance

with the function Anova() available in the package car

(Fox and Weisberg 2011). In models that were not

overdispersed, the analysis of deviance was evaluated by a

likelihood-ratio test (Chi-square test); an F test was used in

overdispersed models.

Experiment 1: simple crosses—male fertilization potential

A set of simple crosses (one male and one female) was

designed to study the fertility of farm and wild Common

quail males without other sperm in the female’s oviducts.

Six wild Common males and 10 farm males were caged

with a female each. After the female laid an average of six

eggs (from 3 to 8), the male was removed from the cage

and Experiment 1 was finished. The number of days that

females and males were caged together was registered, as

well as daily laying events (absence/presence of egg laid).

Eggs were collected every day, individually labeled and

incubated in the laboratory during a week. After that time,

they were opened to determine whether they were fertilized

or not by the presence or absence of an embryo.

We analyzed with a GLM whether the genetic origin of

males could affect their egg fertilization capability. The

proportion of fertilized eggs during the time a male and

female were caged together was the response variable and

male origin was the explanatory factor tested. The number

of days the male spent with the female was added as a

covariate, since we suspected that it could have some effect

on the proportion of fertilized eggs.

Experiment 2: double crosses—sperm competition

To study possible sperm competition between males of a

same or different origin, we carried out a second ex-

periment with 11 females after concluding Experiment 1

(four females that had been with wild males and seven with

farm males). At the same time that the first male (M1) was

taken out of the cage, it was replaced by a second male

(M2). M2 was caged with the female until she laid an

average of 7 (from 3 to 11) additional eggs. After that, M2

was removed from the cage, and Experiment 2 was fin-

ished. Three different types of crosses were done regarding

the origin of the males and the order in which they en-

countered the female: (1) wild M1—farm M2 (w–f); (2)

farm M1—wild M2 (f–w); (3) farm M1—farm M2 (f–f).

Four crosses were performed for the first and second type

of cross, and three for the last type.

Eggs were handled as in Experiment 1. The number of

eggs laid and eggs fertilized were registered. We genotyped

the embryos and assessed their paternity. Since sperm stored

in the female oviduct can fertilize ova with the same prob-

ability for 6 days after mating (Birkhead and Fletcher 1994),

we registered the number of eggs fertilized by each male and

the number of non-fertilized eggs laid during the first 6 days

after the male exchange. During that period, fertilization by

M1 or M2 would only depend on the possible postcopula-

tory selection over the sperm of the two males.

Firstly, we analyzed whether the presence of sperm from

a previous male, stored in the female’s oviduct, had an

effect on the proportion of eggs fertilized by a second male.

The proportion of eggs sired by a male over the total

number of eggs laid was the response variable of the GLM.

Presence or absence of sperm from a previous male was the

factor of interest. Wild and farm males were analyzed in-

dependently to observe the stored sperm effect over each

kind of male. Secondly, we tested whether the proportion

of non-fertilized eggs changed before and after the male

exchange, to assess if it was dependent on the presence of

sperm of one or two males in the oviduct. Finally, we

studied whether the fertilization capability of M2 was de-

termined by its own origin and the origin of the previous

male. We tested differences in the proportion of embryos

sired by M2 among the three male arrangements: w–f, f–w

and f–f. The number of days M1 had been with the female

was included as a covariate.

Experiment 3: time alone—sperm longevity in SSTs

After removing M2, the female was left in the cage for

14 days. Eggs laid were collected, incubated and checked for

embryos as before, and paternity analyses were done for all

embryos. We registered the number of eggs and length of time

during which these were fertilized in the absence of males.

Paternity analyses

Paternity of embryos was assessed by genetic analyses

using a panel of autosomal microsatellite loci. A blood

sample (100 ll) was obtained from each adult and a tissue
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sample from each embryo. Samples were stored at -20 �C
in 95 % ethanol until DNA was extracted using a DNeasy

Blood & Tissue Kit (Qiagen), following the manufacturer’s

protocols. Individuals were genotyped for 11 un-linked

autosomal microsatellite loci originally developed for Ja-

panese quail by Kayang et al. (2002, 2004). These markers

were highly polymorphic and had previously been used for

hybrid identification (Sanchez-Donoso et al. 2012, 2014).

Some loci were amplified via polymerase chain reaction

(PCR) in a multiplex (some of them with primers modified

to facilitate multiplexing, as in Sanchez-Donoso et al.

2014), while others were amplified separately and subse-

quently pooled before electrophoresis (detailed protocols

are available upon request). All PCR products were elec-

trophoresed on an ABI 3730 sequencer (Applied Biosys-

tems), following the manufacturer’s protocols. Alleles were

sized and scored using the software GeneMapper v3.5

(Applied Biosystems).

The paternity of embryos was assigned by using the

maximum likelihood method implemented in CERVUS

3.0.3 (Kalinowski et al. 2007). This software assigns

parentage based on a pair-wise likelihood comparison.

Simulations, based on allele frequency analyses, were run

in advance to estimate the significance of these differences

between likelihoods for a defined confidence level (see

Marshall et al. 1998; Kalinowski et al. 2007 for details).

Each mating experiment was analyzed separately.

Simulations of parentage were run for 100,000 offspring.

For all embryos analyzed, paternity was unambiguously

assigned to one of the putative parents with a probability

over 99 %. In all cases, genetic analyses confirmed the

female in the cage as the mother, showing the reliability of

the markers used in the study.

Results

Fertile eggs did not necessarily occur on successive days,

but could be separated by days with non-fertilized eggs or

without an egg. This laying pattern was concordant with

previous findings (Adkins-Regan 1995). In all cases, no

more than one egg was laid per day.

Experiment 1: simple crosses—male fertilization

potential

The duration of the experiment was variable among cases,

lasting an average of 18.6 days (standard deviation,

SD = 12.1). During this time, females laid 6.0 eggs on

average (SD = 1.2).

Both male origin and number of days the male spent

with the female had a significant effect on the proportion of

eggs fertilized. The longer the male spent caged with the

female, the larger the proportion of fertilized eggs

(v21 = 5.93, p = 0.015; Fig. 1). Although this pattern was

observed for both types of males, there were clear differ-

ences between them (v21 = 7.19, p = 0.007): for the same

amount of time, farm males fertilized more eggs than wild

males (Fig. 1).

Experiment 2: double crosses—sperm competition

Experiment 2 lasted an average of 10.4 days (SD = 2.5),

during which each of the 11 females laid 7.0 eggs on av-

erage (SD = 2.8).

The first egg sired by M2 was one of the first of three

eggs laid during this experiment and during the four first

days after changing males. After that, a switch in paternity

occurred in the egg series and none of the following eggs

was sired by M1. In eight cases, eggs were fertilized by

sperm from M1 stored in the female’s oviduct after the

change in males had taken place. In two of these eight

cases, M1 sired only the first egg after the change of males.

In four cases, M1 sired the two first eggs, and in two cases,

M1 was the father of the first three eggs.

The presence of sperm from a previous male stored in

the female’s oviduct led to a reduction in the proportion of

eggs fertilized by a male (Fig. 2). For wild males, the re-

duction was 74 % (proportion of eggs fertilized by a wild

male as M1 vs. proportion of eggs fertilized as M2—with a

farm male as M1—F(1,8) = 12.88, p = 0.007; Fig. 2). For

farm males, the reduction was 31 %, less accentuated but

still significant (farm male as M1 vs. farm male as M2:
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Fig. 1 Proportion of eggs fertilized by hybrid farm males (black

dots) and wild males (grey dots) depending on the days spent with the

female (T1). Curves show the generalized linear model that best fitted

the data. Dashed curves show the inferred fitting of the model beyond

observations. The probability of egg fertilization increases over time

for both male types, but the probability of fertilization was higher for

farm males
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F(1,15) = 5.01, p = 0.041; Fig. 2). In this case, the origin

(wild or farm) of the previous male (M1) did not have a

significant effect (F(1,5) = 0.01, p = 0.923).

The proportion of non-fertilized eggs did not differ

significantly before and after the male exchange

(F(1,25) = 0.26, p = 0.617). This indicated that the reduc-

tion in the proportion of fertilized eggs by a male when

another male (M1) had been with the female before was

due to the presence of the eggs fertilized by M1, and not

due to non-fertilized eggs after the male exchange.

The proportion of embryos sired by M2 (thus, excluding

non-fertilized eggs) was dependent on the combination of

males with regard to their origin while controlling for the

time M1 had been before with the female (v22 = 10.66,

p = 0.005). The longer the stay of M1 with the female, the

lower proportion of eggs fertilized by M2 (Fig. 3). Farm

males that copulated after another male (independently of

its origin) fertilized a higher proportion of eggs than wild

males that copulated after a farm male (v21 = 10.54,

p = 0.001). Even though the proportion of eggs fertilized

by M2 males was reduced, the proportion of eggs fertilized

by farm males as M2 was not significantly different from

M1 wild males (F(1,11) = 0.25, p = 0.625).

Experiment 3: time alone—sperm longevity in SSTs

Out of the 11 females in Experiment 2, one did not lay eggs

during the time she was left alone, so it was not taken into

account for Experiment 3. The ten remaining females were

monitored in Experiment 3. Among them, three

exclusivelly laid non-fertilized eggs while six laid fertilized

and non-fertilized eggs. These females retained viable

sperm for a maximum of 10 days (average: 6.2; SD = 2.5).

During this time, a maximum of seven eggs could be fer-

tilized by the sperm stored in the SST (average: 3.5;

SD = 2.2). Eggs were sired in all cases by the last male

that stayed with the female.

Discussion

Several factors can modulate a male’s ejaculate com-

petitiveness (Cook et al. 1997; Pitnick et al. 2009; Pizzari

and Parker 2009), such as ejaculate size (volume and ab-

solute number of spermatozoa; Martin et al. 1974; Gage

and Morrow 2003), spermatozoan traits (length, swimming

speed or longevity), seminal plasma biochemistry, and the

interactions between the ejaculates of competing males and

also with the female’s oviduct (Cook et al. 1997; Pitnick

et al. 2009; Pizzari and Parker 2009). In the case of the

quail, the production of foam by the proctodeal gland has

also been found to be of importance in male fertility

(Cheng et al. 1989; Adkins-Regan 1999; Finseth et al.

2013). All these traits, together with cryptic female choice,

can contribute to determine the relative fertilization success

of the different males mating with the same female.
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Fig. 3 Proportion of embryos sired by the second male (M2, in bold)

depending on the time the first male (M1) had been with the female

(T1, in days), for each male’s origin combination (‘‘w’’ = wild male,

‘‘f’’ = farm male). Curves show the generalized linear model that best

fitted the data. Dashed curves show the inferred fitting of the model

beyond observations. The longer the previous male had been with the

female, the lower proportion of embryos was sired by the following

male. Wild males acting as the second partner sired significantly less

embryos than farm males did. Although plotted separately to facilitate

understanding, levels ‘‘w–f’’ and ‘‘f–f’’ were not significantly

different
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However, in this paper we have not focused on the

mechanisms underlying the sperm precedence pattern, but

on the output of this process.

Results showed that the time a male spent caged with a

female had a positive effect on his probability of fertilising

a female’s egg. The longer the male stayed with the female,

the higher the proportion of eggs from the clutch fertilized

by his sperm. This period also had an effect on the fertil-

ization success for any male subsequently copulating with

that same female. This time dependency of the fertilization

success would explain the natural mating behavior of the

Common quail. Males and females establish a pair-bond

for a period of time during which the male guards his

partner against possible EPCs. Since mate-switching has

also been observed (Rodrigo-Rueda et al. 1997), the longer

a male guards its mate, the higher the chances will be to

fertilize the clutch even if the female subsequently copu-

lates with another male. In addition, our results also show

that quail sperm could be viably maintained in the female’s

oviduct during an average of 6 days, with an average of 3.5

eggs fertilized during those days (not very different from

previous findings, Birkhead and Fletcher 1994). Taking

into account that Common quail clutches usually total

about 10 eggs (Gallego et al. 1993), males would be un-

likely to fertilize entire clutches by mating just once or a

few times over a short time period with the same female, so

the guarding behavior is likely to increase their siring

potential.

Previous studies have reported that males that copulate

more times or for longer have higher fertilization success

(Dickinson 1986; Parker and Simmons 1991). A higher

number of copulation events increases the volume of sperm

introduced into the female, which increases the siring

probability of that male. A male’s fertilization success will

generally increase with the quantity of his sperm relative to

that of other males (Parker et al. 1990). In our study, after

the first egg sired by the second male (M2) was laid, a

change in the paternity in the egg series occurred, and none

of the following eggs was sired by the first male (M1),

neither while being with M2 nor when she was alone. Our

results did not support the last-male precedence pattern

observed in other bird species (Warren and Kilpatrick

1929; Cheng et al. 1983; Briskie 1996; Birkhead and Piz-

zari 2002)—by which the last male that copulates with the

female is the one siring the majority of the clutch—since in

our case, not only the order of the males would have been

affecting the sperm precedence pattern, but this pattern

would be impacted by the time the male and female would

have been copulating. On the contrary, our results did not

completely reject the ‘‘last in, first out’’ pattern (Birkhead

and Møller 1992b; Stai and Searcy 2010), by which some

kind of sperm stratification occurs in the SST: the sperm of

the first male is stored at the bottom of the tubules and the

sperm of subsequent mates is deposited in top of it, this

sperm being those that would fertilize eggs first. When this

sperm has been used up, the sperm beneath gets exposed,

so the last eggs are fertilized by the first male sperm. We

did observe complete replacement of the male siring the

embryos after a given point. However, since in our case

embryo paternity was determined by the order of males and

the length of time spent with the female, we do not know if

a shorter stay of M2 would allow the reappearance of eggs

sired by M1. In any case, some eggs were fertilized by M1

after M2 had been placed in the cage, which implies that it

is not just the last sperm inseminated that will fertilize

eggs. When a male stops copulating with a female, the

amount of sperm in the female’s oviduct diminishes with

time (Birkhead and Fletcher 1994) because it is used up

fertilizing ova and because there is a passive sperm loss

that makes its viability decline (Birkhead et al. 1995;

Birkhead and Pizzari 2002). The reduction of viable sperm

stored also reduces the probability of fertilization. Our

results supported this observation, since fertilization of

eggs stopped after some time being without a male. When a

second male inseminated sperm into the female’s oviduct,

the first male’s fertilization success was reduced faster, by

passive sperm loss plus by competition with an increasing

quantity of sperm from the second male.

Results from this study show that farm males had higher

fertilization success than wild males. Farm males needed to

spend less time paired with the female than Common males

to sire the same proportion of embryos in a clutch. This

implies that farm males during the breeding season are

potentially able to fertilize a larger number of eggs, even in

just a few days, thus gaining a competitive advantage.

Previous matings by the female reduced a male’s fer-

tilization success. This reduction in the proportion of eggs

fertilized by the second partner was because some of them

were sired by the previous mate, since the overall fertil-

ization success was not affected by the presence of sperm

from more than one male. This reduction depended again

on the amount of time the previous partner was with the

female: it was less accentuated when the time available for

copulation with the first male had been shorter. However,

this reduction in the fertilization success was also affected

by the origin of the second male: farm males suffered a less

accentuated reduction than wild males. In fact, the pro-

portion of eggs that farm males could fertilize in the

presence of a competitor’s sperm in the female’s oviduct

was not different from the proportion of fertilized eggs by

Common quail males when no other sperm was present.

This could also give farm males a great advantage to fer-

tilize eggs over Common quail males.

Differences in sperm competitiveness has been observed

between poultry breeds (Prieto et al. 2011; Santiago-Mor-

eno et al. 2014), which implies that a heritable component
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may be playing a role. The domestication process and se-

lection for increased productivity in captivity could have

increased fertility in many domestic species (Darwin

1868). This could also be the case for domestic Japanese

quails that contributed to the origin of the farm quails

analyzed here. The results of this study suggest that re-

stocked farm quails may have higher fertility than wild

Common quails and may dominate sperm competition.

Similar results could have been obtained if the wild birds

used in the mating experiments performed worse due to the

lack of habituation to life in captivity. However, we tried to

prevent this possibility by keeping in captivity all the birds

used in these experiments for at least 8 months before the

beginning of the study. The higher fertility potential of

domestic Japanese males over Common quail males would

also be supported by their relative testes size: domestic

Japanese males show a higher gonadal index (weight of

both testes 9 100)/body weight, 2.26 g; Clulow and Jones

1982) than Common quail males (1.75 g; Puigcerver

1990). Since relative testes size has been described as a

good indicator of sperm competitiveness potential (Møller

1988; Jennions and Passmore 1993; Gage 1994), it could

explain the observed pattern of fertilization success in fa-

vor of domestic Japanese males.

Our results indicate that restocking practices have the

potential for a higher impact on the native population than

initially suspected by just considering the number of

crosses between wild and farm quails. Puigcerver et al.

(2014) have shown that, despite a higher mortality for re-

stocked quails and the preference for intra-specific matings,

inter-specific matings in natural conditions can occur. In

fact, Sanchez-Donoso et al. (2014) detected introgression

of alleles of farm origin into wild Common quail popula-

tions. In the present study, we detected an advantageous

postcopulatory selection in favor of males of farm origin.

These results indicate that a relatively small number of

successful inter-specific matings could have an important

contribution to the introgression of farm alleles into

Common quail populations. Given the superior reproduc-

tive potential of the quails of farm origin, we advice against

restocking practices.
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Rodrı́guez-Teijeiro JD, Sardà-Palomera F, Puigcerver M (2012) Post–

breeding movements and migration patterns of western popula-

tions of common quail (Coturnix coturnix): from knowledge to

hunting management. Anim Biodivers Conserv 35:333–342

Sachs BD (1969) Photoperiodic control of reproductive behavior and

physiology of the male Japanese Quail. Horm Behav 1:7–24
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