
Pocket gophers have long been lauded
for their function as ecosystem engineers
through their extensive tunneling efforts
(Huntly and Inouye 1988, Reichman and Sea -
bloom 2002). These tunnel systems serve as
important travel corridors and homes for
other wildlife species (Vaughan 1961). Addi-
tionally, pocket gopher tunneling and mound-
ing activities help in the aeration and fertili -
zation of soils (Mielke 1977, Huntly and
Inouye 1988, Reichman and Seabloom 2002),
and where found, pocket gophers are a valu-
able part of the ecological food web (Franklin
1988, Van Vuren et al. 1998). That said, pocket
gopher tunneling activity is a hazard to the
stability of dams, dikes, and levees (Scheffer
1931, Ordeñana et al. 2012) and can increase
losses of water and soil erosion (Scheffer 1931,
Reichman and Seabloom 2002). Mounds are
a frequent concern for farm equipment; they
lead to increased plant mortality through
direct burying; and they cause aesthetic con-
cerns and potential hazards for recreational

users of parks, athletic fields, and school
grounds (Scheffer 1931, Baldwin et al. 2014).
Additionally, pocket gophers can cause sub-
stantial losses to a variety of crops (e.g.,
43%–46% reduction in alfalfa yield—Luce et
al. 1981; 25% reduction in rangeland yields—
Fitch and Bentley 1949) through direct con-
sumption of root systems, vegetative material,
and tree and vine cambium; and they fre-
quently damage irrigation systems (Baldwin et
al. 2014). In short, pocket gophers are of great
importance both for their function in ecologi-
cal systems and for their impact on anthro-
pogenic environments.

Managing pocket gopher populations re -
quires a fundamental understanding of popu-
lation demographics. A crucial key to under-
standing these population-level factors is the
ability to identify the gender of individuals in
a population. Without an ability to identify
gender, we cannot build population models,
assess reproductive rates, or assess the impact
of management programs. For rodents, pubic
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ABSTRACT.—Pocket gophers are of great importance both for their function in ecological systems and for their impact
on anthropogenic environments. Managing pocket gopher populations requires a fundamental understanding of popula-
tion demographics, specifically sex ratios; yet quick and reliable techniques for visually identifying gender of pocket
gophers are lacking. We developed a visual identification method based on external characteristics of genitalia and mam-
mae that allows for rapid, yet correct assessment of gender in pocket gophers. This approach was particularly accurate
(>99%) for visual identifications in the field. Our approach was also accurate (>98%) for frozen specimens, although
care must be taken when identifying gender of frozen, immature pocket gophers. Although our results pertain specifi-
cally to Thomomys talpoides and Thomomys bottae, we believe that our methodology can be broadly applied to addi-
tional pocket gopher species.

RESUMEN.—Las tuzas son de gran importancia tanto por su función en los ecosistemas como por su impacto en
ambientes antropogénicos. El manejo de las  poblaciones de tuzas requiere un conocimiento esencial de la demografía
de la población, especialmente la proporción de sexos. Sin embargo, no contamos con técnicas rápidas y fiables para la
identificación visual del sexo de las tuzas. Hemos desarrollado un método de identificación visual basado en característi-
cas externas de los genitales y mamas que permite la evaluación rápida y correcta del género. Este enfoque fue particu-
larmente preciso (>99%) para identificaciones visuales en campo. Nuestro enfoque también fue preciso (>98%) para
muestras congeladas, aunque se debe tener cuidado al identificar el género de las  tuzas inmaduras congeladas. Aunque
nuestros resultados son específicamente de Thomomys talpoides (Tuza Norteña) y de Thomomys bottae (Tuza de Bota),
creemos que nuestra metodología puede aplicarse, en términos generales, a otras especies de tuzas.
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gap and presence of external male genitalia
often are used to identify gender (e.g., Pugh et
al. 2003), yet this approach has not always
proven effective in pocket gophers (Witmer et
al. 1996), whose fusiform shape allows them to
turn around in narrow tunnels. This adapta-
tion has led to the reduction or elimination of
an external scrotum in nonreproductive males
and has led to the greatly reduced pelvic gir-
dle in males and females. In fact, the ischiatic
vacuity is too small to allow for birth of the
young, thereby necessitating the reabsorption
of the pubic symphysis in females before
mating occurs (Hisaw 1924, 1925). As such, an
assessment of the ventral side of the pubic
symphysis has been suggested to be fairly
effective at discerning gender in pocket
gophers, but it is obviously less effective on
immature females for which the pubic sym-
physis has not been reabsorbed (Baker et al.
2003). Connior and Risch (2009) suggested
that a combination of external characteristics,
including genitalia and mammae, were effec-
tive at identifying gender of Ozark pocket
gophers (Geomys bursarius ozarkensis). We
thought this approach was worth pursuing
further, given the reported utility combined
with the relatively minimal training that would

be required for an individual to correctly assess
gender of captured pocket gophers. Therefore,
our objective was to develop a visual identi-
fication method based on external characteris-
tics of genitalia and mammae that would allow
for rapid, yet accurate assessment of gender in
pocket gophers. Such a visual identification
method would greatly aid efforts to research
and manage these fossorial species.

METHODS

Study Animal Distribution

We collected 2 species of pocket gophers
(Thomomys talpoides and Thomomys bottae)
across 9 different sampling locations through-
out California (Fig. 1). Thomomys talpoides
was collected in alfalfa (Medicago sativa) fields
in Modoc County during April 2012 (sites 1–3)
and March–April 2013 (sites 4–7); T. bottae
was collected in a vineyard in Sonoma
County during April 2013 (site 8) and in a pas-
ture in San Diego County during March 2013
(site 9; Fig. 1).

Capture and Classification of Gender

We captured all pocket gophers for this
study using Gophinator (n = 624; Trapline
Products, Menlo Park, CA) and Topcat (n =
11; Andermatt Biocontrol AG, Grossdietwil,
Switzerland) traps. These capture efforts were
part of several different studies that assessed
ways to utilize and improve trapping as a
method to monitor and manage pocket gopher
populations. We identified gender of pocket
gophers through visual observation of external
reproductive characteristics.

We focused our initial observations on the
presence of descended testicles. If testicles
were not obvious, we looked closely for the
presence of mammae. If mammae were not
immediately obvious, we gently blew on the
fur along the ventral side of the pocket gopher,
particularly adjacent to the back legs, to look
for small mammae. Even in nonreproductive
females, very small mammae were visible
upon close inspection. If mammae were pres -
ent, we identified the pocket gopher as a
female. If mammae were not present, we
identified the individual as a male. We devel-
oped confidence categories, which included
“certain,” “likely,” and “possible,” to assist us
in assessing the success of our gender classifi-
cations. If obvious descended testicles or
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Fig. 1. Nine field sites in California where we assessed
the ability to identify gender of Thomomys talpoides (sites
1–7) and Thomomys bottae (Sites 8–9) by using external
reproductive characteristics.



large mammae were present, the individual
was placed into the “certain” category (Fig. 2B,
2D). If testicles appeared to be slightly
descended, or if fairly small but somewhat
apparent mammae were present, the indi-
vidual was classified as “likely” (Fig. 2A, 2C).
If the pocket gopher showed no sign of de -
scended testicles and mammae were either
very small or not present, the individual was
classified as “possible” (i.e., very small mam-
mae present = female, no mammae present =
male). Occasionally, pocket gophers were very
dirty, bloody, or wet from trapping or scaveng-
ing events, which made gender identification
of less obvious individuals (i.e., “possible”
category) very difficult. We classified genders
of these individuals as “unknown.”

To maintain consistency throughout the
study, only the lead author recorded visual
observation of gender. The gender of all
pocket gophers was either identified at the
time of capture, or specimens were preserved
via freezing and later thawed for identification
in the lab. All captured pocket gophers were
stored in plastic bags, labeled, and frozen for
internal examination of gender at a later
date. For internal examination, we completely
thawed all specimens. Once specimens had
thawed, we opened the abdominal cavity with
a scalpel and assigned gender based on identi-
fication of sexual organs. We also examined all
unknown samples to determine if unknowns
were skewed toward one gender. All trapping
procedures were approved by the University
of California, Davis, Animal Care and Use
Committee (protocol numbers 15763, 16915,
and 17283).

Statistical Analysis

We used the exact binomial test to deter-
mine if the gender ratios differed between T.
talpoides and T. bottae (McDonald 2009). We
used Fisher’s exact tests (i.e., tests of indepen-
dence) to determine if the rate of successful
classification differed across confidence cate-
gories for the 2 pocket gopher species within
gender classifications and within field and
frozen samples (Zar 1999). If significant dif-
ferences were observed, we used multiple
Fisher’s exact tests to determine which con-
fidence categories differed. We used the
Cochran–Mantel–Haenszel (Cochran 1954,
Mantel and Haenszel 1959) test to determine
potential differences in classification success

between males and females, field and frozen
specimens, and species. This approach allowed
us to test for differences between these fac-
tors while accounting for potential differences
across confidence categories.

RESULTS

During spring 2012 and 2013, we visually
inspected 633 pocket gophers for gender (479
T. talpoides, 154 T. bottae). Of these, 373 were
inspected in the field and 260 were frozen
for analysis (Table 1). We observed more T.
talpoides males (n = 294) than females (n =
181; exact binomial test P < 0.001); T. bottae
captures were skewed toward females (64
males, 89 females, exact binomial test P =
0.052). Unknowns were relatively uncommon
(n = 28) and were not skewed toward male or
female (T. talpoides: 6 males, 7 females, exact
binomial test P = 1.0; T. bottae: 7 males, 8
females, exact binomial test P = 1.0).

Based on external characteristics, we cor-
rectly identified the gender of all but 5 pocket
gophers (4 T. talpoides, 1 T. bottae), with all
but one of the failed identifications occurring
in the “possible” category (Table 1). Only one
of the misidentifications was a male pocket
gopher, suggesting that identification of fe -
males may be slightly more difficult. We ob -
served a difference in the proportion of frozen
T. talpoides correctly identified as male across
the 3 confidence categories (Fisher’s exact test
P < 0.001; Table 1). This difference occurred
between the “certain” and “possible” (Fisher’s
exact test P = 0.001) and “likely” and “possi-
ble” (Fisher’s exact test P = 0.008) categories,
suggesting that identifying genders of pocket
gophers of less apparent reproductive status
may be challenging for frozen samples. We did
not observe any other differences across the 3
confidence categories for either species or for
frozen or field observations (Fisher’s exact test
P = 1.0). We also did not observe a difference
in the classification success of gender identifi-
cation between males and females (c2

1 ≤ 0.15,
P ≥ 0.703), field and frozen samples (c2

1 ≤
0.27, P ≥ 0.605), or species (c2

1 ≤ 0.02, P ≥
0.876). However, we did observe a greater
proportion of frozen pocket gophers with
unknown genders compared to those ob -
served in the field (frozen: 19 out of 260,
field: 9 out of 373; Fisher’s exact test P =
0.005), indicating that freezing pocket gophers
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Fig. 2. Examples of the external morphological characteristics we used to identify male (A, nonreproductive [analogous
“likely” category]; D, reproductive [analogous to “certain” category]) pocket gophers. For males, white circles denote
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D

to “likely” category]; B, reproductive [analogous to “certain” category]) and female (C, nonreproductive [analogous to
pocket gophers with and without descended testes. For females, white circles point out mammae.
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can make gender identification more challeng-
ing. Still, we observed high classification rates
even with frozen pocket gophers (Table 1).

DISCUSSION

Correct identification of gender in pocket
gophers has historically been challenging.
Baker et al. (2003) indicated that males could
be identified by feeling for an elevated peak
along the ventral side of the pubic symphysis;
mature females would exhibit a narrow trough
rather than this peak. However, this trough may
not be present in immature females, making
the efficacy of this approach somewhat vari-
able. Additionally, assessing the pelvic girdle
requires specialized training and can be some-
what difficult to perform on live, nonsedated
individuals. Palpation of baculum and pubic
gap is often used for other rodent species and
has been used for pocket gophers (Howard
and Childs 1959), but was shown to be rela-
tively inaccurate for Thomomys mazama (22%
error rate; Witmer et al. 1996). We found that
by looking for descended testicles and mam-
mae, we were highly successful at identifying
the gender of both T. talpoides and T. bottae
(only 5 out of 633 pocket gophers misclassi-
fied). Furthermore, this approach is very simple
and can be performed with only basic training.

We observed a greater proportion of males
in the T. talpoides populations sampled but a
greater proportion of females in T. bottae
specimens. This could have influenced our
results if one gender was easier to identify.
However, given the small percentage (<1%) of
individuals that were misclassified, we could
detect no significant differences in classifica-
tion success across genders. That being said,
we did note that only one male was misclassi-
fied. Distinguishing females from males may
be slightly more difficult when assessing gen-
der of small, immature individuals; extra dili-
gence should be used when searching for
mammae on very small individuals to maxi-
mize classification success.

The obviousness of descended testicles and
mammae appeared to have little influence on
our ability to successfully classify the gender
of pocket gophers in the field, indicating that
this approach is robust across all age classes
of pocket gophers that were sampled (correct
classification percentage: 100% T. talpoides,
>99% T. bottae). It should be noted that all
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samples were collected in March and April. It
is possible that samples collected at different
times of the year may be more difficult to
identify. However, pocket gophers typically
breed at various intervals throughout the year
(Baker et al. 2003). Therefore, individuals of
various reproductive stages should be present
in a population throughout most of the year.
Also, we sampled pocket gophers from various
locations throughout the state of California.
This spatial variation should have mitigated
any potential impact that might have occurred
if we had sampled during a reproductive pulse
at one location. Furthermore, classification
success was very high across all confidence
categories. Therefore, even if sampling oc -
curred during a period when reproduction
was minimal in the population, we would still
expect to see high classification percentages
in the field given the success we observed in
classifying individuals with relatively nonde-
script identification features.

Interestingly, for frozen specimens, distin-
guishing males and females was more diffi-
cult when deterministic morphology was less
obvious, as we occasionally misclassified fe -
males as males. Additionally, we observed a
greater proportion of frozen specimens for
which we could not identify gender. When
pocket gophers are frozen and subsequently
thawed, condensation often wets the ventral
side of the specimen. This water mixes with
dirt and potentially blood found on the pocket
gopher or in the bag, making identification
of small, nondescript mammae difficult. A
thorough cleansing and drying of the speci-
men may increase ability to correctly identify
gender, but requires substantial time. In these
situations, a necropsy would provide an accu-
rate, less time-consuming option for gender
identification.

We acknowledge that it may not always be
feasible or practical to identify gender of
pocket gophers in the field. Therefore, it should
be stressed that misclassification of frozen
samples was problematic only for specimens
where descended testicles and obvious mam-
mae were not present (i.e., the “possible” cate-
gory); the overall correct classification per-
centage for frozen samples was still >98%
for T. talpoides and 100% for T. bottae. Paying
special attention to frozen pocket gophers that
have been thawed but exhibit nondescript
identification features should reduce the

potential for misclassification. Nonetheless,
when possible, the assessment of gender in
the field should provide greater classification
success.

It should be noted that these results per-
tain to dead pocket gophers. Close inspection
is required to identify gender of immature
individuals, which can be difficult when han-
dling live, mobile pocket gophers given the
loose skin around their head and neck which
makes them difficult to grasp. One potential
option to mitigate potential handling difficul-
ties is to grasp pocket gophers by the tail and
around the nape of the neck, thereby making
assessment of reproductive characteristics
more manageable. Another option would be to
sedate individuals, but existing regulations on
immobilization chemicals, as well as potential
animal welfare concerns, could limit this
approach. These factors will need to be con-
sidered when determining the appropriate
gender-identification strategy for specific situa-
tions; to better address this issue, additional
study on the utility of our defined gender-
identification approach for live pocket gophers
is warranted.

Our results pertain specifically to T.
talpoides and T. bottae. Further testing on
other species of pocket gophers is warranted
to determine the utility of this visual ap -
proach. However, given the high classification
success rates we observed, combined with
the success observed following a similar ap -
proach for G. bursarius ozarkensis (Connior and
Risch 2009), we anticipate that our method-
ology will be useful for additional pocket
gopher species.
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