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Summary. Black-tailed prairie dogs are colonial
rodents that live in contiguous social groups called
coteries. A typical coterie contains one adult
(=2 years old) male, three or four adult females,
and several yearlings and juveniles of both sexes.
A large coterie sometimes contains two or more
adult males. Using detailed behavioral observa-
tions on 164 females (of which 160 copulated) and
data from four polymorphic loci from parents and
offspring of 121 litters, we examined the black-tail
mating system.

Most females (101/164=62%) copulated with
a single adult male, and only 3 of the 102 litters
with =2 offspring (3%) showed unequivocal evi-
dence of multiple paternity. Adult males usually
copulated with several different adult females.

In one-male coteries, females usually copulated
exclusively with the resident adult male (RAM)
(82/112="73%); this trend was confirmed by elec-
trophoresis of blood samples. In multimale coter-
ies, each female frequently copulated with at least
two different RAMs (28/52=54%); in 4 of 5 multi-
male coteries (80%) which produced two or more
litters whose paternities could be unequivocally re-
solved by electrophoresis, two different RAMs
each sired at least one litter.

Of the 164 females, 30 (18%) copulated with
both the RAM (or one of the RAMs, in multimale
coteries) and an extracoterie adult male, but only
3 (2%) copulated exclusively with an extracoterie
adult male. FElectrophoresis showed that 9 of
121 litters (7%) were sired by an extracoterie adult
male.

Intersexual comparisons of annual reproduc-
tive success and lifetime reproductive success both
indicate that black-tails are polygynous (i.e., that
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variance in reproductive success is greater for
males than for females).

Introduction

The mating system of a species is commonly in-
ferred from its social organization (e.g., Jarman
1974; Clutton-Brock and Harvey 1977a, 1977b;
Alexander etal. 1979). However, the presumed
correlation between mating system and social orga-
nization has rarely been verified in natural popula-
tions. The purpose of our study was to combine
(a) detailed observations of behavior and social
organization during the breeding season with (b)
an electrophoretic analysis of blood samples in an
attempt to define the mating system of the black-
tailed prairie dog (Sciuridae: Cynomys ludovician-
us). More specifically, our main objectives were
to determine if black-tail females copulate exclu-
sively with the adult male(s) in the home harem
and to examine intersexual variance in annual and
lifetime reproductive success.

Black-tails are large (700-1,500 g), diurnal, co-
lonial rodents. In South Dakota they breed in
February and March, and weaned juveniles first
emerge from their natal burrows in May and June
(Hoogland 1979a); the mean+SD litter size is
29411 (N=1751). Individuals live in social
groups called coteries (King 1955), and a typical
coterie contains one resident adult male (RAM),
three or four adult females, and several yearlings
and juveniles of both sexes. A large coterie some-
times contains two or more RAMs (King 1955;
Hoogland 1981b). Females usually remain in the
natal coterie for life, but males usually depart per-
manently 12-14 months after weaning (Hoogland
1982); consequently, the females and yearling
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males within a coterie are almost invariably close
genetic relatives. Males and females usually first
breed as 2-year olds, and avoid mating with close
genetic relatives (Hoogland 1982; Foltz and Hoog-
land in press). Adults and yearlings of both sexes
remain within well-defined coterie territories, and
interact more amicably with members of their own
coterie than with members of other coteries {King
1955; Hoogland 1981 a, b, in press).

The combination of electrophoresis with obser-
vations of behavior and social organization is
available for only a handful of species, including
greater spearnose bats (Phyllostomus hastatus)
(McCracken and Bradbury 1977, 1981), yellow-
bellied marmots (Marmota flaviventris) (Schwartz
and Armitage 1980, 1981), and Belding’s ground
squirrels (Spermophilus beldingi) (Hanken and
Sherman 1981). For greater spearnose bats and
yellow-bellied marmots, whose social organiza-
tions suggest harem-polygyny similar to that sug-
gested by the black-tail social organization, elec-
trophoresis confirmed that the resident adult male
sires most of the offspring produced by females
in his harem. Females of Belding’s ground squirrels
(whose social organization does not suggest
harem-polygyny) frequently copulate with two or
more males, and electrophoresis showed that mul-
tiple paternity occurs at a frequency of 55%—78%.

Materials and Methods

All data in this report were obtained from a single colony
located in Wind Cave National Park, Hot Springs, South
Dakota. This study colony occupies approximately 500 m x
130 m (6.6 hectares), and in late spring of each year contains
a mean +SD of 142.9 +33.6 adults (=2-year olds) and yearlings
and 72.4436.9 juveniles (Hoogland 1979b, 1981b, in press).
The mean+SD number of coteries present each year is
24.5+1.0. Since 1975, all residents at the study colony have
been marked with eartags and Nyanzol fur dye; young of each
litter are marked before any mixing with young from other
litters, so that exact mother-offspring and sibling-sibling genetic
relationships can be determined (Hoogland 1981b, 1982).
Coterie compositions are determined from behavioral observa-
tions (King 1955; Hoogland 1981b} from 5-m high observation
towers. The study colony is approximately 0.5 km away from
all other colonies. Because all the residents at the study colony
are color-marked each year, it would be almost impossible for
an individual to leave or enter the study colony temporarily
during the breeding season without detection.

When a female showed any sign of estrus (see below), that
female was watched closely until she submerged into a burrow
for the night. A copulation was assumed to have occurred if
an adult male and a female were in a burrow together for
at least 2 min during daylight hours and if we detected at least
one of those behaviours associated with underground consort-
ships (see below). Cases in which all consorting males could
not be accurately identified by observers were excluded from
analysis. During the breeding seasons of 1978 through 1981,
36 field assistants and Hoogland recorded data for over 99%

of the time that the prairie dogs were aboveground. We ob-
served 160 periods of estrus (17 in 1978, 32 in 1979, 45 in
1980, and 66 in 1981), involving 107 different females and 64
different males. Only 4 adult females and 1 aduit male evidently
did not copulate at least once each year (Table 1, Figs. 1 and
2). However, because it is easier to demonstrate that a prairie
dog has rather than has not copulated, the frequency of individ-
uals with 0 couplations in Table 1 and Figs. 1 and 2 is probably
low.

From 1978 through 1981, blood samples were collected
from 500 different prairie dogs at the study colony (Foltz and
Hoogland 1981, in press). Blood obtained by cutting one or
more foot pads with a sterilized lancet was collected in heparin-
ized capillary tubes and was kept on ice for 2-6 h until centri-
fuged for 10 min. Plasma and erythrocyte fractions from each
animal were stored in separate vials at —70° C or colder until
electrophoresis. Blood proteins were examined by standard
methods of horizontal starch-gel electrophoresis and histo-
chemical staining (Selander et al. 1971). Four polymorphic loci
were detected : 6-phosphogluconate dehydrogenase (6-Pgd, with
two alleles), esterase-1 (Est-1, with two alleles), transferrin (Trf,
with three alleles), and nucleoside phosphorylase (Np, with
three alleles). Twenty-one other loci were monomorphic (based
on samples from > 50 individuals). All electrophoresis was per-
formed in 1980 and 1981 ; because of denaturation, 6-Pgd could
not be accurately scored for the samples collected in 1978 and
1979. Blood samples were obtained from the mother, all the
young weaned, and all adult males at the study colony for
all the litters in 1979 (N=22) and 1980 (¥ =30) and for most
of the litters in 1978 (32 out of 34) and 1981 (37 out of 38).
Although we had blood samples from all the parents and off-
spring each year, we did not have behavioral observations each
year for all of the estrous females.

Each offspring had at least one electromorph in common
with its mother at each locus, as expected for loci with codomin-
ant alleles. Multiple paternity for a single litter was inferred
when either (a) the genotype of no single adult male in the
study colony was consistent with all the offspring genotypes
in a litter and/or the offspring in a litter showed three different
paternal alleles at the Trf or Np locus (N=2) or (b) the only
adult male in the study colony whose genotype was consistent
with all the offspring genotypes in a litter lived in a coterie
that was >50 m distant from the mother’s home coterie, such
that insemination by this single male was extremely unlikely
(see below) (N=1). In two of the cases of multiple paternity,
the offspring genotypes were consistent with multiple paternity
involving two RAMs from the multimale home coterie; in the
third case, the offspring genotypes were consistent with multiple
paternity involving the one RAM from the home coterie and
one adult male from an adjacent coterie. There is no general
agreement regarding the best method for estimating the fre-
quency of multiple paternity in natural populations (Birdsall
and Nash 1973; Merritt and Wu 1975; Johnson 1977; Wilson
1981). We estimate that the probability of detecting multiple
paternity in black-tails by either of our two methods was at
least 25%.

For harem-polygynous species in general, we use the term
“cuckoldry” in this report for cases involving the siring of
offspring by males from outside the home harem. Methods
for detecting cuckoldry and nonpaternity in natural populations
are less complicated than are methods for detecting multiple
paternity (Wiener 1968 ; McCracken and Bradbury 1977, 1981).
For black-tails, we estimate that the probability of detecting
a cuckoldry by electrophoresis (assuming single paternity per
litter) was approximately 80%.

For each litter each year, the likelihood of paternity (LOP)
for each adult male at the study colony was calculated from



the distribution of genotypes within the litter and the Mendelian
probabilities (conditioned on the male’s genotype) of obtaining
those genotypes (Foltz and Hoogland 1981). The LOP method
assumes that each litter was inseminated by a single adult male;
as noted above, this assumption of single paternity was some-
times violated. An adult male was excluded from paternity of
a litter when his genotype was inconsistent with the offspring
genotypes at one or more loci; for example, an adult male
whose genotype is BB at the Np locus could be excluded from
paternity of a litter consisting of four offspring whose genotypes
at the Np locus are all CC. The number of adult males at
the study colony whose LOP values were calculated was 29
in 1978, 31 in 1979, 29 in 1980, and 25 in 1981, Eight yearling
males (2 in 1978, 1 in 1980, and S in 1981) showed evidence
of sexual maturity (dispersal from the natal coterie before the
first breeding season and/or copulatory behavior), and these
yearling males and all sexually mature yearling females (those
observed to copulate and/or to wean a litter) were included
in LOP and other paternity analyses. We use the term “adult”
in the remainder of this report for =2 -year olds and for sex-
ually mature yearlings.

Results

Behavioral Observations
of Adult Males and Estrous Females

Black-tails wusually copulate underground. All
adult females usually come into estrus (sexual re-
ceptivity) each year; juvenile mortality during lac-
tation is high, and only about one-half of those
females that copulate wean a litter (Hoogland
1981b). Each female is in estrus for several hours
of one day only, and she usually (124 out of 156
estrous females for which we had data=79%) sub-
merges for the night with an adult male with whom
she copulated. Although copulations occur under-
ground, two kinds of evidence often allow us to
identify a copulating pair. First, a nonestrous
female only rarely enters a burrow with an adult
male during daylight hours, and if she does it is
usually for less than 1 min. An estrous female, on
the other hand, frequently enters a burrow with
an adult male for long periods during daylight
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hours (several minutes to several hours) in what
we term an “underground consortship” (Hoog-
land 1982). Second, there are five behaviors which,
with only rare exceptions, are associated exclusive-
ly with underground consortships (Hoogland
1982): (1) a unique “mating call” by the male just
before or just after submerging with an estrous
female; (2) postconsortship licking of the penis by
the male; (3) postconsortship licking of the vulva
by the female; (4) preconsortship taking of nest
material into the burrow of consortship by the
male; and (5) the estrous female’s remaining
aboveground long after (>60 min, in some cases)
all other prairie dogs have submerged for the night.
Of the 5aboveground copulations that we ob-
served, 2 showed 4 of the 5 behaviors associated
with underground consortships, 1 showed 3 of the
behaviors, and 2 showed 2 of the behaviors. No
more than one of these behaviors per day was ever
observed for nonconsorting prairie dogs.

Two independent lines of evidence support the
assumption that underground consortships involve
copulations. First, each year the date a female’s
young first emerged from the natal burrow varied
directly with the date of underground consortship
and presumed conception (P<0.008 for 1978
through 1981, two-tailed Kendall rank correlation
test). In 1981 we also were able to pinpoint the
day when females first began to show signs of
having given birth (late first emergence in the
morning, frequent trips underground to the same
burrow system, etc.), and the first date of these
signs also varied directly with the date of under-
ground consortship (P <0.001, two-tailed Kendall
rank correlation test). Second, paternities deter-
mined from electrophoretic analysis of blood
samples agree closely with those inferred from be-
havioral observations alone (Foltz and Hoogland
1981, and below). For example, paternity deter-
mined from electrophoresis was consistent with pa-

Table 1. Summary of copulations by females of one-male coteries and females of multimale coteries

No One copulation  One copulation ~ Two or more Two or more Two or more
copulations with one male with one male copulations, copulations, copulations,
of the home outside the all with males involving males  all with males
coterie home coterie of the home both inside and  outside the
coterie outside the home coterie
home coterie
Females 4 82 2 - 23 1
in one-male
coteries
Females 0 17 0 28 7 0

in multimale
coteries
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Fig. 1a, b. Annual copulatory success of a adult females and
b adult males. Only individuals that were under constant obser-
vation, so that all copulations were presumably detected, are
shown here. Included here are data from 18 yearling females
and 5 yearling males. Some of the data are from the same indi-
viduals in different years

ternity determined from behavioral observations
alone for 53 of the 54 females (98%) that presum-
ably copulated with a single adult male and then
weaned a litter.

Only 4 of the 164 adult females under observa-
tion (2%) evidently did not copulate (Table 1): 3
of these were in poor physical condition (as deter-
mined from body weight) and never showed any
sign of estrus; the other showed signs of estrus,
but may have avoided copulation in order to avoid
extreme inbreeding (Hoogland 1982). Most
females (62%) copulated with a single adult male
(Fig. 1a). Of the 59 females (36%) that copulated
with two or more different adult males, 35 were

Table 2. Association between the number of copulations per
estrous female and the number of resident adult males in the
home coterie. Data were analyzed by the two-tailed 2 test

Copulation Copulation
with one male with two or more
only different males
Females in 84 24
one-male coteries
Females in 17 35
multimale coteries
P<0.001

in multimale coteries (Table 2); the association be-
tween the number of copulations per estrous
female and the number of adult males in the home
coterie was significant. Thirty females (18%) copu-
lated with an extracoterie adult male in addition
to copulating with an adult male from the home
coterie, but only 3 females (2%) copulated exclu-
sively with an extracoterie adult male (Table 1).

Annual copulatory success of adult males is
shown in Fig. 1b. At one extreme, one adult male
did not copulate at all; this male was a yearling
who had moved with his yearling brother (who
did copulate) from his natal coterie to an adjacent
coteriec and who may not have been sexually
mature. At the other extreme, one 2-year old male
in 1981 copulated with 9 different females.

Electrophoresis and Multiple Paternity

If estrous females usually copulate with a single
adult male as indicated from behavioral observa-
tions (Fig. 1a), then electrophoretic evidence for
multiple paternity should be rare. Of the 121
weaned litters examined, 19 contained a single off-
spring and thus could not have been multiply sired.
Of the 102 litters that contained >2 weaned off-
spring, only 3 (3%) showed unequivocal evidence
of multiple paternity.

Electrophoresis and Cuckoldry

If estrous females usually copulate exclusively with
the adult male(s) resident in the home coterie, then
electrophoretic evidence for cuckoldry should be
rare. We tested this prediction in three ways (a,
b, and c), as described below.

a) If a female copulates exclusively with the RAM
in her home coterie, then the genotypes of resulting
offspring should be consistent with the RAM’s
genotype (i.e., no paternity exclusion). With the



assumption of single paternity per litter, the per-
centage of litters that could have been sired by
the RAM (or one of the RAMs, in multimale co-
teries) was 84% in 1978, 95% in 1979, 100% in
1980, and 92% in 1981. Of the total of 121 litters
for 1978-1981, 112 (93%) were consistent with the
RAM’s genotype; that is, the minimum estimate
of cuckoldry for black-tails is 7%. The RAM was
evidently the only possible sire (i.e., all other adult
males at the study colony could be excluded from
paternity, with the assumption of single paternity
per litter) for 3% of 1978 litters, 27% of 1979
litters, 13% of 1980 litters, and 14% of 1981 litters
(overall percentage=16/121=13%).

b) For each litter each year, every adult male at
the study colony was assigned a likelihood of pa-
ternity (LLOP) value (see above and Foltz and
Hoogland 1981). When litters are large and numer-
ous polymorphic loci are available for analysis,
then each male should have a unique LOP for each
litter. Because black-tail litters are small and there
were only four polymorphic loci for analysis, two
or more adult males sometimes had the same or
similar (nonsignificantly different; see Foltz and
Hoogland 1981) LOPs for the same litter. If
females wusually copulate exclusively with the
RAM, then RAMs should consistently have high
LOP values for litters weaned in their coteries. For
all the litters in each year, Table 3a shows (a) the
percentage for which the RAM (or one of the
RAMs, in multimale coteries) alone had the
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highest LOP, (b) the percentage for which the
RAM shared the highest LOP with one or more
other adult males, (c) the percentage for which the
RAM had a LOP that was not the highest LOP
but which did not differ significantly from the
highest LOP, and (d) the percentage for which the
RAM was excluded from paternity.

¢) For 32 of the 33 cases (97%) in which a female
copulated with an adult male from outside the
home coterie, the extracoterie male lived in a con-
tiguous coterie. Thus, the LOP data in Table 3a
are conservative, since they assume that a female
may have copulated with any adult male in the
study colony. For a more rigorous analysis, we
compared for each litter the LOP value for the
RAM with the LOP values for only those adult
males that lived in contiguous coteries (Table 3b);
in this analysis, the RAM had or shared the highest
LOP for 102 of the 121 litters (84%) in 1978-1981.
All the adult males of contiguous coteries could
be excluded from paternity for 13% of the 1978
litters, 55% of the 1979 litters, 40% of the 1980
litters, and 46% of the 1981 litters (overall percent-
age=45/121=37%).

Paternity in Multimale Coteries

Although most coteries contain a single RAM, 8
.of the 24 coteries at the study colony in 1981 (33%,
accounting for 41% of all adult and yearling
colony residents) contained two or more RAMs

Table 3. Likelihood of paternity (LOP) of the resident adult male (RAM) (or one of the RAMs, in multimale coteries) when
aajl adult males in the study colony were considered as possible fathers and b only adult males of adjacent coteries plus the
RAM were considered as possible fathers. In all threc cases of multiple paternity (1 litter in 1978, 1 litter in 1979, 1 litter
in 1981), there was evidence that the RAM sired at least some of the offspring, so these cases were scored under “RAM alone

had highest LOP.” “1” indicates the number of litters sampled

a 1978 1979 1980 1981 All years
(N=321]) (N=221) (N=301) (N=371) (=121

RAM alone had highest LOP 6% 41% 33% 35% 28%

RAM shared highest LOP 53% 18% 33% 30% 35%

RAM had high LOP that did not differ 25% 36% 33% 27% 30%

significantly from highest LOP

RAM was excluded from paternity 16% 5% 0% 8% 7%

b 1978 1979 1980 1981 All years
(N=321]) (N=22)) IN=301) N=37)) N=1211

RAM alone had highest LOP 41% 73% 70% 62% 60%

RAM shared highest LOP 38% 14% 17% 24% 24%

RAM had high LOP that did not differ 6% 9% 13% 5% 8%

significantly from highest LOP

RAM was excluded from paternity 16% 5% 0% 8% 7%




160

(see also King 1955; Hoogland 1981 b). The RAMs
in a multimale coterie are commonly, but not
always, close genetic relatives (Hoogland 1981b).
Using behavioral and electrophoretic data, we at-
tempted to determine if copulations and the siring
of litters within multimale coteries are either
shared among the RAMs or monopolized by single
RAMs. Regarding copulations, two lines of behav-
ioral data both indicate that copulations are com-
monly shared among the RAMs of multimale co-
teries. First, of the 52 estrous females in multimale
coteries (Table 1), 17 (33%) copulated with one
RAM, 28 (54%) copulated with two different
RAMs, and 7 (13%) copulated with one or more
RAMs and also with one or more extracoterie
adult males. Second, of the 33 RAMs in the 15
multimale coteries for which we had good behav-
ioral data, 32 (97%) copulated with at least one
of the adult females in the home coterie. Regarding
the siring of litters, while the electrophoretic data
showed that sharing of paternity within a litter
(i.e., multiple paternity) is probably rare in multi-
male coteries (see above), they also showed that
sharing of paternity between litters is probably
common in multimale coteries. Two different
RAMs each sired litters in 4 of the 5 multimale
coteries in 1978-1981 (80%) that produced two
or more litters for which paternity could be un-
equivocally resolved among the RAMs; this fre-
quency of 80% differs from the frequency of 40%
reported by Foltz and Hoogland (1981, p 709)
which was determined by different criteria and
from litters from 1979 and 1980 only. Sample sizes
are small here since multimale coteries do not com-
monly produce two or more litters (Hoogland
1981Db).

Paternity in Cases Involving Copulation
with an Extracoterie Adult Male

Electrophoresis alone indicates that 9 of the 121
litters (7%) were unequivocally sired by an extra-
coterie adult male (Table 3), but for several of
these litters we had no behavioral observations of
the mother’s estrus. Behavioral observations alone
indicate that 33 of 164 females (20%) copulated
with at least one extracoterie adult male (Table 1),
but many of these females never weaned a litter.
For 12 cases (2 in 1978, 2 in 1979, 2 in 1980, and
6 in 1981), we had both behavioral evidence of
copulation with an extracoterie adult male and
electrophoretic data from the weaned litter that
resulted; in all 12 cases, the estrous female also
copulated with the RAM (or one of the RAMs,
in multimale coteries) in her home coterie. In 4

cases (33%) the genotypes of the RAM and the
extracoterie adult male were identical or very simi-
lar, so that paternity could not be unequivocally
assigned to either male. In 4 cases (33%) the RAM
was unequivocally the father, and in 3 cases (25%)
the extracoterie adult male was unequivocally the
father; in one case (8%) there was multiple pater-
nity.

Paternity vs. Order of Copulations

Among mammalian species in which estrous
females frequently copulate with more than one
male, the first male to copulate sires most of the
offspring in some cases, the last male to copulate
sires most of the offspring in other cases, and the
siring of offspring seems to be unrelated to the
order of copulations in still other cases (Dewsbury
and Baumgardner 1981). For the 20 black-tail
females that copulated with two or more adult
males in known order and then weaned a litter,
we attempted to determine if the first male to copu-
late was more or less likely than later males to
be the sire; in 18 of these 20 cases, the estrous
female copulated with 2 different adult males, and
in 2 cases she copulated with three different adult
males. For 8 of the 20 litters (40%) the genotypes
of the adult males were too similar to allow exact
resolution of paternity. For 6 of the litters (30%)
the first male to copulate was the sire, and for
4 of the litters (20%) the second male to copulate
was the sire; for 2 litters (10%) there was multiple
paternity. In this limited data base, the first male
to copulate was not significantly more or less likely
than the second male to sire the resulting litter
(P=0.371, two-tailed y* test, N=10).

Variance in Male and Female
Reproductive Success

Three related lines of evidence indicate that black-
tails are polygynous. (a) Annual copulatory suc-
cess of adults varied significantly more for males
than for females in all three years (1979 through
1981) for which we had adequate sample sizes (P <
0.045 each year, two-tailed parametric F-test)
(Fig. 2a). (b) Variance in the annual number of
weaned offspring per adult was significantly
greater for males than for females in five of the
six years (1976 through 1981) for which we had
data (P<0.012). (c) Variance in the annual
number of yearlings produced per adult (probably
the best measure of annual reproductive success)
was significantly (P <0.001, N=3 years) or almost
significantly (P<0.098, N=2years) greater for
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Fig. 2a, b. Intersexual comparison of variance in a the number
of copulations per adult in 1981 and b the number of yearlings
produced per adult in 1977. Included here are data from breed-
ing yearlings

males than for females for all five years (1976
through 1980) for which we had data (Fig. 2b).
For the intersexual comparison of variances in the
number of weaned offspring and the number of
yearlings produced per adult, we made two as-
sumptions. First, we assumed that all offspring
weaned in a coterie were sired by the RAMC(s);
as noted above, this assumption was violated at
a frequency of at least 7%. Second, in multimale
coteries we assumed that paternity was shared
equally among all RAMs; this assumption would
lead to reduced variance in annual reproductive
success among adult males, and was thus conserva-
tive.

Data in Fig. 2 compare annual reproductive
success of males and females. Polygyny, in the
strict sense, occurs when variance in lifetime re-
productive success is greater for males than for
females (Clutton-Brock et al. in press). Although
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sample sizes are still small because black-tails are
long-lived, data to this point on variances in life-
time reproductive success also indicate polygyny.
For example, the lifetime number of offspring
weaned to this point by a single female at the study
colony ranges from 0 to 14, but only 8 females
(out of the approximately 70 females for which
we have good data on lifetime reproductive suc-
cess) have weaned =10 offspring. On the other
hand, the lifetime number of weaned offspring
sired to this point by a single male at the study
colony (again assuming no cuckoldry and equal
sharing of paternity among the RAMs of multi-
male coteries) ranges from 0 to 15, but 19 males
(out of the approximately 45 males for which we
have good data on lifetime reproductive success)
have sired > 10 weaned offspring.

Discussion

Copulations with an extracoterie adult male (N =
33, Table 1) were easy to detect because they in-
volved either the temporary departure of the
estrous female from her home coterie (N=9) or
the temporary invasion of the estrous female’s
home coterie by the extracoterie male (N =24). All
9 females that left the home coterie for extracoterie
copulations returned home on the day of or the
day after estrus. Of the 24 adult males that invaded
a coterie for copulations, 9 remained there for sev-
eral hours or for 1-2 days before returning home;
the other 15 remained or frequently reinvaded for
several days or more, usually until all the females
in the invaded coterie had copulated.
Electrophoretic evidence indicates that insemi-
nations by extracoterie adult males were most
common in 1978 (16% in 1978 vs. 4% in 1979,
1980, and 1981 taken together; Table 3). Although
copulations with an extracoterie adult male are
usually easier to detect than are copulations with
the RAM (see above), we did not observe an un-
usually large proportion of extracoterie copula-
tions in 1978 (29% in 1978 vs. 19% in 1979, 1980,
and 1981 taken together; P=0.313, two-tailed
x*test); however, in 1978 we detected fewer estrous
cycles (N=17) than in any other year. Although
we used several methods to reduce the possibility
of mislabelling blood samples either in the field
or after centrifugation in the laboratory, errors in
1978 may have been more common for two rea-
sons: (a) we processed more samples in 1978 (N=
242) than in any other year and (b) we regularly
put samples from two different individuals in op-
posite sides of the same single centrifuge at the
same time in 1978, whereas in later years we used
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two centrifuges and put samples from only one
individual in each centrifuge at a time.

In a polygynous mating system, the variance
in reproductive success is greater for males than
for females, and more females than males contrib-
ute gametes to the next generation (Trivers 1972;
Alexander 1974; Borgia 1979; Howard 1981;
Clutton-Brock et al. in press). Although polygyny
is commonly inferred from social organization, it
has rarely been verified in natural populations. Be-
havioral observations of estrous females and elec-
trophoresis of blood samples both indicate that
black-tails are polygynous. When compared to
similar studies (e.g., McCracken and Bradbury
1977, 1981, Schwartz and Armitage 1980, 1981;
Hanken and Sherman 1981), the greatest strengths
of our study are the large sample sizes for both
behavioral observations (N =160 estrous females)
and electrophoresis (N=121 litters with mothers
and all possible fathers). These strengths are offset
by the small number of polymorphic loci available
for analysis, small litter sizes, and the frequent elec-
trophoretic similarity among the closely related
adult males within multimale coteries.

The combination of behavior and electrophore-
sis is available for only three species of harem-
polygynous mammals: black-tailed prairie dogs,
yellow-bellied marmots, and greater spearnose
bats. The minimal estimate of cuckoldry is 7% for
black-tails (N=121 litters; Table 3), 0% for
yellow-bellied marmots (N=26 litters; Schwartz
and Armitage 1980, p. 665), and 12% for greater
spearnose bats (N=104 litters, McCracken and
Bradbury 1981, Table 5). Some of the difference
in cuckoldry between yellow-bellied marmots and
black-tails might result from the small number of
marmot litters that were sampled, but most of the
difference probably results because yellow-bellied
marmot copulations occur when the ground is
snow-covered and when male movements between
harems (which are usually isolated or in small
groups) are therefore rare (Schwartz and Armitage
1980). Cuckoldry is probably more common in
greater spearnose bats than in black-tails for two
reasons. First, greater spearnose bat harems are
larger than are black-tail harems, and monoepoliza-
tion of estrous females by harem males is thus pre-
sumably more difficult for the bats than for the
prairie dogs; in both cases, females breed syn-
ronously (McCracken and Bradbury 1981; Hoog-
land 1981 a). Second, the turnover of resident adult
males between the stages of mating and weaning
is evidently more common in greater spearnose
bats than in black-tails (McCracken and Bradbury
1981; Hoogland 1981b); since juveniles were
sampled just before (greater spearnose bats) or just

after (black-tails) weaning, such turnovers would
lead to cases of apparent cuckoldry.

For Belding’s ground squirrels, Hanken and
Sherman (1981) showed by electrophoresis that be-
tween 55% and 78% of 38 litters examined were
multiply sired. By contrast, we found unequivocal
evidence of multiple siring in only 3 of the 102
litters with >2 offspring (3%). The obvious reason
for this interspecific difference is that estrous
black-tail females usually copulate with a single
adult male (101/160=63%, Table 1) whereas
estrous Belding’s ground squirrel females usually
copulate with two or more adult males
(16/19=284%, Hanken and Sherman 1981, Fig. 1).
However, if copulating with =2 adult males at
a frequency of 84% in Belding’s ground squirrels
leads to multiple paternity at a frequency of
55%—78%, then why in black-tails does copulating
with =2 adult males at a frequency of 37% lead
to multiple paternity at a frequency of only 3%?
At least five factors may be involved. (a) Because
Belding’s ground squirrel litters are larger than are
black-tail litters (4.87 [Sherman 1981, p. 252] vs.
2.90), and because they had six (vs. our four) poly-
morphic loci for electrophoretic analysis, Hanken
and Sherman (1981) were probably better able to
detect cases of multiple paternity. (b) Detecting
cases of multiple paternity is probably easier when
multiply copulating. females usually copulate with
several different adult males than when multiply
copulating females usually copulate with only two
different adult males. Multiply copulating Beld-
ing’s ground squirrel females copulated with a
mean+SD of 3.1+1.0 different males (N=16
females, range=2-5, Hanken and Sherman 1981,
Fig. 1), but multiply copulating black-tail females
copulated with a mean of only 2.3 0.5 males (V=
59 females, range=2-4; Fig. 1a). (c) Whereas the
different adult males with which an estrous Beld-
ing’s ground squirrel female copulates are almost
never close genetic relatives (Sherman 1981), the
different adult males in a multimale coteric with
which an estrous black-tail female copulates (Ta-
ble 2) are commonly close genetic relatives and
thus electrophoretically similar (Hoogland 1981Db).
(d) Belding’s ground squirrels copulate above-
ground, and Hanken and Sherman (1981) could
thus determine exactly how many different adult
males copulated with each estrous female. Black-
tails, on the other hand, copulate underground,
and we could never be certain that each under-
ground consortship involved a copulation; that is,
the observed frequency of multiply copulating
black-tail females (Fig.1a) may be inflated.
(e) Sperm competition is probably more intense
and multiple paternity is probably more common



when different adult males copulate with the same
estrous female in rapid succession than when copu-
lations are separated by long periods of time
(Parker 1970; Voss 1979; Dewsbury and Baum-
gardner 1981). In Belding’s ground squirrels, copu-
lations by the same estrous female with different
adult males usually occur in rapid succession
(Sherman, pers. comm). In black-tails, by contrast,
an estrous female’s underground consortships with
different adult males are frequently separated by
> 60 min.
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