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Multiple paternity in socially monogamous prairie
voles (Microtus ochrogaster)

Nancy G. Solomon, Brian Keane, Lana R. Knoch, and Paula J. Hogan

Abstract: Prairie voles (Microtus ochrogaster (Wagner, 1842)) exhibit behavioral, morphological, and
neuroendocrinological traits associated with monogamy and are considered a model system to examine the biological
foundations of monogamy in mammals. We examined allelic polymorphism at microsatellite loci to assess mating ex-
clusivity in wild prairie voles sampled in east-central Illinois and found evidence of multiple paternity in five of nine
litters (56%) analyzed. Thus, a female in this socially monogamous mammal with extensive mechanisms for pair bond-
ing does not always mate solely with its partner and raises the paradox of why some pair-bonded females mate multi-
ply.

Résumé : Les campagnols des prairies (Microtus ochrogaster (Wagner, 1842)) possèdent des caractéristiques
comportementales, morphologiques et neuroendocriniennes associées à la monogamie; ils sont d’ailleurs utilisés comme
système modèle pour étudier les fondements biologiques de la monogamie chez les mammifères. Nous avons examiné
le polymorphisme des allèles à des locus microsatellites pour évaluer en nature l’exclusivité des accouplements chez les
campagnols des prairies échantillonnés dans le centre-est de l’Illinois; nous avons trouvé des indices de paternités mul-
tiples dans cinq (56 %) des neuf nichées que nous avons analysées. Ainsi, une femelle de ce mammifère à monogamie
sociale qui possède d’importants mécanismes de renforcement du couple ne s’accouple pas toujours uniquement avec
son partenaire; se pose alors le paradoxe à savoir pourquoi certaines femelles vivant en couple s’accouplent avec
plusieurs partenaires.

[Traduit par la Rédaction] Solomon et al. 1671

Introduction

Monogamy is defined as a mating system in which there
is an exclusive association between a pair-bonded male and
female and occurs in less than 5% of mammals, primarily
canids, primates, and rodents (Kleiman 1977; Clutton-Brock
1989). Within nonhuman mammals, monogamy has received
much attention in prairie voles, Microtus ochrogaster (Wag-
ner, 1842), and they have been used as a model system to
examine proximate processes regulating the social and re-
productive behaviors found in mammalian monogamous sys-
tems (Young et al. 1998).

Prairie voles exhibit behavioral, morphological, and phys-
iological traits associated with pronounced pair bonding
(Carter et al. 1995; Young et al. 1998). Getz and colleagues
have studied the patterns of association between males and
females in natural populations in east-central Illinois for
over 20 years. Field data from these studies suggest that the

social organization of prairie voles involves a pair-bonded
monogamous mating system (Getz et al. 1981, 1990). Prairie
voles live as male–female pairs, single females (presumably
remnants of male–female pairs), or in groups formed primar-
ily through retention of offspring at the nest of a male–
female pair (Getz et al. 1990). Trapping data from a popula-
tion of prairie voles in Illinois obtained over an 8-year pe-
riod found that approximately 70% of male and female
offspring remained at their natal nest into adulthood and that
the number of groups containing more than two adults var-
ied from 27% (n = 386) in the spring–summer to 69% (n =
325) in the fall–winter (Getz et al. 1990).

In Illinois, male–female pairs are repeatedly captured to-
gether (Getz et al. 1981) and these pairs exhibit high degrees
of home-range overlap (Hofmann et al. 1984; Getz and
Hofmann 1986), suggesting that they are socially monoga-
mous. Illinois prairie voles are not sexually dimorphic in
body size (Hoffmeister and Getz 1968); this lack of sexual
dimorphism characterizes monogamous animals, according
to Boonstra et al. (1983). In laboratory studies, male and
female prairie voles display a preference for contact with a
familiar sexual partner and display aggression toward strang-
ers (Williams et al. 1992; Carter et al. 1995; DeVries et al.
1997; Insel 1997). Studies of the neuroendocrine mecha-
nisms underlying social attachment and aggression in prairie
voles have implicated oxytocin, vasopressin, and corticoster-
one in the control of these aspects of monogamous behavior
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(Winslow et al. 1993; Williams et al. 1994; Carter et al.
1995; Young et al. 1998; Cushing and Carter 2000). The dif-
ferences in hormone levels, as well as the spatial distribution
of receptors in the brains, of prairie voles versus nonmono-
gamous voles are thought to be involved in the evolution of
social monogamy in mammals (Carter and Getz 1993).

If these proximate behavioral and physiological mecha-
nisms are adaptive, they should have evolved only if there is
a substantial benefit to pair formation. Although benefits
from paternal care appear to be important in many avian
species (Petrie and Kempenaers 1998), prairie voles living in
pairs do not produce more offspring than single females
(Getz and McGuire 1993). Thus, paternal care does not ap-
pear to be an important benefit of pair bonding in this spe-
cies. Another potentially important benefit to males from
pair formation would be the ability to monopolize a female’s
matings (i.e., genetic monogamy). Some evidence suggests,
however, that prairie voles may not be genetically monoga-
mous; one of four females from a natural population
examined with multi-locus DNA fingerprinting had mated
multiply (Solomon and Getz 1997).

Although prairie voles have been used as a model system
for studying the behavioral and physiological mechanisms of
attachment and pair-bond formation in socially monogamous
mammals, the extent to which prairie voles are genetically
monogamous in nature is uncertain. In this study, we exam-
ine allelic polymorphism at microsatellite loci to determine
if litters obtained from female prairie voles living in the wild
show evidence of being sired by more than a single male.
The extensive polymorphism generally detected at micro-
satellite loci make these loci particularly sensitive genetic
markers for detecting multiple paternity in natural popula-
tions, even when the pool of potential fathers is unidentified
(Queller et al. 1993; Jarne and Lagoda 1996).

Materials and methods

Specimens
To determine if wild female prairie voles mate exclusively

with one male, pregnant females were collected from a natu-
ral population in east-central Illinois in September 2000. A
grid of Sherman live-traps was set at Phillips Tract, Urbana,
Illinois. Traps were baited with peanut butter and oats and a
total of 290 trap-checks (number of traps × number of times
checked) were conducted. From these trap checks, nine
pregnant females were obtained and they were sacrificed to
obtain complete litters. Maternal tissues were placed on ice
for transport to the laboratory where they were stored at
–70 °C. Embryos were dissected in the laboratory and stored

in lysis buffer. Since our objective in the study was solely to
determine if litters reared by individual females were sired
by multiple males, we did not collect tissue from any of the
adult males in the population. Genomic DNA for micro-
satellite analysis was extracted from the livers of adult
females and from whole embryo tissue using standard
phenol–chloroform extraction techniques (Sambrook et al.
1989; Keane et al. 1994).

Microsatellite analysis
Microsatellite primers specific for prairie voles have not

yet been reported in the literature, so approximately 20
heterologous microsatellite primer pairs developed for re-
lated vole species were screened for their utility in assessing
multiple paternity in prairie voles. Among the primer pairs
screened, five were found that were polymorphic and pro-
duced clear banding patterns that were reproducible and
could be reliably scored (Table 1). All mothers and their em-
bryos were genotyped at each of these five microsatellite
loci. DNA samples from all individuals were amplified via
polymerase chain reaction (PCR) at each microsatellite
locus in 15-µL reactions containing approximately 50 ng
genomic DNA, 10 mol Tris-HCl/L, 0.2 mol dNTPs/L, 1.0–
1.5 mol MgCl/L, 0.67 µmol/L each of forward and reverse
primers, and 0.5 U Taq DNA polymerase (1 U ≈ 16.67 nkat).
After initial denaturation at 95 °C for 3 min, PCR reactions
were cycled 35 times, with denaturation at 90 °C for 30 s,
annealing at 52–62 °C depending on the primer pair for 20 s
(for the specific annealing temperature for each primer, see
Table 1), and extension at 72 °C for 20 s with a final elonga-
tion step of 5 min. Following amplification, PCR products
were electrophoresed on 8% polyacrylamide gels in 1× TBE,
and gels were stained with ethidium bromide. Amplified
microsatellite alleles were visualized with an EagleEye
imaging system using Stratagene® EagleSight version 3.2
(Stratagene Corp. 1998).

Each mother and her offspring were initially electrophor-
esed on the same gel. The locus-specific genotypes for each
individual were scored by comparison of amplified PCR
products with each other and to known size standards. Mole-
cular mass of bands were determined using AlphaEaseFC™
version 3.1.2 (Alpha Innotech Corporation 1999). To test the
reliability of the initial genotyping results, DNA from indi-
viduals scored as having the same allele at a particular locus
across the nine mother–offspring groups was reamplified
and electrophoresed together on the same gels. This process
was repeated for each allele scored at each of the five
microsatellite loci used in the analysis to verify the precision
of the genotype data within and between families. The num-
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Locus
Repeat
sequence Ta (°C)

No. of
alleles Ho

Reference for initial
characterization

AV3 (TAA)20 52 2 0.62 Stewart et al. 1998
AV13 (GATA)14 59 10 0.67 Stewart et al. 1998

Moe2 (GT)17 62 6 0.84 Van de Zande et al. 2000

MSCRB-6 (AC)12(AG)25 52 3 0.15 Ishibashi et al. 1997

MSMM-6 (CA)18 52 5 0.51 Ishibashi et al. 1999

Table 1. Microsatellite primer sets used in this study and the repeat sequence, annealing temperature (Ta), number
of alleles detected, and observed heterozygosity (Ho) for each.



ber of alleles and the observed heterozygosity at each locus
across all of the individuals analyzed are shown in Table 1.

Multiple paternity analysis
To assess the minimum number of males required to sire a

litter, the genotype of every offspring in a litter at each of
the five microsatellite loci was compared with that of its
mother to identify the maternally and paternally inherited al-
leles at each locus for an offspring. Multiple paternity within
a litter was assumed if the minimum number of paternal al-
leles observed at a locus was greater than two (Fig 1). The
more loci meeting this criterion, the greater the robustness of
the assumption that more than one male sired a particular lit-
ter.

Results and discussion

Mean litter size of the prairie voles sampled was 4.8 ± 0.3
(mean ± SE) pups/litter (Table 2). Since all offspring were
sampled in utero, the maternity of each offspring was known
with absolute certainty. All of the 43 offspring analyzed in
this study possessed at least one allele in common with their
mother at each locus studied, suggesting that no mutations
were transmitted from mothers to their offspring. However,
because we did not sample putative fathers, the maternal al-
lele at a locus cannot be determined with certainty. It is
possible that an allele which an offspring has in common
with its mother was inherited from its father and the
“nonmaternal” allele at a locus is a mutated gene inherited
from its mother. Since the mutation rates at microsatellite
loci in mammals typically range from 10–2 to 10–5 per locus
in a generation (Driscoll et al. 2002), it is very unlikely that
there would be more than 1–2 instances of a mutated allele
being transmitted from a female to her offspring given that
we examined five microsatellite loci in 43 offspring.

Therefore, if we assume the more parsimonious explana-
tion that all offspring shared at least one allele in common
with their mother at each locus because no mutations had
occurred and that each of the 43 offspring analyzed repre-
sents a separate meiotic event, the maximum female muta-
tion rate per locus is less than 2.3 × 10–2. The combined

maximum female mutation rate for five loci is less than
4.6 × 10–3.

Five of nine (56%) litters showed evidence of multiple pa-
ternity (more than two paternally inherited alleles at a locus)
and two of these litters had more than two paternal alleles at
two different loci (Table 2). Among the five litters indicating
multiple paternity, the minimum possible number of sires
per litter was two in each case. If we assume that the muta-
tion rates at these microsatellite loci in males are the same
as that of females (4.6 × 10–3), this level of mutation is
inadequate to explain the observed variation in the non-
maternally inherited alleles, indicating that the presence of
three nonmaternally inherited alleles at a locus among off-
spring within some litters was the result of multiple sires.

Based on extensive field and laboratory data, the social or-
ganization of prairie voles has been described as a pair-
bonded monogamous mating system (Thomas and Birney
1979; Getz et al. 1981; Getz et al. 1990). In this population,
more than half of the sampled females had litters sired by
more than one male. These data are consistent with labora-
tory studies in which females mated with more than one
male (Evans and Dewsbury 1978; Wolff and Dunlap 2002).
Our results raise the possibility that extra-pair copulations
may be common in at least some prairie vole populations
and that the monogamy previously inferred for this species
may be more social than genetic. Each female whose litter
appeared to be sired by more than one male may be mating
with a member of her social group other than the male to
which she appears pair bonded. The proportion of litters
showing evidence of multiple paternity (56%) is within the
range of the proportion of social groups in a population con-
taining more than two adults (27%–69%). Alternatively, fe-
males may be mating with a neighboring pair-bonded male,
or a wandering unpaired male in the population (Getz et al.
1993; Solomon and Jacquot 2002). Further genetic analyses
of natural prairie vole populations where both females and
males are sampled should provide answers to the question of
which males the females with multiply-sired litters are mat-
ing.

Extra-pair copulations have been reported in a few other
socially monogamous mammalian species such as Mongo-
lian gerbils, Meriones unguiculatus (Milne-Edwards, 1867)
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Female
Number of
embryos

Minimum number
of fathers

Number of loci
indicating multiple
paternity

20A 3 1 0
21A 5 1 0
23A 5 2 2
25A 4 2 1
26A 6 2 1
27A 6 2 3
31A 4 2 1
33A 5 1 0
35A 5 1 0

Table 2. Results of the multiple paternity analyses showing the
minimum number of fathers for each litter and the number of
loci indicating multiple paternity of prarie voles, Microtus
ochrogaster.

Fig. 1. Electrophoresis gel depicting the polymerase chain reac-
tion products obtained by amplifying the DNA of an adult fe-
male prairie vole, Microtus ochrogaster, (Mother) and her four
littermate offspring (O1–O4) with microsatellite primers for the
AV13 locus. The letters at the bottom of each lane indicate the
alleles present in each individual. The nonmaternally inherited
allele in offspring O1 and O4 is allele D, the nonmaternally in-
herited allele in offspring O2 is C, and the nonmaternally inher-
ited allele in offspring O3 is either A or B. The presence of
three nonmaternally inherited alleles among the offspring of this
litter indicates that it was sired by at least two males.
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(Agren et al. 1989); aardwolves, Proteles cristatus (Sparrman,
1783) (Richardson 1987); and gibbons, Hylobates lar (L.,
1771) (Reichard 1995). Other studies showed that male–
female pairs of some species were genetically as well as
socially monogamous (e.g., Oldfield mouse, Peromyscus
polionotus (Wagner, 1843) (Foltz 1981); California mouse,
Peromyscus californicus (Gambel, 1848) (Ribble 1991,
2003); Kirk’s dik-dik, Madoqua kirkii (Günther, 1880)
(Brotherton et al. 1997)). In contrast, genetic data has re-
vealed extra-pair fertilizations in socially monogamous spe-
cies such as alpine marmots, Marmota marmota (L., 1758)
(Goossens et al. 1998); rock-wallaby, Petrogale assimilis
(Ramsay, 1877) (Spencer et al. 1998); fat-tailed dwarf le-
mur, Cheirogaleus medius (É. Geoffroy Saint-Hilaire, 1812)
(Fietz et al. 2000); Ethiopian wolves, Canis simensis (Rüppell,
1840) (Sillero-Zubiri et al. 1996); and African wild dogs,
Lycaon pictus (Temminck, 1820) (Girman et al. 1997). In al-
pine marmots, for example, extra-pair paternity occurred in
11 of 35 litters (31.4%) and 19.4% of all juveniles geno-
typed resulted from extra-pair matings (Goossens et al.
1998).

The findings of these studies along with the results re-
ported here indicate that even in species where pronounced
behavioral and physiological mechanisms promoting social
monogamy are seen, the social mating system is not neces-
sarily tightly linked to the genetic mating system. This raises
the intriguing question of why females and males form a
pair bond and then females mate multiply. Evidence from
other vertebrates indicates that multiple paternity may pro-
vide direct or indirect benefits to females (Ligon 1999;
Jennions and Petrie 2000; Brotherton and Komers 2003;
Sommer 2003). However, because of the lack of data from
socially monogamous mammals on the fitness consequences
of mating with multiple males, the benefits of this behavior
still remain an unanswered question.
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