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Abstract: Prolonged reproductive behavior of American black bears (Ursus americanus) has been
reported in the southeastern United States compared with other regions, but functional spermatogenesis
or potential fertility has not previously been described for these bears. Additionally, methods for gamete
collection are only in early stages of development for ursids. Testicles were collected from 29 post-
pubertal legally hunter-killed black bears in eastern North Carolina, USA, in November 2016. Active
spermatogenesis was identified in 48.3% (14/29) of bears via histology. Epididymal sperm collection
was attempted via mincing (n = 29), vas deferens flush (n = 24), and percutaneous aspiration (n = 5).
Epididymal mincing identified sperm in 78.6%, and vas flush in 53.8%, of bears with spermatogenesis
on histology. Percutaneous aspiration was unsuccessful. These findings provide evidence that male bears
may maintain reproductive capabilities into the late autumn in this region, and that under the conditions
of this study, sperm can be collected via epididymal mincing or vas deferens flush, but not percutaneous
aspiration.
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Scientific investigations of ursid physiology date back
>50 years (Morse 1937, Svihla and Bowman 1954, Hock
1957, Erickson 1964, Seal et al. 1967, Hensel et al. 1969);
however, the reproductive biology of bears, including
species-specific regional variations, is still not completely
understood. Further, though there is a documented decline
in several vulnerable bear species, reproductive technolo-
gies to help preserve them are only in the early stages of
development (Johnston et al. 1994, Kojima et al. 2001,
Chen et al. 2007, Anel et al. 2010, Brito et al. 2010, Curry
and Roth 2016, Anel-Lopez et al. 2017, IUCN 2017). A
detailed knowledge of reproductive physiology provides
insight into species’ natural history and is necessary for
implementing reproductive management strategies such
as gamete collection and artificial insemination.

The North American black bear (Ursus americanus;
hereafter, ‘black bear’) is a seasonal (long-day) breeder
with reproductive activity typically extending from May
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to mid-August in temperate climates (Horan et al. 1993,
Tsubota et al. 1997, Spady et al. 2007). Male gonadal
activity correlates with annual reproductive cyclicity as
evidenced by increased testicular weight, testicular size,
germinal epithelium activity, and testosterone serum con-
centrations during the breeding period (Erickson 1964,
McMillin et al. 1976, Palmer et al. 1988, Horan et al.
1993, Garshelis and Hellgren 1994). Testicular function
peaks in June and July in association with peak estrus
in females, and is followed by progressive testicular re-
gression and a decline in circulating testosterone during
the early autumn months prior to hibernation (McMillin
et al. 1976, Palmer et al. 1988, Horan et al. 1993, Tsubota
et al. 1997, Spady et al. 2007). Multiple sources report
that this process culminates in seminiferous tubule de-
generation and a lack of spermatogenesis by late October
(Erickson 1964, Garshelis and Hellgren 1994, Spady et al.
2007). Testicular recrudescence, indicated by increased
serum testosterone (Garshelis and Hellgren 1994) and the
presence of primary spermatocytes on histology (Erick-
son1964, Tsubota et al. 1997, Spady et al. 2007), occurs in
January, prior to the initiation of the next breeding cycle
(Howell-Sakalla et al. 2000).
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Early investigations into the reproductive physiology
of black bears concluded that regional variation in repro-
ductive season did not occur in this species (Palmer et al.
1988). This view was challenged by reports of extended
periods of testosterone elevation in bears from Virginia
and North Carolina, USA, as compared with bear popula-
tions in Minnesota, USA (Garshelis and Hellgren 1994).
These findings correlated with latitudinal differences in
observed breeding seasons and suggest that persistent
testosterone may afford later seasonal breeding oppor-
tunities in North Carolina (Garshelis and Hellgren 1994)
rather than the establishment of social hierarchy, as previ-
ously theorized (Palmer et al. 1988). Though testosterone
remained elevated through the early autumn months in
this region, evaluation for concurrent spermatogenesis
has not yet been reported.

Further, mechanisms for semen collection in bears are
poorly described in the literature. Percutaneous epididy-
mal sperm aspiration (PESA) or vas deferens flushing, as
described in the medical literature (Esteves et al. 2011),
could be used to collect sperm in black bears. Epididy-
mal sperm are routinely collected from genetically valu-
able animals for use in assisted reproductive technologies
and for research purposes (Martinez-Pastor et al. 2006,
Saragusty et al. 2010, Chatiza et al. 2011, Keeley et al.
2011, Pukazhenthi 2016, Roth et al. 2016, Vilela et al.
2017). Epididymal sperm are often obtained post-mortem
or following orchidectomy via mincing of the cauda epi-
didymis and immersion in collection media (Hewitt et al.
2001, Santiago-Moreno et al. 2007, Saragusty et al. 2010,
Keeley et al. 2011, Prieto et al. 2014, Pukazhenthi 2016,
Roth et al. 2016). This is a reliable method, but cannot be
used in live animals if the maintenance of reproductive
potential is desired. Additionally, epididymal mincing
can negatively impact sperm quality via sperm contam-
ination with blood and other cellular debris (Martinez-
Pastor et al. 2006). Techniques such as PESA and flushing
of the vas deferens are less commonly used in animals,
but could allow for the maintenance of reproductive capa-
bilities in wild-caught or captive bears (Attia et al. 2000,
Esteves et al. 2011).

Percutaneous epididymal sperm aspiration represents
a simple, minimally invasive sperm collection technique,
which assists in rapid evaluation of gonadal activity
and/or the collection of small-volume sperm samples to
be used for assisted reproductive technologies. Epididy-
mal sperm collection via retrograde infusion of media
into the vas deferens and subsequent drainage of the
epididymis has been described for numerous domestic
species and wildlife after castration (Cary et al. 2004,
Herold et al. 2004, Saenz 2007, Vilela et al. 2017). Vas

deferens cannulation is a surgical technique that facil-
itates the collection of epididymal sperm (Amann et al.
1963, Wierzbowski and Wierzchos 1969, Holtz and Foote
1974, Voglmayr et al. 1977). Most applications of this
technique have been experimental, but vas deferens can-
nulation has been used for attempted sperm collection in a
clinical case of ampullar blockage in a male horse (Equus
caballus) by one of the authors (C.S. Bailey, unpublished
data). To the authors’ knowledge, the utility of these col-
lection methods has not been reported in black bears.

Taking advantage of a population of legally hunter-
killed North American black bears in eastern North Car-
olina, this study aimed to expand the body of knowl-
edge regarding bear testicular function and to investigate a
non-invasive mechanism for sperm-harvest that could be
applied to anesthetized bears. We hypothesized that 1)
testicular histology of male black bears obtained from
eastern North Carolina in November would show func-
tional sperm production after the reported breeding sea-
son, 2) sperm can be collected via epididymal mincing,
and 3) vas deferens flush and PESA would permit low-
volume sperm collection from these bears.

Study area
The study area includes 3 coastal counties (Hyde,

Tyrrell, and Beaufort) encompassing 5,076 km2 within
the 57,731-km2 Coastal Bear Management Unit (CBMU)
in eastern North Carolina. The population of bears on
huntable lands within the CBMU is estimated at 9,000
individuals (BBC 2012) and the total bear population in
the region is estimated to be 13,495 (Olfenbuttel 2015).
Permitted hunting occurs annually in the CBMU during 2
1-week seasons in November and December. The bear
population is reportedly stable-to-increasing with this
management plan (BBC 2012).

Materials and methods
Animals

We collected testicles from 31 legally hunter-shot male
bears over a 3-day period from 14 to 16 November 2016.
We recorded the hunter-estimated time of kill, county of
kill, and weight of each bear. We obtained both testicles
from 29 bears, and obtained only a single testicle from
each of 2 bears. We collected testicles from these 2 bears
at remote locations, and could not identify the contralat-
eral testicle within the inguinal fat. We extracted max-
illary first pre-molar teeth from 30 bears and performed
age analysis based on cementum annuli as described by
Willey (Willey 1974). For inclusion in the study, bears
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had to be male, appear outwardly healthy, and be
post-pubertal as determined by body weight (>60 kg)
or estimated age (>3 yr), or have histologic evidence of
completed spermatogenesis. Twenty-nine bears met the
inclusion criteria.

Scrota and testicle collection
We removed the testicles from the carcass prior to

sperm collection and analysis. Depending on the hunter’s
intended use of the animal’s hide, we either removed the
scrotum via sharp dissection at the proximal attachment,
or removed the complete hide followed by dissecting the
spermatic cord and extracting individual testicles within
the vaginal tunic. Scrota and testicles collected at remote
locations were held in a Styrofoam cooler with ice until
transport to the primary study site for further processing
and analysis. We recorded the interval between hunter-
estimated time of kill and processing, and made efforts to
limit direct contact of the testicles with ice during trans-
port, because both factors could negatively impact sperm
motility. However, the investigators note that there was
inadvertent contact of several testicles directly with ice
during transport and holding prior to analysis. We mea-
sured scrotal circumference in situ or following complete
scrotal excision using a flexible measuring tape. The loca-
tion of the hunt was remote, so we performed subsequent
sperm harvest and evaluation under field conditions in
the game processing facility, using a transportable mi-
croscope and slide warmer.

Histology
We removed the epididymis of each testicle for im-

mediate evaluation of sperm presence and carefully dis-
sected it from surrounding fascia and vessels. We col-
lected testicular tissue samples from the mid-body of each
testicle via sharp dissection through the tunica albuginea
incorporating an approximately 1-cm × 1-cm × 0.5-cm
transverse section of testicular parenchyma and then fixed
samples in 10% formalin. Upon return to our laboratory,
we processed fixed tissues routinely for histology and
stained slides with hematoxylin and eosin. As has previ-
ously been described (Tsubota et al. 1997, Wrobel and
Bergmann 2006), we determined the degree of testicular
activity by microscopic evaluation of the extent of tubu-
lar epithelial organization and the presence or absence
of germ cells, spermatocytes, spermatids, and spermato-
zoa. We defined active spermatogenesis as the presence
of sperm in the lumen of the seminiferous tubule. We
also reported the tubular width as an average of 10 mea-
surements obtained at 400× using a calibrated eyepiece
graticule, and characterized the amount of interstitial vac-

uolization as rare, moderate, or abundant. Additionally,
we determined the percent of seminiferous tubules con-
taining spermatozoa by examining 30 tubular profiles
within each sample and noting the presence or absence
of sperm.

Epididymal mincing
We performed epididymal mincing on one epididymis

from each bear at the time of harvest. We chose the
left (n = 11) or right (n = 12) testicle arbitrarily, or we
could not identify left or right testicle (n = 6) because
of removal of the scrotum prior to transport. Follow-
ing dissection from the testicle, we minced the cauda
epididymis using multiple perpendicular cuts with a
10-scalpel blade. We placed the minced tissue in a sterile
dish and submerged it in 0.3 mL of pre-warmed semen
preservation media (INRA 96, IMV technologies, Maple
Grove, Minnesota, USA). The tissue was incubated for
approximately 3 minutes on a slide-warmer at 37°C prior
to microscopic analysis.

Percutaneous epididymal sperm aspiration
At the time of harvest, we performed epididymal sperm

aspiration as previously described (Esteves et al. 2011).
Briefly, we palpated the scrotum to identify the cauda
epididymis. We introduced a 25-gauge needle attached to
a 1-cc syringe into the cauda epididymis, applied steady
negative pressure, and redirected the needle up to 5 times.
We attempted PESA in 5 bears that were subsequently
determined to have sperm based on epididymal mincing
of the contralateral testes. Negligible volumes of fluid
were produced in these 5 samples and we did not iden-
tify sperm. Therefore, we abandoned PESA and did not
attempt it on the remaining bears.

Vas deferens flush
We attempted vas deferens flush in 24 bears. The 5

bears not subjected to this technique included 3 bears
with vasa deferentia too small to permit cannulation, 1
bear for which only one testicle was available and that we
utilized for epididymal mincing, and 1 bear that had a re-
gion of hemorrhage encompassing the cauda epididymis
attributed to recent trauma. For the remaining 24 bears,
we removed the vaginal tunic to permit access to the vas
deferens and epididymis. We performed cannulation by
creating an approximately 0.5-cm longitudinal incision
into the lumen of the linear portion of the proximal vas
deferens using a 10-scalpel blade. We primed a plastic
open-ended tomcat catheter (Argyle catheter, Covidien
LLC, Mansfield, Massachusetts, USA) with pre-warmed
INRA 96 and introduced it into the vas deferens lumen
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via the incision in a retrograde manner. We attached a
syringe containing 2.5 mL of pre-warmed INRA 96 to
the tomcat catheter. We flushed the catheter until we ob-
served distension of the epididymal tubules within the
cauda epididymis. We then introduced a needle into the
cauda epididymis with the goal of puncturing a single dis-
tended tubule. We flushed the remainder of the extender
and collected the sample from the needle hub into a ster-
ile tube and placed it on a slide-warmer at 37°C prior to
analysis. In 5 bears, the small diameter of the vas deferens
did not permit introduction of the tom-cat catheter. There-
fore, we introduced a 20-gauge needle into the incision
site in the vas deferens to permit flushing.

Microscopic evaluation
We performed microscopic examination of sperm im-

mediately after collection by placing the sample on a
pre-warmed glass slide and applying a coverslip. We ex-
amined a minimum of 20 low-powered (100×) and 20
high-powered (400×) fields to determine whether sperm
were present in the sample. If we observed >1 sper-
matozoa/single high-powered field, we then measured
sperm concentration with formal-buffered saline-diluted
samples using a hemocytometer. A single investigator
(Archibald) subjectively graded percent sperm motility
under field conditions.

Statistics
We performed statistical analyses using JMP Pro,

version 13.0 software (SAS Institute Inc., Cary, North
Carolina, USA). We tested measured parameters for nor-
mality using the Shapiro–Wilk test. We assessed differ-
ences between bears with and without sperm for weight,
age, scrotal circumference, and time interval from kill to
processing using Wilcoxon rank-sums tests. We set sta-
tistical significance at P < 0.05.

Results
The 29 bears that met the inclusion criteria were har-

vested from 3 coastal counties within the CBMU: Hyde
County (n = 21), Tyrrell County (n = 6), and Beau-
fort County (n = 2). The median interval from hunter-
estimated time of kill to sample analysis was 463 min-
utes (range = 150–1,025 min). Median bear weight was
218.9 kg (range = 82.7–294.6 kg). This median ex-
cludes a single bear for which only the dressed weight
was available. Median bear age was 7.75 years (range =
1.75–14.75 yr). Scrotal circumference was measured in
21 bears and the median circumference was 20.5 cm
(range = 16.5–27.5 cm).

Fig. 1. Seminiferous epithelium of an American
black bear (Ursus americanus) testis, collected in
November 2016 from eastern North Carolina, USA,
and exhibiting active spermatogenesis. The seminif-
erous tubule contains spermatogonia (Sg), sperma-
tocytes (Sc), and spermatozoa (Sz). Scale bar repre-
sents 20 µm.

Testicular activity
Age, weight, scrotal circumference, and seminiferous

tubule width for bears with and without luminal spermato-
zoa are presented in Table 1. Histologically, we observed
luminal spermatozoa in 48.3% (14/29) of bears. These
bears had significantly larger seminiferous tubule diam-
eter and the presence of spermatogonia, spermatocytes,
and spermatids within the tubular epithelium (Fig. 1). In
these bears, the degree of spermatogenesis was variable
and spermatocytes were present in a range of 13.3–86.7%
of tubular profiles (median of 46.7%). The remaining 15
bears showed evidence of testicular degeneration, char-
acterized by varying numbers of spermatogonia and sper-
matocytes with no spermiogenesis and decreased semi-
niferous tubule width (Fig. 2). We observed moderate-
to-abundant interstitial vacuolization in 92.9% (13/14) of
bears with luminal spermatozoa, compared with 66.7%
(10/15) of bears without luminal spermatozoa (Fig. 3).
There were no statistically significant differences be-
tween bears with and without luminal spermatozoa in
terms of weight, scrotal circumference, or interval from
kill to processing. Bears with luminal spermatozoa tended
to be older (Table 1).

Epididymal sperm collection
Mincing. We identified epididymal sperm in 41.4%

(12/29) of post-pubertal bears using this technique. Epi-
didymal sperm were collected from 78.6% (11/14) of
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Table 1. Age, weight, scrotal circumference, and seminiferous tubule diameter in hunter-killed American black
bears (Ursus americanus) from eastern North Carolina, USA, in November 2016 with and without histologic
evidence of luminal spermatozoa. Values represent the median (and range) of bears (n = 29) with and without
luminal spermatozoa unless otherwise specified. Values were compared using the Wilcoxon Rank Sums test.

Scrotal circumference Seminiferous tubule
Age (yr) Weight (kg) (cm) diameter (µm)

Bears with luminal
spermatozoa (n = 14)

9.25 (1.75–14.75) 220.9 (82.7–276.4) 20.5 (17.0–27.5)
(n = 9)

215.9 (167.9–240.6)

Bears without luminal
spermatozoa (n = 15)

7.75 (3.75–10.75)
(n = 14)

218.2 (122.3–294.5)
(n = 14)

20.5 (16.5–23.0)
(n = 12)

174.4 (151.2–193.9)

Comparison P-valuesa 0.052 0.596 0.886 <0.001

aP < 0.05 is considered significant.

bears with histologic evidence of active spermatogenesis
and were collected from a single bear that did not have ac-
tive spermatogenesis identified on histology. The median
total number of spermatozoa collected using this tech-
nique was 7.98 × 106 cells (range = 0.05–115.2 × 106).
The median total motility was 48% (range = 0–70%).

Percutaneous epididymal sperm aspiration.
We did not observe detectable volumes of epididymal
fluid within the syringe or needle hub using this tech-
nique in 5/5 bears with epididymal sperm confirmed via
the mincing procedure. Therefore, we deemed PESA to
be unsuccessful under the conditions of this study.

Vas deferens flush. For bears in which vas def-
erens flush was performed (n = 24), we confirmed 13

Fig. 2. Seminiferous epithelium of an American
black bear (Ursus americanus) testis, collected in
November 2016 from eastern North Carolina, USA,
and exhibiting degenerative epithelium (DE). The
seminiferous tubule contains spermatogonia (Sg)
and few spermatocytes (Sc). Scale bar represents
20 µm.

to have histologic evidence of spermatogenesis. We suc-
cessfully collected epididymal sperm using this technique
in 53.8% (7/13) of these bears. Vas deferens flush did not
identify epididymal sperm in any of the bears in which
it was not also found via mincing or histology. The me-
dian total number of spermatozoa collected via vas def-
erens flush was 8.08 × 106 cells (range = 0.006–156.9 ×
106). The total volume collected was highly variable and
ranged from 0.02 to 0.9 mL (median = 0.1 mL). The
median total motility was 50% (range = 10–70%).

Discussion
We reliably collected sperm via epididymal mincing

from black bears in this study. Although this method
may be used for attempted gamete rescue of a genetically

Fig. 3. Interstitial space of an American black bear
(Ursus americanus) testis, collected in November
2016 from eastern North Carolina, USA, with ac-
tive spermatogenesis exhibiting abundant interstitial
vacuolization (arrows). Scale bar represents 20 µm.
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valuable animal that died, sperm numbers from most col-
lections were too low for cryopreservation, or to reliably
achieve acceptable pregnancy rates as an elective proce-
dure. However, sperm motility was noted to be acceptable
(median 50% motile), suggesting that functional sperm
can be collected with this technique. Methods to improve
epididymal sperm recovery using the mincing technique
outlined here could include a longer period of incubation
and a higher volume of semen extender for immersion.
Additionally, the commercial mammalian semen medium
utilized in this study, INRA 96, has not previously been
tested in black bears. Therefore, semen extender opti-
mized for this species may also enhance sperm recov-
ery. Furthermore, it is possible that epididymal mincing
of testicles harvested during the breeding season would
produce sufficient sperm for cryopreservation and subse-
quent timed breeding. This would represent a means of
genetic preservation, or could be used to collect genetic
material from wild, hunted animals for use in a captive
population. Limited previous publications are available
regarding sperm numbers or motility for artificial insem-
ination in captive ursids and carnivores. Reports docu-
mented insemination with 8–371 million motile sperm
with variable pregnancy outcomes (Donoghue et al. 1993,
Hori et al. 2006, Curry et al. 2014).

We did not identify epididymal sperm via mincing in
all individuals with histologic evidence of spermatoge-
nesis; and conversely, we collected epididymal sperm
from one bear that did not have active spermatogene-
sis on histology. It is possible that histologic sections
were not representative or that mature sperm were re-
tained in the epididymis following testicular regression,
as has been reported in bears and other mammals (Erick-
son 1964, Okano et al. 2003, Spady et al. 2007). We ob-
tained no epididymal sperm via mincing in 3 bears with
histologic evidence of sperm production. Two of these
bears appeared to have considerably decreased numbers
of spermatozoa within the seminiferous tubules, so per-
haps reduced numbers of spermatozoa resulted in failure
to detect sperm cells in the epididymal samples.

Vas deferens flush was less reliable than epididymal
mincing for detecting sperm, but generated similar to-
tal sperm numbers, with a relatively higher concentration
and lower sample volume. Although this method has the
potential to decrease sample contamination with cellular
debris, challenges observed in this study may limit its
clinical utility for antemortem sperm collection. Specifi-
cally, though epididymal tubule engorgement was clearly
visualized and the needle was introduced with ease, col-
lection media often appeared to leak out of the tubules
below the epididymal adventitia, thereby precluding

optimal flushing and limiting the volume collected. Ad-
ditionally, the location of the vas deferens deep within the
inguinal fat pad, and the relatively small diameter of the
vas deferens, would make a surgical approach technically
challenging.

In contrast, PESA was not a viable sperm collection
method in this study despite having been successful in
other carnivore species (Varesi et al. 2013). This could be
due to relatively lower numbers of epididymal spermato-
zoa as compared with the height of the breeding season,
or other anatomical and technique variations.

The annual testicular cycle in American black bears
is classically characterized by seminiferous tubule qui-
escence from late September through January (Erickson
1964, Palmer et al. 1988, Tsubota et al. 1997, Howell-
Skalla et al. 2002). However, in contrast to previous in-
vestigations, we identified active spermatogenesis in 48%
of post-pubertal black bears from eastern North Carolina
in mid-November. Testosterone elevation in males and
estrus in females has been reported as late as September
in North Carolina (Garshelis and Hellgren 1994), but had
not previously been corroborated with prolonged sperm
production. The degree of testicular activity, as deter-
mined by the seminiferous tubule diameter and percent
of seminiferous tubular profiles containing spermatozoa,
showed that roughly half of the bears with spermatoge-
nesis were exhibiting a decline in seminiferous tubule
activity as compared with expectations for the peak breed-
ing season described by Tsubota et al. (1997). Similarly,
sperm numbers obtained from the epididymis were very
low. Thus, it is possible that the detected spermatogene-
sis represents a residual functionality prior to hibernation,
and that the bears would have had correspondingly low
serum testosterone concentrations and lack of breeding
behavior. However, 93% of bears with active spermato-
genesis in our study exhibited moderate–abundant inter-
stitial vacuolization, which has been reported in brown
bears (U. arctos) during the breeding season months and
attributed to increased Leydig cell activity (White et al.
2005). We did not measure testosterone in our study,
but the degree of spermatogenesis and interstitial vac-
uolization together suggest active steroidogenesis may
have been occurring in some bears. It is therefore possi-
ble that, in this population of bears, reproductive capacity
is retained for a prolonged period compared with previous
reports.

The potential extension of male reproductive activity
outside of the typical breeding season in this population
is further supported by a pattern of variance in seasonal
torpor based on latitude. Black bears in northern mid-
western states such as Minnesota exhibit winter denning
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periods of �6 months, whereas denning reportedly oc-
curs for 2–3 months in North Carolina, with a high fre-
quency of bears remaining active throughout the winter
(Hellgren and Vaughan 1987). Black bears in nearby
states such as Louisiana and Florida, USA, show simi-
larly decreased denning periods (Wooding and Hardisky
1992, Hightower et al. 2002, Garrison 2004). This adap-
tation is attributed to mild winter weather, the lack of
snow cover, and presence of food sources throughout the
year (Hellgren and Vaughan 1987, Wooding and Hardisky
1992, Garrison 2004).

Specifically, male reproductive activity may be driven
by the availability of food, as has been reported for female
bears, or perhaps male reproductive activity is entrained
to alterations in female estrous cycles, among other social
cues (Eiler et al. 1989, Elowe and Dodge 1989, Noyce and
Garshelis 1992, Noyce et al. 2002, Beckmann and Berger
2003). Both age and size are reported to be strong predic-
tors of mating success in black bears (Kovach and Powell
2003, Costello et al. 2009, Moore et al. 2015). Therefore,
middle-aged to older bears may retain testicular activity
as a consequence of social hierarchy, or aggressive in-
teractions due to home range overlap could drive testos-
terone production. Black bears can reach sexual maturity
by 3 years (Erickson 1964, Powell et al. 1997, Costello
et al. 2009). Thirteen of 14 bears with spermatogenesis
in our study were estimated to be �7 years old. We found
a single bear estimated to be 1.75 years old to have sper-
matozoa on testicular histology, despite its young age.
Age estimation via cementum annuli is routine, but can
result in errors, particularly when identifying the first-
year annulus (Willey 1974, McLaughlin et al. 1990). The
estimation for this young bear may represent an ageing
error, given that testicular histology showed evidence of
sexual maturity. Though not statistically significant, bears
with active spermatogenesis in our study had a higher me-
dian age compared with those without spermatogenesis.
A larger sample size, without the bias of hunter-selected
bears, could improve our understanding of these relation-
ships, while documentation of out-of-season ovulation in
female bears and resultant pregnancy would establish the
functionality of histologic findings. Overall, the assess-
ment of our data would best support the hypothesis that
the absence of environmental pressures spurring seasonal
torpor likely influence reproductive hormone and gonadal
functions (Hellgren and Vaughan 1987) and may account
for the extended testicular activity reported here.

Limitations of this study include a small sample size
and the potential bias of hunter-killed bears. For 2 bears,
only a single testicle was identified, and the carcass
was not available for further dissection. Therefore, we

could not determine if these bears were unilaterally cryp-
torchid, if one testicle had ascended into the inguinal
canal in preparation for hibernation, or if the large in-
guinal fat pad simply obscured identification. These con-
ditions could have affected spermatogenesis of the ex-
amined testis. Additionally, the description of cellular
associations within the seminiferous tubule is necessary
to define the complete cycle of spermatogenesis, as has
been described in the Japanese black bear (U. thibetanus
japonicas; Komatsu et al. 1996), but we considered it
beyond the scope of this study.

In conclusion, this study provides insight into the re-
productive biology of bears in eastern North Carolina and
provides evidence that male bears maintain potential re-
productive capabilities well into the autumn months in
this region. Of the methods examined, sperm is most
reliably collected post-mortem via epididymal mincing.
Though the hunting season in North Carolina occurs af-
ter the height of the breeding season, our study suggests
that hunted bears may still represent viable reproductive
research subjects.
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