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Introduction: The prairie vole (Microtus ochrogaster) is a socially monogamous
species that, after cohabitation with mating, forms an enduring pair bond. It has
been suggested that female prairie voles avoid mating with fathers and siblings to
prevent inbreeding depression. However, controlled laboratory tests of
preferences involving males with varying degree of relatedness have not
been conducted.

Methods: To address this, we employed a multiple socio-sexual preference
arena consisting of four adjacent cylinders arranged in a closed circle. In each
cylinder, we placed a male of varying relatedness to the experimental female (i.e.,
father, sibling, first-degree cousin, and unrelated males) and registered their
behavior for five hours. Male socio-sexual preference was determined by the
proportion of time spent in each male's chamber, which can be driven by
affiliative preferences for the father and sibling and sexual attraction for the
cousin and unrelated males. Mating preference was analyzed as the frequency of
mating with each male. We hypothesized that receptive females would show
sexual attraction and mating preferences for the unrelated males and cousins
and affiliative preferences for the fathers and siblings.

Results: Our analyses showed that females spent more time with first-degree
cousins and mated more often with them compared to unrelated males, siblings,
or fathers. However, complete inbreeding avoidance was not observed, and
some females mated with siblings, fathers, or both.
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Discussion: Although our results did not support the hypothesis, they are consistent
with other studies that have argued that mating with first-degree cousins optimizes
the costs and benefits associated with inbreeding and outbreeding.

KEYWORDS

prairie voles, socio-sexual preferences, mating preferences, kinship, inbreeding

avoidance, huddling

1 Introduction

Mate choice is a critical element for the reproductive success of
many species that involves context-specific factors (Charlton, 2008).
Among the evolutionary benefits of mate choice is the adaptive nature
of parental genes inherited by offspring, which can influence fitness
(Jennions and Petrie, 2000; Roberts and Gosling, 2003). Also, mating
with kin (inbreeding) can reduce offspring fertility due to inbreeding
depression (Ralls et al., 1988; Pusey and Wolf, 1996; Crnokrak and Roff,
1999). Thus, choosing the appropriate mate affects an individual’s
fitness, particularly in females that have limited reproductive potential.

The prairie vole (Microtus ochrogaster), is a small rodent with a
socially monogamous mating system, present only in 5% of mammals,
and males actively contribute to the care of the offspring (Kleiman, 1977;
Thomas and Birney, 1979; McGraw and Young, 2010; Getz et al., 1981;
Walum and Young, 2018). It has been reported in mammals that if males
participate in parental care, their contribution goes beyond simple
genetic heritage and includes increased offspring survival (McGuire
et al,, 1992; Gubernick and Teferi, 2000). It has been proposed that
mate choice by female prairie voles is a vital task, that may rely on many
cues. For instance, females tend to prefer males who engage in more
allogrooming and maintain close contact with them (Ophir et al., 2008a).

Unlike genetic monogamy, in which reproduction is limited to
only one partner in life, in social monogamy, members of a couple
may mate with others, despite having a tight pair bond (Ophir et al.,
2008b; Lukas and Clutton-Brock, 2013; Carter and Perkeybile, 2018).
For example, studies conducted in seminatural conditions, using
paternity analyses, have shown that in situations where males
outnumber females, multiple paternity occurs in 57% of pregnant
female prairie voles (Rice et al, 2022). As a reproductive system,
prairie voles behave as residents and wanderers throughout their lives
(Solomon and Jacquot, 2002; Lichter et al., 2020). Indeed, male
residents exhibit social monogamy due to pair bonding with the
females within their territory and nest site, while wanderers are often
single and promiscuous (Getz et al., 1993; Solomon and Jacquot,
2002; Solomon et al., 2004; Ophir et al., 2008b; Rice et al., 2018;
Lichter et al., 2020; Solomon and Ophir, 2020),. However, sexual
selection is not very strong in socially monogamous species. Social
monogamous species typically have minimal sex differences, less
intra-specific competition, no biased adult sex ratio, and males do
not experience selective pressures for range expansion (Gaulin and
Fitzgerald, 1989; Carter and Getz, 1993).

Prairie voles are capable of kin recognition through smell
(Newman and Halpin, 1988). For example, in laboratory conditions,
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sexually naive females tend to avoid mating with males with whom
they were raised (father and siblings) (McGuire and Getz, 1981).
Female prairie voles display induced sexual receptivity by exposure
to a chemosignal in male urine. Because females usually do not naso-
genital sniff familiar males, it has been suggested that under natural
conditions, sexual receptivity is induced in prairie vole females by
signals from unrelated males (Getz and Carter, 1980; Gavish et al,
1983; McGuire and Getz, 1991). Moreover, females enter sexual
receptivity more quickly when exposed to males that do not have
prior mating experience (Pierce and Dewsbury, 1991).

Carter et al. (1986) demonstrated that when female voles were
mated with a sibling, a father, or in the presence of the father and
the mother, their sexual encounters are brief and probably infertile,
with a low frequency of lordosis (Getz et al., 2005). These behaviors
make it possible to avoid mating with genetically
related individuals.

On the other hand, mammals display adverse effects produced
by inbreeding depression. For example, in the white-footed mouse
(Peromyscus leucopus), it was observed that females that mated with
their cousins gave birth to litters of the same size as those of females
that mated with unrelated males. In addition, no significant
differences were found in the weight of pups at weaning.
However, litters obtained from breeding among siblings were
small, and the pups’ weight at weaning was significantly lower
than that of pups from females that mated with their cousins or
unrelated males (Keane, 1990). In prairie voles, mating with siblings
from the same litter results in offspring weighing less at birth and
weaning, smaller litter sizes, increased intervals between litters, and
a decrease in the proportion of pairs that produce litters (Bixler and
Tang-Martinez, 2006).

Sexually naive female prairie voles that mate with their siblings
after having been kept together from birth until puberty do not
breed under laboratory conditions. However, when siblings are
separated after weaning and kept apart for at least 8-15 days before
mating, they do breed (McGuire and Getz, 1981; Gavish et al,
1984). These data suggest that sibling affiliation among prairie voles
might be due to previous contact or familiarity in early life stages
rather than to a mechanism restricted to sensory recognition of
genetic kinship, as is predicted by the theory of kin selection
(Hamilton 1964a; Hamilton 1964b; Paz y Mino and Tang-
Martinez, 1999b). Similarly, alloparental care is not based on kin
relationships. Sexually immature male prairie voles performed
similar alloparental care toward their siblings and unrelated
neonate voles (Finton et al., 2022).
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Different paradigms and conditions have been employed to
evaluate mate choice in prairie voles. The most common approach is
to allow the experimental subject to choose between two individuals of
the opposite sex. This choice paradigm has been modified to assess
bond strength in prairie voles allowing a subject to choose between a
partner and a stranger (Williams et al,, 1992; Beery, 2021). Such tests
have involved several arena arrangements: rectangular ones with three
equal compartments (Ferguson et al., 1986; Pierce and Dewsbury, 1991;
Ahern et al., 2009), or arenas shaped in a “Y” (Aragona and Wang,
2004; Curtis, 2010; Shapiro and Dewsbury 1986b), a “I” (Rodriguez
et al, 2013), or square (Wolff and Dunlap, 2002; Ophir et al., 2008a). In
all these arenas, the experimental female is placed in a compartment
where she can access the other sections and choose the stimulus male
with whom she wants to mate. Under these conditions, the male she
spends more time with and has more sexual encounters with during
the test is designated as the preferred male (Ferguson et al., 1986; Pierce
and Dewsbury, 1991; Shapiro and Dewsbury 1986b; Shapiro et al.,
1986a). Until now, there are no studies using this kind of paradigm to
expose sexually receptive females simultaneously with related (father,
siblings, or first-degree cousins) or unrelated males to determine socio-
sexual and mating preferences. The only study that mated a sexually
naive female prairie vole simultaneously with three males used
unrelated adults as stimuli (Wolff and Dunlap, 2002).

Our research group developed a paradigm, the multiple socio-
sexual preference test, to assess mate choice in laboratory rats,
demonstrating that estrous females prefer one of four males despite
being a polygamous species (Ferreira-Nufio et al, 2005). In the
present study, we assess the socio-sexual preference by quantifying
the time and number of visits in each male’s chamber, which can be
driven by affiliative (fathers and siblings) preference and sexual
attraction (first-degree cousin and unrelated). Mating preference
was obtained by analyzing the number of mounts, intromissions,
and ejaculations with each male.

Since prairie voles display several mechanisms to avoid
inbreeding depression (Gavish et al., 1983; McGuire and Getz,
1981; McGuire and Getz, 1991; Getz and Carter, 1998), we
hypothesized that under the multiple socio-sexual preference test
sexually receptive females would exhibit a socio-sexual preference
(sexual attraction) and mating preference for the unrelated males
and cousins and socio-sexual preference (affiliative) for the fathers
and siblings. In addition, we sought to determine whether huddling
behavior (side-by-side contact), which usually occurs among prairie
voles once the pair bond is established, is a predictive marker with
mating preference in this test. Finally, we investigated the temporal
development of social interactions with the four males, including
how mating and huddling emerged over the five hours of the test
under the multiple socio-sexual preference test.

2 Methods
2.1 Animal housing and husbandry

Prairie voles were bred in the vivarium at the Instituto de
Neurobiologia, at the Universidad Nacional Autonoma de Mexico
(UNAM). The colony started with animals kindly provided by Dr.
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Larry J. Young at Emory University. Prairie voles were housed in 40 x
20 x 20 cm acrylic cages, with pine chip bedding and recycled paper,
in a room with a 14/10 L/D cycle (lights were turned on at 08:00 h), at
20-25°C with ad libitum access to water and food (Rabbit high fiber
diet 5326 LABDIET, oats, and sunflower seeds). All experiments were
performed in accordance with the “Reglamento de la Ley General de
Salud en Materia de Investigacion para la Salud” of the Mexican
Health Ministry and followed the National Institutes of Health guide
for the care and use of Laboratory animals. The experiments were
approved by the Animal Care Committee of the Instituto de
Neurobiologia (072) and the Ethics Committee of the Instituto
Nacional de Perinatologia (212250-3230-21216-05-15).

To obtain the experimental animals, adult male and female
prairie voles (3-4 months old) were mated in pairs inside clear
acrylic cages with wood shavings for bedding. Once the offspring
were born, they were separated at weaning at 21 days of age and
housed in home acrylic cages in groups of 3-4 voles of the same sex
and age per cage. Voles were marked for identification with a metal
ear tag and were kept in these conditions until multiple socio-sexual
preference tests were performed. Female and male siblings were
separated for more than two months.

2.2 Behavioral procedures

For the socio-sexual and mating preference test, we used the
multiple socio-sexual preference arena, with four clear acrylic
cylinders arranged in a closed circle side by side, as shown in
Figure 1, forming a neutral chamber in the center. Each cylinder
had a 45 cm diameter, was 20 cm high, and had an access of 4 x 4
cm hole at the bottom, facing the central chamber. The hole allowed
the experimental females to move freely from each cylinder into the
central compartment to choose with which male or males to
interact. On the day before the experiments, the stimulus males
underwent a 30 minutes habituation period in the arena. They were
placed and tethered within their respective cylinders using a neck
harness made with a 4 mm diameter aquarium airline tubing. This
setup allowed the males to move freely inside their cylinders but
prevented them from entering each other’s chambers. Females were
not present in the arena during male’s habituation.

The females were also habituated to the arena for 30 minutes
with free access to the four cylinders without any males present. On
the day of the test, both males and females were given five minutes
to acclimate to the apparatus before the trial commenced. The
position of the four stimulus males was randomized across the test.

In each multiple socio-sexual preference test, one experimental
female had the opportunity to interact with four stimulus males:
father, sibling, first-degree cousin, and unrelated male. The fathers
were 7-9 months old, while the cousins, siblings, and unrelated
males were sexually naive and age-matched to the experimental
females (3-4 months old). In total, 20 experimental females were
tested, along with 13 fathers, 20 siblings (female’ s litter mates), 20
first-degree cousins (same grandparents), and 20 genetically
unrelated males. All fathers were pair-bonded with another
female in a mating cage at the time of the multiple socio-sexual
preference test.
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FIGURE 1
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NEUTRAL
COMPARTMENT

Multiple socio-sexual preference test. The arena consists of four transparent acrylic cylinders arranged in a closed circle side by side, forming a
neutral compartment in the center. Each cylinder had an access hole at the bottom that allowed the experimental animal to move freely from each
cylinder into the central chamber to choose with which stimulus voles to interact. The stimulus animals were placed and tethered within their
respective cylinder; they could move and interact with the experimental subject but could not leave their cylinder.

The experimental females were injected daily, for four
consecutive days, with 0.5 ug of estradiol benzoate (Sigma-Aldrich)
to induce sexual receptivity (Smale et al., 1985; Roberts et al., 1998).
Each mate choice test lasted five hours and was recorded with a
Logitech video camera placed on top of the multiple socio-sexual
preference arena focusing on the four cylinders. One observer that
was placed 1.5 meters from the testing arena, performed the
procedures and remained in the experimental room throughout the
trial. Multiple socio-sexual preference tests were performed during
the light part of the photoperiod cycle. Each video recording was
screened, and the following parameters were recorded: each male
visited by the females and the frequency and duration of the visits. A
female was considered to have visited a male when she entered or
placed her front paws and head within the male’s cylinder. We
determined the frequency and duration of visits to each male in
hourly blocks. To obtain the time spent per visit each hour, the time
the female spent during visits was divided by the total number of
visits. We also recorded copulatory behavior, including number of
mounts, intromissions, and ejaculations (Gray and Dewsbury, 1973);
huddling behavior when both members of a pair remained side by
side for at least 60 sec; and aggressive behaviors, including biting,
boxing, and chasing.

Socio-sexual preference was determined by the proportion of
time spent in each male’s chamber, and mating preference was
analyzed as the frequency of mating with each male. After the
multiple socio-sexual preference test, females that did not copulate
were subsequently tested with a sexually experienced male, distinct
from the experimental males. This text was conducted immediately,
using one of the cylinders of this arena as a testing cage. The aim
was to confirm whether these females displayed heightened levels of
sexual receptivity in response to copulation.

Frontiers in Ecology and Evolution

3 Statistical analysis

Socio-sexual preference for the males was evaluated with chi-
squared tests for given probabilities to assess if the time each female
spent with males was equivalent. When the chi-squared tests revealed
that females were not spending their time homogeneously with the
four males, post hoc comparisons were carried out between the 1st
and 2nd place stimulus male with a Bonferroni adjustment of the p-
values. The percentages of preferred prairie voles and males that
mated were analyzed using a chi-squared test for given probabilities.
Subsequently, a post hoc test was conducted to compare the first and
second-place preference, with p-values adjusted using the
Bonferroni method.

Differences in the time spent with the males during the five
hours were analyzed with a linear mixed-effect model in which the
female was considered a random factor (Pinheiro et al., 2023). The
variations in the total number of visits were analyzed with a negative
binomial regression using the glm.nb function from the MASS R-
package (Venables and Ripley, 2002). Another negative binomial
regression was fitted to the variations in the number of visits to all
males per hour.

Differences in copulatory events (number of mounts,
intromissions, and ejaculations) were analyzed using mixed effects
models with a Poisson distribution of errors fitted by maximum
likelihood and considering the female as a random factor using the
pscl R-package (Zeileis et al., 2008; Zuur et al., 2009). Differences in
the time spent huddling and aggressive behaviors during the five
hours were analyzed with a linear mixed-effect model in which the
female was considered a random factor (Pinheiro et al., 2023).
Given that females frequently spent more time with their cousins
(the preferred male) and fathers were the only ones with sexual
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experience, the cousin was considered the baseline level of the factor
“male” in all mixed effect models.

Data from the time spent (duration) per visit for each hour to all
male compartments did not have a normal distribution and was
compared with the Friedman One-Way Repeated Measure Analysis of
Variance by Ranks, followed by Student-Newman-Keuls post hoc test.

4 Results
4.1 Socio-sexual preference

Two parameters can be used to determine socio-sexual
preference: the time spent with each stimulus male and the
number of visits to each male compartment.

4.1.1 Time spent with the four stimulus males
The average time experimental females spent with the stimulus
males is shown in Figure 2. Female voles spent more time with their

10.3389/fevo.2023.1154800

cousin than their sibling and unrelated males. Table 1s shows the
negative binomial generalized linear model coefficients.

To better assess the female’s socio-sexual preference throughout
the test, Figure 3A shows the proportion of time spent by the
experimental females each hour with the four stimulus males. Data
from the total proportion of time spent with males showed that 14
females preferred a male. Of these seven females (50%) preferred
the first-degree cousin, four females preferred the father (28.6%),
two preferred the sibling (14.3%), and one preferred the unrelated
male (7.1%). Significant differences were found in the percentage of
females that preferred a male (chi-squared=600, df=3, p<0.0001).
The post hoc test (chi-squared=7.44, df=1, Bonferroni-corrected
p=0.013) revealed variations in the percentage of females that
preferred the cousin (Ist place) compared to those that chose the
father (2nd place) Figure 3B.

4.1.2 Frequency and duration of visits
Figure 4A shows, by the hour, the mean total number of visits
by the females to the males throughout the test. Females visited the

Kk >k
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FIGURE 2

Time experimental females spent with stimulus males (first-degree cousin, father, sibling, and unrelated male) during the five-hour multiple socio-
sexual preference test. The bars represent the mean values, and error bars indicate the standard error (**p < 0.01, ***p < 0.001, linear mixed-

effect model)
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FIGURE 3

Proportion of time experimental females spent with stimulus males (father, sibling, first-degree cousin, and unrelated) during the multiple socio-
sexual preference test lasting five hours (H1-H5). (A) Hourly time spent with males. (B) Total time spent with males. Asterisks indicate chi-squared
post hoc comparisons for given probabilities between the 1st and 2nd place males (*p < 0.05). Females that preferred father (E—H), sibling (K, N),

cousin (A-C, L, Q, S and T), and unrelated male (1).
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four stimulus males significantly more frequently during the first
hour (Table 2s). This parameter indicates the female’s willingness to
explore each male compartment during the first hour to choose the
preferred male. No significant differences were found in the number
of visits to the stimulus males (Figure 4B). Table 2s shows the
negative binomial generalized linear model coefficients for
the variations in the total number of visits and Table 3s for the
number of visits made to the different males.

Significant differences (chi-square=48.1, 4df, p<0.001) were
found in the time spent per visit (Table 1). The time spent per
visit increases by the hour (except for the third hour vs. the
fourth hour).

4.2 Mating preference

Table 2 presents the results of sexual behavior and huddling
during the multiple socio-sexual preference test. Out of the 20
females, 16 (80%) engaged in copulation during the multiple socio-
sexual preference test. Among these, eight (50%) mated exclusively
with one of the males, who was also their socio-sexual preferred
male (except one female; ID “N”). Six females (37.5%) copulated
with two males, while two females (12.5%) mated with three males.
Therefore, the majority of female prairie voles copulated with only
one of the four stimulus males in the multiple socio-sexual
preference arena. Of the 14 females that preferred a male, eight
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FIGURE 4

Number of visits to stimulus males. (A) Number of visits per hour to all males. (B) Number of times females visited the stimulus males (first-degree
cousin, father, sibling, and unrelated) during the five-hour multiple socio-sexual preference test (H1-H5). The bars represent the mean values, and
error bars indicate the standard error (***p < 0.0001, negative binomial regressions).
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TABLE 1 Time spent per visit (median and 25 and 75 interquartile
ranges) per hour, made by 20 females to stimulus males during the
multiple socio-sexual preference test.

Hour Median 25 75
H1 30 213 42.7
H2 70.6 + 42 89.3
H3 99 +# 61.7 148
H4 110.9 +# 69.6 368.9
H5 182.6 +#& 98.7 371

+ p<0.05 different from H1, # p<0.05 different from H2, & p<0.05 different from H4 after
comparison with Friedman One-Way Repeated Measure Analysis of Variance by Ranks,
followed by the post hoc Student-Newman-Keuls test.

females mated with the cousin, four with the father, three with the
unrelated male, and three copulated with the sibling. Statistical
analysis revealed that the cousin was the preferred male for mating
(chi-squared=377.78, df=3, p<0.0001). The post hoc test further
confirmed the difference between the number of females that
copulated with the cousin (Ist place) and those that copulated
with the father (2nd place) after Bonferroni correction (chi-squared
11.1, df=1, Bonferroni corrected p=0.0017) (Table 2).

Sexual parameters showed that cousins displayed more mounts,
intromissions, and ejaculations than the sibling and unrelated males
and more intromissions than the fathers (Figures 5A-C
and Table 4s).

As for huddling, this behavior only occurred with the females that
mated during the test (except female R), and this behavior was only
displayed with the socio-sexual preferred male, even with females that
copulated with two males (Table 2). Interestingly, significant
differences were found in the time spent huddling. Females spent
less time huddling with fathers, siblings, and unrelated males than
with cousins (Figure 5D and Table 4s). Given the majority of females
that copulated during the test huddled with the socio-sexual preferred
male, huddling serve as a valuable indicator for determining the
preferred male in the multiple socio-sexual preference test.
Interestingly, even though four females chose the father as the
socio-sexual preferred male, two of them did not copulate with
him, suggesting that this may be a filial social preference rather
than a sexual preference. Aggressive behaviors also were recorded
during the multiple socio-sexual preference test. Fathers were the
males who displayed more aggressive behaviors (biting, boxing, and
chasing) toward the females (Figure 6, Table 5s).

At the end of the test, the four females that did not copulate
after five hours in the multiple socio-sexual preference arena were
evaluated in the home cage of a sexually experienced male who did
not participate in this study to determine if they were sexually
receptive. The females did show sexual receptivity (lordosis) in
response to the male mount.

5 Discussion

Socio-sexual preference, evaluated as the time spent with each
stimulus male, revealed that the females spent more time with their
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cousins than their siblings and unrelated males (Figure 2, Table 1s).
Additionally, a higher percentage of females selected their cousin as
the socio-sexual preferred male (Figure 3B).

Regarding mating preference, we observed that among the 14
females who preferred a male, most mated with their cousin (8
females) (Table 2). Furthermore, we found that cousins exhibited
more mounts, intromissions, and ejaculations than siblings and
unrelated males. Notably, cousins also displayed more intromission
than fathers (Figure 5). Females who preferred a male also spent
more time engaged in huddling behavior with their cousins as
opposed to their fathers, siblings, and unrelated males.

We believe the degree of kinship could have significantly
influenced the females’ preference for the cousin. Unlike the
father, the three other males (sibling, cousin, and stranger) had
similar characteristics: they were the same age and had no previous
sexual experience. In most studies that suggest that prairie voles
avoid inbreeding (Getz and Carter, 1980; McGuire and Getz, 1981;
Gavish et al., 1983; McGuire and Getz, 1991), parents have been
paired with daughters and sons to demonstrate incest avoidance,
but only a few studies have carried out pairings among cousins.
However, none of these studies assessed the sexually naive females’
preference for the cousin using a multiple socio-sexual preference
test. For example, under laboratory and seminatural conditions,
studies have conducted inbreeding among cousins to assess its effect
on inbreeding depression, as well as on the survival and
reproductive success of the offspring (Barnard and Fitzsimons,
1988; Keane, 1990; Pillay and Rymer, 2017).

Mating among individuals with an intermediate kinship has been
described for some rodent species that tend to reject reproduction
with related congeners to avoid inbreeding depression, as is the case
of the mouse (Mus musculus), (Barnard and Fitzsimons, 1988) and
the white-footed mouse (Peromyscus leucopus), (Keane, 1990). For
example, Barnard and Fitzsimons (1988), using a cross-fostered
system in the house mouse, assessed preference as a function of
relatedness with opposite sex individuals, including full siblings, half-
siblings, cousins in the first, and second-degree cousins. These
authors demonstrated that males preferred the odor and
interaction of females of intermediate kinship (cousins). Something
similar was demonstrated for the white-footed mouse; females in
estrus spent more time sniffing soiled bedding from cousins in the
first-degree than soiled bedding from siblings or unrelated males, and
the females also interacted longer with their cousins than with the
sibling or an empty compartment. In addition, females in estrus
showed more amicable behaviors and were less antagonistic or
aggressive with their cousins than with siblings and unrelated
males (Keane, 1990). Finally, in the whistling rat (Paratomys
littledalei), it was also observed that the time spent by inbred
females in estrus sniffing the wood-shaving beddings of their first-
degree cousins was similar to the time spent sniffing the unrelated
males’ bedding. Time sniffing the unrelated male’s odors was
significantly longer than the time dedicated to smell full siblings of
the same litter, or half siblings bedding (Pillay and Rymer, 2017). The
above suggests that the females” levels of preference for the cousins
and their reproductive success could be similar to unrelated males.

We anticipated that sexually naive female voles would be
demonstrate a preference for the unrelated (stranger) males.
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TABLE 2 Sexual behavior, huddling, and socio-sexual preferred male in female prairie voles during each hour of the multiple socio-sexual
preference test.

Sexual behavior, huddling, and preferred male Preferred male

Behavior 1 P 3 4

A Mating Cousin Cousin Cousin Cousin NC Cousin
Huddling + + +

B Mating NC Cousin Cousin Cousin Cousin Cousin
Huddling + + +

C Mating Unrelated Cousin Cousin Cousin Cousin Cousin
Huddling + + +

D Mating NC NC NC NC NC Wp
Huddling

E Mating Father Father Father Father Father Father
Huddling + + + +

F Mating Father Father Father Father Father Father
Huddling + +

G Mating NC NC NC NC NC Father
Huddling

H Mating NC NC NC NC NC Father
Huddling

I Mating Cousin Cousin Unrelated Unrelated Unrelated Unrelated
Huddling + + +

] Mating Unrelated Sibling Sibling S/u Unrelated WP
Huddling +U

K Mating Sibling NC NC NC Sibling Sibling
Huddling +

L Mating S/IC S/C S/C NC Cousin Cousin
Huddling +Cousin +

M Mating Unrelated Unrelated Unrelated Father Unrelated wp
Huddling + + +Father

N Mating NC NC NC NC Unrelated Sibling
Huddling +Sibling

(6] Mating S/F S/E NC Cousin Cousin WP
Huddling +

P Mating Father Father Father NC NC WP
Huddling +Cousin +Sibling

Q Mating C/F Cousin Cousin Cousin Cousin Cousin
Huddling + +

R Mating NC NC NC NC NC WP
Huddling +Father +S

S Mating S/F C/F C/F Cousin NC Cousin

(Continued)
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TABLE 2 Continued

Female Sexual behavior, huddling, and preferred male Preferred male

Behavior 1 2 3 4

Huddling ‘ +Cousin ‘ +Cousin + ‘ +Cousin
T Mating ‘ Cousin NC ‘ Cousin Cousin ‘ Cousin Cousin
Huddling ‘ ‘ + + ‘ +

NC, did no copulate; +, behavior presented; WP, without preference; C, first-degree cousin; F, father; S, sibling and U, unrelated.

Surprisingly, only one chose the unrelated vole as the socio-sexual  their fathers and three with their siblings. These findings disagree
preferred male. Outbreeding can be disadvantageous due to the  with previous studies that demonstrated that females prevent
breakdown of locally adapted or co-adapted gene complexes inbreeding depression by rejecting sexual contact with the father
(Tregenza and Wedell, 2000). Individuals with a sexual or the siblings under laboratory and seminatural conditions (Getz
preference for conspecifics of intermediate relatedness had an  and Carter, 1980; Gavish et al., 1983; McGuire and Getz, 1991).
optimal balance between inbreeding and outbreeding (Bateson, As expected, females spend less time with their siblings, and
1982; Loyau et al,, 2012). Male and female Japanese quail spent  only a few mate with them. Only two sexually naive female prairie
more time with the first-degree cousin than with familiar and  voles chose the sibling as the socio-sexual preferred male (Figure 3B;
novel siblings. Also, they prefer the cousin over the unrelated bird ~ Table 2), even though subjects were separated from their siblings for
(Bateson, 1982). Loyau et al. (2012) demonstrated that female fruit ~ two months, from weaning until the test was conducted. Moreover,
flys (D. melanogaster) mate more often with their bothers than  females spent less time with their siblings and avoided huddling and
with unrelated males. copulation (Figures 2 and 5).

Our hypothesis was that females would exhibit socio-sexual McGuire and Getz (1981) and Gavish et al. (1984) reported that
preference (affiliative) for the father and sibling but not mating  under laboratory conditions that do not allow the female to choose
preferences. Our results suggested that female prairie voles did not ~ between different males, sexually naive female prairie voles will
avoid incest in the multiple socio-sexual preference test. Four  copulate and reproduce with their siblings, as long as they have been
females showed socio-sexual preference for their father, and two  separated since weaning (21 days of age) and kept apart for at least
chose their siblings. In mating preference, four females mate with 15 days before mating. Getz and Carter (1998) suggested that when
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FIGURE 5

Sexual behavior during the multiple socio-sexual preference test. (A) Number of mounts. (B) Number of intromissions. (C) Number of ejaculations.
(D) Time spent huddling, in seconds. The bars represent the mean values, and the error bars represent the standard error (** p<0.01, *** p<0.0001;
linear mixed-effect models with Poisson distribution for (A—C), linear mixed-effect model for (D)). Nine females mated with their cousins, seven with
their fathers, five with their brothers, and five with unrelated males. Since huddling is an affiliative behavior, this parameter was analyzed only in
females who had a socio-sexual preference for a male (n=14).
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Poisson distribution).

female prairie voles are separated and isolated from their siblings,
they are incapable of kin recognition.

Thus, incest avoidance would be mainly explained by the
familiarity produced by the previous contact with the siblings
during the nursing period rather than by genetic kinship (Getz
and Carter, 1998). However, in this multiple socio-sexual
preference, our results suggest that genetic kinship could still be
detected by the female prairie vole and thus prevented them from
mating despite being separated from their siblings from weaning to
the moment of testing. In the studies performed by McGuire and
Getz (1981) and Gavish et al. (1983), female prairie voles copulated
and mated with a sibling because he was the only available male,
whereas, in our case, the female may have rejected the sibling
because she had access to three other males in the multiple socio-
sexual preference arena. In nature, the situation is even more
complex, with much more space to occupy. The avoidance we
observed in our study may be sufficiently robust to avoid sibling
incest in a natural environment. In our study, the female voles could
distinguish and avoid mating with siblings among the various
stimulus males, with only a few females choosing to mate with
them, suggesting that a combination of smell, visual and auditory
cues may be involved in their affiliations.

In addition, mate with a sibling can decrease offspring survival.
Using establishing seminatural confinements (0.1 hectares) with
related (opposite-sex siblings) or unrelated breeding pairs of adult
prairie voles, Lucia-Simmons and Keane (2015) demonstrated that
inbreeding produced a decrease in the survival of the young in the
first three generations. However, after three generations, the
number of litters conceived by the related males and unrelated
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males was similar (Lucia-Simmons and Keane, 2015). This outcome
is explained because the males born from endogamic breeding voles
stayed close to the nest where they were raised, participating in the
care and protection of the young that were bred afterward, which
increased their survival (Lucia-Simmons and Keane, 2015).

Another result in this study was that four out of the 20 females
chose the father as the socio-sexual preferred male (Figure 3B,
Table 2). Mating preference data showed that only two of these four
females copulated with the father (Table 2). In the multiple socio-
sexual preference test, females spent more time with a male (socio-
sexual preference), but they did not necessarily mate with him
(mating preferences). Hence, a mating preference of the female
prairie vole in the multiple socio-sexual preference arena was not
necessarily associated with the sexual interest to copulate with
a male.

Our results could be explained if we consider that the father was
pair-bonded with another female in a mating cage during the
multiple socio-sexual preference test. Therefore, he was the only
one with different traits (sexually experienced, older,
aggressiveness) that might have influenced the females’ mate
choice. Female prairie voles avert incest by avoiding olfactory
exploration of the father and the sibling (McGuire and Getz,
1981), but the fathers can also reject being sniffed by the
daughters. For example, in studies conducted with family groups
of this species, in larger enclosures, the fathers do not try to mount
their daughters (McGuire and Getz, 1991).

The fathers’ aggressiveness likely also had an influence on
preference in our study; attacks did occur in most cases when the
female visited the father and started to interact with him (Figure 6).
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One of the most remarkable behaviors in this monogamous species
is rejection and attacks by a member of a mated pair towards others
of their kind once pair bonding is established (Getz and Carter,
1980). Thus, it is not rare that the fathers were the males that most
attacked the experimental females, given that they were mated with
another female at the testing time. In accordance, it has been
reported that female voles did not show a preference for
aggressive males (Ophir et al., 2008a).

As for social status, in dyadic encounters, sexually naive receptive
females avoid sniffing and copulatory activity with males that are
already mated with another female at the time of testing and instead
prefer to copulate with unmated males (Pierce and Dewsbury, 1991).
Also, it was shown that breeder males tried to mount the virgin
females fewer times than sexually experienced non-paired males
(Getz et al,, 1981). In our study, these factors might have adversely
influenced the fathers since only two females mated with their fathers.

On the other hand, fathers exhibited characteristics that could
have influenced female preference, such as dominance and large
size, which male prairie voles tend to have with older age. For
example, sexually naive female prairie voles prefer to copulate with
large males (Aschemeier et al., 2008; Solomon, 1993), and sexually
experienced females prefer males of higher social status or
dominance (Shapiro and Dewsbury, 1986b), traits that possibly
characterize the fathers in our study.

5.1 Frequency and duration of visits

In our study, females spent more time with their cousins than
siblings and unrelated males in the multiple socio-sexual preference
test (Figure 2, Table 1s). Females showed variable exploratory activity
since the number of visits to the males was higher in the first hour of
testing compared to hours 2-5 (see Figure 4A, Table 2s). This
parameter indicates the female’s willingness to explore each male
compartment during the first hour to choose the socio-sexual
preferred male. It must be noted that, despite this decrease, most of
the experimental females continued visiting the four stimulus males
throughout the test. No significant differences were found in the
number of visits to each male. Therefore, the time spent with the
males determines socio-sexual preferences in our test conditions.

The time spent per visit was significantly shorter during the first
hour (Table 1) compared to the second through fifth hours. The
intense exploratory activity at the beginning of the test is possibly
helpful for the female to spatially identify where the four males are
located in the cylinders. This behavior also contributes to sampling
the males. Indeed, intense exploratory activity and a high number of
visits during the first minutes have also been observed in the female
rat when mated in a multiple socio-sexual preference arena with
four males (Ferreira-Nufo et al., 2005).

5.2 Mating preferences

In our study, 16 of the 20 females mated with at least one
stimulus male. Analysis of the copulatory parameters showed that
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the cousins displayed more mounts, intromissions, and ejaculations
than their siblings and unrelated males, and they performed more
intromissions than the fathers.

The percentages of those that copulated with only one and two
males were 50% and 37.5%, respectively. Thus, under the multiple
socio-sexual preference test, mating with only one male was the
most common pattern of female mating behavior (Table 2). These
results differ from other studies in which one female was mated
simultaneously with three males under laboratory conditions. One
of the studies used nulliparous females (Wolff and Dunlap, 2002),
while the other study separated females from their sexual partners
for 30 days prior to testing after their first time giving birth (Wolff
etal., 2002). In both cases, most females (55%) copulated with more
than one male; in the studies by Wolf and collaborators, mating
sessions lasted 24 hours (Wolff and Dunlap, 2002; Wolff et al,
2002), while in our study, they lasted five hours. Furthermore, as the
duration of the tests increased, the number of males with whom the
females copulated also increased. During the first two hours, only
7% of the females copulated with more than one male, while 18%
mated with two males and 25% mated with three males in 24 hours
(Wolff et al., 2002). It could be that socially monogamous female
prairie voles copulate with several males before choosing a mate if
these males are found in the immediate surroundings.

5.3 Huddling behavior reflects a
mating preference

Both in dyadic encounters and in preference tests, huddling
increases selectively in male-female couples with a history of
cohabitation and/or mating (Williams et al., 1992). In our study,
only the females that mated also huddled with the socio-sexual
preferred male (Table 2), suggesting that huddling in the prairie
vole is a clear indication of socio-sexual and mate preference for a
male (Williams et al., 1992; Winslow et al., 1993; Carter et al., 1995;
Insel and Hulihan, 1995; Lim et al., 2004; Young and Wang, 2004).
When the time spent huddling was analyzed, we found that females
spent more time huddling with their cousins than with their fathers,
siblings, and unrelated males (Figure 2). Taken together, our data
indicate that females demonstrate both ad overall preferences to
affiliate and mate with first-degree cousins.

5.4 Conclusion

Using the multiple socio-sexual preference test, we found that
sexually naive females spent more time with their cousins; a higher
percentage of females chose their cousin as the preferred male and
spent more time huddling with them. Although the sexually naive
female voles did not show absolute inbreeding avoidance, socio-
sexual preferences for siblings was low. Moreover, cousins
performed more mounts, intromissions, and ejaculations than
siblings and unrelated males. These data are consistent with other
studies that have indicated that mating with first-degree cousins
represent an optimal balance between the cost and benefits of
inbreeding and outbreeding (Bateson, 1982; Tregenza and Wedell,
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2000; Loyau et al., 2012). We also found that females only displayed
huddling behavior with the males with whom they mated, which
were also their socio-sexual preferred males. This suggests that this
behavior is a relevant sign to identify that mate choice has occurred.
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