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Abstract
Accurate estimates of population dynamics play a major role in formulating conservation strategies for Gunnison’s prairie dogs
(Cynomys gunnisoni) and other keystone species. Over 5 years (2014–2018) at Valles Caldera National Preserve in NM, USA,
we used a portable ultrasoundmachine (PUM) to investigate the presence or absence of pregnancy, and to determine uterine litter
size for 238 pregnant female Gunnison’s prairie dogs from two colonies. We compared litter size at weaning for 168 of these 238
females and we found no significant difference between uterine litter size and litter size at weaning. For 76 of these 168 females
(45%), estimates of uterine litter size and litter size at weaning were identical. We detected no significant variation among years
for uterine litter size versus litter size at weaning. To our knowledge, our research is the first to compare uterine litter size to litter
size at weaning for the same group of females living under natural conditions.
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Introduction

Accurate estimates of pregnancy rate and litter size can be
important for a better understanding of population dynamics
(Festa-Bianchet and King 1991; Griffin et al. 2003).
Obtaining these estimates from animals living under natural
conditions, however, is challenging. The presence of hor-
mones indicative of pregnancy occurs in the blood serum,
but the process of extracting blood can cause significant stress

to the sampled females (Derocher et al. 1992; Stephenson
et al. 1995; Sweitzer and Holcombe 1993). A less invasive
method to detect pregnancy quantifies fecal hormones in cap-
tive and wild mammalian females (Beehner et al. 2006;
Garnier 2001; Mahmoud 2017).

Hormone concentrations allow researchers to detect preg-
nancy, but they provide no estimate for uterine litter size. The
number of fetuses within pregnant mammalian females has
been estimated from postmortem examinations (e.g., Fuller
et al. 2003; Rausch 1967), but techniques such as visual in-
spection, body mass, palpation, and ultrasonography are ob-
viously preferable (Greer and Hawkins Jr 1967; Milner et al.
2013). By using a portable ultrasound machine (PUM), we
attempted to verify presence or absence of pregnancy, and
also to determine uterine litter size, for female Gunnison’s
prairie dogs (Cynomys gunnisoni, hereafter simply “GPDs”)
living under natural conditions at Valles Caldera National
Preserve in New Mexico USA.

GPDs are medium-sized, hibernating, colonial rodents of
the squirrel family (Sciuridae) and inhabit parts of Arizona,
Colorado, NewMexico, andUtah (Hoogland 1996). They live
in harem-polygynous family groups called clans that typically
contain 1 adult (≥ 1 year old) sexually mature male, 3–4 adult
sexually mature females, and 1–2 sexually immature yearling
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males (Fitzgerald and Lechleitner 1974; Hoogland 1998;
Rayor 1985, 1988). Like black-tailed prairie dogs (Cynomys
ludovicianus; Kotliar et al. 2006), GPDs are keystone species
of their grassland habitats (Davidson et al. 2012, 2014). GPDs
hibernate for approximately 4 months of every year, from
November through February, and they typically arouse from
hibernation in March and April. Female GPDs usually copu-
late for the first time as 1-year-olds in the spring of their first
year, but males typically do not copulate for the first time until
they are 2 years old. Like females of other ground-dwelling
squirrels (Holekamp and Sherman 1989; Hoogland 2013a),
female GPDs usually remain in the natal territory for their
entire lives. This philopatry of GPD females enabled us to
observe the same females across consecutive years
(Hoogland 2013a).

An ultrasound machine allows a researcher to determine
uterine litter size within commercial facilities such as zoos,
aquariums, research labs, and veterinary offices (Flores et al.
2014; Radcliffe et al. 1997). Field biologists have used a PUM
to detect pregnancy in a variety of mammalian species of large
size (> about 20 kg) such as gray wolves (Canis lupis), north-
ern fur seals (Callorhinus ursinus), and moose (Alces alces)
(Adams et al. 2007; McNay et al. 2006; Stephenson et al.
1995). However, no previous study has compared estimates
of uterine litter size with litter size at weaning for the same
females over time under natural conditions.

With no information about copulations, previous research
with ultrasound machines has not been able to control for
stage of pregnancy (Drew et al. 2001; Inzani et al. 2016;
Smith and Lindzey 1982). To address this shortcoming, we
compared uterine litter sizes with litter sizes at weaning for
GPDs for which we knew the exact date of copulation.
Knowing when females copulated allowed us to perform our
ultrasounds when females were at approximately (within 4
days) the same stage of late pregnancy.

Materials and methods

The GPD mating season usually lasted for approximately 3
weeks each year in late March through mid-April, but each
female was sexually receptive for several hours of a single day
(Hoogland 1998, 2013b). Parturition usually occurred after a
gestation of 29 or 30 days following estrus and copulation
(Hoogland 1999). The nearly weaned young emerged from
their natal burrows for the first time approximately 5.5 weeks
after parturition. We determined maternity and sibships by
documenting the burrow in which a lactating female consis-
tently spent the night with no other adults and from which a
litter eventually appeared aboveground. Rarely, at a frequency
of < 5% per year, GPD mothers reared offspring in the same
burrow, and burrows sometimes had more than one
entrance—so that assignment of weaned juveniles to their

mothers in those rare cases was difficult or impossible
(Hoogland 1997, 2001).

Study sites

We performed our research in study-sections of two colonies
of GPDs within Valles Caldera National Preserve, Sandoval
County, NM, USA: the Redondo Meadow Colony (RMC,
2014–2016) and the Visitor Center Colony (VCC, 2017–
2018). Both colonies contained approximately 500 adult prai-
rie dogs, were approximately 2500 m above sea level, and
were separated by approximately 15 km.

Livetrapping, handling, and marking

To capture adult GPDs, we followed the example of previous
investigators (Fitzgerald and Lechleitner 1974; Hoogland
1995) and used 15 × 15 × 60-cm double-door livetraps
(Tomahawk Livetrap Company, WI, USA). For bait, we used
a mixture of oats and sunflower seeds. To capture juveniles,
we used unbaited 13 × 13 × 40-cm single-door Tomahawk
livetraps.

To handle adult GPDs, we used a conical canvas bag that
could be unzipped from either end (Hoogland 1995). We han-
dled juveniles directly without a bag. For permanent identifi-
cation, we inserted one uniquely numbered fingerling eartag
(National Band and Tag Company, Newport, KY, USA) per
ear.

For visual identification from a distance, we used Nyanzol
fur dye (Greenville Colorants, Clifton, NJ, USA) to paint a
unique number or symbol on each flank of every GPD
(Hoogland 1995). To identify burrows where mothers reared
their offspring (nursery burrows), we used jumbo Ritchey
cattle eartags (Brighton, CO, USA) mounted on 30-cm sec-
tions of clothesline wire.

Observations of copulations

The mating season (from the day of the first copulation until
the day of the last copulation) for the GPDs at our two study
colonies started in late March each year and lasted until mid-
April. Each female copulated with 1–5 different males on her
single day of estrus and sexual receptivity (Hoogland 1998).
In an attempt to record all copulations for every female, we
observed marked GPDs with binoculars from elevated deer
blinds (Sportsman’s Condo, West Point, MS, USA) every
day from dawn until dusk.

Some copulations occurred aboveground, and therefore
were easy to document. Most copulations, however, oc-
curred underground. We inferred a copulation when ≥ 3
of the following 5 criteria were satisfied (Hoogland 1998,
2013b): (1) a sexually mature male sniffed or licked a
sexually mature female’s vulva, and then (2) followed
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her into a burrow for ≥ 5 min, and usually for ≥ 30 min;
(3) with the estrous female nearby (≤ 2 m away), the male
gave a unique vocalization within 2 min before or after
the underground consortship; (4) the male or the female
licked its genitals within 5 min after emerging from the
underground consortship; and (5) the female remained
aboveground much later than usual, typically 60–90 min
after nonestrous females living in her territory had sub-
merged into burrows for the night. Females that copulated
aboveground consistently satisfied ≥ 3 of these same
criteria (except criterion 2) (Hoogland 1998, 2013b).
Determining the date of copulation for every female was
crucial so that we could identify day 25 after copulation,
and then capture each pregnant female when she was in
late pregnancy. Consequently, our ultrasounds were all
from females at approximately the same stage (within 4
days) of pregnancy.

Ultrasound examinations

To obtain uterine counts of fetuses for pregnant GPD females,
we used a Sonosite M-Turbo PUM (Bothell, WA, USA). We
used a HFL38X transducer (probe) and used the following M-
Turbo setttings: Gen, SmP, and depth = 2.2. We examined a
total of 238 pregnant GPD females, of which 168 (70.6%)
eventually weaned a litter. For our analyses, we excluded all
duplicate ultrasounds and all cases for which uterine litter size
was 0. Usually, we obtained an ultrasound from a female 25
days after her single day of estrus and copulation(s). Because
certain females were difficult to livetrap, however, we some-
times were unable to perform an ultrasound until 1–4 days
later. We never attempted an ultrasound beyond day 29 after
a female’s estrus.

To perform an ultrasound, John Hoogland used the canvas
bag described above to hold the pregnant female’s rear legs.
Hoogland applied Aquasonic 100 Ultrasound Transmission
Gel (Clinton Township, MI, USA) to the female GPDs abdo-
men, and then moved the Sonosite probe up and down both
horns of the uterus. One research assistant used the same can-
vas bag to hold the pregnant female’s front legs, and (s)he and
another research assistant watched the screen of the PUM for
definitive signs of a fetus (spine, skull, or beating heart) (Fig.
1). Accurate counts of fetuses required several attempts, and
both observers needed to agree before we recorded a final
count.

Using a PUM to determine uterine litter size required
about 15 min per pregnant female. The process of get-
ting an ultrasound was similar to the process of marking
that we used for hundreds of GPDs each year, and we
detected no evidence that getting an ultrasound caused
any harm or stress to the examined female. We returned
each female to her home territory soon after obtaining
an ultrasound, and we observed all 238 examined

females foraging aboveground later in the same day of
their ultrasounds, or early the following day. The fre-
quency of examined pregnant GPD females that did not
eventually wean a litter (70/238 = 29%) is similar to the
frequency of unexamined pregnant females that did not
eventually wean a litter in previous long-term research
with GPDs living under natural conditions at Petrified
Forest National Park in Arizona from 1989 through
1994 (Hoogland 1999, 2001). As documented below,
notice that uterine litter sizes estimated with the PUM
were similar to litter sizes at weaning for the same
females.

While obtaining our ultrasounds, GPD fetuses usually
moved, and often we could see the heartbeat. We did not
detect any fetuses that were obviously dead, nor did we detect
any evidence that females sometimes had aborted certain fe-
tuses and then attempted to resorb them.

Statistical analyses

We used theWilcoxon matched-pairs ranked sign test to com-
pare uterine litter size and litter size at weaning for the same
females, and the Kruskal-Wallis analysis of variance to inves-
tigate differences among years for uterine litter size versus
litter size at weaning. We used the Mann-Whitney U test to
compare uterine litter size and litter size at weaning between
our two study colonies. P values are from two-tailed statistical
tests. As in previous long-term research (Hoogland 1999,
2001), most pregnant GPD females were yearlings, but a
few were 2- or 3-year-olds; we considered data from the same
females in different years (N = 22) to be independent. For two
pregnant GPD females, we obtained ultrasounds for three con-
secutive years.

Fig. 1 Ultrasound from pregnant Gunnison’s prairie dog (Cynomys
gunnisoni) approximately 25 days after copulation. Note the distinctive
vertebral column.A skull and heartbeat for each fetus were usually visible
during the ultrasound as well
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Results

From 2014 through 2018, we used our PUM to estimate uter-
ine litter size for 238 GPD females at our two study colonies
(Fig. 2). Over the same 5-year period, we also determined
litter size at weaning for 168 females that weaned litters
(Fig. 3). For these 168 females, we had information for both
uterine litter size at approximately 25 days after copulation
and litter size at weaning. Seventy of the 238 pregnant females
(29%) from which we obtained an ultrasound lost their litters
at some point before weaning. Uterine litter sizes ranged from
2 to 8 (Fig. 2), and litter sizes at weaning ranged from 1 to 8
(Fig. 3). The most common uterine litter size was 4 (86/238 =
36%; Fig. 2). The most common litter size at weaning was
also 4 (60/168 = 36%; Fig. 3).

For the 168 GPD females for which we had both estimates
of litter size, we found no significant difference between uter-
ine litter size and litter size at weaning (P = 0.267, Wilcoxon
matched-pairs signed rank test; Fig. 4). For 76 of these 168
females (45%), estimates of uterine litter size and litter size at
weaning were identical (Fig. 4).

We also compared uterine litter size to litter size at weaning
across years (Fig. 5). These two estimates were most similar in
2015 (identical for 31/32 = 97% of females), but we detected
no significant variation among years for uterine litter size ver-
sus litter size at weaning (P = 0.059, Kruskal-Wallis analysis
of variance; Fig. 5).

Litter size at weaning was significantly higher for RMC
than for VCC (mean ± SD = 4.31 ± 1.22,N = 110 versus mean
± SD = 3.67 ± 1.10,N = 58, P = 0.003,Mann-WhitneyU test).
Estimates of uterine litter size, however, did not significantly
differ between our two study colonies (mean ± SD = 4.31 ±
1.17 at RMC, N = 110 versus mean ± SD = 3.98 ± 0.99 at
VCC,N = 58, P = 0.054,Mann-WhitneyU test). For our other
statistical analyses, we combined data from RMC and VCC.

Discussion

Our research shows that using a PUM is an easy, accurate
method to verify the presence or absence of pregnancy for
GPDs living under natural conditions. The PUM also can
provide an estimate of uterine litter size in late pregnancy.
Previous studies have documented the efficacy of using a
PUM to document pregnancy (Drew et al. 2001; Smith and
Lindzey 1982; Stephenson et al. 1995), but only a few studies
have used ultrasonography to estimate uterine litter size
(Griffin et al. 2003; Inzani et al. 2016; Smith and Lindzey
1982).

Of the 238 GPD females for which we recorded uterine
litter size via ultrasounds, 168 (71%) weaned ≥ 1 offspring.
For the percentage of litters per year for which uterine litter
size was − 1, equal to, or + 1 from the litter size at weaning,
only 1 year (2018) fell below 90%. All previous years (2014–
2017) showed concordance of ≥ 90%, with the highest
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Fig. 2 Frequency of uterine litter sizes for Gunnison’s prairie dog
(Cynomys gunnisoni) determined by using a portable ultrasound
machine from 2014 through 2018 at Valles Caldera National Preserve,
NM, USA
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concordance being 97% in 2015. For GPD females that
weaned a litter, our results show that uterine liter size deter-
mined by a PUM in late pregnancy can be a good estimate of
eventual litter size at weaning.

Litter size at weaning was higher at RMC than at VCC.
One possible explanation for this intercolonial difference is
that food was more plentiful or of higher nutrition at RMC.
We could not test this hypothesis because we did not collect
any information regarding the availability or nutritive quality
of food for our two study colonies. From earlier research
(Hoogland 2013b), we know that GPD litter size at weaning
is affected by maternal age and maternal body mass. Perhaps,
intercolonial differences in these latter factors, in combination
with intercolonial differences in availability or nutritive qual-
ity of food, contributed to intercolonial differences in litter
size at weaning.

For 70 cases for which we estimated uterine litter size in
late pregnancy, the pregnant females did not wean a litter. For
49 other cases, litter size at weaning was smaller than our
estimate for uterine litter size (Fig. 4). What happened to all
those GPD juveniles that we detected in the uterus, but we did
not see and capture at weaning? If the litter size at weaning for
a marked female was smaller than our estimate of uterine litter
size for the same female, the implication is that ≥ 1 of the
uterine offspring died before or during parturition, or died
for some unknown reason between parturition and weaning.
Perhaps, certain GPD females selectively aborted, and then
possibly resorbed, certain fetuses after the ultrasound but be-
fore parturition—as has been reported for black-tailed prairie
dogs and Belding’s ground squirrels (Urocitellus beldingi)
(Anthony and Foreman 1951; Knowles 1987; McKeever
1964). We have no information before or after our ultrasounds
regarding abortion and possible resorption of fetuses for the
female GPDs at our study colonies. Sources of mortality of
juveniles after parturition but before weaning and first appear-
ance aboveground probably included disease, predation, and
infanticide (Hoogland 1995). We have no information of

diseases that might have eliminated GPD fetuses or young
juveniles before weaning, but we did document many cases
of infanticide of unweaned GPD juveniles by male and female
GPD adults. We also documented predations of unweaned
GPD juveniles by bull snakes (Pituophis catenifer) and pos-
sibly by long-tailed weasels (Mustela frenata) as well.

What about the 43 cases in Fig. 3 for which litter size at
weaning for a marked female was larger than our estimate of
uterine litter size? Possible sources of error that might have
caused this inconsistency include an inaccurate count of uter-
ine fetuses, and the occasional underground mixing up of
juveniles from litters of different mothers before the juveniles
first appeared aboveground at weaning (see above and
Hoogland 1995)—so that estimates of litter size at weaning
for each affected female were elusive and possibly imprecise.

To our knowledge, no previous study has compared uterine
litter size to litter size at weaning for mammals living under
natural conditions. Our research shows that a PUM and care-
ful research with marked individuals can provide estimates of
the presence or absence of pregnancy, uterine litter size, and
litter size at weaning for GPDs living under natural conditions.
This information will be important for conservation and man-
agement of a rare keystone species such as the GPD
(Davidson et al. 2012; Knowles 2002; Seglund et al. 2006;
Seglund and Schnurr 2010).
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