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Introduction

Since 1948 the ecology of the whales found in the waters adjacent
to Japan has been studied by a group of biologists of the Fisheries
Agency, Japanese Government and of the Whales Research Institute.
Such biological charactors of the various whale species have been
surveyed in this study as body length composition, body length at the
sexual maturity, geographical distribution, migration, age and others.

While mature female whales can easily be distinguished from those
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sexually immature by the presence of yellow bodies in their ovaries,
whether a male whale is sexually mature or not can hardly be deter-
mined exactly without examining its testes histologically.

Mackintosh and Wheeler, however, correlated the results of their
histological observations on the testes of the Antarctic blue and fin
whales to the volumes of their testes, and concluded that the degree
of the sexual maturity of these whales can be determined on basis of
the volume of their testis (Mackintosh and Wheeler : 1929). Matthews
applied an alike treatment to the sperm whales from the Southern
hemisphere, and estimated their body length at the sexual maturity
at 38 to 41 Eng. ft. (Matthews: 1938).

Aforesaid Japanese group has been measuring the volume and
weight of testis of the whales as a tentative means of studying the
body length of male whales at the sexual maturity. As far as the
data hitherto collected by this group concern, both the ratio *‘testis
volume | body length’’ and the ratio ‘‘testis weight [ body length’’ show
the same trend, and the latter ratio correlates better to the -degree
of sexual maturity than the former. A

As an illustration, we shall quote-the case of the Antacrtic male
blue whales which were caught by two Japanese whaling fleets during
the three seasons 1946-47 through 1948-49. This case has been studied
by the senior author of this paper (Nishiwaki: 1950).

In Figure 1 are plotted the weight of testis of each individual blue
whale against the body length. Inspecting the distribution of the plots
in the figure, one can segregate the sexually mature whales from the
immature individuals with a considerable accuracy. The average
weight of testis for the body length class inereases with the body
length, gradually for lower body length classes but rapidly for the
body lengths 72 Eng. ft. and over. Consequently the curve depicting
these averages is discontinuous at the point <72 Eng. ft. (body length)-
b kg. (weight of testis).”” This seems to show that both the volume
and weight of the testis increase rapidly as the result of the vigorous
multiplication of testis contents. The formation of spermatozoa was
actually observed in the histological samples of the testes of this stage.
Beased on these data and reasoning, it was concluded that 10 kg. is
the average minimum weight of the pair of testes of the Antarctic
male blue whales at the time of the sexual maturity, and that the
average body length at that stage measures 75 ft. since the average
weight of a pair of testes attains 10 kg. at this body length.

Sei and fin whales found in the waters adjacent to Japan have been
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Fig. 1. Weight of testis and body length in Antarctic blue whales caught by
Japanese fleets, 1946-47 through 194849 (from Nishiwaki : 1950)

treated in the same method as above. The results, though they are
not yet conclusive on account of the scarcity of the data, are usable
in estimating the sexual maturity of the males in rough.

As to sperm whales, however, the difference in the weight of
testis between mature and immature groups is not so conspicuous as
in the foregoing species, nor any discontinuous points have been detected
on their “‘body length-testis weight average curve.”” As an illustration,
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the relation between body length and weight of testis of the sperm
whales caught in Figure 2. Original data were taken from Omura

(Omura : 1950).
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Fig. 2. Weight of testis and body length in sperm whales caught in the
adjacent waters of Japan duriug 1948 and 1949 (from Omura: 1950)

This figure hardly suggests any standard that can be used for
estimating the sexual maturity of these male sperm whales. Thence
it was decided to invetigate the testis of sperm whales histologically,
and we have been in charge of that investigation.

The joint author, Takashi Hibiya, has been participating in this
study in order to handle a mass of histological samples in a short period
of time and to supply more specialized histological knowledges, ever
since such assistance became necessary in 1951. Therefore, he did not
take part in such phases of this study as planning and collection and
fixing of the histologieal samples.

Chapter 1.

Method of Investigation and the Materials

The materials used for this study are the sperm whales caught in
the waters south-east off Hokkaido, Japan (Figure 8) during the period
July 19-October 6, 1950. They consist of 90 males of the body lengths
between 35 and 53 Eng. ft. and 80 females between 34 and 389 Eng. ft.
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Fig. 8. Location of Sampling area

These whales were towed to and dissected at the land stations 14
to 24 hours after they were captured. When they were dissected,
the measurements were made in the ordinary manner, their testes or
ovaries were taken out, and the right and left testis were weighed
separately. Thereafter, in the case of male, each small sample piece
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of the right and left testis was cut off and was immediately fixed in
the aleohol-formalin mixture. A few samples were fixed in formalin
as the former solution was not available. The fixed sample pieces
were cut into the sections 5 to 7 micron thick in the paraftin method,
double-stained with haematoxylin-eosin, and subjected to the microscopic
examination. In the case of female, yellow bodies (corpla lutea)
were counted in the usual method.

We express our heartfelt thanks to the Japan Marine Products Co.,
Ltd., the Taiyo Fishing Co., Ltd. and the Kyokuyo Whaling Co., Ltd.
for their immense cooperations in collecting the materials and data
for this study. We are grateful also to Messer. Keijiro Maeda, Haru-
yuki Sakiura, Yoshio Teraoka, Setsuo Nishimoto and Shigeo Miyamoto,
government inspectors from the Japanese Fisheries Agency, and to
Mr. Kazuo Fujino, member of the Whales Research Institute who all
directed the collection of the materials in the field. Our thanks are
also due to the Japan Whaling Association to which we owe much of
the research fund for this study.

Chapter IL

Sexual Maturity of the Male and its Relation with Body
Length and Weight of Testis

Since the spermatogenesis generally takes place in the convoluted
seminiferous tubules (‘‘Tubuli seminiferi contorti’’) and not in the
straight semineferous tubules (“Tub. semini. recti’’) in mammals, we
examined the former tubules closely and determined whether the sper-
matozoa were present or not. ,

All the male sperm whales that were dealt with in the present
study measured more than 35 Eng. ft. in body length, and needless to
say, none of their testes were found in such an immature stage where
the spermatogonia, mingled by Sertoli’s cells, are arranged on the inner
wall of the convoluted seminiferous tubules in a simple manner. The
earliest stage we observed was such where numbers of spermatocytes
were observable. We met with a variety of more advanced stages,
including the one at which spermatocytes were in division, the one
where spermatids were already observable, or those where the develop-
ment was further advanced. The last include the stage where sper-
matozoa are clearly seen. (See the photographs in the Appendix.)

The well developed spermatozoa of the sperm: whale as we observed
was of the shape typical to that of the mammal’ Its head was pos-
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Table 1.

at various body length

Body Length Number of Testes Examined Percentage to Total
Engli:ﬁ Feet Total 4 — T -
35 4 4 0 100 0
36 26 21 5 82 18
a7 28 24 4 86 14
38 26 24 2 92 8
39 12 11 1 92 8
40 16 ! 15 1 94 6
41 14 13 * 1 100 0
42 8 8 0 100 0
43 6 6 0 100 0
44 12 12 0 100 0
45 16 16 0 100 0
46 4 4 ) 100 0
47 (] 0 0 0 0
48 0 0 0 0 0
49 0 0’ 0 0 0
50 4 4 0 100 0
51 2 2 0 100 0
52 0 0 0 0 0
53 2 2 0 100 0

+: Spermatozoa were found in the histological sample.
—: Spermatozoa were not found in the histological sample.
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sessed of a distinet acrosome and was rather elongated. The middle
piece, approximately as long as the head, followed the head and ter-
minated in a long tail.

At first, all the section preparats of testes that were prepared in
the aforesaid method were examined for the presence spermatozoa.
The result is summarized for each body length class and is presented
in Table 1 and Figure 4. '

We had two examples of the body length of 35 Eng. ft., in the
testes of both which the spermatozoa were detected. In each body
length class from 36 to 40 Eng. ft. there were few individuals from
which spermatozoa were not detected, and the percentage of such
whales gradually decreased towards higher body length classes. As
we shall discuss later, weights of the right and the left testis of an
invidual whale were not always equal : in general they were unequal
rather than equal. In some individuals the spermatozoa were found
from only one of their pair of testes, and not from the other. Such
cages counted three in the body length class 36 Eng. ft., two in both
of the 87 and 88 Eng. ft. classes and one in both of the 39 and 40
Eng. ft. classes. In two of these cases the spermatozoa were found
only in the right testis; in the other seven cases they were detected
only in the left testis. There were two individuals in all from the
testes of which the spermatozoa were not found. One of them belonged
to the 36 Eng. ft. class and the other to the 37 Eng. ft. class.

There was little room for confusion so far as the spermatozoa
were observed distinctly in the section preparats. But, if they failed
to be detected, all we could say was that spermatozoa were not pre-
sent in that part of the testis we examined histologically; they might
be present in some other part of the testis. :

In the consequence it came to be necessary to investigate not only
the presence or absence of spermatozoa in the convoluted seminiferous
tubules, but also the conditions of various cells therein. In other
words, we had to have informations as to the spermatocytes, the pre-
sence or absence of spermatids, the degree of abundance of spermatids
if they were present, and the presence or absence of such spermatids
that were undergoing the transformation into spermatozoa.

Investigating these aspects, we found that the two individuals, of
89 and 40 Eng. ft., from which we failed to detect any spermatozoa,
had sexually developed to a considerable extent and were not to be
called immature. That individual of 38 Eng. ft., from only the left
of whose testes the spermatozoa were detected, is considered as an
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abnormal individual, because the weights of its two testes differed
from each other so conspicuously.

After all, it is proved by our data that the sperm whales, like
many other animals, attain the sexual maturity not simultaenously at
a definite body length, but individually over a certain range of body
length. And it seem quite natural that they should do so. Since we
can take an individual as being sexually mature if we find spermatozoa
at Jeast in one of its pair of testes, we have only to consider the body
length frequency of those whales whose spermatozoa are notefound in
either of its testes, so far as we are concerned about the body length
at the sexual maturity for practical purposes. Such individuals were
not found in the body length classes 88 Eng. ft. and over, as we have
described ; in other words, 37 Eng. ft. was the upper range of the
body length of such whales. :

The result of our histological examination is summarized in Table
1 and Figure 4, where the right and left testis of each whale are
counted individually, and those testis from which no spematozoa were
found are classified into the (minus) or immature group, irrespective
of the feature of development of the testis tissue. Being based on
these data, we can conclude that the body length of the sperm whales
found in the adjacent waters of Japan at the sexual maturity is likely
to be 35 to 87 Eng. ft., instead of 88 to 41 Eng. ft. or 42 Eng. ft.
as was claimed by Matthews or Matsuura and Maeda (Mattews: 1938,
and Matsuura and Maeda :1942).

Then we shall refer to the relation between the sexual maturity
and the weight of testis of sperm whales. In 10 of the 90 individuals
we examined the weights of the right and left testis were equal; in
35 of them the right testis was heavier than the left; in the other
45, the left was heavier than the right. Therefore, neither of the
right and left testis showed any such tendency that one was always
heavier than the other.

So far as our materials concern, those testis in which no sper-
matozoa were found always weighed less than 1.6 kg. But it did not
follow that all the light testis lacked spermatozoa. We found sper-
matozoa in a testis that weighed only 0.6kg. The heaviest testis that
we met on the course of this study was the right testis of a male of
53 Eng. ft. in body length, and weighed 6.8 kg,
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Chapter JUIN
Sexual Maturity of the Female

As was described in Chapter I, we distinguished mature female
sperm whales from immature individuals on basis of the presence of
the yellow bodies (corpora lutea) in the ovaries of the mature individuals,
as in the case of the baleen whales.

Figure 5, which was cited from Omura (Omura: 1950,), shows the
relation between the body length and the number of yeliow bodies of
the female sperm whales caught in the Japanese waters in 1948 and
1949, In those years*the body length limit of 30 Eng. ft. was applied
to the castal operations. Three immature individuals (about 29 to
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Fig. 5. Number of corpora lutea and body length
in sperm whales caught in the adjacent waters of
Japan in 1948 and 1949 (from Omura: 1950)
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Fig. 6. Number of corpora lutea and body length
in sperm whales caught in sampling area in 1950
and examined in this study.

the total) are included in Omura’s data quoted: here; one of them
measured 30 Eng. ft. in body length and the other two 31 Eng. ft.
In 1950 the body length limit was raised to 35 Eng. ft. As the
result, a few individuals below 34 Eng. ft. were caught during that year.
And one of them were deat with in our study. And no immature
individual was caught in 1950 as shown in Figure 6. The numbers of
the individuals we examined are shown by body length classes in Figure
7. These figures show that the average number of yellow bodies was
6 to 7 at the body length of 85 Eng. ft. Excluding those whales one
of whose pair of ovaries was not examined, eight or 5.69 of the
examined whales of the body lengths of 35 Eng. ft. and over were pos-
sessed of three or less yellow bodies. The average numbers of yellow
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Fig. 7. Length distribution of examined female sperm whales.

bodies at various body lengths are shown by the curves in the figures.

Though our data on the immature or smaller individuals are too
short in order to estimate the body length of the female sperm whale
at the time of their sexual maturity, we are rather of opinion that
Matthew’s estimate is almost correct. It is probable that the body
length at the sexual maturity of the female is subject to smaller
personal errors of estimation than that of the male, because the for-
mer can be estimated more easily and with a more distinet result than
the -latter.

Chapter 1V.
. Conclusion

Being based on the foregoing evidences, we estimate that the
male sperm whales found in the adjacent waters of Japan mature at
the body length from 35 to 37 Eng. ft.

As to the body length at the sexual maturity of the female, we
" are not able to make any definite estimate at present, because the
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data on the immature individuals are short. But we think that the
estimates previously made by various authors are almost correct. And
all the females of the body length of 85 Eng. ft. and over (the body
length limit defined by the existing International Whaling Convention)
were considered as being sexually mature. It was only 5.69% of them
that were possessed of three or less yellow bodies. In other words,
the great majority of the females over 35 Eng. ft. had bred several
times. .

Our conclusion in the foregoing lines is to be verified by the studies
in future. We are not contented with the number of our samples.
And we shall have to study how the present conclusion applies to other
seasons or to such other grounds as the Bonin waters, the waters around
Oshima and off Tohoku and others. These subjects will be discussed
in a series of papers that will appear under the same title as this.

Bibliography

N. A. Mackintoshi & J.F.G. Wheeler: Southern Blue and Fin Whales: Discovery
Reports, Vol. I. (1929).

L. H. Matthews: The Sperm Whale, Physeter catodon: Discovery Reports, Vol.
XVIL (1938).

Ph. Stohl: Lehrbuch der Histologie.

E.S. Schafer: Essentials of Histology.

Yoshio Matsuura: On the Sperm whale found in the Adjacent Waters of Japan (in
Japanese with English summary): Bulletin of the Japanese Society of Scienti-
fic Fisheries, Vol. 4, No. 2. (193b). ,

Yoshio Matsuura & Keijiro Maeda: Biological Investigation on the Whales found in
the Northern Pacific Ocean. (in Japanese); Hogei Shiryo (Whaling Materials),
Vol. 9, No. 1. Nihon Hogeigyo Suisan Kumiai (Japan Whaling Fishery Associa-
ation), Tokyo, Japan. (1942).

Hideo Omura: Whales in the Adjacent Waters of Japan: The Scientific Reports of
the Whales Research Institute, No. 4. (1950).

Masaharu Nishiwaki: Report on the Biological Investigations on the Antaretic Whales
in the Years 1946-1950. (in Japanese): Nihon Hogei Kyokai (Japan Whaling
Association), Tokyo, Japan (1950).



—HRBIENEAN BAEREEIRITPR
THE IN'STITUTE OF CETACEAN RESEARCH



—HRBIENEAN BAEREEIRITPR
THE IN'STITUTE OF CETACEAN RESEARCH



—HRBIENEAN BAEREEIRITPR
THE IN'STITUTE OF CETACEAN RESEARCH



	06_0001
	06_0002
	06_0003
	06_0004
	06_0005
	06_0006
	06_0007
	06_0008
	06_0009
	06_0010
	06_0011
	06_0012
	06_0013
	06_0014
	06_0015
	06_0016
	06_0017
	06_0018
	06_0019
	06_0020
	06_0021
	06_0022
	06_0023
	06_0024
	06_0025
	06_0026
	06_0027
	06_0028
	06_0029
	06_0030
	06_0031
	06_0032
	06_0033
	06_0034
	06_0035
	06_0036
	06_0037
	06_0038
	06_0039
	06_0040
	06_0041
	06_0042
	06_0043
	06_0044
	06_0045
	06_0046
	06_0047
	06_0048
	06_0049
	06_0050
	06_0051
	06_0052
	06_0053
	06_0054
	06_0055
	06_0056
	06_0057
	06_0058
	06_0059
	06_0060
	06_0061
	06_0062
	06_0063
	06_0064
	06_0065
	06_0066
	06_0067
	06_0068
	06_0069
	06_0070
	06_0071
	06_0072
	06_0073
	06_0074
	06_0075
	06_0076
	06_0077
	06_0078
	06_0079
	06_0080
	06_0081
	06_0082
	06_0083
	06_0084
	06_0085
	06_0086
	06_0087
	06_0088
	06_0089
	06_0090
	06_0091
	06_0092
	06_0093
	06_0094
	06_0095
	06_0096
	06_0097
	06_0098
	06_0099
	06_0100
	06_0101
	06_0102
	06_0103
	06_0104
	06_0105
	06_0106
	06_0107
	06_0108
	06_0109
	06_0110
	06_0111
	06_0112
	06_0113
	06_0114
	06_0115
	06_0116
	06_0117
	06_0118
	06_0119
	06_0120
	06_0121
	06_0122
	06_0123
	06_0124
	06_0125
	06_0126
	06_0127
	06_0128
	06_0129
	06_0130
	06_0131
	06_0132
	06_0133
	06_0134
	06_0135
	06_0136
	06_0137
	06_0138
	06_0139
	06_0140
	06_0141
	06_0142
	06_0143
	06_0144
	06_0145
	06_0146
	06_0147
	06_0148
	06_0149
	06_0150
	06_0151
	06_0152
	06_0153
	06_0154
	06_0155
	06_0156
	06_0157
	06_0158
	06_0159
	06_0160
	06_0161
	06_0162
	06_0163
	06_0164
	06_0165
	06_0166
	06_0167
	06_0168
	06_0169
	06_0170
	06_0171
	06_0172
	06_0173
	06_0174
	06_0175
	06_0176
	06_0177
	06_0178
	06_0179
	06_0180
	06_0181
	06_0182
	06_0183
	06_0184
	06_0185
	06_0186
	06_0187
	06_0188
	06_0189
	06_0190
	06_0191
	06_0192
	06_0193
	06_0194
	06_0195
	06_0196
	06_0197
	06_0198
	06_0199
	06_0200
	06_0201
	06_0202
	06_0203
	06_0204
	06_0205
	06_0206
	06_0207
	06_0208
	06_0209
	06_0210
	06_0211
	06_0212
	06_0213
	06_0214
	06_0215
	06_0216
	06_0217
	06_0218
	06_0219
	06_0220
	06_0221
	06_0222
	06_0223
	06_0224
	06_0225
	06_0226



