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The Breeding Biology of the Male Brown Bear (Ursus arctos)"*

ALBERT W. ERICKSON,? HARLAND W. MossMAN,? RicHARD J. HENSEL,* AND WILLARD A. TROYER?

(Plates I-IX; Text-figures 1-2)

INTRODUCTION

HE BREEDING BIOLOGY of the

brown bear is known in only a general

way. Breeding occurs in the spring, usu-
ally in late May or June, and its timing does not
appear to vary significantly between wild or cap-
tive animals or throughout the wide expanse of
the species distribution (Dathe, '61; Dittrich and
Einsiedel, '61; DeVoto, ’53; and Murie, '44).
The female exhibits a period of heat extending
up to two weeks and is polygamous. During this
time coital activity is recurrent but is interrupted
by days of nonbreeding (Dittrich and Kron-
berger, '63).

The age of puberty is unknown in the male
bear, but among female captives is usually at-
tained at three and a half years. The gestation
period in captivity has been reported as varying
between 194 and 278 days (Dittrich and Kron-
berger, '63). Despite this disparity, a large body
of evidence shows whelping to occur regularly
in late January and early February regardless

1Reference to the brown bear here refers collectively
to the various so-called species of North American
brown and grizzly bears, and to the European and Eur-
asian brown bears. Recent taxonomic reviews conclude
that all of these are simply subforms of Ursus arctos
L. (Pocock, ’32; Erdbrink, ’53; Couturier, '54; and
Rausch, ’62).
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of when breeding occurs. Explanation for this
is that bears of the genus Ursus have a delayed
implantation wherein the fertilized eggs develop
to the blastocyst stage and lie quiescent in the
uteri for a long period of time. Implantation oc-
curs about the same time in all specimens re-
gardless of when breeding occurs (Wimsatt, ’63;
and Dittrich and Kronberger, '63). Normally
the delays last slightly over half of the gestation
period and macroscopic embryos are not visible
until about the time of winter denning. The cubs
are born in an immature state during the so-
called hibernation period. Litters vary from one
to four cubs but are usually two or three.

Beyond breeding observations, the only spe-
cific information known to us on the reproduc-
tive biology of the male bear is a report by Dit-
trich and Kronberger ('63) on the histology of
the testes and epididymides of two captive bears
killed in August and October, respectively. On
the basis of spermatogenic activity and epidi-
dymal sperm observed in both animals, they
concluded that male brown bears retain repro-
ductive capability at least through October.

METHODS AND PROCEDURES

The testes, epididymides, and vasa deferentia
of 127 brown bears were collected in Alaska
between May 20, 1961, and November 11, 1964.
The majority of the specimens were from Ko-
diak Island, but specimens were obtained also
from other areas of the state, particularly from
the Alaska Peninsula (Table I). Most of the
bears were killed by sport hunters. Additional
specimens were obtained from bears Kkilled as
nuisances or by unilateral castrations of live-
trapped bears.
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TaBLE 1 RESULTS OF EXAMINATIONS OF TESTES, EPIDIDYMIDES,
Testis Tubules
Location Specimen Date Skull Age® Testis® Activity*
~ Number Meas. (Years) Wt. (Gms.) Diam. (n) State
Kodiak Is. 14N 4-7-64 19%4 1.2 TR NF, G
36M 5460 18.2 95 NF, G
12M 5-7-62 1934 2.3e 17 113 NF, G
8N 5-8-64 2038 2.3a BB o NF, G
47TM 5-11-63 2214 2.3e 15:0% NF, G
49M 5-13-62 2115 2.3¢ 1910% NF, G
M S=l4-62 24.0 112 NF, G
5TM 5-19-63 192 1.3¢ MR NF, G
26M 5-19-62 204 Z.3¢e 19.4 95 NF, G
43N 5-19-64 2114 2.3e L7 R NF, G
K44 5<20-62 .. 2:3a 6.3% 86 NF, G
65M 5-21-63 197 l-3¢ 1QI0E . NF, G
Anchorage E306 7-14-63 ... 11.0% 83 NF, G
Kodiak Is. 40N 10-7-64 15.0% 81 NF, G
49N 10764 + i 1028 = NF, G
71M 10-8-63 21% 2.7e 1025 S NF, G
2M 10-10-62 205 2.7e 16.0 75 NF, G
3M 10-10-62 205 2.7e 13.9 94 NF, G
31A 10-11-61 23316 2.7a 201 SR NF, G
4M i0:262 0 s 21.9 118 NF, G
67A 10-12-63 201344 1157 81 NF, G
32A 10-17-61 231, 2.8a 19.2 NF, G
K97 10-17-63 214 2.8a l6:5% NF, G
34MK 10-19-61 ... 25 ORI NF, G
75M 10-19-63 ... 24:2% 00 Dee NF, G
47N 10-22-64 20 2.8e 23:1* 109 NF, G
20M 10-25-62 ... 15.8 123 NF, G
52N 10-29-64 ... 2-8e 20.8* 97 NF, G
18M 10-31-62 21%% 2.9¢ 16.3 114 NF, G
46N 11-2-64 19.0 1.9e 6.5% 54 NF, G
50N 11-2-64 2315 2.8k 15.8* NF, G
SIN 11-3-64 20 2.9¢e 13.2% 96 NF, G
8M 11-5-62 2215 2.9e 2251 S NF, G
10M 11-8-62 207 2.9¢ 1 {7 AR NF, G
a2 For explanation of number designations see Table II.
b TaBLE 11 RESULTS OF EXAMINATIONS OF TESTES, EPIDIDYMIDES,
o Testis Tubules
Location Specimen Date Skullt Age? Testis N " Heightof  Activity?
Number Meas. Yrs.: Months Wyt (Gms.) Diam. (x)  Epithel (g) State
Kodiak Is. 36N 5-7-64 ... 42:5% S0 e SN
59M 5-11-63" = L. 3605 e S, G
13N 5-18-64 217 3.3e 33.4 P24 S0 NF, G
21IM 5-22-62 2 3.3e 25.6 196 35 SN
56 M 5-24-63 ... 43.0% 173 39 FS, A
E042 525610 & - 24.5 30.8 LS/ R S8.G
Paxson E258 0-16-62 = . 20.0 18.8 123 32 NF, G
Kodiak Is. 62A 10-4-62 226 3.9¢e 31.9% 154 51l SN, G
32N 10-5-64 22134 3.9¢e A0y, & A, FS
30N 10-7-64 24148 4.9¢ JAGE S R e SN, G
72M 10-9-63 24 4.5e DTSN o i e NF, G
oM 10-10-62  ...... 339 180 38 SN, G
73M L0=24-63:0 0 29.1 125 Sil LE
74M 10-17-63 25V4 4.9e 204 L e NF, G

Legend for Tables I, 11, III

1 Skull measurements: Length (occipital protuberance to margin of incisor) 4+ width (outer edges of zygomatic arches).
2 Age: k = known age marked animal; a = approximate known age marked animal; e = estimated age.
3 Testis weight: testis - epididymis + vas deferens. The weights marked with an asterisk are preserved weights plus 10% (the
mean weight loss between fresh and preserved specimens).
4 Spermatogenic activity: FS = free sperm; SN = sperm nuclei or heads in Sertoli cells; S = primary or secondary spermato-
cytes; A = abnormal forms shed into lumen; G = Edematous (giant) cells in germinal epithelium or in lumen. NF = No formed

elements other than giant cells.
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AND VaAsA DEFERENTIA OF INFANTILE BROWN BEARS?

Intertubular Area Epididymis Vas Deferens
General® Cytoplasmic Height of Lumen? Cytoplasmic'®  Lumen® Cytoplasmic?®
Character Abundance® WVacuolation? Diam. (x) Epithel (z) Contents Coagulum? Droplets Contents Coagulum? Droplets
FI Ty e R E +++ E ++ +++
IF = AH 178 48 E + e E N +
IF + AH 196 50 E + S E + <+ R
F1 + AH 150 47 E +++ =k E ++ + +
FI + AH E oF =il E + =
IF + AH E + A E oF P
IF ==t A H 271 62 E ++ == E + -4+
FI o N sean e
FI ¥ AH 123 36 E =kl N E
FI + AH E - + E + ++
FI St N 169 60 E i -+ E
FI ar N Cean s E E
FI =} AH  aan s E N + E
FI == AH 176 51 E N N E N N
FI T N amwm e E E
FI + N 5 B s E
1 =+ AH 180 46 E = N R
FI Ar N 194 57 E == + E N
FI + AN e & E N N E ++ ++
IF + A H 205 51 E N N E N
IF o A H 206 E ot N E -+
IF ++ AH o E | £
IF ++ ALH . el et E E
IF <= 7- 5] 1 E L R R ) Flae "= fliety s E
FI = AH 159 55 E,A = 1=
IF + AH 215 E ++ + E,D N N
IF ot AH 122 33 A +++ A R
FI + AH 173 37 E N + E N +
FI ++ A H 150 35 E =}t +
IF == AE e E = + E N N
IF + AH 2060 Ll E + + N E + 4 N
FI + AH ada e E,D N +
FI + AH E,D N N
AND VASA DEFERENTIA OF PREPUBERAL BROWN BEARS
T Intertubular Area Epididymis Vas Deferens
General® Cytoplasmic Height of Lumen® Cytoplasmic??® Lumen® Cytoplasmic?!®
Character Abundance® Vacuolation” Diam. (¢) Epithel (») Contents Coagulum? Droplets Contents Coagulum®  Droplets
G i e B: e E
I e AH - A S +++ + E,A,S ok heote
IF ol AH ... E, A Aot N E ++ +
FI =t A, H 182 45 A + N A EiE ++
I ++ A, H 224 68 S, A +++ R S, A ===
IF T A H 194 i A Bam mmnw . dmwe mams men
FI + AH . e . Wemaas mEwme W nms
IF = AH 224 57 E E N o
IF + AL S e AS A,S N N
FI =t 159 47 A A N =+
IF + A H i R E ¢
FI A L 248 66 E, A e E, A == N
IF + + AH 167 ¥ sas E b = E,D N N
IF AR - e

5 General character of intertubular tissue: FI = more fibrous tissue than interstitial tissue; IF — more interstitial tissue than
fibrous tissue; I = predominantly interstitial tissue.

¢ Leydig cell cytoplasmic abundance: 4 = low; ++ = med.; 4+ = high.

7 Leydig cell vacuolation: N = little or none; A = abundant small vacuoles; L = large and small vacuoles; H = vacuoles
highly vesicular (frothy).

8 Lumen contents: S = apparently viable sperm; A = immature and abnormal forms; D = degradation products of tract;
E = empty; several entries indicate differences between ducts in order of decreasing occurrence.

¢ Prevalence of coagulum in epididymis and vas deferens: N = little or none; + = low; ++ = medium; ++-4 = abundant.

10 Cytoplasmic extrusions of epididymis and vas deferens: N = little or none; 4+ = low; +4 = medium; + + 4+ = abundant.
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TaBLE 111 RESULTS OF EXAMINATIONS OF TESTES, EPIDIDYMIDES,
. Testis Tubules
Location Specimen Date Skullt Testis® Height of  Activity?
Number Meas. Wt (Gms.) Diam. () Epithel (g) State
Kodiak Is. 41M 4-2-63 29 94 % 285 95 FS
42M 4-18-63 2634 83# 271 solid FS
22M 4-22-62 2338 49 187 solid FS
42N 4-28-64 2538 o R FS
34N S=1-64 " W oo 60* FS
44M 5-2-63 .. 002 - B FS
16M 5-4-62 2814 98 276 76 FS
45M 5-4-63 28V e FS
1M 5-4-62 2834 95 262 95 FS
33N 5-5-64 28316 85% FS
43M 5-5-63 2815 L EEREE FS
3IN 5-6-64 274 LEOESE S e FS
13M 5-7-62 26% 77 209 57 FS
3IM 5-8-62 08 o 89 257 76 FS
46M 5-9-63 2615 46% et e FS
28M 5-10-63 ... 79 et et FS
33M 5-10-62 273 97 259 83 FS
Alaska Pen. E231 S=10=62" "¢ " 72 7 S = FS, A
Kodiak Is. 61M 5-11-63 28145 86% s A FS
Alaska Pen. E305 S-1-640 e 92 90 FS, A
1396 5-12-64 76% 80* 266 59 FS
Kodiak Is. ™ 5=13-62 . o 76 268 76 FS, A
15M 5-14-62 27 70 218 83 FS
oM 5-15-62 29 100 228 66 FS
40M 5-15-62 2778 94 218 66 FS
48M 5-15-63 2814 757 S E FS
53M 5-15-63 28 121* 237 83 FS
ON 5-16-64 ... FLE Nk i FS
11M 5-16-62 ... o AR R o R B FS
14M 5-16-62 294 56 228 66 FS
Alaska Pen. 3093 5-16-64 Ll R et L FS
Kodiak Is. 54M 5-16-63 27 65% L aaas D ahn FS
Alaska Pen. 3094 5-16=64 " ... 45% 0 8 L U FS
Kodiak Is. 24M 5-17-62 2212 73 200 47 FS
34M 5-17-62 2834 91 180 59 FS
3N 5-18-64 28L% ) 52 (S FS
55M 5-18-63 2614 B T G ST N S e e FS
Alaska Pen. 3099 5-18-64 ... FOES O o e FS
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AND VASA DEFERENTIA OF SEXUALLY MATURE BROwN BEARS®

Intertubular Area Epididymis Vas Deferens
General® Cytoplasmic Height of Lumen®  Coagulum! Cytoplasmic!® Lumen® Cytoplasmic!?
Character Abundance® WVacuolation™ Diam. (#) Epithel () Contents Prevalence Droplets Contents Coagulum® Droplets
1 el L 268 64 S N =+ S A N ah
| +++ L 262 67 S,E = + S =1z -+
IF + N 253 62 S,AE =T Sl AS A N
I ++ L S, A +++ L
I el e | e . ST S
I ++ A e R 8. R ahen
1 e e L 279 70 S N 1= S N A
IF =+ A n S U ghmae e S ol =t
I ++ A 271 66 S, AE N + -+ + S, A N i
I Sl AL e e S N + S N N
1 +++ A maw o esis S N a0 amm oo o
IF + 7 A e . o R e I D GEnvh 'Gaee
I e L,H 275 63 S N = S N N
I ol 15 307 59 S,A N e e S N o
I etk L S N =1l S g L
I +++ EHE S N ot S N I
I +++ L,H 319 47 S,E N SESE S N +
1 == G S ol e R
1 i ) L, H e S I 4k S N I
1 +++ L,H 317 64 S, A + + Tt S, A N =+
I bt L, H 326 66 S, A N e S,D N FEts
I = L, H 323 80 S, A N + 4+ S, A N +++
1 ++4 L, H 262 49 S, A N ey S, A N SRR
I AESRaE A, H 279 59 SEA 1= S S, A =[x N
I === o5 H 360 64 S + et S,D,A N N
I ol L Wan e S N N S -+ N
1 EiEaT A,H 342 71 SiA - = P e S, A SF =
1 + -+ L. e S N + S a3 -+
I s A, H 234 59 S + o=l S N e
IF == A H 224 53 SUALE + =+ SiA N =
I ottt | 0 e S SR -+ o R I 1
I SRsEo e B e S N N S N A
I =f=r=f AH 243 59 S + 7 e S e
I + A H 234 63 E,S ++ ++ E,S N g
1 e 317 51 5 K Tt N S N N
| + -+ + el B S = N S N N
I A AsHE e R S + = S N N
I +++ AsE wnar | e S N N S N N

-

Table 11l continued on next page.
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TasLE III (continued) REsSULTS OF EXAMINATIONS OF TESTES, EPIDIDYMIDES,
Testis Tubules
Location Specimen Date Skullt Testis? Height of Activity*
Number Meas. Wt. (Gms.) Diam. (x) Epithel (u) State
Kodiak Is. 4N 5-19-64 ... ARE L TS s L S FS
15N 5-19-64 ... Soxo U o el s FS
30M 5-19-62 2515 78 265 76 FS
41N 5-19-64 T30 L e ek FS
5IM 5-19-63 26V4 92% 247 66 FS
64M 5-19-63 AAL FS
27TM 5-20-62 247 64 216 59 FS
23M 5-22-62 27% 97 218 58 FS
50M 5-22-63 27V5 80* 266 82 FS
52M 5-22-63 2914 113* 264 83 FS
17M 5-23-62 26V4 70 230 66 FS
35M 5-23-62 287 89 269 67 FS
58M 5=23-63. ' ...... 69* 253 65 FS
32M 5-24-62 2812 78 246 76 FS
37TM 5-24-62 2812 87 263 75 FS
38M 5-24-62 28348 86 2430 FS
19M 5-25-62 27% 83 294 5] FS, A
39K SePSa63 0 e REF e e T FS
63M 5-25-63 27% Y A I 5 S FS
39M 5-28-62 28 5y o Silaa s Rl FS
29M 5-29-62 27 96 285 83 FS
68M 5-30-63 2614 e R e D o FS
62M 5-31-63 27V5 I FS
Alaska Pen. E252 SEE6R. Lo Lo sty o B0 SERRe FS
Kodiak Is. 60M 6-1-63 ... S A SRR FS
66 M 6-12-63 ... Sqrans FS
Alaska Pen. 1812 7-14-63 S 253 T FS
1820 7-17-63 ... 84* 276 76 FS
1825 7-18-63 68 247 76 FS
1827 7-19-63 ... 78* 237 59 FS, A
1831 7-21-63 - ... STk 209 60 FS, A
Kodiak Is. 78M 8-3-63 53% 206 66 A, FS
69M 10-1-63 D540 FS, A
70M 10-2-63 2638 T FS
42A 10-17-62 22150¢ 54% 184 44 FS, A
48N 11-4-64 22V4 55% e TN T FS, A
55N 11-10-64 28Va 81* 199 47 SN, A
Kodiak Is. 54N 11-10-64 2818 56* 169 53 SN, A

a For explanation of number designations see Table II.
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AND VASA DEFERENTIA OF SEXUALLY MATURE BROWN BEARS®

Intertubular Area Epididymis Vas Deferens
General® Cytoplasmic Height of Lumen®  Coagulum® Cytoplasmic!? Lumen® Cytoplasmic?®
Character Abundance® Vacuolation? Diam. (z) Epithel (1) Contents Prevalence Droplets Contents Coagulum? Droplets
IF =i e G I S N N S N N
1 G I HS S P es G S N N S N N
I i AH 267 52 S, A N + S N +
IF Gt Ao H 0 aaer s S N + S N N
I + 1 L,H 293 63 S,:E N + S N +
I TR AR L el S N N S N N
I a2 A, H 253 59 S =k + + S + =t
I AEa s e H 275 68 S e e == heen
I T A, H 360 71 S -+ + S N Sl
I Steabsly L 333 56 S a5y N S N N
I el L 325 67 S N + S N N
I G s i A H 317 63 S + -+ S N +
I T AH 298 64 S N s I =
I R L A, H 309 7l S N =T S N N
I Shigle A H 326 71 S,:B =+ = S N -
1 Elgtelagly 1o H 288 64 S, A o + S, A N oy
I AP L, H 355 74 SLA N N S N N
I - B 700 - U S + =+ S N +
I aE e VGl S S 7 S N A S N N
I als 7] o R o SR = S, A N @ S N N
1 i L.H 271 62 S N + S N +
1 A AHL o ety s e e
I St BRSO Tt 0 i S N N S N N
I At ACHD & h B S N N L e MEn. 6 ame
I 75 AaHe s . S N N S,D N N
I ol i 262 62 S N N S N N
I Sk A H 271 63 S N + S N N
I s T A H 261 66 S N + e e
I Shal A R S N 1= E,S N -+
I it ACHE B St T s S. E N N E; S N N
I A A,H 233 66 S, A + e S, A N N
IF il AH 224 64 S,A,D + + i e A e
.................... S
......................... S S
I slraly A, 234 59 S,D,A N b A
IF e AH B 5 ¢ + A,D,S
| P 215 59 A,D,S i N A,D,S N
IF ++ : 262 39 A.SD + + + E,A,D,S
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The reproductive tracts of six bears were of
known approximate age as established on the
basis of returns from animals live-trapped and
marked as cubs or yearlings (Troyer, et al., '62).
The remaining specimens were estimated as to
sexual status on the basis of skull sizes, and
testicular weight and histological comparisons
with the known-age animals.

Male reproductive tracts were removed, the
testes dissected free from the tunica vaginalis,
and the epididymides and proximal segments of
the vasa deferentia left in contact with the testes
(PL. I, figs 1-3). When possible the testes were
weighed fresh; otherwise, the fixed weight was
determined and adjusted to the fresh weight
(Table II). The specimens were fixed in 10 per-
cent formalin and stored in 70 percent ethyl
alcohol. Histologic sections of all specimens
were prepared from the body of the epididymis
together with the underlying portion of the testis
and the adjacent portion of the vas deferens,
where available, and from other areas of the
reproductive tract for representative specimens.

Sperm morphology and maturation were de-
termined by examining sperm taken from vari-
ous areas of preserved epididymides and vasa
deferentia. The sperm were stained in a 1 per-
cent solution of osmium tetroxide and the ana-
tomical features of whole preserved sperm were
then studied and measured with the light and
electron microscope.

The data available for the specimens studied
are listed in Tables I to III. The specimens were
classed as being infantile, prepuberal, or sexu-
ally mature as determined from histological find-
ings. Infantile specimens exhibited little or no
spermatogenic activity. Prepuberal specimens
showed some spermatogenesis but not to a sexu-
ally functional state. Sexually mature bears rep-
resented one of three reproductive states: (1)
preseasonal—namely animals recovering from a
nonbreeding period; (2) sexually active—bears
in or near full breeding condition; or (3) post-
seasonal—animals showing spermatogenic de-
cline following the breeding season.

Included for each specimen, if available, are
the collection date, an age classification, body
weight, testicular weight, the combined length
plus zygomatic width of the skull, and the his-
tologic classification of the testis, epididymis,
and vas deferens (Tables I to III).

OBSERVATIONS
Estimates of Age and Reproductive State

Reliable procedures for estimating the ages
of bears are not available. Nonetheless the speci-
mens included in this study were readily identi-
fied as infantile, prepuberal, or adult on the

basis of testicular histology. It early became ap-
parent, too, that skull sizes and testicular weights
might also provide useful criteria for determin-
ing the reproductive maturity of bears and for
estimating their approximate ages, at least in
younger animals.

As seen in Text-figure 1 and Tables I to III,
the size of the brown bear’s testis appears to be
directly correlated with the size of the skull and
thus, presumably, with age. Although there are
individual and seasonal variations, it will be
noted that single testes of mature specimens
range upward in weight from approximately 50
gms; those of infantile bears weigh approximate-
ly 25 gms or less. The limited known-age speci-
mens available (Table I) suggested that the in-
fantile group included bears to three years and
occasionally older. The sexually mature speci-
mens were presumably four or more years of
age. The testis weights of presumed prepuberal
bears based on histological examination were
found to fall roughly between those of the in-
fantile and sexually mature animals but over-
lapped each group slightly (Text-fig. 2 and
Tables I to IIT). The overlap is attributed to the
different ages at which individual male bears at-
tain sexual maturity. Dittrich and Kronberger
(’63) have reported similar variations in the
time of sexual maturity in the female brown
bear.

Most male bears apparently attain prepuberty
in their fourth year and became sexually mature
at approximately four and one half years of age.
Presumably, as judged by the widely divergent
skull sizes of prepubal bears a few attain this
state in their third year and others not until their
fifth year (Tables I to III and Text-fig. 1). The
four sexually mature specimens with skulls mea-
suring only 22 and 23 inches in length plus width
and separate from the remaining mature ani-
mals, and the five infantile bears with skulls in
the same size range and separate from the re-
maining infantile specimens, provide further evi-
dence that the age of puberty is quite variable
among male bears (Text-fig. 1).

The relative age and sexual status of bears
may also be judged with fair accuracy from the
skull (Tables I to III and Text-fig. 1). Animals
with combined skull length and width measure-
ments exceeding 242 inches are quite assuredly
sexually mature specimens exceeding four years
of age. Conversely, specimens with skulls mea-
suring less than 22 inches are, generally, imma-
ture. Between these limits is a group of bears of
mixed sexual status, the majority presumably be-
ing prepuberal animals in their fourth year of
life (Tables I to III and Text-fig. 1).

While paired testes were obtained from only
a few bears, there was no indication that signi-
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TESTIS WEIGHTS OF BROWN BEARS
AS A FUNCTION OF SKULL SIZE
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ficant differences existed between left and right
testicular weights in the brown bear (Table III).
The heaviest testis weighed 121 gms. The mean
testis weight was 80 gms for the sexually mature
bears, 31 gms for the prepuberal bears, and 12
gms for the infantile bears. There were, however,
seasonal variations in the testicular weights of
bears. Among sexually mature specimens heavi-
est testes occurred during the breeding season in
May and June (Table IIT and Text-fig. 2). Testi-
cular weights were then approximately one-third
greater than during the fall postbreeding season,
and conceivably at least twice as heavy as at the
time of maximum testicular regression in mid-
winter. The decline in weight is in large measure
attributable to shrinkage of the seminiferous
tubules during the nonbreeding season (Table
IV). A similar condition has been reported in
the black bear (Erickson and Nellor, '64). In
contrast to the spring to fall testicular weight
decline in the adult bear, an opposite condition
occurs in the infantile bear. Here, fall testicular
weights exceed spring weights presumably be-
cause the infantile bear realizes substantial body
growth during the spring to fall period. It fol-
lows, therefore, that the fall testes of this sexual
class would weigh more since, as was shown in
Text-figure 1, a positive correlation exists be-
tween the body size and the testicular weight of
bears. There is a suggestion, nonetheless, that the
seminiferous tubules of the infantile bear under-
g0 slight shrinkage during the postbreeding sea-
son as in the mature animal (Table IV).

In contrast to both the infantile and adult
bear, the testes of prepuberal bears remain es-

sentially constant in weight from spring to fall
(Text-fig. 2). This is presumably due to slight
shrinkage of the seminiferous tubules following
the breeding season in the spring, but this is ac-
companied by some compensatory growth of the
body as a whole (Table III and compare PI. III,
fig. 12 and Pl 1V, fig. 19).

Gross Features of the Male Reproductive Tract

Grossly the reproductive tract of the male
brown bear differs only in relative size from that
described for the black bear (Erickson and
Nellor, ’64). The species has a well-developed
os penis which measures up to eight and one-half
inches in length in older bears and, as in the
black bear, the penis is capable of extrusion from
its sheath only with the attainment of sexual
maturity. The testes are scrotal from infancy
and are held closely to the body except in the
adult animal during the breeding season. They
are then further removed from the body due
apparently to relaxation of the scrotum and their
enlargement through vascular engorgement and
tubule hypertrophy (Table IV, and PL. I, figs. 1
and 2). Concomitant with the attainment of
sexual maturity the tip of the scrotum becomes
bare and very darkly pigmented. The hair-free
patch is reduced in size and less obvious in late
fall animals due principally to scrotal shrinkage.
However, once sexual maturity is attained com-
plete refurring of the patch apparently does not
occur since it was observed in bears killed from
April through November. This character is thus
a useful one for identifying sexually mature
bears.

TABLE IV
TesTis TUBULE AND EPIDIDYMAL Duct MEASUREMENTS OF

BrROwWN BEARS AS RELATED TO AGE AND SEASON

Reproductive Status

Season Infantile Prepuberal Mature

Ave. Ave. Ave.
No. Spec. Diam. (u) No. Spec.  Diam. (u) No. Spec. Diam. (u)

Spring

(Apr. 2-May 29)

Tubule Diam. 4 97 5 159 31 245

Epididymal Duct Diam. 5 163 4 218 34 293

Summer

(June 12-Aug. 3)

Tubule Diam. 1 83 — - 6 238

Epididymal Duct Diam. _ — — - 5 254

Fall

(Sept. 1-Nov. 11)

Tubule Diam. 11 94 4 145 3 184

Epididymal Duct Diam. 11 180 4 199 3 237

" Includes only specimens whose tissue condition warranted measurements;

and 10 tubule measurements.

average of five epididymal
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The testis of the brown bear is roughly ovoid
in shape and is slightly compressed laterally (PL
I, figs. 1 and 2). The organ is not particularly
large for the animal’s size. In the adult bear at
the height of the breeding season it measures
approximately 9 x 6 x 5 cm and weighs slightly
over 80 gms. Three bears, 1821, 1827, and 1831
had body weights of 705, 630, and 560 pounds
and testis weights, respectively, of 84, 78, and
52 gms. The epididymis of the bear is large and
tightly attached to the dorso-lateral surface of
the testis, as is the vas deferens which courses
back along the epididymis (PL I, figs. 1 and 2).

The gross internal architecture of the testis is
shown in Plate I, figure 3. The fibrous tunica
albuginea is very heavy. The blood vessels of the
tunica vascularis hypertrophy markedly during
the breeding season and supply the major blood
needs of the testis. The vascularis layer is most
pronounced at the cephalic end of the gland, be-
coming diminished caudally as vascular elements
are passed into the testis (PIl. I, fig. 3).

At the cephalic end of the testis portions of
the tunica albuginea pass into the gland as the
mediastinum testis, which consists of a core of
fibrous connective tissue, minor blood vessels,
and the rete testis. The mediastinum testis is
central in position and extends approximately
three-fourths of the length of the testis (PI. I,
fig. 3). This is continuous with finer laminae of
connective tissue, the septulae testis which ex-
tend radially into the testis encompassing the
individual lobuli testis, the germinative, and en-
docrine portions of the gland. The coiled semi-
niferous tubules connect with short, straight
tubuli recti which convey the sperm from the
apex of the lobules to a series of irregular spaces
lined with low cuboidal epithelium, the rete
testis, which extends throughout the mediasti-
num (Pl IX, fig. 51).

The Histology of the Male Reproductive Tract

Infantile bear.—The seminiferous tubules of
the infantile bear are simple, undifferentiated
cords widely dispersed in a cellular connective
tissue. There is little apparent change in their
appearance in most bears until the animals reach
two years of age (P1. II, figs. 4 and 5). The semi-
niferous tubules then show marked enlargement
and come to occupy a major portion of the testis
mass (PIL. II, fig. 6). The tubules of the two-year-
old bear at the time of the breeding season in
May measure slightly less than 100, in diameter,
are lumenless and filled with an amorphous ma-
terial of uncertain origin—possibly Sertoli cell
cytoplasm. The epithelial membrane of the tu-
bules is two to four cells thick and for the most
part the cells resemble Sertoli cells with promi-

nent nucleoli (Pl II, fig. 6). However, certain
cells are hypertrophied and show mitosis indi-
cating that some among them are germ cells.
These do not develop beyond spermatocyte
stages, however, and they either degenerate in
situ or are passed to the tubule center, become
pyknotic, and disintegrate. Relatively few of
these immature cell forms are passed to the
epididymis and the vas deferens (Pl 1I, figs. 7
to 9).

The interstitial cells of the two-year-old bear
are abundant but the tissue occupies a minor
portion of the testis. The cells contain relatively
little cytoplasm, are crowded closely together,
and the nuclei stain darkly (Pl II, fig. 6). It is
noteworthy, nonetheless, that bears of this age
class apparently produce abundant androgen as
indicated by the well-developed epididymis and
vas deferens (Pl. 1I, figs. 7 to 9). These organs
appear fully functional, the epithelium being
pseudostratified columnar with stereo-cilia as in
the typical sexually mature mammal. With rare
exceptions, however, the epididymal ducts and
the vasa deferentia are empty of spermatogenic
elements during the spring breeding season (Pl
I1, fig. 7). On the other hand, abundant secre-
tion products and an amorphous coagulum are
constant in these organs at all seasons (PI. II,
figs. 8 and 9).

Following the breeding season in spring, the
reproductive tract of the two-year-old infantile
bear shows slight retrogressive changes. By Oc-
tober the seminiferous tubules undergo some
shrinkage. This is indicated by thickening and
wrinkling of the basement membranes, and an
increased density of the central cytoplasmic
complex (PI. III, fig. 10) . There is also a decline
in the cell population of the seminiferous tubules
and an accompanying increase in pyknotic shed
elements, although this was highly variable be-
tween bears. As in the spring infantile bear, most
of the cells lining the basement membrane are
Sertoli-like (PL. III, fig. 10).

The intertublar tissue in the two-year-old fall
infantile bear was more apparent than during the
spring, was frequently arranged in strands, and
the cytoplasmic-nuclear ratio of the Leydig cells
was slightly greater (compare PI. II, fig. 6 and
PL. 111, fig. 10). In general, however, the his-
tology of the testis of the two-year-old bear does
not differ appreciably from spring to fall.

The same statement cannot be made for the
epididymis and the vas deferens. By November
these organs undergo marked retrogression from
their highly active state during the spring (com-
pare Pl. I, fig. 7 and PI. III, fig. 11). By late
fall the ducts become reduced in size, lose their
cilia, and develop a thick, dense, connective tis-
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sue coat. While most of the ducts are empty, a
few contain abnormal and immature sperm cell
elements, and a heavy coagulum is a common

feature (PIL III, fig. 11).

Prepuberal bear.—Unfortunately no prepu-
beral bears were obtained prior to the breeding
season in May. However from this time on there
was a marked increase in the size of the semi-
niferous tubules to approximately 160, (Table
IV) and the development of large, distinct tu-
bule lumina (Pl. III, fig. 12). The interstitial
tissue at this time appeared sparse and com-
pressed between the swollen tubules. The Leydig
cells seemed to have a slightly greater cytoplas-
mic-nuclear ratio than in the infantile spring
bear (compare Pl. 11, fig. 6 and Pl. II1, fig. 14).

While the germinal epithelium of the spring
prepuberal bear was only four or five cells thick,
there was a considerable amount of spermato-
genic activity and spermatogenic stages were
quite readily differentiated from Sertoil cells
(Table I, PI. 111, fig. 13 and PL. V, fig. 24). In-
terestingly, however, spermatogenesis became
arrested in the secondary spermatocyte and
spermatid stages and, as in the infantile bear,
the majority of these cells appeared to disinte-
grate in situ. A fair proportion were shed to the
tubule lumine, however, and passed to the epi-
didymis and vas deferens (Pl. III, fig. 15 to PI.
IV, fig. 17). In this process multinucleate giant
cells were often formed (PI. III, figs. 13 and 15),
apparently by a coalescence of developing germ
cells in situ or a failure of the cell clones to
separate (Fawcett, 1961). These are thought to
indicate an animal in less than full reproductive
vigor (Parks, '60).

As with the two-and-one-half-year infantile
bear, the epididymis and vas deferens of the
spring prepuberal bear is well developed with
abundant secretory products (PI1. IV, figs. 16 and
17). The diameters of the ducts are increased,
however, over those of the infantile animal
(Table IV). A notable difference from the in-
fantile bear is the regular occurrence of imma-
ture and abnormal cell forms within the ducts
(P1. III, fig. 15). Relatively few of these reach
the vas deferens which suggests that their deg-
radation is continuous as they proceed down
the tract (Pl IV, figs. 16 and 17).

Following the breeding season the seminif-
erous tubules of the prepuberal bear show a
loss of turgor and activity (PI. IV, fig. 18). The
tubules become reduced in diameter (Table IV),
the basement membranes thicken and wrinkle,
and the tubule lumina are markedly reduced
(PL. IV, figs. 19 and 20). This is accompanied
by a reduction in the germinal epithelium to the
point that Sertoli cells predominate over germ
cells. Nevertheless spermatogenesis continues at

a diminished rate, the formed elements continu-
ing to degenerate either in situ or in passage to
the tubule lumina and epididymal ducts.

Ultimately, during late fall, defoliation of the
spermatogenic epithelium becomes so pro-
nounced that the only cells remaining within
the tubules appear to be Sertoli cells (Pl IV,
figs. 19 and 20). During spermatogenic decline,
as during other stages of the cycle, not all bears
or even all tubules of a given bear were in the
same reproductive state (P1.IV, figs. 18 and 20).
These differences were not attributable to the
“spermatogenic wave' phenomena.

During the declining phase of spermato-
genesis in the prepuberal bear the interstitial
tissue is strandlike, shows an apparent increase
in cytoplasmic amount, and the Leydig cell
nuclei are smaller and darker stained (compare
Pl. 111, fig. 14 with PL. IV, figs. 19 and 20). This
is accompanied by atrophy of the vas deferens
and of the epididymis (Pl IV, fig. 21 to PL. V,
fig. 24). The vas deferens is the first of these
organs to undergo degenerative changes (Pl. V,
figs. 23 and 24). Its decline precedes even that
of the seminiferous tubules (compare P1. IV, fig.
19 and PL. V, fig. 24).

The first indication of retrogression of the vas
deferens and epididymis is disorganization of
the duct epithelia (Pl. V, fig. 23). This process
becomes marked and is accompanied by a de-
crease in the size of the ducts (Table IV). By
November the epithelium of the vas deferens is
reduced to a layer of very low columnar cells,
the primary duct contents being degradation
products of the earlier pseudostratified epi-
thelium, a few abnormal germinal elements, and
coagulum (Pl. V, fig. 24). By contrast, the epi-
didymis retains a functional appearance for at
least an additional month (Pl. IV, fig. 21 and
Pl. V, fig. 22) and in none of the prepuberal
specimens available to us did the epididymis
attain a state of involution similar to that shown
by the vas deferens (Pl. V, fig. 24). Conceiv-
ably, however, such a state would have been
seen if we had had specimens of this group ex-
tending beyond early November. A notable fea-
ture during the declining phase was a marked
increase in the coagulum found within the ducts
(Pl. IV, fig. 21 and P1. V, fig. 22).

The Sexually Mature Bear

Redevelopment phase.—The earliest mature
spring bear, 41 M, was taken April 2, 1963
(Table III). The activity state of this animal
was, however, well advanced over a number of
other specimens taken at later dates. Of particu-
lar interest among these was specimen 22 M
taken April 22, 1962. The small size of this
animal’s skull, and its delayed spermatogenic
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state as compared with a majority of the other
mature specimens we examined, suggest that it
was just attaining sexual maturity (Table IIT and
Pl. V, figs. 25 and 26). Among the obviously
sexually mature bears included in our collection,
specimen 42 M taken April 18, 1963, exhibited
the least advanced stage of spermatogenic de-
velopment (Pl. V, fig. 27). The seminiferous
tubules of this specimen appeared quite uni-
formly rounded and the surrounding intertubu-
lar tissue was stringy and loose. This suggests
that the tubules were not as markedly swollen as
later in the cycle. In general appearance the
tubules were quite dense, and without a distinct
lumen. They were densely packed with devel-
oping spermatocytes and spermatids (Pl. VI, fig.
28). A few tubules were, however, in a more
advanced state and exhibited all stages of sper-
matogenesis including mature spermatozoa (Pl.
VI fig. 29).

In the redeveloping bear testis abnormal cell
forms were frequently observed, particularly
multinucleated giant cells (Pl. VI, fig. 30). The
high frequency of abnormal and immature ger-
minal elements seen in the epididymides and
vasa deferentia of the late redeveloping bears
suggests that the first germinal elements passed
are largely nonviable forms (Pl. V, fig. 26, Pl
VI, figs. 29 and 33). A heavy coagulum was
also regularly noted in the lumina of the rede-
veloping tubules (Pl. V, fig. 27, PIl. VI, figs. 28
and 30). This was probably in part Sertoli cell
cytoplasm together with degradation products of
abortive germinal elements phagocytosed by
Sertoli cells (Vilar, '65).

The interstitial tissue of the redeveloping
bear testis 1s abundant. The cells have a rela-
tively large cytoplasmic-nuclear ratio and the
abundance of large vacuoles in their cytoplasm
is striking (P1. VI, figs. 28 and 29).

While specimens of bear epididymides and
vasa deferentia were not available from bears
prior to late testicular redevelopment, the well-
developed state of these organs from the earliest
specimens available suggested that they became
fully functional before the testes produced suf-
ficient mature spermatozoa for fertile breeding
(P1. VI, figs. 31 and 32). And, as indicated
earlier, immature and abnormal cell forms were
regularly to be noted in the duct contents of the
redeveloping bear epididymis and vas deferens.
A further interesting character was a heavy and
marked vacuolation of the epithelia of the epi-
didymis and vas deferens. This is possibly a
precursor of the abundant secretion products
noted in these organs (Pl. VI, fig. 32).

Fully active animals.—As has been mentioned
earlier, bears vary markedly in the time of at-

tainment of full breeding condition. Apparently,
however, all mature specimens are reproduc-
tively capable in May (Table IIT).

At the height of breeding capability the sem-
iniferous tubules are much swollen and com-
pressed together and thus appear flattened or
polygonal in cross section (Pl. VII, fig. 34). The
tubules have distinct lumina and all stages of
spermatogenesis are to be seen in the germinal
epithelium. Abnormal sperm are rarely noticed.
While tufts of maturing spermatozoa are abun-
dantly embedded in the cytoplasm of Sertoli
cells, free sperm are seldom noticed in the tubule
lumina which suggests their rapid transport to
the epididymis (Pl VII, fig. 34). The tubule
lumina are also free of the amorphous coagulum
which was commonly noted in the redeveloping
bear.

At the height of the breeding season the inter-
tubular interstitial tissue of the mature bear
appears sparse and dense (Pl. VII, fig. 34). The
large, abundant cytoplasmic vacuoles noted in
the interstitial tissue of the redeveloping bear
are generally not noticed at this time except in
the abundant interstitial tissue which invades the
tunica albuginea and septulae testis (Pl VII,
figs. 38 and 39).

The epididymis and vas deferens of the brown
bear at the height of the breeding season are
greatly distended with sperm (Pl. VII, figs. 35
and 36). That the vas deferens, as well as the
epididymis, is an important organ for sperm
storage in this species is indicated by the fact
that it becomes so distended with spermatozoa
that the usual pseudostratified columnar epi-
thelium becomes low columnar (Pl. VII, fig.
36). At the height of the breeding season ab-
normal or immature cell forms occur only rarely
in the ducts, and the epithelium of the epidid-
ymis and vas deferens are largely devoid of
the heavy vacuolations noted in the prepuberal
and in the preseasonal mature bear (Pl. VII,
figs. 35 and 36). Bleb-like secretions are fre-
quently to be seen however at the tips of the
stereocilia (Pl. IV, fig. 6). The source of
these is presumed to be the abundant vacuoles
noted in the epithelia of the vasa deferentia and
epididymides of the seasonal adult and pre-
puberal bear, and they are further the apparent
source of the abundant secretions noted among
the stereocilia in these animals (Pl IV, fig. 17
and Pl. VI, fig. 32). It would appear, therefore,
that there is a build-up of secretion products
during the nonbreeding period and that the re-
lease of these products exceeds their build-up
during the breeding season.

Postseasonal animal.—Following the limited
breeding season in the spring, the male brown
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bear shows spermatogenic decline. The time of
the decline varies widely between bears (Pl.
VII, figs. 37 and 39). The first sign of seminif-
erous tubule atrophy is the appearance of con-
siderable numbers of abnormal and immature
cell forms (Pl VII, figs. 37 and 38). Sperma-
togenesis continues but is arrested in the sec-
ondary spermatocyte and spermatid stages. This
condition closely parallels spermatogenesis as it
occurs in the prepuberal and the preseasonal
mature bear, particularly as regards the forma-
tion of multinucleated giant cells (Pl III, fig.
13; PL. 1V, fig. 18 and Pl. VI, fig. 30). During
the early phases of decline the germinal epi-
thelium becomes reduced to four or five cells in
thickness and tubule lumina become more dis-
tinct (PL. VII, fig. 39 and PI. VIII, fig. 40). This
is followed by tubule shrinkage as manifested
by a reduction of the luminar and a thickening
and folding of the basement membranes (PIl.
VII, fig. 38 and PI. VIII, fig. 42). Defoliation of
the spermatogenic epithelium continues until
ultimately many, if not most, of the tubules are
reduced to simple cords, the sole cell population
of which consists of a single layer of cells lining
the basement membrane as in senile testes (Pl
VIII, figs. 41 to 43). As in the prepuberal bear
during the postbreeding season, these cells ap-
pear to be Sertoli cells.

Since we had no specimens extending beyond
November, it was not possible to determine how
complete seminiferous tubule decline becomes.
The indications are, however, that the condition
becomes quite general at the height of decline,
presumably in midwinter when the animals are
in their winter dens.

The interstitial tissue of the mature bear testis
during the late postbreeding period appears
slightly more abundant than during the breed-
ing season. There is an apparent increase in the
amount of cytoplasm within the cells but the
vacuoles do not appear to attain the size of those
seen during the prebreeding season (compare
Pl. VI, figs. 28 and 29 and Pl. VIII, figs. 40 to
42). The interstitial tissue at this time is strand-
like, the nuclei being dense and dark staining,
and intercellular spaces are common. While
these spaces were perhaps in part artifacts, we
believe they represent decreases in cell size pos-
sibly coupled with edema. Concomitant with
seminiferous tubule atrophy during the post-
breeding season in the adult bear there is an
accompanying but slightly later decline of the
vas deferens and the epididymis (Pl. VIII, fig.
44 to Pl IX, fig. 49). This is suggested by the
appearance of immature and abnormal cell
forms in the ducts before any discernible change
in the histology of these organs. The passage of
aberrant forms continues and ultimately they

prodominate over normal forms in the duct con-
tents (Pl VIII, fig. 45). This is accompanied
also by a marked reduction in the sperm load.
In some instances the epididymal ducts are
largely empty of germinal elements before there
is any recognizable gross change in the epi-
didymis itself (Pl. IX, fig. 46). In other cases
some disorganization of the epithelium lining
the epididymal ducts becomes obvious while
germinal elements are still evident. Surprisingly,
however, the vas deferens declines well in ad-
vance of the epididymis (compare Pl. VIII, fig.
45 and PL IX, fig. 48), the epithelium becoming
low cuboidal and the duct contents consisting
solely of degradation products and degenerate
sperm (Pl. IX, fig. 48). In certain specimens
such a condition occurred as early as September
while in others a fairly healthy condition ex-
isted as late as November (Table IIT).

The limited number of fall specimens avail-
able to us did not afford a complete picture of
epididymal decline in the adult bear. It appears
likely that at the height of decline the epithelium
of the epididymis roughly resembles that at-
tained by the vas deferens. It is certain that dur-
ing this time there is a marked reduction in the
diameter of the epididymal ducts together with
a relative increase in the connective tissue sur-
rounding them (Table IV and Pl. IX, fig. 49).

Sperm morphology.—Mature brown bear
spermatozoa appear typically mammalian in
form with an overall length of 78.2,. The head
of the sperm is round to oblong in greatest
length-width aspect, and flattened with a slight
inflection of the head tip. The length and width
of the head are 7.4 and 4 u respectively. The
cylindrical midpiece measures 11.5 p and in
sperm taken from the epididymis it typically
retains a midpiece cytoplasmic droplet (Pl. IX,
fig. 50). The attachment of the midpiece to the
head is slightly abaxial. The length of the tail is
57.0 p and the length of the terminal fibrilis
2.3 p. These measurements fall within the range
of values reported for other mammalian species
(Parkes, '60).

DiscussioN

Although criteria for estimating the ages of
brown bears have not been developed, several
characters discussed in this study appear to have
merit as indices for estimating the reproductive
status and age of the male bear. The histology
of the testis, regardless of the season, appears
definitive for establishing the sexual status of
bears as being infantile, prepuberal, or sexually
mature. While a more extensive collection of
known-age specimens is necessary to determine
more closely the ages represented by each sexual
group, these preliminary data suggest that the
infantile class is represented by bears less than
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three years of age and the sexually mature class
by bears four years and older. The prepuberal
class is mostly bears in their third year of life,
although a few two-year and four-year animals
are believed to be included also.

The weight of the testis and the size of the
skull appear equally useful as indices of the age
and sexual status of male bears. As judged from
the histology of the testis, infantile bears gener-
ally have single testis weights of less than 25
gms and skulls measuring less than 22 inches in
length plus width. Conversely, the single testis
weights of sexually mature bears ranged upward
from approximately 50 gms and the skulls sel-
dom measured less than 24%5 inches in length
plus width. The testes and skulls of prepuberal
animals lie roughly between those of the in-
fantile and sexually mature groups with some
slight overlap with both as was also true for the
histological classifications. Nonetheless, skull
sizes and testicular weights, particularly if taken
together, appear to be fairly reliable criteria for
classifying bears as to sexual status and relative
age (Text-fig. 1). Other criteria described as
useful for identifying the sexually mature bear
were: capacity of the penis to be manually ex-
truded from its sheath, and the presence of a
darkly pigmented hairless patch at the tip of the
scrotum.

These studies show that the male brown bear
is a seasonal breeder. the reproductive period
beginning before and extending beyond the
breeding season of the female. As contrasted
with the more limited and consistent reproduc-
tive period of the female, that of the male ap-
pears to last four or five months and varies
markedly between individual bears. Certain
specimens are in full reproductive vigor well in
advance of the time of peak breeding while
others appear reproductively capable until near
the time of denning in November.

It seems, therefore, that the male brown bear
has a potential breeding season slightly exceed-
ing half of the year and encompassing the
greater portion of the den-free period. The dif-
fering testicular histology throughout this period
suggests, however, that individual bears are sex-
ually capable for perhaps only about half of the
potential breeding period (Table I). It is signifi-
cant that during the period of normal female
reproductive activity from late May to early
July (Dittrich and Kronberger, '63) practically
all sexually mature bears are producing abun-
dant spermatozoa (Table IIT).

From a comparative point of view, certain as-
pects of the morphology and histology of the
brown bear reproductive tract are extremely in-
teresting. The high development of the epi-
didymis and the vas deferens of the immature

one-and-two-year old bear well in advance of
any spermatogenic activity was remarkable and
was seemingly typical of the state attained by
the sexually mature animal. To our knowledge
such an advanced state of development at least
two years in advance of the attainment of sexual
maturity is unique among mammals studied to
date with the exception of the closely related
black bear (Erickson and Nellor, '64). The high
degree of spermatogenic activity attained by
the prepuberal bear a full year in advance of
sexual maturity was similarly striking.

Perhaps the most interesting feature of the
histology of the male bear’s reproductive tract
is the marked atrophic state exhibited by the
testis in the nonbreeding season. While the speci-
mens available to us did not permit a determina-
tion as to how general the atrophic state be-
comes, the indications were that the senile
appearance of the seminiferous tubules becomes
quite general at the height of decline, presum-
ably in midwinter when the animals are in winter
dens. This was suggested both by the almost
complete atrophy of the tubules during the non-
breeding season in the seasonally quite active
prepuberal bear (P1. 1V, figs. 18 and 19), and
by the large proportion of senile tubules in the
late declining adult bear (Pl. VIII, figs. 42-44).

In light of this it appears warranted to specu-
late as to the manner in which the germinal epi-
thelium becomes repopulated; whether it be
from a far advanced or more limited state of
atrophy. Three explanations may be advanced.
First it may be that the Sertoli-like cells remain-
ing in the tubules are really a mixture of sperma-
togenic and Sertoli cells but are not recogniz-
ably different. A second postulate is that the
cells are truly a single cell type but bipotential.
The third possibility is that portions of the
tubules fail to undergo the marked atrophy in-
dicated in PI. VIII, figs. 41 to 43 and these resid-
ual centers repopulate the tubules. Of these
possibilities the latter appears the most plausible
for the following reasons: As indicated in Pl
VIII, figs. 41 and 43, wide variations were seen
between the condition of tubules not only be-
tween bears but even within a given testis. Even
in animals showing a high percentage of senile-
type tubules, other tubules could be found show-
ing active spermatogenesis. It was interesting
too that seminiferous tubule decline appeared
in some cases to be affecting only individual
tubules (Pl. VIII, fig. 41), but in other cases
whole lobuli testes (Pl. VIII, fig. 43). This is
taken as evidence that atrophy begins at given
points within the tubules and then spreads pro-
gressively along their length.

We believe that seminiferous epithelial repop-
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ulation (postulate 1) cannot be explained as re-
sulting from a mixture of cells in which sper-
matogonia and Sertoli cells are indistinguishable.
The irregularly spherical shape of the nucleus
and the large, dark-staining, eccentrically lo-
cated nucleolus is typical of Sertoli cells. None
of these nuclei showed a condition suggestive of
meiosis which further reduces the possibility of
their being spermatogonia, and therefore also
lowers the probability that they are bipotential
as suggested by postulate two.

Another interesting feature of the histology
of the brown bear testis is the marked degree to
which the interstitial tissue invades the tunica
albuginea (Pl. VII, fig. 39). Furthermore, the
Leydig cells in these areas have a relatively large
cytoplasmic-nuclear ratio, in which their large
vacuoles are an important factor. Then too,
while the intertubular interstitial tissue of the
fully active animal appears to possess a much
lower cytoplasmic content than at other times in
the cycle, the cells in the tunic consistently main-
tained their seemingly high functional state.

The secretion products of the epididymides
and vasa deferentia are apparently proliferated
from their highly active stereo-ciliated epithelial
cells, and vary in amount between bears. In the
prepuberal bear at all seasons, and in the pre-
seasonal and early postseasonal sexually mature
bear, the basal cells of the epithelia of these
organs commonly contain large numbers of
vacuoles (Pl. VI, fig. 32). A similar state is
rarely seen in the fully active animal. Rather the
vacuoles appear at this time to have migrated
toward the apical ends of the cells and the fre-
quently observed bleb-like formations among
the stereocilia may be a product in some way
related to them. This sequence suggests a build-
up of these products during the nonbreeding
season and a depletion (over build-up) during
the active reproductive period.

The abundant coagulum throughout the tract
is apparently of varied origin and again appears
to be related to the reproductive state of the
animal. It seems to be absent in the fully active
adult, present in low amounts in the prepuberal
animal, and quite abundant in the seasonal adult,
particularly during the preseasonal period (Pl
IX, fig. 46.) While some of this material may
conceivably be of Sertoli cell origin, the larger
amount appears to be degradation products of
degenerate sperm cells phagocytozed by Sertoli
cells (Vilar, ’65) and possibly by lymphocytes.
Further degradation of degenerate sperm ap-
pears to occur in the epididymis and vas deferens
and adds to the coagulum load in these organs.
Additional coagulum is believed to be added to
the ducts of the epididymis and the vas deferens
by liquifaction of the secretions of these organs

and by the addition of cytoplasmic material
from maturing sperm.

An additional interesting observation in the
declining bear is the frequent invasion of lym-
phocytes into and surrounding the seminiferous
tubules, the epididymides, and deferent ducts.
A similar condition frequently occurs in the pre-
puberal and preseasonal adult bear (Pl. 1V, fig.
19 and Pl. VIII, fig. 45). While this condition
would normally suggest a pathologic state, it is
too general throughout our specimens to be at-
tributed to this. A possible explanation is that
the lymphocytes are involved in the breakdown
of both the epithelial debris from the ducts and
of the great numbers of degenerate germinal
cells.
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EXPLANATION OF THE PLATES

PLATE 1

FiGs. 1 & 2. Whole testis of a fully active bear show-

ing well-developed epididymis and vas
deferens. E-305, 5/11, X2/5.

F1G. 3. Internal architecture of the active testis.

Fic. 4.

FiG. 5.

FiG. 6.

FiGc. 7.

Fic. 8.

Fic. 9.

E-305, 5/11, X9/16.

PrLaTE 11

Testis of a one and one-half-year infan-
tile bear during the breeding season. Sem-
iniferous tubules are undifferentiated
cords widely dispersed in loose cellular
connective tissue. 65M, 5/21, X27.

Testis of a one and one-half-year infan-
tile bear during the postbreeding season.
Seminiferous tubules occupy a greater
portion of the mass of the testis than in
Plate II, figure 4, and the intertubular tis-
sue shows slightly greater interstitial cell
abundance. 46N, 1-12, X34,

Testis of a two and one-half-year infan-
tile bear during the breeding season. Sem-
iniferous tubules are enlarged, lumen-
less, and occupy a major portion of the
testis. Epithelial lining is two to four cells
thick. The nuclei of most of these cells
resemble Sertoli cell nuclei; however, a
few cells hypertrophy and undergo cell
division but degenerate. Interstitial cells
are relatively abundant but contain little
cytoplasm and, consequently, occupy a
minor portion of the testis. 12M, 5/7,
X67.

Well-developed epididymis of the two-
and one-half-year bear during the breed-
ing season. The ducts are characteristic-
ally free of germinal elements. 12M, 5/7,
Xe67.

Abundant secretion products are common
in the nondegenerate epididymis of the
two-year infantile and prepuberal bear,
and in the preseasonal and early post-
seasonal adult bear. 18M, 10/31, X107.

Amorphous coagulum is common in the
nondegenerate vas deferens of the two-
year infantile and prepuberal bear, and in
the preseasonal and early postseasonal
mature bear. The presumed origin of the
material is liquefaction of secretion prod-
ucts and the breakdown products of de-

generate germinal elements. 12M, 5/7,
X67.

FiG. 10.

FiaG.

Fi1G.

FiG.

FiG.

FiG.

11.

12.

13.

14.

PLATE III

Testis of a two and one-half-year infan-
tile bear during the postbreeding period.
Seminiferous tubules are shrunken, base-
ment membranes thickened and wrinkled,
and the density of the central cytoplas-
mic complex increased. Interstitial tissue
is relatively more abundant than during
the breeding season with an increased
cytoplasmic-nuclear ratio. Cf. Plate II,
figure 8. 47N, 10/22, X32.

Postseasonal retrogression of the two and
one-half-year infantile epididymis. Epi-
didymis is nonfunctional, stereocilia are
lost, and ducts reduced in size and sur-
rounded by a thick, fibrous connective
tissue coat. Most ducts are empty except
for a heavy coagulum. Cf. Plate II, fig-
ure 9. 52N, 10/29, X30.

Testis of the prepuberal bear during the
breeding season. Seminiferous tubules are
markedly swollen and have a large lumen.
Interstitial cells are sparse, confined to
interstices between the tubules, and have
a slightly higher cytoplasmic-nuclear ratio
than in the spring infantile bear. 21M,
§122,X27.

High power showing spermatogenic activ-
ity becoming arrested in the spermatocyte
and spermatid stages in the prepuberal
bear. The formation of multi-nucleated
giant cells is a common feature. 21M,
5/22, X67.

High power showing greater cytoplasmic-
nuclear ratio of the interstitial tissue of
the spring prepuberal bear as compared
to the infantile bear. Cf. Plate II, figures
2 and 3. 21M, 5/22, X67.

Immature and abnormal germ elements
shed to the epididymis of the spring pre-
puberal bear. Most of the cells disinte-
grate in situ relatively few being passed
to the epididymis and even fewer to the
vas deferens. 21M, 5/22, X67.
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FiG. 16.

FicG.

FiG. 18.

FiG. 19.

F1G. 20.

Fic. 21.

PLATE IV

Prepuberal vas deferens showing limited
numbers of immature and abnormal germ
cells and the bleb-like secretions at the
tips of the stereocilia. 21M, 5/22, X38.

Vas deferens of the prepuberal bear show-
ing degenerate germ elements, including
several spermheads, and highly active
stereo-ciliated cells with abundant basally
located presumed steroid products. 59M,
5711, X67.

Declining spermatogenic activity in the
postseasonal prepuberal bear. The tubules
are reduced in diameter, the basement
membranes thickened and wrinkled, and
the germinal epithelium and lumina re-
duced. Note the occurrence of lymopho-
cytes in the upper right tubule. 62A, 10/4,
X67.

Continued testicular decline in the fall
prepuberal bear. The lumina of the sem-
iniferous tubules are reduced markedly
and Sertoli cells predominate over the
germinal forms. Interstitial tissue is more
prominent than in the spring bear (Plate
II1, fig. 13). The cells are arranged in
strands and have an increased cytoplas-
mic-nuclear ratio. Note the accumulation
of lymphocytes at the lower margin of
the upper left tubule. 73M, 10/14, X67.

Seminiferous tubules showing complete
loss of spermatogenic elements in the
postseasonal prepuberal bear. Note also
the difference in activity state between
various tubules within a given testis (PI.
1V, fig. 18). 62A, 10/4, X67.

Declining epididymis in the fall pre-
puberal bear. Epididymal ducts are be-
coming reduced in diameter and are being
enveloped by a thick, fibrous, connective
tissue coat. 62A, 10/4, X27.

Fic.

FiG.

Fic.

FiaG.

FicG.

Fia.

rJ
rJ

23

26.

PLATE V

Epididymis of the late fall prepuberal bear
retaining a functional state beyond that
of the vas deferens (Pl. V, fig. 23). Note
the coagulum in the ducts. 9M, 10/10,
X67.

Declining vas deferens in the late fall pre-
puberal bear. The decline precedes that
of the epididymis (Pl. V, fig. 22) and is
marked by a reduced duct diameter, and
disorganization of the epithelium. 9M,
10/10, X30.

The prepuberal vas deferens in late de-
cline. Duct epithelium is reduced to a
single layer of low cuboidal cells. The
duct contents are degradation products
and a few abnormal cells. The ducts are
surrounded by a thick, fibrous, connective
tissue coat. Note that the decline of this
organ precedes that of the seminiferous
tubules (PL. IV, fig. 19). 73M, 10/14, X38.

A presumed first-year adult showing sper-
matogenic activity in excess of that noted
for the prepuberal bear (Pl. III, fig. 13)
and with more abundant interstitial tissue.
22M, 4/22, X67.

Epididymis of presumed first-year adult
showing a relatively large number of
germinal elements, including a number of
sperm heads. This condition parallels that
of the fully mature bear at the approach
of the breeding season when abnormal
forms predominate. 22M, 4/22, X74.

Spermatogenic activity in the adult bear
early in the breeding season. The tubules
are rounded without distinct tubule lining
and are not markedly swollen as they are
later in the season. 42M, 4/18, X34,
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PLATE VI

Fics. 28 & 29. Differing states of spermatogenesis

FiG.

Fia.

FIG. :

34,

=83,

between tubules. Interstitial tissue is
abundant, loose, and stringy with a high
cytoplasmic-nuclear ratio. The large size
of the vacuoles within the cytoplasm is
remarkable. 42M, 4/18, X67.

Multinucleated giant cells commonly ob-
served in the redeveloping and declining
adult testis, and in the prepuberal and two-
vear infantile testis. 6M, 5/15, X67.

Well-developed state of the epididymis of
the early redeveloping bear. The sperm
load is light and abnormal forms are com-
mon. 42M, 4/18, X67.

Redeveloping bear epididymis. Abundant
accumulations of material among the ster-
eocilia is a common feature. 1M, 5/4,
X67.

Vas deferens of the redeveloping bear
showing early sperm load containing large
numbers of immature and abnormal ger-
minal elements. 42M, 4/18, X42.

Fic. 34.

FiG. 35.

FiG. 36.

F1G. 37.

Fic. 38.

Fi1G. 39.

PraTE VII

Testis of the fully active animal. The
seminiferous tubules are markedly swoll-
en and compressed together, with distinct
lumina and all stages of spermatogenesis.
Abnormal elements are rare. Interstitial
cells are sparse and exhibit a relatively
low cytoplasmic-nuclear ratio. 27M, 5/20,
X54,

Epididymis at the height of the breeding
season containing a heavy sperm load
practically free of immature and abnor-
mal forms. 1396, 5/12, X67.

Vas deferens at the height of the breed-
ing season. The heavy sperm load sug-
gests that the vas deferens is an important
organ for sperm storage in this species.
17M, 5/23, X67.

Early spermatogenic decline in the adult
bear. Spermatogenesis is becoming ar-
rested in the spermatocyte and spermatid
stages and abnormal forms are increasing.
Interstitial cells are more abundant than
during the breeding season and have larger
amounts of cytoplasm (Pl. VII, fig. 34).
However, the cytoplasmic-nuclear ratio is
less than in the redeveloping testis (Pl
VI, figs. 28 and 29). 54N, 11/10, X89.

Degeneration of the germinal epithelium
in the declining adult bear is accompanied
by tubule shrinkage, thickening of the
basement membranes, and the appearance
of intertubular spaces. 54N, 11/10, X67.

Early declining testis showing reduction
of the germinal epithelium and the pecu-
liar and marked extension of the inter-
stitial tissue into the tunica albuginea.
1820, 7/17, X27.
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Fi1G. 40.

FiG .41.

FiG. 42.

FiG. 43.

FiG. 44,

F1G. 45.

PraTE VIII

Further defoliation of the spermatogenic
epithelium of the declining bear. Note par-
ticularly the formation of multinucleated
giant cells probably by the coalesence of
developing germ cells. 1820, 7/17, X67.

Complete loss of spermatogenic elements
in individual tubules of the declining bear.
1831, 7/21, X30.

High magnification showing that the re-
maining cell population is Sertoli cells.
1831, 7/21, X67.

Marked germ cell degeneration affecting
a whole tubule while spermatogenesis is
still evident in adjacent tubules. 1831,
7/21, X30.

Apparently functional epididymis in a
bear with marked spermatogenic decline
(Pl. VII, fig. 37). The epididymal ducts
are largely empty except for limited ab-
normal forms, secretory products, and
coagulum. 54N, 11/10, X27.

Epididymis of the declining bear. The
germinal elements are largely abnormal,
the duct diameter reduced, and the epi-
thelium disorganized. Heavy lymphocyte
invasion (left) is general. 55N, 11/10,
X67.

Fic. 46.

Fi1G. 47.

FiG. 48.

FiG. 49.

Fi1c. 50.

Fi1G. 51

PLATE IX

Declining bear showing epididymis largely
free of germinal elements but with abun-
dant coagulum the source of which is
liquefaction of secretion products and de-
generate germinal cell forms. 54N, 11/10,
X67.

Vas deferens of the declining bear just
prior to the major degenerative change
(PL. IX, fig. 48). 54N, 11/10, X34.

Atrophic vas deferens in the postseasonal
bear. The epithelium is reduced to a single
layer of low cuboidal cells, and the ducts
are markedly reduced and surrounded by
a thick, dense, connective tissue coat. Duct
contents are largely debris and a few ab-
normal germ cells. 55N, 11/10, X34,

Epididymis of the late postseasonal bear.
The ducts are reduced in diameter and
surrounded by a heavy connective tissue
coat. 55N, 11/10, X27.

Brown bear epididymal sperm typically
retain a midpiece cytoplasmic droplet.
Sperm washed from 10 percent formalin-
fixed testis tissue and postfixed in O_O,.
Overall length of sperm is 78.2 pu. E-305,
5/11.

A portion of the very profuse rete testis of
the brown bear (PI. I, fig. 3). The epithe-
lium is typically a single layer of low cuboi-
dal cells. 62A, 10/4, X84.
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