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Abstract The relative influence of genetic and phenotypic
quality on pairing status and mating patterns in socially mo-
nogamous species remains poorly documented. We studied
social status and pairing patterns in relation to genetic simi-
larity and multilocus heterozygosity (MLH) estimates from 11
microsatellite markers, and both tarsus length and wing chord
(as a measure of competitive ability in territorial defence) in a
socially monogamous tropical bird species where individuals
defend territories year-round, alone or in pairs, the Zenaida
dove, Zenaida aurita. Tarsus length and wing chord did not
differ between unpaired territorial birds and paired ones in
either sex, whereas paired females, but not paired males,
tended to be more heterozygous than unpaired ones. Among
84 pairs, we found no evidence for assortative mating for
tarsus length, wing chord, MLH or genetic similarity.
However, within pairs, male wing chord was positively related
to female MLH and female tarsus length was positively relat-
ed to male MLH, with no evidence for local effects, suggest-
ing assortative mating by individual quality. Although the
observed pattern of mating in Zenaida doves may be the
product of mutual mate choice, further assessment of this
hypothesis requires direct investigation of both mating pref-
erence in each sex and lifetime reproductive success in rela-
tion to body size and MLH.
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Introduction

In monogamous species with biparental care, both males and
females are expected to exert mate choice (Jones and Hunter
1993; Johnstone et al. 1996). Mutual mate choice can have
contrasted outcomes at the population level, however, depend-
ing on whether individuals express preference for absolute or
relative individual quality, or a combination of both. In the
former case, positive assortative mating should occur when
the relationship between individual quality and phenotypic or
genotypic characters does not differ between sexes. In the case
of a relative preference, assortative mating will be positive if
individuals express a homotypic preference, and conversely,
negative if individuals prefer individuals who are dissimilar to
themselves as reproductive partners (Cézilly 2004).
Preference for dissimilar mates may be linked to direct bene-
fits if complementarity between mates depends on their degree
of phenotypic dissimilarity (see for instance Marzluff and
Balda 1988) or to indirect benefits in the case of genetic
compatibility (Tregenza and Wedell 2000). Finally, there
may be no simple match between male and female phenotypes
or genotypes, even though pairing occurs between individuals
of similar quality, if the traits linked to individual quality are
sex-specific (Faivre et al. 2001) or if individuals of each sex
combine criteria for absolute and relative quality differently
(Thiinken et al. 2012).

Individual quality can influence both access to a mate and
mate quality, such as low-quality individuals would remain
unpaired and high-quality ones would be paired between
themselves. Positive assortative mating for various phenotyp-
ic traits potentially indicative of individual quality, such as
body size (Helfenstein et al. 2004; Haggerty 2006; Grant and
Grant 2008), ornaments (Andersson et al. 1998; Regosin and
Pruett-Jones 2001; Jawor et al. 2003; Row and Weatherhead
2011) or age (Cézilly et al 1997; Fasola et al. 2001) have been
regularly observed in monogamous species. Parallel to this,
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there is growing piece of evidence for assortative mating
based on absolute or relative genetic quality among monoga-
mous species, depending on whether individuals look for
good genes or genetic complementarity (Mays et al. 2008).
One particular aspect of absolute genetic quality in diploid
organisms is heterozygosity. In various species, including
monogamous ones, individual quality is positively related to
heterozygosity at one or several loci (Hansson and Westerberg
2002; Kempenaers 2007; Chapman et al. 2009). According to
the heterozygosity theory (Brown 1997; but see Aparicio
2011), choosing a heterozygous mate could bring direct ben-
efits to the individual and its offspring. Accordingly, positive
assortative mating for heterozygosity estimated from neutral
or selected markers has been reported in a few monogamous
species (Bonneaud et al. 2006; Garcia-Navas et al. 2009;
Ortego et al. 2009). Alternatively, individuals may select
genetically dissimilar mates to increase offspring heterozygos-
ity. Again, some evidence exists in socially monogamous
species for negative assortative mating in relation to genetic
similarity based on neutral (Mulard et al. 2009; but see Cohen
and Dearborn 2004) or functional markers (Freeman-Gallant
et al. 2003; Juola and Dearborn 2012; but see Sommer 2005;
Knafler et al. 2012).

So far, few studies have considered simultaneously the
genetic and phenotypic dimensions of individual quality in
relation to pairing patterns in socially monogamous species
(but see Freeman-Gallant et al. 2003; Garcia-Navas et al.
2009; Thiinken et al. 2012). In particular, heterozygosity can
influence body size in vertebrates (Hoffman et al. 2010;
Herdegen et al. 2013), such that patterns of assortative mating
in relation to both parameters might be more complex than
previously thought. Here, we analyse variation in social status
and patterns of mating in relation to body size (as assessed
from wing chord and tarsus length), heterozygosity and ge-
netic similarity between mates in the Zenaida dove, Zenaida
aurita. In this tropical monogamous bird species, with con-
tinuous breeding and year-long pair bonds, most individuals
defend, alone or in pairs, all-purpose territories against con-
specifics (Wiley 1991; Quinard and Cézilly 2012). Males are
on average 4-5 % larger and heavier than females
(Dechaume-Moncharmont et al. 2011), and although both
partners take part in territorial defence, males are generally
more involved than females in deterring conspecific intruders
(Quinard and Cézilly 2012). In particular, aggressive interac-
tions between individuals can escalate to wing displays (when
an individual spreads its wing contralaterally to its adversary),
eventually followed by sharp wing slaps on the opponent
(Quinard and Cézilly 2012), suggesting that wing length could
be an honest signal of male quality. The species is further
characterised by year-round breeding and multiple nesting
attempts, with some pairs rising up to four broods per year
(Wiley 1991). Interestingly, female heterozygosity has been
found to influence fecundity and/or egg size in several bird
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species (Ortego et al. 2007; Tomiuk et al. 2007; Garcia-Navas
et al. 2009; Olano-Marin et al. 2011; Wetzel et al. 2012), and
larger females have been found to have reduced inter-clutch
intervals in columbids (Johnson and Johnston 1989).
Therefore, male Zenaida doves might benefit from pairing
with more heterozygous and larger females.

Materials and methods
Study species and population

The Zenaida dove is a socially monogamous and granivorous
bird species (Wiley 1991), which is abundant over much of'its
distribution range, from the tip of the Yucatan peninsula to the
south of the Caribbean area (Bond 1993). Although the tradi-
tional habitat of the Zenaida dove corresponds to open wood-
lands and secondary forests, on several islands, it can be found
in large numbers in cultivated fields, gardens and urbanised
areas (Wiley 1991; Sol et al. 2005). Zenaida doves feed on the
ground primarily alone or in pairs, but on some islands, they
can form large foraging groups where food is particularly
abundant (Sol et al. 2005; Monceau et al. 2011). Paired
individuals breed year-round, with a peak in reproductive
activity from January to April (Wiley 1991; FC personal
observation) and can maintain pair bonds over several years
(FC, unpublished data). Individuals benefit from pair bonding
through shared territorial defence (Quinard and Cézilly 2012)
and reduced anti-predator vigilance while feeding (Cézilly
and Keddar 2012).

General field methods and status determination

We conducted banding of a population of Zenaida doves on
the west coast of Barbados, around the city of Holetown (13°
10" 60 N, 59° 38’ 60 W) between 2007 and 2013. The study
area consisted of recreational and residential areas, including
private villas with gardens, some parks with planted trees and
modest malls. We trapped birds using walk-in baited traps and
clap-nets. Each captured bird was equipped with an alumini-
um ring from the Museum National d’Histoire Naturelle
(Paris, France) engraved with a reference number and a unique
combination of coloured plastic rings. In addition, we took
morphometric measurements (tarsus length and wing chord)
as well as a blood sample (40 pl) allowing subsequent molec-
ular sexing and microsatellite genotyping (see Monceau et al.
2011 for details).

Each year since 2007, regular monitoring of the ringed
population of Zenaida doves using binoculars has been carried
out during the February—May period and since 2008, during
the November—December period. We used repeated observa-
tions of the marked birds to ascertain social status. An un-
paired territorial individual was a male or a female that
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solitarily defended a territory. Note, however, that unpaired
territorial individuals can correspond either to individuals that
have failed to attract a partner on their territory or to widowed
birds which have kept their territory following the death of
their mate and have not yet remated. Indeed, anecdotal evi-
dence (FC personal observation) indicates that both male and
female widowed birds can remain single on their territory for
up to 10 months following the disappearance of their mate. A
territorial pair consisted of a male and a female that both
attended a common territory that they defended against con-
specific intruders (Sol et al. 2005; Quinard and Cézilly 2012)
and where they courted and copulated. In most cases of mate-
switching observed during the study period, the former
partner had disappeared and was never seen again,
although in a few cases, divorce had occurred. In order
to avoid pseudo-replication in the analysis of assortative
pairing, we used for each individual observed with more than
one partner the pair with the longest known duration of pair
bonds.

Genotyping, individual heterozygosity and relatedness
estimates

We genotyped all individuals at 16 polymorphic micro-
satellite markers developed for the Zenaida dove
(Monceau et al 2009). The full laboratory protocol applied
to genotype individuals is described in Monceau et al. (2009).
Loci were tested for Hardy-Weinberg equilibrium (HWE) and
linkage disequilibrium (LD) using GENEPOP (v. 4.1.4;;
Rousset 2011).

Various estimates of multilocus heterozygosity have been
proposed (see review in Chapman et al. 2009). Following
recommendations by Szulkin et al. (2010), we favoured the
use of the multilocus heterozygosity (MLH) index to calculate
individual heterozygosity. The MLH index ranges from 0
(when all loci are homozygous) to 1 (when all loci are hetero-
zygous), with higher values corresponding to higher heterozy-
gosity. However, we also estimated HL (Aparicio et al. 2006) to
test the sensitivity of the models to the choice of heterozygosity
measure. Calculations were made using the package Rhh (Alho
et al. 2010) for R (v. 3.0; R Core Team 2013).

Following recommendations from Szulkin et al. (2010), we
measured identity disequilibrium, as the excess of double
heterozygous genotypes at two loci relative to the expectation
of random association (i.e. covariance in heterozygosity)
standardised by average heterozygosity. To that end, we com-
puted parameter g, and tested whether this parameter differed
significantly from zero using the method proposed by David
et al. (2007), as implemented in the Robust Multilocus
Estimate of Selfing (RMES) software (available at http://
www.cefe.cnrs.fr/en/genetique-et-ecologie-evolutive/patrice-
david), with 10,000 iterations. In large populations subject to
inbreeding, parameter g, is expected to be constant for any

pair of loci considered and only depends on the mean and
variance of inbreeding in the population (David et al. 2007).

We estimated genetic similarity between male in female in
each pair using program SPAGeDi 1.0 (Hardy and Vekemans
2002), using the ‘two-gene’ relationship coefficient, 7, de-
scribed in Queller and Goodnight (1989). We therefore ob-
tained a measure of genetic similarity between two mates
based on allele sharing, with the influence of each allele being
weighed by its frequency in the population.

Statistical analyses

We first used GLMs to analyze the relationship between wing
chord and tarsus length, as well as the relationship between
each morphometric variable and MLH, using each time sex as
covariate (Husseneder and Simms 2008; Shaner et al. 2013).
We then used logistic regressions to test for the effects of
tarsus length, wing chord and MLH, and those of all the
interactions between these three variables, on social status
(coded as a binomial variable, i.e. unpaired vs paired).

We tested the hypothesis that Zenaida doves avoided mat-
ing with genetically similar individuals by checking whether
the mean value of the two-gene relationship coefficient, 7,
(Queller and Goodnight 1989) in our sample of pairs laid
outside the 95 % confidence interval of a distribution obtained
under the assumption of random mating between all paired
individuals of opposite sex using 10,000 iterations. In addi-
tion, we compared the observed genetic dissimilarity between
each female and its mate to the mean genetic dissimilarity
obtained for that female under the assumption of random
mating using a paired ¢ test.

We assessed assortative mating for wing chord, tarsus
length and MLH, as well as between MLH and morphometric
variables using parametric or non-parametric correlation tests,
depending on whether or not data were normally distributed.
The possibility that significant correlations involving MLH
were due to local effects (i.e. single-locus heterozygosity) was
investigated using two-tailed ¢ tests for continuous traits (wing
chord, tarsus length). Significant P values were corrected for
multiple comparisons using a Bonferroni procedure.

All descriptive statistics are given as standard deviation
(SD) of the mean or median and interquartile range depending
on whether the variable was normally distributed or not,
except where indicated.

All tests were performed using the R software (v. 3.0; R
Core Team 2013), with a type I error set at 0.05.

Results
Overall, we identified 31 unpaired territorial owners (15 males

and 16 females), and 98 different pairs of doves during the
study period. However, after correcting for individuals

@ Springer


http://www.cefe.cnrs.fr/en/genetique-et-ecologie-evolutive/patrice-david
http://www.cefe.cnrs.fr/en/genetique-et-ecologie-evolutive/patrice-david
http://www.cefe.cnrs.fr/en/genetique-et-ecologie-evolutive/patrice-david

1726

Behav Ecol Sociobiol (2014) 68:1723-1731

involved in more than one pair, the sample size was reduced to
84 pairs. Five microsatellite markers deviated from Hardy-
Weinberg equilibrium (HWE), due to the presence of null
alleles detected with MICRO-CHECKER (van Oosterhout
et al. 2004). The eleven remaining markers passed the test
for linkage disequilibrium (LD). The majority of individuals
were genotyped at the 11 loci, except for 16 birds that
were genotyped at 10 loci, three at 9 loci and two at
only 8 loci. The number of alleles per locus ranged from 6 to
12, the mean being 9.18. No major difference in het-
erozygosity was observed among loci. Identity disequi-
librium was low and did not differ from zero (g,=0.0023,
SD=0.0036, P=0.2258).

Neither MLH (Shapiro-Wilk test, W=0.9465, P<0.0001)
or HL (W=0.9635, P<0.0001) were normally distributed, and
both estimates were highly correlated (7,=0.9671, 95 %
CI=[0.952; 0.975], n=199, P<0.0001). Using one or the
other estimate had no influence on the results. For the sake
of simplicity, we present only results obtained using MLH.
Results obtained using HL are available on request.

Among the 199 individuals, both tarsus length and wing
chord were normally distributed (Shapiro-Wilk test, tarsus
length W=0.9898, P=0.1687; wing chord W=0.9955, P=
0.8171). There was a significant effect of the interaction
between sex and tarsus length on wing chord (£ 195=4.603,
P=0.0331), suggesting that the relationship between wing
chord and tarsus length differed between sexes. Indeed, wing
chord increased with tarsus length in males (F; 9;=11.84, P=
0.0009), whereas wing chord was independent of tarsus length
in females (F 9g=0.2855, P=0.5943).

Only sex had an influence on tarsus length (£ 197=26.708,
P<0.00001), whereas neither MLH (£ ;96=0.5586, P=
0.4557) nor the interaction between sex and MLH (F 195=
0.047, P=0.8277) had one. In contrast, the interaction be-
tween sex and MLH ('} 19s=4.1804, P=0.04224) had a sig-
nificant influence on wing chord, indicating that the relation-
ship between wing chord and MLH differed between sexes.
Considering this relationship within each sex, there was only a
tendency for wing chord to increase with MLH in females
(F198=3.4536, P=0.0661), whereas no such effect was ob-
served in males (F 97=1.1565, P=0.2849).

Genetic and phenotypic influences on pairing status

Among females, tarsus length (GLM x*=2.07, df=1,
P=0.1438) and wing chord (x*=0.34, df=1, P=0.56) had
no effect on pairing status, while there was a tendency for
heterozygosity to have a positive influence on the probability
of being paired (x*=2.99, df=1, P=0.0839), all interactions
being non-significant (P>0.35 in all cases). Tarsus length,
wing chord, or MLH had no influence on pairing status
(P>0.5170 in all cases) in males, and all interactions were
again non-significant.
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Evidence for assortative mating

Within the 84 pairs, both tarsus length (Pearson correlation
coefficient, »=0.060, 95 % CI [-0.156; 0.271] n=84,
P=0.5856) and wing chord (Pearson correlation coefficient,
r=0.106, 95 % CI [-0.111; 0.313], P=0.3392) were unrelated
between males and females. Similarly, we found no evidence
for assortative mating for MLH within pairs (Spearman rank
correlation coefficient, »,=—0.088, 95 % CI [-0.299; 0.136],
P=0.4260).

Relatedness values within pairs ranged from —0.451 to
0.687 such that some pairs consisted of genetically related
individuals. However, we found no evidence for disassortative
mating in relation to genetic similarity as the observed mean
degree of genetic similarity within pairs (»=—0.008) did not lie
outside of the 95 % confidence interval of the distribution
obtained under the assumption of random mating ([—0.040;
0.024]). Similarly, when considered within each pair, genetic
similarity between a female and her partner did not differ from
values expected under random mating (paired ¢ test, N=84,
P=0.6426).

However, within pairs, male wing chord (r;=0.2862, 95 %
CI [0.0756; 0.482], n=84, P=0.0083; Fig. 1) but not male
tarsus length (7,=0.0404, 95 % CI [-0.179; 0.248], n=84, P=
0.7155) was positively associated with female MLH. In addi-
tion, male MLH was positively associated with female tarsus
length (r,=0.2684, 95 % CI [0.0510; 0.468], n=84,
P=0.0136; Fig. 2) but not with female wing chord
(rs=0.0176, 95 % CI [-0.188; 0.225], n=84, P=0.8734)
within pairs. We found no evidence for single-locus effects
as all ¢ tests comparing the size of partners between homozy-
gous and heterozygous individuals at each locus were not
significant after Bonferroni correction (P>0.0045).

Discussion

We found that both multilocus heterozygosity and body size
influenced pairing patterns in Zenaida doves. However, there
was no simple match between male and female heterozygos-
ities or between male and female body sizes. Instead, males
with longer wing chords were paired with more heterozygous
females, while more heterozygous males were paired with
female with longer tarsus. This is, to our knowledge, the first
documentation of a complex pattern of pairing involving both
genotypic and phenotypic quality in a socially monogamous
species. Although there was a tendency for wing chord to
increase with MLH in females, overall, there was no clear
effect of heterozygosity on body size in our sample of paired
and unpaired birds. This is in accordance with a previous
study that found no evidence for an effect of heterozygosity
on either body size or fluctuating asymmetry in adult Zenaida
doves from the same population, using a much larger sample



Behav Ecol Sociobiol (2014) 68:1723—-1731

1727

")
O — L]
o
.
L
*
]
o * *
O — (1]
-— LN L]
IS . * .
* L d
= . 4 *
b * L ] L d
he L ] > * L J
5 w > * e
= ﬁ - L * " L ]
o . . . . Y
(=]
£ . .
* . .
g . L ]
o4 L *
T O ° .
E wn - L [ 3 L ]
- H
[ ]
L
L >
L ]
wn [ ]
< - .
I
L]
°

T T T T T T T
04 05 06 07 08 09 10

fernale MLH

Fig. 1 Correlation between female MLH and male wing chord within
pairs (n=84)

size (Monceau et al. 2013a) and suggests that the ob-
served patterns of pairing were not influenced by a third
association between heterozygosity and other variables related
to individual quality.

Surprisingly, wing chord did not co-vary with tarsus length
in females, whereas there was a positive correlation between
the two variables in males. It has been argued that wing chord is
not a representative measure of body size in birds, whereas
tibiotarsus length would be more reliable (Rising and Somers
1989). However, we observed a strong correlation between the
two traits in males, suggesting that the absence of relationship
in females is rather due to some sex-specific effect. Indeed, the
phenomenon could result from sex-related differences in the
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Fig. 2 Correlation between male MLH and female tarsus length within
pairs (n=84)

timing and/or extent of moult (Weimerskirch 1991; Svensson
and Nilsson 1997; Hemborg and Merrild 1998). However, such
differences are generally observed in species showing a marked
sexual dimorphism and tend to be absent or negligible in
species with a reduced one (Alonso et al. 2009). In addition,
temperate species tend to concentrate their moult in a few
weeks (Ginn and Melville 1983), whereas moult in tropical
species can spread over several months and overlap with breed-
ing (Wyndham 1986; Tidemann and Woinarski 1994), possibly
as an adaptive strategy for non-migratory individuals living in
habitats with sufficient and constant food supply to allow year-
round breeding (Foster 1974; Barta et al. 2006; Echeverry-
Galvis and Hau 2012). Unfortunately, no detailed information
about patterns of moult in the Zenaida dove is available.
However, Grilli and Montalti (2010) found that the mass of
primary feathers relative to body mass was higher in males than
in females in the closely related eared dove, Zenaida auriculata
who shares similar territorial behaviour. One possibility is that
because of different roles in territorial defence (Quinard and
Cézilly 2012), natural selection has favoured wing size as an
honest signal of body size and, hence, competitive ability in
male Zenaida doves, but not in females. More detailed data will
however be needed to assess the generality and biological
significance of the observed difference in the relation between
wing size and tarsus length between males and females.

We found little evidence for an influence of body size or
heterozygosity at neutral loci on pairing status in Zenaida
doves, although there was a slight tendency for paired females
to be more heterozygous than unpaired ones. Limited infor-
mation exists on the influence of heterozygosity on pairing
status in monogamous species. However, paired females were
found to be more heterozygous than single females in the
Formosan subterranean termite (Coptotermes formosanus),
while there was no difference in heterozygosity between
paired and single males (Husseneder and Simms 2008). The
weak effect observed in the present study might be due to a
relatively small sample size for unpaired females (n=16). In
addition, the test was conservative as some unpaired females
might have been widowed birds that had been previous-
ly paired. Additional data may then help to assess the
exact influence of heterozygosity on female pairing status in
the future.

There was no evidence for size-asortative mating for body
size, as neither tarsus length nor wing chord were correlated
within pairs. A previous analysis on the same population,
including a larger data set (Monceau et al. 2011; see also Sol
et al. 2005), found that territorial individuals had longer wing
chords than non-territorial ones (floaters), irrespective of their
sex. This, together with direct observations on territorial de-
fence (Quinard and Cézilly 2012), suggests that wing chord
might be important to acquire and defend a territory. Still, we
found no evidence for an effect of wing size on pairing status
or for size-assortative mating based on wing chord. On the
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other hand, although size-assortative mating has been ob-
served in various bird species (Wagner 1999; Delestrade
2001; Helfenstein et al. 2004; Einoder et al. 2008; Ledwon
2011), evidence for assortative mating based on wing size is
limited (Haggerty 2006; Moreno-Rueda 2006). In addition, in
the particular case of Zenaida doves, females play only a
moderate role in territorial defence when paired (Quinard
and Cézilly 2012), such that female wing chord might not
represent a target for male mate choice, whereas the reverse
might be true.

Contrary to two previous studies that reported significant
and positive within-pair correlations between male and female
heterozygosities in two different bird species (Garcia-Navas
et al. 2009; Ortego et al. 2009), we found no evidence for
assortative mating for heterozygosity. Both in blue tits,
Cyanistes caeruleus, (Garcia-Navas et al. 2009) and in lesser
kestrels (Ortego et al. 2009) positive assortative mating for
heterozygosity appeared to confer both direct and indirect
benefits. Egg production and quality increased with female
heterozygosity, while more heterozygous males fed chicks at
higher rates in blue tits (Garcia-Navas et al. 2009), whereas
clutch size increased with female heterozygosity and more
heterozygous males tended to raise a larger number of fledg-
lings in lesser kestrels (Ortego et al. 2007, 2009). In addition,
in both species, mating with heterozygous individuals ap-
peared to increase offspring heterozygosity (Garcia-Navas
et al. 2009; Ortego et al. 2009). Interestingly, a recent study
(Monceau et al. 2013a) reported some evidence for outbreed-
ing rather than inbreeding depression affecting chick body
condition in our study population, such that pairs of Zenaida
doves may not benefit from maximizing offspring heterozy-
gosity. This may also explain why we found no evidence for
an influence of genetic similarity between mates on pairing
patterns, unlike what can be observed in socially monoga-
mous species where deleterious effects of offspring homozy-
gosity exist (Mulard et al. 2009).

In contrast, more heterozygous females were paired with
males with longer wing chord and more heterozygous males
were paired with female with longer tarsus length, whereas in
each case, the reverse was not true. The strengths of the
correlations was observed in the present study compared with
effect sizes reported in other studies showing assortative mating
for wing size (Haggerty 2006) or heterozygosity (Garcia-Navas
et al. 2009; Ortego et al. 2009) in birds. However, since male
heterozygosity and wing chord were not correlated among
males and tarsus length was unrelated to heterozygosity in both
sexes, the observed mating patterns cannot be interpreted as
indirect evidence for simple size-assortative mating. The ob-
served pattern of mating in Zenaida doves may then support the
idea that both body size and heterozygosity influence pairing
patterns in the Zenaida dove, possibly through a directional
preference for more heterozygous and/or larger individuals.
Alternatively, low-quality individuals may prefer to mate
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between themselves if competition for mates is costly (see
Fawcett and Johnstone 2003). Experimental evidence shows
that low-quality female zebra-finches, Taeniopygia guttata,
express preference for low-quality males as reproductive part-
ners (Holveck and Riebel 2010). Experiments directly
assessing male and female mate choice in relation to heterozy-
gosity and body size in Zenaida doves may then be a useful
complement to the present study.

The absence of local effects of heterozygosity seems to be in
contradiction with the fact that identity desiquilibrium, i.e. the
correlation of heterozygosity across all loci, did not differ from
zero (Szulkin et al. 2010). However, inbreeding may create a
correlation between fitness and heterozygosity, even with low
2> (Szulkin et al. 2010), and recent evidence suggests that
failing to detect identity disequilibrium should not be taken as
evidence that inbreeding depression is absent (Kardos et al.
2014). In addition, a recent analysis on our study population
(FC and R. Pradel, unpublished data) showed that multilocus
heterozygosity has a positive effect on adult survival in our
study population. One possibility, recently advanced by Wetzel
etal. (2012), is that inbreeding may have occurred as a result of
a bottleneck during colonization of the island, thus resulting in
associations between alleles across loci that persisted until
present time. The island of Barbados was formed approximate-
ly 700,000 YBP by tectonic uplift and was then colonised by
birds via natural invasion from the much older Lesser Antillean
volcanic islands (Lovette et al. 1999). However, a recent study
(Monceau et al. 2013b) found no evidence for genetic bottle-
neck in the Barbados population of Zenaida doves.
Alternatively, inbreeding might exist at a reduced spatial scale
if individuals do not disperse far away from their natal terri-
tories. Indeed, limited dispersal is supposed to result in close
spatial associations between relatives, thus resulting in a fine-
scale genetic structure. Although it is generally considered that
gene flow is less restricted in populations of birds compared to
other vertebrates because of their higher dispersal capacity, this
is not necessary true of populations living on relatively isolated
small islands. Indeed, recent analyses (Monceau et al. 2013b)
show very limited contemporary gene flow between Barbados
and other islands in the Lesser Antilles. In addition, although
sex-biased dispersal can limit inbreeding in a large number of
bird species (Greenwood 1980), evidence exists for non-
independent male and female sibling dispersal in some bird
species (Alberico et al. 1992; Matthysen et al. 2005). Analysis
of post-natal dispersal and settlement patterns of Zenaida doves
banded as young may indicate to what extent this is true in our
study population.

Overall, although direct evidence for active and rational
choice is still lacking (Bateson and Healy 2005; Reaney 2009;
Dechaume-Moncharmont et al. 2013), our results suggest that
body size and heterozygosity may affect mutual mate choice
in Zenaida doves, although not necessarily in the same fash-
ion. In addition, our results indicate that patterns of mating in
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relation to absolute and relative genetic quality may vary
depending on how heterozygosity affects fitness in natural
populations. In that respect, studying bird species living in
tropical islands with year-long reproduction and reduced gene
flow might be of interest to provide a more comprehensive
view of the causes and consequences of mutual mate choice in
socially monogamous species (see Macedo et al. 2008;
Stutchbury and Morton 2008).
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