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Because most animals copUlate surreptitiously, estimates of male and female copulatory 
success are elusive. Here I describe six distinctive behaviors that coincide with underground 
copulations of Gunnison's prairie dogs (Cynomys gunnisoni): the underground consortship 
itself, inordinate male attention toward the estrous female, self-licking of genitals, dust­
bathing, the mating call, and late final submergence of the estrous female. These diagnostic 
behaviors allowed me to identify sexual partners for 308 females that came into estrus 
during a 7-year study. 
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Except for certain primates, female mam­
mals usually are sexually receptive and 
copulate only during a brief estrus. Usually 
commencing just before fertilization is pos­
sible, estrus typically starts shortly before, 
and ends shortly after, ovulation (Beach, 
1976; Hrdy, 1977). Identification of estrus 
is crucial for a thorough understanding of 
mammalian mating systems. 

For some large mammals, researchers 
can identify estrus easily. For example, pro­
nounced vulvar swelling indicates estrus for 
hamadryas baboons (Papio hamadryas) and 
gelada baboons (Theropithecus gelada) 
(Stammbach, 1987). Unusual female behav­
iors denote estrus for 'other mammals such 
as wild horses (Equus caballus-Berger, 
1986) and African lions (Panthera leo­
Schaller, 1972). For other mammals such as 
mountain sheep (Ovis canadensis-Geist, 
1971) and spotted hyenas (Crocuta crocu­
ta-Kruuk, 1972), sudden inordinate male 
attentiveness to a single female pinpoints 
estrus. Researchers also can document cop­
ulations easily when they occur during day­
light in open habitats, as they usually do for 
mammals such as patas monkeys (Erythro­
cebus patas-Cords, 1987) and northern el­
ephant seals (Mirounga angustirostris-Le 
Boeuf and Reiter, 1988). 

In contrast, researchers usually find it dif­
ficult to identify estrus and copulation 
among smaller mammals. Such identifica-
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tion is especially formidable when individ­
uals are nocturnal and live in closed habi­
tats (Ebensperger and Tamarin, 1997; Kauf­
man, 1989). Even when individuals are di­
urnal and live in more open habitats, 
however, identification can be difficult if 
pairs retreat to burrows for copUlation, as 
do black-tailed prairie dogs (Cynomys lu­
dovicianus-Hoogland, 1982, 1995), black­
capped marmots (Marmota camtschatica­
Kapitonov, 1960) and Alaskan marmots (M. 
broweri-Rausch and Rausch, 1971), and 
most ground squirrels (Spermophilus­
Boellstorff et aI., 1994; Lacey et al., 1997; 
Michener and McLean, 1996; Murie, 1995; 
Ortega, 1990; Sherman, 1989; Slade and 
Balph, 1974). 

Gunnison's prairie dogs (Cynomys gun­
nisoni) are diurnal, colonial, burrowing ro­
dents of the squirrel family (Sciuridae). In­
dividuals weigh 250-1,100 g as adults (2::1 
year old) and inhabit parts of Arizona, Col­
orado, New Mexico, and Utah (Pizzimenti 
and Hoffmann, 1973). Within colonies, they 
live in harem-polygynous family groups 
called clans (Fitzgerald and Lechleitner, 
1974; Rayor, 1985, 1988). Clans typically 
contain 3-4 breeding females, 1 breeding 
male, and 1-2 nonbreeding yearling males 
(Slobodchikoff, 1984; Travis et aI., 1995, 
1996, 1997). Clan members defend a home 
territory of ca. 1 ha, but commonly forage 
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in areas > 100 m from boundaries of their 
home territory. 

Mortality in the first year is ca. 50% for 
both sexes. Females live :56 years, but no 
male at the study colony has lived >4 
years. Females first copulate when they are 
ca. 11 months old, but males commonly 
defer sexual maturity until their second year 
(Hoogland, 1997a, 1998a; Rayor, 1985, 
1988). 

At Petrified Forest National Park, Ari­
zona, Gunnison's prairie dogs hibernate for 
ca. 4 months of each year. They emerge 
from hibernation in late February and 
March, and the breeding season (i.e., the 
interval when copulations occur) starts in 
mid-March and continues into early April. 
Pregnancy lasts for 29.3 ± 0.53 days 
(Hoogland, 1997a). After remaining under­
ground for 38.6 ± 2.08 days after birth, ju­
veniles first appear aboveground in late 
Mayor early June (Hoogland, 1997a). 

Gunnison's prairie dogs copulate under­
ground. Below I describe six diagnostic 
aboveground behaviors that make it possi­
ble to specify the identity of sexual partners 
for each estrous female. 

MATERIALS AND METHODS 

For 7 consecutive years (March-June, 1989-
1995) that involved 15,000 person-hours of re­
search, field assistants and I studied the ecology 
and social behavior of Gunnison's prairie dogs 
at Petrified Forest National Park in northeastern 
Arizona (1,700 m above sea level). The study 
site contained ca. 120 adults each year and was 
part of a large colony of ca. 300 adults. Using 
binoculars and a 60-power telescope, we 
watched marked individuals from 4-m high ob­
servation towers. My methods for marking and 
studying Gunnison's prairie dogs were identical 
to those used in my long-term study of black­
tailed prairie dogs (Hoogland, 1985, 1986, 1992, 
1995, 1997b). 

In 1989, Gunnison's prairie dogs emerged 
from hibernation in late February and March. 
Throughout March and into April, I watched 
marked individuals every day from dawn until 
dusk. I especially watched for aboveground cop­
ulations, but saw none. Although I saw no mat-

ings, I determined from vulvar examinations that 
females were nonetheless copulating. I thus con­
cluded that Gunnison's prairie dogs usually must 
copulate underground. 

After deducing that Gunnison's prairie dogs 
copulate underground, I began tracking the co­
submergences of females and breeding males 
during March and April. I usually saw a pair 
submerge and thus knew exactly where they 
were. The search for missing males every 20 
min helped me detect underground consortships 
whose submergences I did not see. If all males 
were foraging aboveground, I assumed that an 
underground copulation was not occurring. If a 
breeding male was missing, I searched for all 
females in his territory. If a female was also 
missing, I suspected an underground copulation. 
I watched burrow entrances carefully when a 
male and a female were missing during the same 
20-min period to see if they emerged together, 
or sequentially, from the same entrance. 

I scored a male as breeding in a particular 
year if he copulated at least once in that year, or 
if he had a pigmented scrotum with descended 
testes. When a female and breeding male entered 
the same burrow together (but with no other in­
dividuals) at the same time (:S15 s apart) during 
daylight, I scored the co-submergence as an un­
derground consortship. I scored the final sub­
mergence of an estrous female at the end of the 
day as "late" if it occurred ;::::15 min after the 
final submergence of other nonestrous females 
of the home clan. 

Using daily observations and daily live-trap­
pings, I used three methods to determine the 
date of parturition for each female (Hoogland, 
1997a): 1) fresh blood on the fur surrounding 
the vulva; 2) a precipitous decline in maternal 
body mass (75.9 ± 19.1 g; range = 37-110 g, 
n = 43 declines), or 3) a sudden increase in the 
amount of time that the mother spent in the nurs­
ery burrow during daylight. 

Data were available for 308 periods of estrus. 
I watched certain long-lived females in consec­
utive years, and the number of different females 
for which I observed estrus and copulation was 
241. Data on certain behaviors were incomplete 
for some of these females, however, so that sam­
ple sizes for various analyses usually differed. 
As for black-tailed prairie dogs (Hoogland, 
1995), I assumed that data from the same female 
in different years were independent. I show re­
sults in the text as means ± 1 SD. All signifi-
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FIG. I.-Number of underground consortships per estrus for Gunnison's prairie dogs at Petrified 
Forest National Park in 1989-1995. I scored an underground consortship whenever a female sub­
merged with a breeding male for :::::15 s. The females with no underground consortships (n = 3) 
copulated exclusively aboveground. 

cance levels (P-values) result from two-tailed 
nonparametric statistical tests (Siegel, 1956). 

RESULTS 

Underground consortships.-Most fe­
males had numerous underground consort­
ships on the day of estrus (Fig. 1), with a 
range from 0 (for females that copulated ex­
clusively aboveground) to 34. Length of an 
underground consortship was 28.8 ± 30.2 
min (n = 282 estrous females), with a range 
from 15 s (the shortest interval that I re­
corded) to 338 min. The date on which a 
female came into estrus and copulated was 
28 March ± 5 days (range = 12 March-13 
April, n = 308 periods of estrus). 

Each female engaged in underground 
consortships (i.e., was sexually receptive) 
on only a single day each year. The first 
underground consortship sometimes oc­
curred within 15 min after a female first 
appeared aboveground in the morning, but 
it occurred more commonly in late morning 
or early afternoon. The starting time for the 
first underground consortship was 1150 ± 
2.54 h (range = 0639-1807 h, n = 276). 
The starting time for the last underground 
consortship was 1624 ± 1.75 h (range = 

0737-1901 h, n = 266). 

The first few underground consortships 
for the same pair usually lasted only for 
several minutes. Later the pair had a longer 
underground consortship that lasted for 2::5 
min, usually lasted for 2::30 min, and some­
times persisted for hours. Dramatic changes 
in aboveground behaviors immediately fol­
lowed the longer underground consortship. 
The female no longer tolerated sniffing of 
her vulva, for example, and usually initiated 
a fight if the male came too near. Behavior 
of the copulating male also changed from 
sexual interest (sniffing and short under­
ground consortships) to guarding. Guarding 
males remained close to the estrous female 
and quickly chased away any other breed­
ing male that approached. From these 
changes in behavior, I deduced that the lon­
ger underground consortship, which I have 
termed the critical underground consortship 
(CUC), probably involved insemination. 
The duration for each CUC was 54.8 ± 
47.9 min (Fig. 2), and the starting time was 
1423 ± 2.55 h (range = 0700-1836 h, n = 
492 CUCs). 

Inordinate attention toward an estrous 
female by the breeding male.-Frequent 
sniffing of the vulva by a breeding male 
indicated that the recipient female would 
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FIG. 2.-Duration of critical underground consortship (CUC), when insemination presumably oc­
curred. When a female copulated with two or more different males, I used times for the CUC with 
each male. 

come into estrus later in the same day. After 
inseminating a female, on the other hand, a 
breeding male frequently chased and fought 
with her as he tried to prevent copulations 
with other males via guarding. Consequent­
ly, females in heat were targets of copious 
attention by males that facilitated my detec­
tion of estrus and copulation (Fig. 3). 

Self-licking of genitals.-Within 5 min 
after emerging from an underground con­
sortship, and especially after the CUC, in­
dividuals of both sexes commonly licked 
their genitals. Specifically, 20% of estrous 
females (591291) licked their genitals 
aboveground following copulation, and 
30% of estrous females (88/291) elicited 
aboveground self-licking of genitals by 
copulating males. In contrast, only 10 in­
dividuals engaged in self-licking of genitals 
that was unrelated to copulation (X2 > 15, 
dj = 1, P < O.OOI-comparison of fre­
quency of self-licking of genitals by indi­
viduals on days when they consorted un­
derground versus the frequency on those 
days when they did not). 

Dustbathing.-Individuals commonly 
rolled themselves in the dirt within 5 min 
after emerging from an underground con­
sortship. Specifically, dustbathing by at 

least one copulating male occurred for 25 
of 291 estrous females (9%), and dustba­
thing by estrous females occurred at a fre­
quency of 27% (78/291). In contrast, only 
20 individuals engaged in dustbathing that 
was unrelated to copulation (X2 > 15, dj 
= 1, P < O.OOl-comparison of frequency 
of dustbathing by individuals on days when 
they consorted underground versus the fre­
quency on those days when they did not). 

Mating call.-Shortly before or after an 
underground consortship, males sometimes 
gave a unique vocalization that I named the 
mating call. The mating call(s) occurred 
most commonly just before the CUC, im­
mediately after the breeding male sniffed 
the vulva of the estrous female. The typical 
mating call consisted of sets of 2-25 indi­
vidual barks, with a pause of 3-15 s be­
tween each set. The mating call superficial­
ly resembled the anti-predator call (Hoog­
land, 1996; Slobodchikoff et aI., 1991; War­
ing, 1970), but field assistants and I quickly 
learned to discriminate between the two. 
More important, noncalling Gunnison's 
prairie dogs distinguished between the two 
calls. They always ran to burrow mounds 
and scanned for predators in response to the 
anti-predator call, but often did not even 
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FIG. 3.-Behavioral interactions in 1995 between breeding males and the same 39 females before, 
during, and after estrus. Bars indicate the mean number ::!:: 1 SE of behavioral interactions during the 
entire day. P-values are from the Wilcoxon matched-pairs signed-ranks test. 

look up or respond in any other predictable 
way to the mating call. 

Fifty-four percent of estrous females 
(161/297) elicited at least one mating call 
(Fig. 4). Mating calls unrelated to estrus 
were rare, and usually were elicited by fe­
males (n = 20) on the day before estrus. 
Thus, except when copulations occurred 
aboveground, the mating call was perhaps 
the single best confirmation that a female 
was in estrus (X2 > 15, d.f. = 1, P < 
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FIG. 4.-Number of mating calls per estrus at 
Petrified Forest National Park in 1989-1995. I 
scored a mating call by the same male as dis­
crete when 2:60 s separated it from his other 
mating calls. 

O.OOI--comparison of elicitation or non­
elicitation of mating call versus presence or 
absence of estrus). 

One mating calIon 31 March 1990 con­
sisted of a single chirp. At the other ex­
treme, a mating call on 24 March 1995 con­
tained thousands of chirps and persisted for 
71 consecutive min. The length of each 
mating call was 3.78 ± 6.02 min (n = 663, 
in response to 161 different estrous fe­
males). 

Late final submergence of the estrous fe­
male.-One hundred eighty-six of 264 es­
trous females (70%) remained aboveground 
later than usual (i.e., after most other non­
estrous adult females in the colony had sub­
merged for the night). This trend was es­
pecially evident when I considered only fe­
males of the same clan. Specifically, all fe­
males in a clan usually submerged for the 
night within 5-10 min of each other in 
March when no female was in estrus. An 
estrous female, however, typically remained 
aboveground for 60--90 min after the other 
nonestrous females of her home clan had 
disappeared for the night. Late estrous fe­
males did not forage seriously after sunset. 
Rather, they roamed around their home and 
adjacent territories, as though looking for 
males with whom they had not yet copu­
lated. 
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FIG. 5.-Number of different sexual partners for female Gunnison's prairie dog at Petrified Forest 
National Park in 1989-1995. Litters of females that copulate with more than one male commonly 
show multiple paternity (1. L. Hoogland et al., in litt.; Travis et al. 1996). 

Number of sexual partners per estrous 
female.-By watching for the six diagnostic 
behaviors described above, I documented 
copUlations for 82.4% ± 9.6% of the fe­
males that came into estrus at my study site 
each year (range = 66.7% [in 1989, year 1 
of observations]-94.4%). At least one of 
the diagnostic behaviors occurred for each 
of the 286 estrous females for which I was 
able to record all copUlations. The number 
of different diagnostic behaviors that I ob­
served per estrous female was 2.82 ± 1.20. 

Thirty-five percent of females copulated 
with only one male, 35% copulated with 
two different males, and 30% copulated 
with three or more different males (Fig. 5). 
When a female copulated with more than 
one male, the additional male was usually 
from either the territory of the home clan 
(when the home clan had >1 breeding 
male) or an adjacent territory. In ca. 3% of 
copulations, however, females mated with 
invading males from more distant clans. 

Date of underground consortships versus 
date of first juvenile emergence.-If under­
ground consortships involved copulation 
and insemination, then females that con­
sorted early in the breeding season should 
have reared their young to first emergence 
sooner than females that consorted later. 

Data from 7 consecutive years supported 
this prediction (rs ;::= 0.814 and P < 0.001 
for all years; Fig. 6a). 

Date of underground consortships versus 
date of parturition.-If copulation and in­
semination occurred during underground 
consortships, then females that consorted 
early in the breeding season should have 
given birth earlier than females that con­
sorted later. Data from the 4 years when I 
recorded both parturitions and copUlations 
supported this prediction (rs ;::= 0.981 and P 
< 0.001 for all years; Fig. 6b). 

Aboveground copulations.-For reasons 
that I never determined, mating pairs some­
times copulated aboveground rather than 
underground. Specifically, 8% of estrous fe­
males (24/286, but none in 1989, my first 
year of observations) copulated at least 
once aboveground. In all aboveground 
cases, the male mounted the female from 
the rear and immediately began pelvic 
thrusting. 

If underground consortships involve cop­
ulation and insemination, then the diagnos­
tic features of these consortships also 
should have been evident in aboveground 
copUlations. Data from the 24 females that 
copulated aboveground supported this pre­
diction. For example, 87% of the females 
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FIG. 6.-a) Date of first juvenile emergence 
versus date of copulation in 1992, and b) date 
of parturition versus date of copulation in 1991. 
P-values for both graphs are from the Spearman 
rank correlation test. 

(20/23) had at least one underground con­
sortship in addition to the aboveground 
copulation(s), 100% (24/24) were the ob­
jects of inordinate male attention, 29% (7/ 
24) self-licked the vulva, 54% (13/24) had 
at least one dustbath, 54% (13/24) elicited 
at least one mating call, and 71 % (17/24) 
delayed final submergence until late in the 
day. Further, 29% of the aboveground cop­
ulations (7/24) involved self-licking of gen­
itals by the male, and 21 % (5/24) involved 
dustbathing by the male. These frequencies 
were remarkably similar to those for fe­
males whose copulations were all under­
ground. 

Vulvar examinations before and after un­
derground consortships.-When they first 

emerged from hibernation, females had 
swollen vulvas that appeared to be sealed 
shut by a thin layer of skin. At the end of 
the breeding season in early April, however, 
their vulvas were always open and less 
swollen. If the vulva does not open until 
copulation, then each female should have 
had a closed vulva just before her under­
ground consortships and an open vulva im­
mediately afterwards. Before the under­
ground consortships, I examined vulvas 2 
days before estrus (n = 32 females), I day 
before estrus (n = 44), and the day of estrus 
(n = 44, all trapped before the CUC). After 
the underground consortships, I examined 
vulvas on the day of estrus (n = 1 female, 
trapped after the CUC), 1 day after estrus 
(n = 82), and 2 days after estrus (n = 26) . 
All 109 females had open vulvas after their 
underground consortships. Most of the 120 
females had closed vulvas before their un­
derground consortships, but 12 (10%) had 
open vulvas (X2 = 186, dj = 1, P < 
O.OOI-comparison of open or closed vulva 
versus before or after the underground con­
sortships). A closed vulva was thus unmis­
takable evidence that a female had not yet 
copulated, but an open vulva usually meant 
that the female had already mated. I was 
unable to determine why certain females 
had open vulvas before copulation. On the 
first (n = 82) or second (n = 26) day after 
they consorted underground, 3 of 108 ex­
amined females (3%) had conspicuous, 
white, and rubbery copulatory plugs pro­
truding from their vaginas. 

DISCUSSION 

Gunnison's prairie dogs are probably 
more vulnerable to predation while preoc­
cupied with copulation. This increased sus­
ceptibility ultimately might explain why in­
dividuals seek refuge in burrows for under­
ground consortships. Alternatively, like 
Richardson's ground squirrels (S. richard­
sonii-Davis, 1982) and black-tailed prairie 
dogs (Hoogland, 1995), perhaps Gunnison's 
prairie dogs copulate underground to avoid 
male-male competition for estrous females. 
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Several lines of evidence indicate that the 
six behaviors that I have labeled as "diag­
nostic" really do signal underground cop­
ulation and insemination for Gunnison's 
prairie dogs. The first females that showed 
or elicited these behaviors early in the 
breeding season, for example, were always 
the first ones each year to give birth and 
rear their juveniles to first emergence. Fur­
ther, females that copulated aboveground 
showed or elicited the same diagnostic be­
haviors at frequencies remarkably similar to 
those for females whose copUlations were 
all underground. 

I could only record diagnostic behaviors 
that occurred aboveground where I could 
see or hear them. However, inordinate male 
attention, self-licking of genitals, dustba­
thing, and even the mating call probably oc­
curred underground as well. My estimates 
of frequencies of diagnostic behaviors as­
sociated with underground copulations are 
therefore minimal estimates. 

One excellent way to confirm insemina­
tion would be to look for sperm taken from 
vaginal lavages just before and just after 
underground consortships (Lacey et al., 
1997; Michener and McLean, 1996; Murie, 
1995). Vaginal lavages require disruptive 
live-trapping during the breeding season 
(Hoogland, 1995), however, so I avoided 
them. 

Most critical underground consortships 
persisted for > 30 min, but copulation and 
insemination sometimes occurred more 
quickly (Fig. 2). On two occasions, for ex­
ample, females copulated once above­
ground for 5 min, with no underground 
consortships. Both females later gave birth. 

The copulatory plugs that I observed in 
the vaginas of certain female Gunnison's 
prairie dogs were similar to those described 
for other squirrels (Koprowski, 1992; Mich­
ener, 1984, Murie and McLean, 1980). 
Among numerous possibilities (Hoogland, 
1995), I was unable to determine the func­
tion of the copulatory plug for Gunnison's 
prairie dogs. Nor could I determine why 

only 3% of females had a copulatory plug 
on the day after copulation. 

Like females of California (S. beecheyi­
Boellstorff et al., 1994), arctic (S. parryii­
Lacey et al., 1997), and Columbian (S. col­
umbianus-Murie, 1995) ground squirrels 
and females of white-tailed (c. leucurus) 
and Utah (c. parvidens) prairie dogs (J. L. 
Hoogland, in litt.), female Gunnison's prai­
rie dogs were sexually receptive on only a 
single day of the breeding season each year 
(Hoogland 1998a, 1998b). A lone female 
came into estrus a second time in the same 
breeding season after she had not conceived 
in the first estrus. Second estrus in the same 
breeding season also occurs among Rich­
ardson's ground squirrels (Michener and 
McLean, 1996) and black-tailed prairie 
dogs (Hoogland, 1995). 

Not surprisingly, males showed more in­
terest toward pre-estrous females than to­
ward post-estrous females. Specifically, like 
black-tailed prairie dog males (Hoogland, 
1995), Gunnison's prairie dog males inter­
acted least frequently with females on the 
day after estrus, more frequently with the 
same females on the day before estrus, and 
most frequently with the same females on 
the day of estrus (Fig. 3). 

Functions of the aboveground diagnostic 
behaviors that accompany underground 
copulations of Gunnison's prairie dogs re­
main unknown. Perhaps self-licking of gen­
itals deters certain genital infections or sex­
ually transmitted diseases (Hart, 1990; Hart 
et aI., 1987; Read, 1990). Like female gray 
and fox squirrels (Sciurus carolinensis and 
S. niger-Koprowski, 1992), however, fe­
male Gunnison's prairie dogs might lick the 
vulva to remove either sperm or the copu­
latory plug. Perhaps the function of dust­
bathing is to remove fleas or other ectopar­
asites that an individual might have ac­
quired during sexual intercourse (Hamilton 
and Zuk, 1982; Hart, 1990). Perhaps the 
mating call announces competitive status, 
good health, and freedom from parasites, 
and thereby renders the caller more attrac­
tive to estrous females and less vulnerable 
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to invasions and takeovers by other males 
(Hoogland, 1995). 

Mating pairs usually had several under­
ground consortships before the CUC that 
involved insemination. If Gunnison's prai­
rie dogs resemble black-tailed prairie dogs 
(Hoogland, 1995), then dITly underground 
consortships probably involve copulation 
and intromission without ejaculation. Per­
haps early non-ejaculatory copulations 
open a closed vulva before actual transmis­
sion of sperm. They also might initiate neu­
ro-endocrine reflexes in the female neces­
sary for ovulation and pregnancy (Dews­
bury and Estep, 1975; Eberhard, 1985; 
Ginsberg and Huck, 1989). 

Like females of California, arctic, and 
Columbian ground squirrels (Boellstorff et 
aI., 1994; Lacey et aI., 1997; Murie, 1995) 
but unlike female black-tailed prairie dogs 
(Hoogland, 1995), female Gunnison's prai­
rie dogs usually copulate with more than 
one male (Fig. 5). As a result, multiple pa­
ternity, in which two or more males sire 
offspring of a single litter (Hanken and 
Sherman, 1981; Keane et al., 1994), is com­
mon (Travis et al., 1996; J. L. Hoogland et 
aI., in litt.). 

Perhaps aboveground behaviors that are 
diagnostic of underground copulations of 
Gunnison's prairie dogs also are diagnostic 
for other species of ground-dwelling squir­
rels that mate underground. Self-licking of 
genitals after a presumed underground cop­
ulation, for example, occurs among Cali­
fornia (Boellstorff et al., 1994), Columbian 
(Murie, 1995), and thirteen-lined ground 
squirrels (S. tridecemlineatus-Schwag­
meyer and Parker, 1987), and among black­
tailed, white-tailed, and Utah prairie dogs 
(Hoogland, 1995; J. L. Hoogland, in litt.). 
Further, unique vocalizations by males just 
before or just after a presumed underground 
copulation occur among Richardson's (Da­
vis, 1982), arctic (Lacey et al., 1997), and 
Idaho ground squirrels (S. brunneus-Sher­
man, 1989) and among black-tailed, white­
tailed, and Utah prairie dogs (Hoogland, 
1995; J. L. Hoogland, in litt.). 

Diagnostic aboveground behaviors asso­
ciated with underground copulations might 
be ubiquitous among species of ground­
dwelling squirrels, but detailed information 
on these behaviors is available only from 
black-tailed and Gunnison's prairie dogs 
(Hoogland, 1995, this study). In qualitative 
terms, similarities between black-tailed and 
Gunnison's prairie dogs regarding diagnos­
tic behaviors are striking. Specifically, five 
of the six diagnostic behaviors are common 
to both species. Black-tailed prairie dogs 
have one diagnostic behavior that Gunni­
son's prairie dogs lack: nestbuilding by the 
breeding male just before copUlation 
(Hoogland, 1995). And Gunnison's prairie 
dogs show one diagnostic behavior that 
black-tailed prairie dogs lack: dustbathing 
shortly after copulation. 

In quantitative terms as well, black-tailed 
and Gunnison's prairie dogs show some 
striking similarities regarding estrus and 
copUlation. For example, percentages of es­
trous black-tailed and Gunnison's prairie 
dog females that elicited at least one mating 
call were 57% and 54%, respectively. Mean 
numbers of underground consortships for 
black-tailed and Gunnison's prairie dog es­
trous females were 5.90 and 5.78, respec­
tively. And the percentages of estrous 
black-tailed and Gunnison's prairie dog fe­
males that stayed aboveground late into the 
evening were 68% and 70%, respectively. 

Despite certain striking similarities re­
garding estrus and copUlation, black-tailed 
and Gunnison's prairie dogs nonetheless 
differ in several qualitative and quantitative 
ways. For example, 8% of black-tailed prai­
rie dog females remain underground for the 
entire day with a breeding male on the day 
of estrus; estrous Gunnison's prairie dog fe­
males, by contrast, never have all-day un­
derground consortships. Further, 67% of 
black-tailed prairie dog females copulate 
with only one male, and 84% copulate ex­
clusively with the resident breeding male(s) 
of the home territory (Hoogland, 1995). In 
contrast, only 35% of Gunnison's prairie 
dog females copulate with only one male 
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(Fig. 5), and only 35% copulate exclusively 
with the resident breeding male(s) of the 
home territory. More research is necessary 
for a better understanding of estrus, copu­
lation, and male and female reproductive 
success for the different species of prairie 
dogs and other ground-dwelling squirrels. 
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