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aBsTRACT. The Japanese black bear (Ursus thibetanus japonicus) is endangered for extinction in some areas of Japan, and semen collec-
tion and cryopreservation are an important means to preserve genetic resources. The aim of this study was to characterize and cryopre-
serve semen of free-ranging Japanese black bears. Semen was collected by e ectroejaculation procedure from 4 free-ranging Japanese
black bears at the capture point in the field. Ejaculates containing motile sperm were recovered from all of the animas and ejaculate
volume, total sperm count, % motility (percentage of motile spermatozoa), % viability (percentage of spermatozoa that excluded eosin)
and % abnormal morphology (range (mean)) were 0.65-2.20 (1.51) ml, 99-1082 (490) x 10°, 5-100 (31), 42-97 (66) and 20-87 (53),
respectively. Three of the 4 gjaculates were diluted with an egg yolk-TRIS-citrate-glucose extender and cryopreserved in liquid nitrogen.
Motile spermatozoa were observed after freezing and thawing in all cases. This study showed that electrogjaculation would be a useful
method for collecting semen from free-ranging Japanese black bears and that at least motile spermatozoa would be obtained by fre ezing

the thus collected electrogjaculates.
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The Japanese black bear (Ursus thibetanus japonicus) is
a large mammal that inhabits the islands of Honshu and
Shikoku in Japan. In recent years, their habitats have
become fragmented and shrunken by human activity, and
this species even faces extinction in some areas[7]. What is
worse, bears have been killed to protect forestry, agricul-
ture, livestock and humans from damage caused by them.

Endangered and threatened wild animals are now attract-
ing attention as a genetic resource and for species conserva-
tion, and semen has been recovered from various captive
non-domestic animals, including fat-tailed dunnarts, koal as,
brushtail possums, long-footed potoroos, northern brown
bandicoots and ring-tailed possums [32], blesboks, dorcas
gazelles and onagers [11], chacma baboons [3], jaguars
[21], Indian tigers and Asiatic lions [29] and cheetahs [34].
Asto Ursidae, there are reports on electrogjacul ation and/or
semen cryopreservation in giant pandas[4, 20, 22, 24], Hok-
kaido brown bears [13, 14] and Japanese black bears [16].
However, these studies were done with captive animals, and
there are no reports on semen collection and cryopreserva-
tion in free-ranging bears. Cryopreservation of semen col-
lected from free-ranging animals is one of the most
important methods for preservation of genetic resources and
useful for artificial breeding. Moreover, characteristics of
semen from wild animals may be essential for understand-
ing reproductive status under field conditions, although
studies using captive animals, kept under controlled condi-
tions, may provide valuable data to analogize state under
field conditions. It is easy to expect that the state of captive
animals may differ from that of free-ranging ones to some
extent, because of differences in their living environment
and diet. It is difficult to obtain semen from free-ranging

Japanese black bears due to limited access to the animals
and seasonality of their sperm production [17]. Fundamen-
tal data on reproductive characteristics are of primary
importance to understand the effects of genetics and dis-
eases on fertility, establish captive breeding colonies or
chose an appropriate conservation strategies for wild popu-
lations[35].

The objective of this study was to characterize and pre-
serve semen collected by electrogjaculation in free-ranging
Japanese black bears.

MATERIALS AND METHODS

Capture and handling: A total of 4 free-ranging, mature
male Japanese black bears that inhabited Neo Village, Gifu
Prefecture, Japan, were captured by barrel-typetrapsin July
each year of 2000-2002. Bears were handled under field
conditions at the site of capture and released at the same site
after the experiment. Trapped bears were immobilized by
an intramuscular administration of Zolazepam HCI and
Tiletamine HCI (Zoletil, Virbac, Carrors, France: 9 mg/kg)
via a dart blowgun. After immobilization, bears were
weighed and their physical condition was monitored for
body temperature, pulse and respiration. The second dentes
premolare from either the left or right upper side was
extracted for age determination.

Electrogjaculation: Electrogjaculation was performed
according to Kojima et al. [16] with some modifications.
Briefly, we used RV GEAR portable power (AC 100V, DC
12 V; National, Osaka, Japan) as apower supply inthefield.
The animals were restrained in dorsal the position and the
preputial area was shaved. The penis was washed succes-
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sively with diluted benzalkonium chloride, warm tap water
and sterile physiological saline. The bladder was emptied
by catheterization (5-fr. polypropylene urinary catheter;
Sovereign, Sherwood Medical, MO, U.S.A.). A collection
catheter whose tip had been cut off to widen the hole (8-fr.
Sovereign) was inserted into the urethra about 10 cm deep
and held during collection, and a sterile glass test tube (15 x
100 mm) covered the tip of the collection catheter to collect
the semen. The rectal probe used was a tube made of vinyl
chloride (20 x 500 mm) with two copper rings (8 mm wide)
spaced 20 mm apart. The copper electrodes were connected
to electrica stimulator (Electric Stimulator, sine wave; Fuji-
hira Industry, Co., Ltd., Tokyo, Japan). The probe was
inserted 12 to 21 cm into the rectum and positioned so that it
was in contact with dorsal surface of the rectum. Stimula-
tion began at 1V, and then raised in incrementsof 1V up to
10 V (This same voltage was used for up to 11 stimuli).
Each stimulus lasted 5 seconds with a subsequent pause for
10 seconds. This cycle was repeated either until semen was
gjaculated or until 20 stimuli (1to 10 V once each and 10V
x 10 times) were given. When we judged ejacul ation might
be occurring soon at the next stimuli, we gave an additional
5 stimuli. When semen was not gjaculated during the first
set of 20 stimuli, another set of stimuli was given after 1 to
2 min. If theamount of collected semen was small, another
set of stimuli was carried out. A maximum repetition of 4
sets was performed. Semen collected was forced into the
test tube by gently supplying air.

Semen examination and cryopreservation: Examination
and cryopreservation of semen was performed according to
the method that we used in dogs [16] with some modifica-
tions. Briefly, when more than one tube of semen sample
was collected during one anesthesia period, each was ana-
lyzed. The appearance was examined. The presence of
urine was determined by itsyellow color. Ejaculate volume
was measured with the aid of a micropipette. Sperm con-
centration was estimated by haemocytometer. Matility was
evaluated by subjective observation under microscope (x
400) at 38°C and categorized into 5 groups: +++ (motile
with progression at a high speed), ++ (motile with progres-
sion at a moderate speed), + (motile with progression at a
low speed), + (motile without progression) and — (immo-
tile). Each category was presented in percentage (%), and
the results are shown as percentage of spermatozoa exhibit-
ing amotility grade of +++ (% +++ motility) or that of sper-
matozoa with + or higher motility grades (% motility).
Viability was assessed by a supravital stain with eosin
(Eosin Y; Merck, Darmstadt, Germany) and nigrosin
(Tokyo Chemical Industries Co., Ltd., Tokyo, Japan). Sper-
matozoa were fixed by mixing with an equal volume of 2%
viv glutaraldeyde in 0.165 M sodium cacodylate/HCI, pH
7.3. Sampleswere fixed for over 30 min at ambient temper-
ature then stained for 2 hr at room temperature with Giemsa
staining solution (7.5% v/v commercial Giemsa solution in
5 mM phosphate). A total of 100 spermatozoa were counted
under a microscope (x 1,000), and the proportion (%) of
morphologically abnormal spermatozoa was obtained (%
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abnormal morphology). Slides were prepared with the glut-
araldehyde-fixed sample and a total of 100 sperm were
counted. Acrosomes with a dense apical ridge were consid-
ered acrosome-intact and the proportion (%) of spermatozoa
with intact acrosomes was expressed (% intact
acrosomes)[28].

The semen considered to be highly contaminated with
urine was centrifuged at 500 x g for 5 min, and the superna-
tant was discarded to remove urine. Then, pelleted sperma-
tozoawere resuspended in sterile physiological saline.

The semen sample was diluted about 2- to 4-fold by
visual estimate at ambient temperature in the field with an
egg yolk-TRIS-citrate-glucose extender supplemented with
0.52 mg potassium penicillin G/ml and 0.8 mg streptomycin
sulphate/ml (first extender [26, 27]). Diluted semen was
encaged in a styrofoam container, and cooled moderately in
a container with a cooling material for 3060 min during
transfer from the site of capture to a refrigerator placed in
thecar. By thetimewe arrived at the laboratory, the diluted
semen had been cooled down to 4°C in the refrigerator. The
semen was further incubated at 4°C for atotal of 3 hr from
the addition of the first extender. An equal volume of the
second extender, consisting of the first extender supple-
mented with 16 v/v% glycerol, was then added at 4°C.
Thus, thefinal concentration of glycerol was aways 8 v/v%.
The semen was immediately loaded into 0.5 ml straws at
about 5°C, and placed horizontally 6 cm above the surface
of liquid nitrogen with a height of 8 cm contained in astyro-
foam container (inner size: 17.5 x 24.5 x 17.5 cm). The
straws were kept thus for 15 min, then immediately plunged
into the liquid nitrogen and stored until examination. The
semen collected from Bear No. 1 was not processed for cry-
opreservation. Straws were allowed to thaw at 38°C for a
few minutes and used immediately for examination. Fro-
zen-thawed semen was examined in a similar way to the
method of fresh semen.

Satigtics: Values were expressed as range and mean.

RESULTS

Electrogjaculation: Capture and anesthesia of bears for
electrogiaculation was performed in safety with no abnor-
mal changes in body temperature, heart rate or respiration.
Body weight and estimated age were 52—70 kg and 4-10
years old, respectively (Table 1). All bears began erection
at the first cycle (7-15 stimuli) of stimulation. After erec-
tion, ejaculation of semen and/or urea occurred at 1-4
cycles.

Fresh semen: Ejaculates containing motile spermatozoa
were collected in al of the 4 trials. One tube of ejaculate
sample was collected from Bears No. 1, 2 and 3 and ana-
lyzed, but 3 tubes of ejaculate were collected from Bear No.
4, one of which sample was examined (Table 1). Because
the other 2 samples contained too low sperm concentration
and/or too much urine to be enough for one straw of frozen-
thawed sample, they were not processed for cryopreserva-
tion, and thus their results are omitted. It was considered
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Tablel. Body weight, age, and characteristics of electroejaculates from 4 free-ranging Japanese black bears
Total Sperm Total
Bear Body Appear- gaculae  concen-  sperm % % %
Date identifi- weight ance of volume tration count +++ % % Abnorma Intact
cationNo. (kg) Age(yn?  egaculate (ml) (x10°/ml)  (x 10°) Motility® Motility® Viability® morphology acrosome

2000/7/26 1 64 4 Yellow, 12 195 234 0 10 49 33 90
transparent

2001/7/10 2 70 7 White-yellow, 0.65 1665 1082 95 100 97 20 97

milky

2001/7/18 3 52 5 Yellow, 2 273 546 0 5 76 87 96
transparent

2002/7/27 4 68 10 Yellow, 22 25 99 0 10 42 72 65
transparent

Mean  63.5 6.5 - 151 540 490 24 31 66 53 87

a) Determined by dentes premolare.

b) The percentage of motile spermatozoa with progression at a high speed.
¢) The percentage of motile spermatozoa.

d) The percentage of spermatozoa that excluded eosin.

Table2. Characteristics of frozen then thawed spermatozoa from 3 free-ranging Japanese black bears?
Bear % % % Sperm
identifi— +++ % % Abnormal Intact Concentration ~ Wash®
cation No.  Matility® Motility®  Viability) morphology acrosome  (x 10°/ml)
2 0 15 26 77 22 185 -
3 0 4 42 85 28 105 +
4 0 20 22 51 55 65 +
Mean 0 13 30 71 35 118 -
a) Characteristics after washing of spermatozoa, if done.
b) The percentage of motile spermatozoa with progression at a high speed.

¢) The percentage of motil espermatozoa.
d) The percentage of spermatozoa that excluded eosin.
€) The semen considered to be highly contamined with uri

that contaminations with a little urine occurred in al the
gjaculates, because they appeared yellow, but the gaculate
of Bear No. 2 contained very little urine (the color was much
less yellow than the others). The characteristics of the 4
gjaculates ranged widely; gjaculate volume, sperm concen-
tration and total sperm count were 0.65-2.20 ml, 25-1665 x
105/ml and 99-1082 x 10°, respectively. Spermatozoafrom
Bear No. 2 was very vital with % +++ motility, % motility
and % viability being 95, 100 and 97, respectively. The oth-
ers showed less vital motion with % +++ motility, % motil-
ity and % viability being 0, 5-10 and 42-76, respectively.
The % abnormal morphology was high in Bears No. 3 and 4
(87 and 72, respectively), and hair-pined tail was most fre-
quently observed. Percent intact acrosome ranged from 65
(Bear No. 4) to 97 (Bear No. 2).

Frozen-thawed semen: The characteristics of spermato-
zoa after freezing and thawing are shown in Table 2. After
thawing, motile spermatozoa were observed in all samples;
% +++ motility, % motility, % viability, % abnorma mor-
phology, % intact acrosome and sperm concentration were
0, 4-20, 22-42, 51-85, 22-55 and 65-185x 10%/ml, respec-
tively. However the motion of spermatozoa wasslow inall
samples after thawing.

ne was washed by centrifugation.

DISCUSSION

Electrogjaculation: Thisisthe first report of erectroejac-
ulation and semen cryopreservation in free-ranging bears
(Ursidae). There are several reports on semen collection by
electrogiaculation in other free-ranging mammalian species,
such as African elephant [10], jaguar [21], seal [18], Eastern
grey kangaroo [15] and koala [35], while fewer reports
about cryopreservation of erectroejaculates from free-rang-
ing mammals such as African elephant [12], impala, wart
hog, elephant and lion [5]. The inherent difficulties in col-
lecting physiological data from free-ranging bears are
reflected in the small number of samples, representing the
sparse number of we had capture opportunities over the 3-
year period. The results showed, at least, that semen could
be collected successfully from free-ranging Japanese black
bears by electrogjaculation. The dataon semen characteris-
tics may be useful to establish normative reproductive val-
ues in this species. Electrogaculation would be a safe and
reliable method for collecting semen from free-ranging Jap-
anese black bears, as has been recognized in other species
[5, 10, 12, 15, 18, 21, 35]. Semen samples obtained under
such conditions could subsequently be used in genetic anal-
yses and tests of sexual maturity and competence.
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Fresh semen: The reported sperm concentration of the
captive Japanese black bear (mean 361 x 10%ml [16]), Hok-
kaido brown bear (mean 590 x 10%ml [13]) and Giant panda
(mean 645 x 108/ml [22]) was similar to that observed in this
study (mean 540 x 10%/ml). On the other hand, the reported
total gjaculate volume of the captive Japanese black bear
(mean 0.2 ml [16]), Hokkaido brown bear (mean 3.7 ml
[13]), Giant panda (mean 6.5 ml [22]) and free-ranging Jap-
anese black bear (mean 1.5 ml; this study) differed from
each other to some extent. This might be due not only to
species difference but also to the variation in electric stimu-
lation methods and the degree of urine contamination.

The % +++ motility, % motility and % viability in captive
Japanese black bears shown earlier [16] were superior to
those observed in thisstudy. Thismight be due to urine con-
tamination. In this study, although urine contaminations
occurred in all the gjaculates, spermatozoa in the gjaculate
containing very little urine was very vital (Bear No. 2).
African elephant sperm motility was rapidly depressed if the
semen sample was contaminated with urine [12]. Thus,
avoidance of urine contamination may be important for high
sperm motility rate in electrogjaculates [14].

Sperm abnormal morphology rate was higher in this
study (mean 53%) than the captive Japanese black bear
(mean 11%, [16]) and Giant panda (mean 11.5%, [22]). The
main abnormal form of sperm in this study was a hair-pined
tail.

Was this many abnormal spermatozoa led by hyperos-
motic condition from urine contamination? Osmoatic pres-
sure of urine and semen in Japanese black bear is estimated
to be about 1,000 and 290 mOsm, respectively by values
reported in other mammalian species [19, 33]. Urine con-
tamination into semen causes exposure of spermatozoa to
hyperosmotic condition. In general, spermatozoa are rela-
tively tolerant in high osmotic pressure condition [19].
Although even at hyperosmotic condition (1,000 mOsm),
sperm membrane in some mammalian species is caused
nearly no damage [1, 25, 30], abrupt return to isotonicity
from a hyperosmotic stress causes extensive sperm mem-
brane damage [1, 25, 30, 31].

In this study, the semen contaminated with urine wascen-
trifuged and the supernatant was discarded before pelleted
spermatozoa were resuspended in sterile physiological
saline. Because in this process, osmotic pressure changed
from hyperosmotic to isotonic, it was possible that sperma-
tozoa might have been damaged, leading to abnormal sperm
morphology. However, intact acrosomerate in thisstudy is
relatively high (mean 87 %), showing that the damage of
sperm membrane was alittle.

Furthermore, in the study of Japanese black bears
reported by Kojimaet al. [16], abnormal morphology rate of
spermatozoa contaminated with urine was mean 25 % (n =
8) and was much lower than our result. This would aso
show that main causes of high abnormal morphology ratein
this study are not only urine contamination.

A close relation seems to exist between genetic diversity
and sperm pleiomorphism [29]. In particular, a high per-
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centage of pleiomorphic spermatozoa in €jaculates were
associated with low genetic diversity [34]. However, the
main abnormadlity in this study was a hair-pined tail and it
was not clear whether or not this type of abnormality is
genetically based.

The frequency of several abnormalities differed between
the nonbreeding and breeding seasonsin roe deer [6]. Inthis
study and the study of captive bear reported by Kojimaet al.
[16], collection of semen was performed in estimated mat-
ing season [36]. If there were a difference of spermatoge-
netic season between free-ranging and captive bears,
collectionsat similar season would have resulted in different
abnormal morphology rates.

In order to clarify the reasonsfor this high abnormal mor-
phology rate in the future, further research is expected.

Age of sexual maturation in wild male Japanese black
bears was estimated to be 34 years [23]. In thisstudy, all
the captured bears were considered to be over 4 years old.
The mating season of the Japanese black bear is from June
to August. Captive bearstend to mate in mid-July more fre-
quently [36]. Because all collections were obtained in July,
these data confirm that free-ranging Japanese black bears
normally produce spermatozoa in July. Additional studies
on the relation between seminal traits and endocrinological
status would elucidate the variation in seminal traits.

Frozen-thawed semen: When semen was collected in the
field from free-ranging bears and cryopreserved, severe
conditionswere obligated. Therefore, we used the modified
method of cryopreservation (dilution rates, final sperm con-
centration, cooling and equilibration time) for free-ranging
animals to carry out effective and smooth collection. The
method allowed us to expand the time up to glycerolization
and freezing process (1 to 3 hr), which time was spent dur-
ing transportation by car from the handling site to the labo-
ratory.

This study showed that frozen-thawed spermatozoa were
motile, but the result was not as good as that of other captive
ursid [13, 22]. Experiments will be required to further
improve the post-thaw motility including % +++ motility
and % motility, probably by using captive Japanese black
bears asamode.

% Motility of spermatozoa from Bear No. 4 increased
after freezing-thawing procedure (10 to 20%). The motility
of fresh spermatozoa can be improved markedly by diluting
raw semen with adiluent [9]. This phenomenon sometimes
observed in urine contaminated and long time left semen.
Thisimprovement of motility would be from repl enishment
of an energy substrate for movement or dilution of a harmful
matter of urine or seminal plasma. Thus it appeared that
motility of spermatozoa from Bear No. 4 may have
improved by addition of the diluent, and even after a
decrease by freezing-thawing procedure, the motility may
have remained at a higher level than before dilution.

Abnormal morphology rate of spermatozoa from Bear
No. 3 changed little by freezing-thawing procedure (87 to
85%), while that from Bear No. 2 increased after freezing-
thawing procedure extensively (20 to 77%). First reason for
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thismay be from differencein cryoprotective ability of sper-
matozoa among individuals [8]. Spermatozoa form Bear
No. 2 might be weak for cryopreservation. Second reason
for this may be form sudden changes in temperature. Sper-
matozoa with looped tails are sometimes caused by abrupt
temperature changes [2]. The process of freezing operation
in Bear No. 2 spermatozoa might have forced abrupt tem-
perature changes upon spermatozoa.

In summary, we recovered semen from free-ranging Jap-
anese black bears in the wild by electrogjaculation and
found that at least motile spermatozoa were confirmed to be
in the frozen-thawed semen samples.
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