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Abstract: Grizzly bears (Ursus arctos horribilis) in Montana and Wyoming killed between 1978-95 
reached puberty between the ages of 3.5-5.5 years, consistent with similar studies on brown bears in 
Hokkaido (Japan), Alaska, and Yukon. Our study considers age-related variation in testicular and 
epididymal characteristics for 14 pre-pubertal and 11 post-pubertal grizzly bears. Testis mass increased 
200% in bears between 1.5 and 7.5 years old and reached an asymptote at 10.5 years. Similarly, 
seminiferous tubule mass increased rapidly in bears between 1.5 and 5.5 years of age and reached an 

asymptote in 10.5 years. Testis mass and volume, seminiferous tubule and interstitial volume, and 
seminiferous tubule diameter were smaller in pre-pubertal bears than in post-pubertal bears. 
Seminiferous tubule volume increased rapidly between 1.5 and 7.5 years of age. Seminiferous tubule 
volume reached an asymptote at approximately 10.5 years of age. Interstitial tissue volume increased 

rapidly between 1.5 and 3.5 years of age and reached an asymptote at approximately 6.5 years of age. 
Epididymal mass was smaller in pre-pubertal than in post-pubertal bears. Epididymal tubule diameters, 
percent areas occupied by the tubule, the lumen of the tubule, and the muscularis and epithelium of the 
tubule did not differ between pre- and post-pubertal bears. The epididymis:testis mass ratio did not 
differ between pre- and post-pubertal bears. Epididymal mass was linearly related to testis mass. 

Epididymal tubule diameter increased from the caput, through the corpus, to the cauda. Percent tubular 
area of the caput was smaller than either the corpus or cauda. Percent tubular areas occupied by 
the lumen and the muscularis and epithelium did not differ among the caput, corpus, and cauda. 
This was the first detailed study of the effects of age on testicular and epididymal characteristics of 

grizzly bears in the continental US. 
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Seasonal effects on gross and histological character- 
istics of the bear testis have been generally described 

(Erickson and Nellor 1964, Erickson et al. 1968, 
Pearson 1975, Reynolds and Beecham 1980, Tsubota 
and Kanagawa 1989, Garshelis and Hellgren 1994). The 
effect of age on the testis and epididymis, however, has 
not been well studied and epididymal histomorphology 
has received little attention. 

In a previous study of grizzly bear (Ursus arctos 

horribilis) reproduction (White et al. 1998), we con- 
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cluded that: (1) testis mass increased linearly with age 
up to 15 years, (2) the diameter of seminiferous tubules 
increased curvilinearly, attaining maximum diameter at 
10-12 years of age, and (3) sexual maturity was attained 
at 3.5-5.5 years of age. Tsubota et al. (1991), however, 

reported that testis mass in Hokkaido brown bears (U. a. 

yesoensis) reached an asymptote between 8 and 10 years 
of age and attained sexual maturity at 2-5 years of age. 

Due to the paucity of information on age-related 
testicular and epididymal characteristics and the appar- 
ent variation in the age at which testis mass asymptotes 
and the age at which brown bears attain sexual maturity, 
the objectives of this study were to: (1) analyze age and 

seasonally-related changes in testicular characteristics, 
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characterizing age variation in testis and seminiferous 
tubule masses, seminiferous tubule diameter and 
volume, and interstitial tissue volume, (2) refine our 
estimate of age at sexual maturity, and (3) analyze age- 
related changes in gross and histomorphometric epidid- 
ymal characteristics from 25 grizzly bears <22.5 years 
of age from Montana and Wyoming. 

This study expanded and continued work we published 
previously (White et al. 1998). We extended our analyses 
by (1) increasing our sample size by 20%, which added 
testicles from older bears (>15 years of age) to our data 
set, and (2) including age-related variation in histomor- 
phological characteristics of the testis and gross and 

histomorphological characteristics of the epididymis. 
Although our sample sizes were small (n = 14 pre- 
pubertal and 11 post-pubertal bears), we provide the first 
detailed quantitative study of age-related variation in the 

epididymis of grizzly bears in the continental US. 

Methods 
Tissue sources and processing methods 

Testes and epididymides were collected from 14 pre- 
pubertal and 11 post-pubertal grizzly bears killed in 
Montana and Wyoming from 1978 to 1995. Body mass 
of each bear was recorded to the nearest kg, and age of 
each bear was determined by counting the cementum 
annuli of premolars (Willey 1974). Testis collections 
were opportunistic; thus it was not possible to obtain 
specimens for all ages and seasons. 

Within a few hours after death, the testes and 
epididymides of each bear were removed from the 
scrotum, dissected free of the tunica vaginalis, fixed in 
neutral-buffered formalin for several days, then stored in 
either 10% formalin or 70% ethanol at the Montana 
Department of Fish, Wildlife and Parks wildlife 
laboratory for <10 years. Tissue shrinkage and sub- 
optimal staining are known to occur by prolonged 
storage in fixative. Although we could not quantify the 
degree of tissue shrinkage relative to the duration of 
fixation in our samples, our empirical observations of 
the effect of time in fixative on ram testes indicate that 
little shrinkage occurs after 10 days. No corrections for 
shrinkage were made on our data. 

Testis slide preparation and stereology 
Each testis was weighed after removing the epidid- 

ymis and tunica albuginea. Testis length and diameter 
were measured with vernier calipers. One of the 2 testes 
from each bear was selected (right and left side were 
unknown) and cut transversely into approximately equal 

portions that represented the dorsal, medial, and ventral 
aspects of the testes. To evaluate regional differences 
within the testes, two 3-mm3 blocks of tissue were cut 
from the mid-portion of each region (6 blocks of tissue/ 
testis), dehydrated in ethanol, and embedded in paraffin. 
From each block, 5 sections (5 gm thick) were obtained 
at 150 [tm-intervals that represented the front, middle, 
and back of the block. Sections were deparaffinized 
and stained with hematoxylin and eosin. This resulted in 
18 slides from each testis. 

Three of the 5 sections from each location within each 
block (front, middle, and back) were chosen randomly and 
examined for the presence of spermatozoa. The total area 
occupied by seminiferous tubules, interstitium, and cross- 
sectional areas of at least 30 seminiferous tubules were 
measured using a light microscope (100x) with attached 
video camera. Digital images of sections were captured 
using a digital capture board (Dazzle Digital Video 
Creator, Fremont, California, USA) and digitized with 
image measurement software (SigmaScan Pro, SPSS, 
Inc., Chicago, Illinois, USA). The software was calibrated 
at 10Ox with an image of a micrometered slide having 0.01 
mm divisions. Seminiferous tubule diameters, total area 
of each section, and area included within the seminiferous 
tubules of the section were recorded. The area of the 
interstitium was determined by subtracting the seminif- 
erous tubule area from the total section area. The area 
occupied by seminiferous tubules and interstitium ex- 
pressed in percent was assumed to be equivalent to the 
percent volume of the testis. These measurements were 
then used to estimate the proportion of volume of the testis 
occupied by seminiferous tubules and interstitium, as 
described by Lunstra and Schanbacher (1988). Testicular 
volume was estimated by multiplying the mass of the 
testis by the specific gravity of 1.04. 

Epididymis slide preparation and stereology 
The epididymides were separated grossly into the 

caput, corpus, and cauda epididymis. Two 3-mm3 
blocks of tissue were cut from center of each anatomical 
region resulting in 6 blocks of tissue per epididymis. 
Tissue processing, sectioning, and staining were iden- 
tical to those used for the testis, except tissue sections 
from only 2 locations (front and back) for each block 
were mounted on slides. This resulted in 12 slides per 
epididymis. One of the 2 blocks from each anatomical 
region was chosen randomly and microscopic images 
of sections from that block were digitized. Imaging, 
digitization, and measurement procedures were the same 
as those for the testis. Tubule diameters, total area of 
each section, and area included within the epididymal 
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tubules of the section were recorded. The area of the 
extra-tubular tissue was determined by subtracting the 
epididymal tubular area from section area. Area 
occupied by the muscularis-epithelial layer for each 
region was determined by subtracting the luminal area 
from the tubular area. 

Statistical analyses 
Initial analyses of data for seminiferous tubule 

diameter, area, and percent volume of seminiferous 
tubules and interstium, epididymal tubule diameter and 
area, luminal and muscularis-epithelial layer areas, and 
volume percent of extra-tubular tissue were analyzed by 
separate ANOVAs. A completely randomized split-split- 
plot design using the PROC GLM of SAS (SAS Institute 
Inc., Cary, North Carolina, USA) was employed for the 
testicular histomorphological characteristics. Indepen- 
dent variables in the model included: region of testis 
(dorsal, medial, and ventral), block (2 blocks, 3-mm3), 
location within block (front, middle, and back), and all 
interactions. The error term for testing region was region 
within animal, and the error term for testing block was 
region x block within animal within block. There were 
no (P < 0.05) interactions among independent variables 
and no (P < 0.05) main effects of region, block, or 
location; therefore data for these independent variables 
were pooled for further analyses. 

A completely randomized split-plot design using the 
PROC GLM of SAS was employed for the epididymal 
histomorphological characteristics. The independent 
variables in the model were: region of epididymis 
(caput, corpus, and cauda), location within block of 
tissue from each region (front, middle, and back), and 
their interaction. The error term for testing region was 

region within animal. Neither location within block of 
tissue nor its interaction within region were important 
(P < 0.05) sources of variation; therefore, data for these 

independent variables were pooled for further analyses. 

Analyses of testicular characteristics 
Correlation coefficients were calculated among age, 

body mass, volume percent of the testes occupied by 
seminiferous tubules, and volume percent of the testes 

occupied by interstitial tissue using PROC CORR of 
SAS. The effects of age on testicular diameter, mass, and 
volume percent of testes occupied by seminiferous 
tubules and interstitium were examined by fitting 
nonlinear regression models to these data using Sigma- 
Plot (SPSS, Inc., Chicago, Illinois, USA). 

Data for month of death, body mass and length, testis 
mass, testis volume, and volume of testes occupied by 

seminiferous tubules and interstitial tissue for pre- 
pubertal and post-pubertal bears were analyzed by 
ANOVA for a completely randomized design using 
the PROC GLM of SAS. The model included stage of 
sexual maturity. A bear was considered to have reached 
puberty if spermatozoa were observed in the lumen of 
the seminiferous tubules. Means were separated using 
the PDIFF option in PROC GLM of SAS. 

Analyses of epididymal characteristics 
Data for epididymal mass, caput, corpus, and cauda 

tubule diameters, percent areas occupied by the lumen 
and muscularis-epithelial layer, and epididymis:testis 
mass ratio for pre-pubertal and post-pubertal bears were 
analyzed by ANOVA for a completely randomized split- 
plot design using the PROC GLM of SAS. The main 
plot was stage of maturity (pre-pubertal or post-pubertal) 
and the sub-plot was region of epididymis (caput, 
corpus, and cauda). The error term to test stage of 
maturity was animal within stage of sexual maturity. 
Means were separated using the PDIFF option in PROC 
GLM of SAS. Least squares linear regression was used 
to investigate the relationship between testicular and 
epididymal mass using SigmaPlot. 

Results 
Criteria for sexual maturity 

All the bears in our study that were >5.5 years of age 
(n = 11) had spermatozoa within the seminiferous 
tubules, whereas only 1 of 14 bears that were <4.5 years 
of age did. Therefore, bears <4.5 years of age and >5.5 

years of age were classified as pre-pubertal (n = 14) and 

post-pubertal (n= 11), respectively (Fig. 1). 

Month of death and gross 
physical characteristics 

Month of death during the year did not differ (P > 

0.05) between pre-pubertal and post-pubertal bears 

(Table 1). Body mass and length were greater (P < 
0.05) in post-pubertal than pre-pubertal bears (Table 1). 

Testes 
Age and body mass were correlated positively (r2 

0.77, P < 0.05), and both were positively correlated 

(r2 > 0.70, P < 0.05) with testes volume and volume 

percent of testes occupied by seminiferous tubules. 
However, age and body mass were correlated negatively 
(r2 > -0.26, P < 0.05) with volume percent of testes 

occupied by interstitial tissue. 
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Fig. 1. Age distribution and sexual status by 
month of 25 grizzly bears from Wyoming and 
Montana killed during 1978-95. A bear was consid- 
ered post-pubertal if spermatozoa were observed in 
the lumen of the seminiferous tubules. Numbers are 
bears in age class if >1. 

Testis diameter, mass, volume, and length were cor- 
related curvilinearly with age (r2 > 0.75, P < 0.05). The 
relationships between age and seminiferous tubule diam- 
eter, seminiferous tubule and interstitial tissue volume, 
and volume percent of seminiferous tubules were also 
curvilinear (r2 > 0.50, P < 0.05). 

Testis mass increased 200% between years 1.5 and 
7.5 and increased much less rapidly between 7.5 and 

Table 1. Least squares mean of gross physical and 
testicular characteristics and testicular histomorpho- 
metric characteristics of pre-pubertal and post- 
pubertal grizzly bears killed in Montana and Wyoming 
between 1978 and 1995. 

Stage of sexual maturitya 

Item pre-pubertal post-pubertal SEMb P 

n 14 11 
Month of death early Aug mid-Jul 
Body mass (kg) 109.2 180.9 52.8 < 0.001 
Body length (cm) 166.5 191.9 22.2 0.03 
Testis mass (g) 11.4 34.3 7.6 < 0.001 
Testis volume (cm3) 11.9 35.7 7.9 < 0.001 

STC volume (cm3) 6.9 23.2 6.2 < 0.001 
ISTC volume (cm3) 5.0 12.5 2.8 < 0.001 

ST diameter (gim) 118.6 165.2 23.6 0.004 

aBased on the presence (post-pubertal) or absence (pre- 
pubertal) of spermatozoa in the lumen of the seminiferous 
tubules. 

bSEM = standard error of the mean. 
CST = seminiferous tubules; IST = interstitium. 
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Fig. 2. Curvilinear relationships between age and 
mean testis mass and mean seminiferous tubule 
mass in grizzly bears (n = 25) killed in Wyoming and 
Montana between 1978 and 1995. The presence of 
spermatozoa in the seminiferous tubules is indicated 
by circle shading: (0) No spermatogonia; (@) 
Spermatogonia present. 

22.5 years of age (Fig. 2). Testis mass appeared to reach 
an asymptote when percent change with age was <5% 
in bears >10.5 years of age. Similarly, seminiferous 
tubule mass increased rapidly in bears between 1.5 and 
5.5 years of age, then increased less rapidly in older 
bears. Seminiferous tubule mass appeared to reach an 
asymptote in bears >10.5 years of age. At ages 2, 4, 6, 
8, 10, and 12, the seminiferous tubules occupied 43, 56, 
60, 62, 64, and 65%, respectively, of the mass of the 
testis (equations, Fig. 2). 

Testis mass and volume, seminiferous tubule and 
interstitial volume, and seminiferous tubule diameter 
were smaller (P < 0.05) in pre-pubertal bears than in 
post-pubertal bears (Table 1). 

Seminiferous tubule volume increased rapidly be- 
tween 1.5 and approximately 7.5 years of age and 
increased much less rapidly between 7.5 and 22.5 years 
of age (Fig. 3). Seminiferous tubule volume reached 
an asymptote at approximately 10.5 years of age. Inter- 
stitial tissue volume increased rapidly between 1.5 and 
3.5 years of age and reached an asymptote at approxi- 
mately 6.5 years of age. 

After peaking in June, testis and seminiferous tubule 
mass appeared to decline through September (Fig. 4) in 
post-pubertal bears. There was little or no seasonal 
change in testis and seminiferous tubule masses in pre- 
pubertal bears from May through November (Fig. 4). 

Ursus 16(2):190-197 (2005) 



194 REPRODUCTION IN MALE GRIZZLY BEARS ? White et al. 

40 
Y-Q^. -O^/1 .0.19Aga 0 * Semeniferous 

Y: -8.42 + 38.62(1-e 0'1 9 eAg * tubules 
r = 0.73; P < 0.0001 ? Intersttal 

30- *\ tissue 30 - 

E 25- 

E 20 

| 15- / _ 
10 - - 

5 - Y=-2.97 +17.18(1--e.23Ag. 

|fr ~~ e? r =0.72; P< 0.0001 
0 i , , , , I I , I ! 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Age (years) 

Fig. 3. Curvilinear relationship between age and 
volume of seminiferous tubules (solid circles, solid 
line) and volume of interstitial tissue (open circle, 
dashed line) for grizzly bears (n = 25) killed in 
Wyoming and Montana between 1978 and 1995. 

Epididymides 
Epididymal mass was smaller (P < 0.05) in pre- 

pubertal than in post-pubertal bears (Table 2). Tubule 
diameters, percent area occupied by tubule, percent 
tubular area occupied by lumen, and percent area 

occupied by muscularis and epithelium of the caput, 
corpus, and cauda epididymis did not differ (P > 0.05) 
between pre-pubertal and post-pubertal bears (Table 2). 
The ratio of the epididymal mass to the testicular mass 
did not differ (P > 0.05) between pre-pubertal and post- 
pubertal bears (Table 2). Paired testis mass was linearly 
related to epididymal mass (Paired epididymal mass = 

1.50 + 0.24[Paired testis mass], r2 = 0.89, P < 0.05). 
Tubule diameter increased (P < 0.05) from the caput, 

through the corpus, to the cauda (Table 3). Percent 
tubular area of the caput was smaller (P < 0.05) than 
either the corpus or cauda (Table 3). Percent tubular 
areas occupied by the lumen, muscularis, and epithelium 
did not differ (P > 0.05) among the caput, corpus, and 
cauda (Table 3). 

Discussion 
Age at puberty 

It is generally accepted that the onset of puberty in 
male mammals involves the presence of spermatozoa in 
the lumen of the seminiferous tubules (Senger 2003). 
Estimates of age at puberty based upon this criterion for 
Hokkaido brown bears (Tsubota et al. 1991), Alaskan 

E 
2 

.- 

E 
,m 

(n 

(4 
E 
.0 

E 
0 
_. 
a, 

(1 

I 

50 

45- 

40 

35- 

30- 

25- 

20 

15- 

10 

5- 

0 

40 

35- 

30- 

25 - 

20 

15- 

10- 

5- 

a --- Post-pubertal 

~/,~ \-a-- \ot Pre-pubertal 

0- 

^ 

b 

0 
May June July Aug Sept Oct Nov 

Month bears were killed 

Fig. 4. Seasonal changes in (a) mean testis mass 
and (b) seminiferous tubule mass in post-pubertal 
(n = 11) and pre-pubertal (n = 14) grizzly bears killed 
in Wyoming and Montana between 1978 and 1995. 
Error bars represent standard errors of the mean (no 
error bars for n = 1). 

brown bears (Erickson et al. 1968), and grizzly bears in 
the Yukon (Pearson 1975) were 2-5, 4.5, and 5-7 years 
of age, respectively. Using this same criterion, we found 
that grizzly bears in the continental US attained puberty 
between 3.5-5.5 years of age (Fig. 1, 2). Together, these 
studies (including this study) indicate that brown bears 
attain puberty at approximately 4.5 years of age. 

Testes 
Little data are available on age-related variation in the 

testis within the Ursidae. Erickson and Nellor (1964) 
and Erickson et al. (1968) found variation in testis mass 

by age class in black bears (U. americanus) and Alaskan 
brown bears, respectively, using skull length and width 
as an index of age. They found that mass of the testes in 
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Table 2. Least squares means for gross and histo- 
morphometric epididymal characteristics and epidi- 
dymis:testis mass ratios of pre-pubertal and 
post-pubertal grizzly bears killed in Montana and 
Wyoming, 1978-95. 

Stage of sexual maturitya 
Item pre-pubertal post-pubertal SEMb P 
n 14 
Epididymal 

mass (g) 3.5 

Tubule diameters (Im) 
Caput 216 
Corpus 262 
Cauda 333 

Area occupied by tubule (%) 
Caput 33.4 
Corpus 58.8 
Cauda 55.2 

Tubular area occupied by lumen (%) 

11 

9.5 1.9 < 0.001 

211 49.0 0.81 
268 60.7 0.79 
323 70.5 0.72 

33.1 7.7 0.82 
52.5 14.0 0.29 
53.9 14.2 0.62 

Caput 40.5 42.4 14.9 0.76 
Corpus 32.6 37.6 6.9 0.09 
Cauda 40.5 42.2 15.3 0.78 

Tubular area occupied by muscularis and epithelium (%) 
Caput 58.7 56.1 15.4 0.68 
Corpus 66.2 62.3 7.2 0.17 
Cauda 58.7 57.5 15.5 0.86 

Epididymis: testis 
mass ratio 0.32 0.25 0.09 0.08 

aBased on the presence (post-pubertal) or absence (pre-pubertal) 
of spermatozoa in the lumen of the seminiferous tubules. 

bSEM standard error of the mean. 

both species positively correlated with age indices. 
Tsubota et al. (1991) reported age-related changes in 
testis mass in Hokkaido brown bears. Our analyses of 
their data (Tsubota et al. 1991:Table 2) indicated that 
testis mass increased curvilinearly with age (Testis mass = 
-53.38 + 98.50[1 - e-449Age], r2 = 0.65, P < 0.0001), 
similar to the bears in our study. However, testis mass in 
their study reached an asymptote in 8-10 years, whereas 
testis mass in our study reached an asymptote up to 2 
years later (10-12 years). The testes of Hokkaido brown 
bears may develop earlier due to genetic, social, or 
nutritional factors. Jonkel and Cowen (1971), Rogers 
(1976), and Elowe and Dodge (1989) implicated 
nutrition as an important factor that influences re- 
production in female American black bears. Age at 
puberty increased and breeding interval and litter size 
declined when mast or berry crops were poor the 
previous fall. If nutrition affects male gonadal de- 
velopmental rates as it apparently does females, an 
increased nutritional plane may explain why testes of 

Table 3. Least squares means for histomorphometric 
epididymal characteristics of 25 grizzly bears killed in 
Montana and Wyoming, 1978-95. 

Region of epididymis 
Item caput corpus cauda SEMa P 
n 24 25 25 
Tubule diameters (ltm) 218b 265C 325d 62 <0.0001 
Area occupied by 

tubule (%) 34b 56c 55? 13 <0.0001 
Tubular area occupied 

by lumen (%) 41b 35b 41b 9 0.06 
Tubular area occupied 

by muscularis and 
epithelium (%) 58b 65b 59b 13 0.14 

aSEM = standard error of the mean. 
b'c'dWithin rows means that lack common superscripts differ. 

male Hokkaido brown bears reached an asymptote 
earlier than grizzly bears in the continental US. 

We found that as testis mass increased with age, there 
was a concomitant increase in mass of seminiferous 
tubules (Fig. 2). From age 2 to 4 the mass of the testis 
attributable to seminiferous tubules increased 30%; from 
age 4 to 6 it increased 7%, and from age 6 to 8 it 
increased 3%. When a grizzly bear attains sexual 
maturity at 3.5-5.5 years of age, the seminiferous 
tubules constitute 10-16% of the mass of the testis. At 
maximum testis mass, at 10-12 years of age, seminif- 
erous tubules constitute 24% of the mass of the testis. 
No other bear study we are aware of has reported the 
relationship between seminiferous tubule mass and age. 

Testis mass, volume, and seminiferous tubule di- 
ameter of pre-pubertal grizzly bears were smaller than 
those for post-pubertal bears (Table 1). Tsubota et al. 
(1991) reported that testis mass and seminiferous tubule 
diameter was smaller in pre-pubertal than post-pubertal 
Hokkaido brown bears. Testis mass for pre-pubertal 
(11.4 g) and post-pubertal (34.3 g) grizzly bears in our 
study were not different (t-test, P > 0.05) from the mean 
testis mass for pre-pubertal (8.6 g) and post-pubertal 
(38.5 g) Hokkaido brown bears (Tsubota et al. 1991). 
Likewise, mean seminiferous tubule diameter for pre- 
pubertal (118.6 pm) and post-pubertal (165.2 gm) bears 
in our study were not different (t-test, P > 0.05) from 
the mean seminiferous tubule diameter for pre-pubertal 
(70.8 gm) and post-pubertal (167 pm) Hokkaido brown 
bears (Tsubota et al. 1991:Table 2 provided data for 
Hokkaido brown bears). In our study, post-pubertal 
males had a testis mass of >18 g each and seminiferous 
tubule diameters of at least 125 gm. 

This is the first study to examine the relationship 
between seminiferous tubule volume and interstitial 
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tissue volume in the Ursidae. Seminiferous tubule and 
interstitial tissue volume grew in concert from 1.5 to 
5.5 years of age (Fig. 3). At 5.5 years of age, however, 
a clear separation in growth occurred; seminiferous 
tubule volume continued to increase up to age 10.5, 
whereas interstitial tissue volume remained relatively 
constant after >5.5 years of age. 

Effects of season (month of sampling) could confound 

relationships between age and testis mass and volume 

(Fig. 2, 3). If older bears (> 11.5 years, n = 5) in our study 
were killed in autumn only, a time of the year when testes 

typically regress in size, that could explain why the rate 
of growth of testis mass and volume in the bears in our 

study decreased with age. Older bears in our study, 
however, were killed from June to September (Fig. 1), 
reducing the likelihood that seasonal differences in testis 
mass and volume greatly confounded effects of age. 

Effects of season on gonadal activity in brown bears 
(Erickson et al. 1968, Pearson 1975, Tsubota and 

Kanagawa 1989) and black bears (Erickson and Nellor 
1964, McMillin et al. 1976, Reynolds and Beecham 
1980, Horan et al. 1993, Garshelis and Hellgren 1994,) 
are well documented. Generally, testis mass in both 
brown and black bears decline throughout the summer 
and autumn after peaking in June. Our findings 
generally support this trend in post-pubertal bears but 
not in pre-pubertal bears (Fig. 4). Our limited sample 
sizes necessarily preclude a more thorough discussion of 
seasonal testis and seminiferous tubule mass dynamics. 
We mainly provide our data here because they are rare 
in the literature (especially for brown bears) and we wish 
to encourage other researchers to record and report 
male reproductive data. 

Epididymides 
Little is known about the bear epididymis. Erickson 

and Nellor (1964) histologically examined the epididy- 
mis of black bears from Michigan and concluded that 
the epithelium changes along its length from a ciliated 
stratified columnar epithelium in the caput and corpus to 
a cuboidal epithelium in the cauda. Spermatozoa were 
not observed in the epididymis before June, the tubules 
were reduced in diameter and devoid of spermatozoa by 
early October, and cellular degeneration of the epidid- 
ymis followed atrophy of the seminiferous tubules by 
several weeks (Erickson and Nellor 1964). Erickson 
et al. (1968) found that in brown bears in Alaska the 

epididymis contained a heavy load of spermatozoa in 

mid-May; by November, the tubules were reduced in 

diameter, devoid of spermatozoa, and surrounded by 
connective tissue. Pearson (1975) reported only that 

spermatozoa were present in the epididymides of grizzly 
bears in the Yukon in May and were absent in 
December. These studies generally concluded that the 
epididymis undergoes dramatic gross and histological 
changes with season apparently consistent with testic- 
ular atrophy and a reduction in spermatogenesis, 
although little quantitative data were reported. 

Erickson et al. (1968) examined epididymal tubule 
diameter by age class in brown bears from Alaska. In their 
"infantile" (<3 years old), "pre-pubertal" (3-5 years 
old), and "sexually mature" (>5 years old) age classes, 
the mean epididymal tubule diameter was 180.8 im, 
199.7 ptm, and 284.8 pm, respectively. Because Erickson 
et al. (1968) designated their age classes differently than 
we did and did not examine tubule diameter by epi- 
didymal region (as we did), a direct comparison of tubule 
diameters with our data was not possible. We compared 
epididymal mass, tubule diameter, percent area occupied 
by tubule, percent tubular area occupied by lumen, and 

percent tubular area occupied by muscularis and epithe- 
lium by stage of sexual maturity (pre-pubertal and post- 
pubertal) and found only epididymal mass to differ 

significantly (P < 0.001; Table 2). 
In pre-pubertal bears, the epididymis:testis mass ratio 

was not different (P = 0.08) from that in post-pubertal 
bears (Table 2). In pre-pubertal bears, the mass of the 

epididymis was 32% of the mass of the testis, whereas 
in post-pubertal bears, the mass of the epididymis was 
25% of the mass of the testis (Table 2). 

We compared tubule diameter, percent area occupied 
by tubule, percent tubular area occupied by lumen, and 

percent tubular area occupied by muscularis and epithe- 
lium by epididymal region (caput, corpus, and cauda). We 
found that tubule diameter increased from the caput to 
the cauda (Table 3). The percent area occupied by tubule 
was larger in the caput compared to the corpus and 
cauda (Table 3). The percent tubular area occupied by 
lumen and by muscularis and epithelium did not differ 

among the regions of the epididymis (Table 3). 
This was the first study to provide a detailed examina- 

tion of gross and histomorphometric epididymal char- 
acteristics and epididymis:testis mass ratios in the 
Ursidae. Issues that need further study include exami- 
nation of testicular and epididymal responses to seasonal 

(day or night length), social (dominance relationships), 
and nutritional factors. 
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