" FISHERIES RESEARCH BOARD OF CANADA
‘ ' Translation Series No. 1682

Migration of northern fur seals along the coast of Sanriku

'By Kazua Wada

'
H

- ]

!
i
1

Otiginal title: Sanriku—bki'nolottesei.no kaiyu ni tsuite

From: - Tokai-ku Suisan Kenkyusho Kenkyu Hokoku (Bulletin of the
Tokai Regional Flsherles Research Lab. ) (58) 19 82, 1969

Translated by ‘the Translation Bureau(J. MackK.)
: - Foreign Languages Division
‘ Department of the Secretary of State of Canada

Fisheries Research Board ef Canada . -
.Arctic Biological Station,
Ste." Anne de Bellevue, P Q.
' 1971 ‘

Pl

'127_§ages'typescript




i s o o o

o -  FRB. J692

W DEPARTMENTOF'ﬂiESECRETARYOFSTATE- SECRETARIAT D'ETAT

TRANSLATION BUREAU BUREAU DES TRADUCTIONS

@ FOREIGN LANGUAGES HE DIVISION DES LANGUES
~ . DIVISION eaeos ETRANGERES

TRANSLATED FROM -~ TRADUCTION DE . - {INTO - EN

Japanese ‘ ' . English

AUTHOR - AUTEUR , - 4 . . . ' {

Kazuo Wada' ' ‘ ' - - L _

TITLE IN ENGLISH - TITRE ANG LAIS
! ‘Migration of northern fur seals along the coast of Sanriku

Title in foreign language (transliterate foreign cim'acbera)

Sanrlku okl no ottoseil no kaiyu ni tsuite-

’

REFERENCE IN FOREIGN L ANGUAGE (NAME OF BOOK OR PUBLICATION) IN'FULL, TRANSLITERATE FOREIGN CHABACTERS. .
REFERENCE EN LANGUE ETRANGERE (NOM DU LIVRE OU PUBLICATION), AU COMPLET. TRANSCRIRE EN CARACTERES PHONETIQUES.

. Tokai-ku Suisan Kenkyusho Kenkyu Hokoku, Dail goguhachi go, Showa
yonjuyo nen go gatsu.

¥

.'QEFERENCE IN ENGLISH -~ REFERENCE EN ANGL AIS

Bulletin of the Tokai Regional Fiqherie Réséarch-Laboratory, No. 58,'

May 1969. _ _ _
PUBLISHER - EDITEUR : ‘ - : o PAGE NUMBERS IN ORIGINAL
' : DATE OF PUBLICATION NUMEROS DES PAGES DANS
DATE DE PUBLICATION | L*ORIGINAL
. . ) . YEAR . |- ISSUE NO. . 19-_82
. VOLUME .
PLACE OF PUBLICATION ' ANNEE . NUMERO NUMBER OF TYPED PAGES
LIEU DE PUBLICATION - ° : NOMBRE DE PAGES
. E g . ' ’ DACTYLOGRAPHIEES
1969 | 58 S
N ' 127
REQUESTING DEPARTMENT Fisheries & Forestry L TRANSLATION BUREAU NO. 0391

MINISTEREGCLIENT NOTRE DOSSIER N©

. F.R B., Arotlo Blologlcal Statlon - |
BRANCH OR DIVISION- TRANSLATOR (INITIALS!
DIRECTION OU DIVISION S-t" e Anne d - Be levu : TRADUCTEUR (INITIALES) J 2 MaCK

SERSOVEEQUESTING  Dr, D, B. Heargeant - gg;gvcgg;mﬁo MAR 1 ?49?1'
-/ VorRe possiER N0 . - S umEmmE
. ' . . k-l’“:}r Q
| __DATE OF REQUEST Sept. 25, 1970 T S TRADUTHTH boRE
“-.\TE DET.ADEMANDE . ‘ . — — | eiformaii \n"s culesnent

S0 5-200.10-8 (REV, 2/88)




FRB /682
c SECRETARIAT D'ETAT
BUREAU DES TRADUCTIONS
‘DIVISION DES LANGUES ETRANGERES

‘DEPARTMENT OF THE SECRETARY OF STATE |
' TRANSLATION BUREAU
. FOREIGN LANGUAGES DIVISION

. . . : CANADA

CLIENT’S NO. V -DEPAR'I.'MENT ; : DIVISION/BRANCH CITY .
N© pU CLIENT - MINISTERE t .. DIVISIDN/DIRECTION VILLE
. Fisheries & Forestry: Arctlc Blologlcal Statiof Bellevue, P.qQ.
BUREAU NO. LANGUAGE ’ ) TRANSLATOR (INITIALS) DATE
N°® DU BUREAU : ' LANGUE ) TRADUCTEUR (INITIALES) e - ) .
} 1 | ) . 3 MAT 5 187
- 0391 | Japanese : _ J. MacK. Mar 17197

Kazuo Wada

Sanriku—oki no'ottoéei no kaiyu ni tsuite' (Migration of

northern fur ‘seals along the coast of oanriku)

Tokai- ku Suisan Kenkyusho Kenkyu Hokoku, Dai gojuhachl go
Showa yonjuyo nen go gatsu (Bulletin of the Tokai

'Regional Fisheries Research Laboratory, No. 58, May

u 1969). - -

‘ | | Table of contents - ) .. : 19 |
Abstract - o : _ 3 19 | |
Introdgction<'. A | o o .23 |
§1. Generél désdribtion of fur seéls | i . a 2l

§ 2. Details of investigations. of fur sealsin Japan = 2l
§ 3. Mode of mlg@tlon of fur seals » ‘ .25
SM.AReLationshlp-between the'density distributibn

and the mode of migration of fur sealé;> _uji
8 5, Relationship between pods and the mode of |

migration‘of’fur;aeals | - 1- ) A_ ‘52
| § 6. Relationship between the'tempergﬁure of the

surface water and the mode of migration of

. » . fur seals. ciTEm R A TT -r‘,-f'r-‘l‘.:“”{ 57

U’N Gl Lenly?

s 3~ 200--10--31



§ 7. Relationship between the food habits and the
‘mode of migrstion of fur seals - T2

- §8, Model drawings of the mode of migration of

fur seals L L 80
Summarj. (Same as English abstrécp) ’  . . . | 80
Bibliography . o a2

Abstract: Several observations on the migratory habifs of northern fur seals
were made along the coast of northern Honshit (thé main island of Japan)
in 1965-1967. The results obtained are summarized as follows: S
‘DD The mode of migration 1s peculiar to the deveIOpmenfal' stage of the
animal: a) Yearlings: they are few in number and found sporadically in
the investigated area. They come south to there a little later than the older
animals, and leave there after the latter. ' Sexual segre'gaﬁon is rarely ob-
-served in this group. b) Animals of 2-3 years ;" the time of arrival and the
_duration of staying in the area are similar to those of the first age group.".
"They are more numerous, and sexual segregation is more conspicuous than
among the yearlings. c¢) Fema[es_ of 4-56 yea}'s: reach the area earlier
" than the younger individuals, and leave there earlier. d) Females of 6-10
" . years: these form the advance group of the southward migrating herd, and
are found around the southernmost limit of migration of fur séals, while -
they leave there earlier than the younger females. €) Females of 11 years '
and over : their mode of migration is similar to that of the 6-10-years females,

Received on March 19, 1969, Tokai-ku Suisan Kenkyusho,
Gyoseki A, Dal sanbyaku gojuni go $Report of the ?Ok&l
Regional Fisheries Research Laboratory, A, No. 352).
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although ‘they leave for the northva little earlier. f) Males of 4-5 years:
arrive rather later than the animals of the above-described developmental
stages, and leave earlier than the latter. The duration of their stay in the
area is therefore shorter, and their migratihg area is limited to the northern

half of the coast of Sanriku. g) Males of 6-8 years: reach the area even '

-later- than the 4-5-year-old males, and leave earlier, staying there a still
shorter time. h) Males of 9 years and over: few individuals arrive in the

area. i) Sexual segregation of fur seals in time and spice become conspic-

uous with the advance in developmental stage.
_ II) The present observations on fur seals reveal the followmg tenden-
. cies in the relation between developmental stage and density of distribution:

a) During the first half of the migration period, females of 4 years: and

over are concentrated around the southern limit of the migration route,
showing the highest percentage in number of mdmduals among the daily

_total catch, These tendencies. were most prominently observed in the group .=~

of females of 6 years of age and over, which are inclined to accumulate
in greater numbers in the higher density areas (apecmlly Indices VII and
VIID. On the other hand, the male" yearlmg and 2-3-year-olds are found in

the areas of lower denexty b) In the second half of the migration - perlod,
the females of 4 years and over start to move to the north maintaining

their tendency to concentrate, with the result that as the females of 4
- years and over leave the coast of Sanriku, the population of fur seals disap-
pears from -this area. c) Female yearlings and 2—3—§ear~olds, and males
of 4 years and over, are mainly dist_ributed in the areas of low density which:
correspond to Indices II and III. d) The total data of three years’ observa-
tions show tendencies for both sexes of yearlings and males of 2 years to be
concentrated in the lower degree of density (mainly II), females of 6-10

years in higher degrees of density (IV-VIII), and females of 11 years and "

over in the highest density (VI—VIII_). The individuals of the other develop-

mental stages do not show these tendencies. e) The mode of the isograms '

of denslty distribution can be considered as basxcally concentric c:rcles that
indicate a decreasing incline of densnty from" center to periphery. The

changes of breadth between .the density isograms correspond to changes i -

oceanographic conditions or the prey of the fur seals.

III) The yearly cycle of life on the sea of ad_ult fur seal females is.

characterized by the mode of their migration and density distribution: " i)

~ Period of southward migration: Its character is. mdlcated by the duration of
the southward migration from the breeding ‘islands to the coast of Sanriku.
i) Pe_r_zod of stay I1: Is the length of time during whxch adult femal% are
stably staying with high degree of density near the southern limit of dis-
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tribution of fur seals. iii) Period of stay II: Is the period during which

" the adult females slowly move northward along the coast of Sanriku with
‘high degrees of density. iv) Period of orthward migration: Is the time -

that concentrations of adult females disappear from the coast of Kushiro.
IV) The size and the composition of pods depend on the. density of

- distribution and the developmental stages: a) The sizes of pods become

smaller and the number of solitaries increases in the low degree of density,
whereas the sizes of pods become larger and the number of solitaries de-
creases with increases in density, b) Females of 4 years and over frequently
show a tendency to make large pods, and to make larger pods than the
individuals of other developmental stages cor;npared4with the same degree. of

" density. ¢) The pods tend to be composed of individuals of the same

developmental stages that are predominant in time and in space, while when
the indivduals of other developmental stages enter an area where mdwxduals

of a certain developmental stage are predommant the composition of the
. pod becomes complicated. Therefore, it seems probable that the componentsl :

of a pod are not fixed, and the relations between individuals in a pod are
socio-ecologically ‘loose and changeable. .
V). Examining the relations between the mode of migration and the

temperatufe of the surface water, the following tendencies were reveal'ed:-

a) It seems credible that a temperature just below 15°C is suitable for the

-migration of fur seals, and that water temperature of 15°C and atmospheric

temperature of 12°C on the islands represexit the upper limits at which fur
seals can maintain the regulation of their body temperature, and carry on

their normal activities. b) In the period of stay I in 1967, very few fur

seals were observed in water of more than 12°C, but in the .period of stay
II, a large number of them were observed in water of 12°-15°C on the
coast of Kurosaki. ¢) Regions of the dense distribution of fur seals of 4

years and over.are located in the cold water masses, especxally ad]acent to

© .the boundary between cold and warim water masses, and the isogram of the ‘
density distribution shows a steep gradient around such boundaries. d) The ' _

- numbers of male yearli‘ngs and 2-3-year-olds as AWell as males of 4 years .

and over tend to increase or decrease in accordance with the expansmn or

diminution of the water of Oyashlo (name of a cold current) e) The.

male predominancy of yearlmgs and 2—3—year—olds dxsappears with the
northward migration of females of 4 years and . over in the perlod of stay

I, but the numbers of male individuals increase. f) Dense populations of "
fur seals are not always in contact with the boundary between different
water masses during stay II, although they are located in the cold water. .

mass in the period of stay I The explanation of this may be that in the
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earlier perlod the water temperature is roughly the same at the surface
.and in the 100 m layer, while in the later period the water temperature -

- differs greatly in these two layers. .g) The remarkable diminution in the
population of the 1965 year class, observed along the coast-of Honshii in
1966 and 1967, could be attributed to the- extraordmanly high mortahty
»of pups at Robben Island, their place of birth, in 1965, :
V1) The mode of migration of fur seals is related to their food hab_its:
a) Several kinds of food commonly found in their stomachs were as
- follows; Walasenia scintillans, Todarodes pacificus, thosoopclus Japonicus,
Diaphus sp., Laemonema longipes, Scomber Japonicus, Engraulis japonica and
Theragra chalcogramma. b) . Among these species listed above, W. scintillans
and squids -(mainly 7" pacificus) were’ abundant in general, although some
seasonal and geographxcal prevalencies were noted in -their frequency. W.
‘scintillans was predominant between January and March. especially in the
southeri. part of fur seal range. On the other hand. the squids and . japo-

‘nica appear in abundance later, and farther north than W. scintillans.

Squids were usually more numerous than N. jeponicus. ¢) The total catch
of commercially useful fishes, excepting these fishes too large in size to be
food for fur seals, and bottom fishes (from data of monthly fisheries statis-

‘tics of Japan in 1962), is smaller during the winter and spring than in other
seasons in the region between Aomori and Fukushima, suggesting that they -

are less numerous then. d). Changes in the kinds of prey and their - pre-
dominancy in the stomachs of fur seals with time and place correspond
_With those of oceanographic conditions : . Watasenia scz'nﬁllans-_———appears in
* the mixing water area between Oyashio and Kuroshio (\\'rarm current) in
January to April. Squidé—their predominancy to the north of the coast of
Kesennuma in and after April coincides with the period of the seal migra-
tion to the coast of Sanriku. Diaphus sp.——its appearance.in the area cor-
_responds with that of water of 2°C. Notbscopelus japonicus——is observed a
long time and wide, area, while it does not appear in water of 2°C or around
warm water masses. Scomber japonicus——-its appearance coincides with the

period when the sub-adult seals are staying on the coast of Sanriku and

Joban, although. they do not predommantly occupy the stomachs of fur
seals as do the four species listed above. Theragra chalcogramma——————appears
in the stomachs of fur seals although not very predominantly, during the
season which corresponds to its spawning ’period in.which the fish approach
the coast. Laemonema longipes——is found in. the degrees of digestion I-IV

betweee January and March on the coast of Sanriku within the external .

fringe of the water mass of 200 m isogram of depth. e) The region where
both sexes of yearlings and 2-3-year-olds and males of 4 years and over
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.exist in low density coincides with the areas of thin distribqtion of their
prey, wthile the regions showinﬁva predominancy of females of 4 years and
* over "correspond with those areas rich in food. Therefore, the ' difference in
relation to prey between the two modes of seal distributions tends to be con-
nected with the intake of food. f) The variationAi‘n'food spécies described
above seems to be connected with the quantity and the density of the prey; in.
other words, fur seals tend to take non-selectively those fishes or squids which
are numerous and easily available. g) L. Iongzpes and T, chalcogramma were
never found in the stomachs of yearlings. This fact would ‘be attributed to
the size and activity of these fishes, which the. yearlmgs are not able to
catch. Among a group of fur seals consisting of animals of various ageé,
with the exception of yearlings, there is no significant” difference in the
quahty of their food, if the survey is carried out with samples obtained
glmultaneously. ' '

Introduction

Since the eighteenth century fur seals have been
I3 .
the obJectq for a commer01al huntlng. Therefore resegrch
concerning fur seals also has a long hlstory. Research

reports have’been publlshed 81noeAthe latter halfl of the

nineteenth century. In recént years researches-have been

‘CPPPled out chlefWV from the- ponnt of view of conservation

of.fur_seals. The variable movement of pods, their dis-
tribution,,ﬁhe rate of mixing at Seq smong- the grdups
classified by the breeding islands and the Qreyiouslyﬁ
assumerl ﬁéafh rétes havé been systematically studied:
using pupé*'bearing tags in the followiné islands: |
Pribilof Iélands (U;S,A.)Esince‘ﬁ?hl,'ﬂobbén‘Island (U.s.

S.R.) since 1957 and Commander Islands (U.S.S.R.) sian'“

% A pup is defined as an individual from the date of its
" birth to December 31st of the year of its birth.




1951) .

1958 These studles were’derived from the ides that it
is necessary to know the\vafiation of resources in order:
to conserve fur seals through 1nternational agreements.-
Robben Island was. in the possession of Japan
before the Second World War.' Hunting of fur seals was

done both on land and at ses. AHoweﬁer,.a'systematic study

on fur ‘seals had not been carried out before 1952. The

investigations sround Japsn which took place recently are -

the investigation by Wilke of America on the coast of

‘Sanriku in 1950 (Wilke, 1951) the joint investigation by

Japan, U.StA. and Canada from the coast of Kushiro in. o
Hokkaid6é to the coast of Sanriku in 1952 (Taylor,sFuj;naga
and:wilke, 195)) and Japanese investigations in,1953 and |
in 1954 in areas of the Japan Sea, tne North'Pacific Ocean .

and. the Bering Sea (Fisheries Agency of Japan, 1953 and

In 1957Athe,treaty " pur seals, North Pacific Ocean:

interim convention on conservation of North Pacific fur

.seais" was signed by Japan,‘U.S;Ag, Canada and U.S,S:R.

In Japsn, Tokai Regional Fisheries Research’ Laboratory

holds responsinility for the studies of fur seals based on
‘thls convention. Systematic studies were begun." The |

'1ob3ect of this convention is to enable "the maximum and .
sustainable productivity of the fursj.h} resouroesa;» The h

,description_of studies to be carried on are. given in the 




titems of the convention; Studles are intended mainly to
roveal the varlable movements of fur seals. In Japan sincev
1957 reseach on fur seals which move northward around the
coast of Sanriku has been carried ont accofding-to the
purpose set down in the convention. U S.S.R. did inde-
pendent studies in 1959, 1960, 1963 and 196l on the coast
.of Sanriku (U S.S.R., - 1959, 1960, 1963 and‘196u).
The reports of these‘investigations;mentionéd
above are given only as data in a form pfescibed in tne-
items. Therefore tnere the'not béen_done ouffiCiently ,
comprehensivexecological'studies-on the'rointionships~
within_gpecies, between épocies and<betwéen'fur'seals and
theiinorganic envirOnment. |
- ln»this paper the authordmade some ecological
studies and anélysesibased on the investigation of the 2l
migration of fur soals oarried'out aiongrthe coast of
Sanriku in the.following years; March 1 - Julj 31 1n'1965,
March 1 - June 30 in 1966 and-Januax‘-y 8 - May 31 in 1967
(Fisherles Agency of Japan, 1965, 1966 and‘1968)‘
| The author would like to express hisg appr691ation d.
to tne follow1ng people for thelr cooperation: members of
the First Résearch Section of the Inyostigation and Research
Division of Fisheries Agency; people who are connected with
tne folloning boats, Daigo Nikko Maru; Daigo Ten'yu Maru

. and Daisan Hachiman Maru; the researchers, Mr. Jin Hino,
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Mr. Eizaburo Fukudo, Mr, Tsubomu Hata and.Mr, Tetsuro Ito.

v

The author would also like to thank.Assistant:profeSsQf

Noritoshi Tokuda"in"the Zodlogical Laboratory, the Facultj

~ of Science, Kyoto University, who gave the author guidance

and advice concerning the contents of this paper, Genea-
logical Research Group,; members of the Northern-seas

Fisheries Research Institute affiliated to the Faéulty of

. DiVision,'the.Tokai'Regional Fisheries'Research.Laboraﬁory

who gave the author guidance and assistance throughout
his investigation and analysis,'Mr. Sakae Sato,‘Difectdf,

the Tohoku Regional Fisheries Research Laboratory, Mr.

Fumio Mitsutani, Head, the Resources Division,.the Tokal

Regional Fisheries Research Laboratory and Mr. Keiichi
Kondo,-Technicai Official‘whé_read the manuscript and. '
offered a valuable advice.

§1. General description of fur seals

The origin of fur seals---Callorhinus ursinus

(Linneus, 1758)---is not known for certain. - The difficul-

ty is due ﬁg the scarcity of fossile materiél‘aﬂd‘of_Sim-

ilar species, The ancestral land type is th well known.

Neither is the direction of its evolutioq'exéctly'known

except that the time of its adaptive dispersion might be
in the Miocene lipoch (Mitchell, 1968). 1In the genea-

logical classification the fur seal belongs to Otariidae;

Fisheries, Hokkaido University, Members of the Resources
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Pinnipedia,‘_However, there are many genealogival ques- ‘
. . BN R ° -

‘tions to be answered

The fur seal has the widest aree of migration

among Pinnipedia. Compared with those of other animals

such as the common seal, the 'sea lion and the walrus,~1ts
structure contains various aspects whisn facilitate‘swimJ'-.
ming. The breedlng grounds of North Paclfic fur seals

ars 11m1ted to dobben Island ~the . central part of the'
Kurile Islands,'the Commandsr Islands-and the Prlbilof
Islands in the sub-frigld zone. Most of the individuals
come back to their birth places. In the middle of May _
bulls pégin to land. Then‘each bull forms his own terri-
- tory in order to form a harem of prsgngnt cows who come

to land somewhat later. The pregnant cows glve birth to
pups within s few days.f W1thin a week cows become estrus
and.QOpulate, Cows start suckling pups as soon as the_-
pups are born. In early August the harems break down as
.cons who become estrusuleave the ground. Animals of three
to four yeafs land soméwnat later. Males form howllng
grounds (the place where males who cannot.pértisipaté in
.copulation gather) around the harems. Sometimes thess
individuals usurp.ths place of harem‘bulls. Pups begin

" to practice swimmlng two weeks after their births and
prepare to leave the island. Bulls begin to go out to

the ses after the harems bneak down. Most.of«tne Pribilof
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groups mlgrate southward along the west coast of U.5.A.
to the coast of California. ~The Robben group migrates to.i“'

the Japan.Sea, Hokkaido -and the east coast .of Honshu (thel

'main island of_Japan). Thése'fur'seals appéar in the
midole.of December on the east coast of Hokkaidd.*»Wﬁen
the Oyashio (the Kurile current) is'strong they éO'south_
Ward to Oshima. They oat'mainly several kinds of.

Myctophidae, Watasehié scintillanS‘aﬁd‘other sgquids foﬁnd

along the coast of Sanriku,"They_disappear from:the coést
of Sanrlku usuallv ‘at the end of. June and move towards
their breeding ground. Yearllngs and bulls seldom appear
on the eoast of Sanriku and their migration is not known.'

2. Detsils of 1nvest1gations of fur seals_ 

in Japan

The 1nvest1gations of fur seals descrtbed here -
were carried out durlng 1965 and 1967 - Ozuchi-machi in
.Iwate Prefecture‘beoame the base of the investigafions.
In 1965 onroe'fishing boats of aboﬁt thirt&—five.tons aﬁd ‘
in 1966 and 1967 two,bogts were hired.. Three investi-
gators were hired4fhroughout.the_thrée'years. The‘main
aréas of inrestigafionS'wero the ooastsiof Shnriku and .
‘Joban. In 1965 and 1967 the.coast of Kushirohwa§ visited

several times (Table 1). . The 1nvestigations at sea were

limited usually to the west of 1u3 E because of the weatber’-‘

and the condltions of the operation of the boats. However,
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from:Méywto,Julyiwhen thqueather was settled, the 1h€esti—

gations were extended several times to 1uth and to 1u6 E.

s o Lvwine

Table 1. Total numbers of fur sedls observed and collected in 1965-1967,

Regioh of survey AMaBrchC A;}J3r11 " A !\%y C June ‘A Jlgy fo)
Kushiro coast Grand Total 4 12 5 1 1 1>
Erimo-misaki ¢. A B C 4 61 20 2. 4 2
Kurosaki c. _ 108 2007 1350 2 67 20 | 3.20 5

K Ozuclji c 12 80 43 8 74 53 14 409 270 20 476 316 2 1 1,
Kesennuma c. 6 40 20 5 7 °6 3134 70 . Number of research -
; vessels
Kinkasan c. 2 46 18 8 136 8? 4 _206 120 “March-June 3
Onahama c. . 8233 100, | _ . CoJaly 1
-Total. 28 399 179 2] 217 141 21 749 460 30 616 361 8 26 9
Kurosaki e. - 4246 79 1 4 2 | Number of
2 Ozuchi.c. 2 34 22 | 10249109 | 111411136 | 8 165 66 '°§,i§‘";*e‘ls 2
2 Kesennuma c. .3 35 20 6164 94 | 4223 67 6 40 16 _(Aran}c}i T(():tal
N . i '
__K_)n_ka‘xsan_ “c. 11 252 102 - 1 1 1.1* i 3 1 69 2758 715
Total .16 252 144 | 17 414 204 | 211883283 | 15 200 84 :
T January Februgry iT March April “"May
. ) rand Total
Kushiro C.. A B C 3 3 1
Erimo-misakli c. 121 3445 910 . 5140 31
- . Kurosaki ¢, _ 2 10 4 4414 38 9 786 163
§ Qzuchi c. 15 55 32 ‘13 88 44 8 44 29 13 498 185 2 0 0

" Kesennuma c. 4 75 48 | 101093197 | 11 226 131 3 3 1. ﬁgﬁ;“
Kinkasan c. 2 2 2|.4 1 0 4 6 3| 3 0 0 vessels 2
Onahama c. i 4 °0 0 2 1 1 )

Total | 25132 82 | 201192245 | 25277164 | 23 915 224 | 19.929 195

A : Number of boat-hunting days

B : Total numbers of seals observed
C : Total numbers of seals collected

The temperature of the surface water was entered

on a chart. When fur seals were observed, the time, place,

the number of fur seals and the temperature of the surface

water at that time were entered on a chart..fWhen fur

~ seals were captured the numbers wWere also noted. .When fur:

-seals were captured, the time, the sex,iweight and length
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" Were noted In the case. of a pregnant fur. seai eex, 25
'weight and 1ength of fetuq Wwere noted.. The fur was
-removed and preserved in salt. Neoessary-spe01menS‘such‘
as stoﬁaoh,'small intestines, colon, ovary, testicles;
penis, cyetio, canine tooth, cerebrum and frame were
-oollected They were qtudied on land. Varlety and quan—
tity >F the contents of the etomach the small 1ntestines
and tha colon were noted and parasites were collected
The size of the ovary, the size and shape. of follicles,
the corpora lutea, the shape and size of the uterus; the
‘weight and siée of testicles and the gfowth condition of
‘spermary Qere checked. These'oharacteristics Qere‘osed
to clarify the breeding proceSSg The canine tooth_wes
cut lengtnwise aod'age was determined_by_counting_the
traneparehtilioes of the;dentipe.

§3. Mode of migration of fur seals

The mode of distribution must:oe studied in.ofder
to'clarify the mooe of migration. For this purpose the
variation of structure of‘fur~§eeis-inftime and in space
‘according to age and sex was studied. The material on
this matter is scarce. Our investigations were not car~.
ried out for a flxed ares, ‘Therefore they were rather
: fragmentarv in time snd in area.A In fact.the investi-
gated area was within.eighty miles fﬁom_shofe due to baa

weather and the sailing capability of the boats. This
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\may be the weakest point in our discussion of d;stribution.
Howovér tﬁé:éuthor'conslaefs that it is meéhingful to-
raise a few questions and to draw certain conclu51ons ‘at
thlS stage with the hope that this may be a starting ' 26
point for future studies. . |

,Varlatlons-according to time andvspaoe wére ob-
served in the mode of dlstrlbution and in the eatlng
hablts of fur seals on the coast of Sanrlku.‘ Firstly,
. tne age and sex com9051t10n-in time and in space was
. studied (the distance from shore is not oonsidered.in
space). The ares was divided as in Fig. 1Ifrom north to.
south: the ooasts of Kushiro, Erimo-misaki, Kurosaki,.

Ozuchi, Kesennuma, Kinkasan and Onahama.

1) Distribution of fur seals on the coast of

| banrlku | |

The,southern 1imit of distribution and the dis;,
appearance from the éurveyed ares of fur seals between
1965 and 1967 are explained below in order to have a c1egr.
view of the distribution of fur seals. |

fhe southern limit of distribution of fur seals
became most:southerly 1n:1965 duriugithe three years of
.investigations._ The.limit reachod'wgs the ooastﬁof Qhoshi

(Chiba Prefécturé) between March and. April. In 1965 fur

seals 1argely'disappegred in early Juiy from the cosast of

Sanriku. to the coast of Kushiro. In 1966 the southern
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limit was the cbast df-Kinkééén..-Fur seals disappearea
from the coast of Sanriku in the end of June. The'distri-
bution in 1967 was'moét northerly. .Its.soﬁthern'limit'Waé
 the coast of Kesennuma.- Fur'seals<wéf§ hoﬁ found on the

coast of Ozuchi in May. They disappeared earliest in 1967.
I T ieE
Hokkaids -
14 Kushiro '
WE / ' . y
, Q/-\\ ——Kushiro _coast——- 42N
//‘Q Erimo-misski T

Erimo-misaki coast

Kurosaki_coast

. 4N
Honshi .
Omchi .
Ozuchi coast
1

o Kesennuma coast .

Kinkasan 1
————— - - 38N

E 150K 108 VoW ISuW %W

Kinkasan “Alaska

coast )
— Kamehait N

L
Cotpmts bt

obben Trisnd h
hama— g 1.
36N o?::)a‘srtr % Paeific Ocesn r
- Survey area B A
2 Huating grownds . \{
Homshd - . of for seats— [

Fig. 1. Divisions of surveyed area.

However, in the area from the coast 6f Kurosaki to the
coast of Kushiro, many fur seals were'still_present even
.in the end of May.f‘The time of disappearance from these

‘areas 1s not known for sure. -
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The variations of the age and sex composition in
_the changes in the distribution of fur .seals are eiplained_

in the. following.

Yearlingsﬁ the individual number of yearlings aT

should be many compared with thé numbers;at present.
Both males and females, howevef, appear onlthe céast of:-
Sanfiku ﬁuch‘less in number than those.of two to three 
years. - The ratio of catch of yearlings in the total
'Catéh was 3.3 % average in the three years. There are
some peculiarities in the appearance and disappearanée of
yearlings on the coast of Sanriku. In 1967 they were not
fqundhoﬁ the coasts of.Onahama:aﬁd Kinkésan. .They Qere
caught for the first time.that year-at.the end of Febru-
ary -on the coasts of Kesennuﬁa and_Ozuchi., They were
assumed to have appeared a little later thaﬁ other~fur
seals in the south of the_coast.of dzuchi. ‘Betweén 5uﬁe‘
~and July in 1965 a total of three yearlings werepcaﬁght
on.fne coasts of Ozuchi and Kupésaki; It is éssumed‘phat
they stay along the coast of Sanriku untilitheAtime of.
’ migration fp the ﬁorth(Figp.'Za, b.and c). |
‘Theré is no distinctive pattern in time and spacg"
distribution. The diétribution seeﬁs very small in number
" but very wide in time and space. In other words, it is a
dispersed distributién.

' The sex ratio between males and females in the
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three years. shows that tgg ratio of malés‘is always more

than 66 % and mean value in thé‘thrée yéarg was_72{u %
(Table 2). - Esbecially from. early Mérch to early April iﬁ
1965'along.thé coast of Ozuchi males were_apparently more
prevalent thaniat other‘time and in other spa¢é.x In 1966
mostl& males were found along'the coast of Ozuchi. . In
génerai;lﬁoweQer, there is no-diétinction‘in théfsexuél

segregation.

Table 2. Age and sex ratio of fur seals taken on the coast ‘of Honshii in-1965-1967.

1965 ' . 1966 ‘ 1967 :
Age Sex Age ratio sex ratio of- .Age ratio sex ratio of Age ratio sex ratio of
No. (%) each-age (%) No. (%) each age (%) No. (%)  each age (%)
&y 43 66.2 5 83.3 - 21 67.7
1 ' 5.7 08 L 34 7
e 22 33,8 .- 1 6.7 © 10 32.3 :
5 25 601 . 125 - 9.4 105 .7
23 36.9 - 35.4 ‘ - 24.2 o
-9 169 39.9 128 - ' 50. 6 115 o 52.3
- . s e 221 . 3% 142 - 33 16.4
45 . 244 ' ' 29.5 . L2
9 218 77.9 181 © 85.8 168 o 83.6
5 18 59 - .6 - 3.2 5 17
o610 26.6 ‘ 26.2 - 32.3
Q 288 - 94.1 181 : 96. 8 289 . 98.3
3 1 1.4 1 S X 0. 0
11+ : 6.4 - 81 - 18.0
¢ 73 . 98.6 © 57 98.3 164 ~100.0

Total 1149 100.0 715 100.0 910 100.0

Animals of two to three yesrs: the ratio in total
catch is higher than'that of ﬁearlings, The mean value

in the .three years was 32.2 %. The catch"increases as

age incfeases. The appeanancé of animals of two'to.thrqe
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years along‘the coést of'Sgﬁriku is a 1little laﬁér than
other fur.séalé; There Was no catch iﬁ January, 1967;
They were ceughf from‘February'along the boasts of Kesen-
numa and Ozuchi."During ﬁheir»stay along the coast of
'Sanrikﬁ“animals of two to three years are distrlbuted
contlnuouslv in time and space. ‘In July, 1965 when the '
-northward migratihg fur seals were pursued‘tﬁ the laSt;
ﬁhe'total numbers observed were very sﬁall in tﬁe afeé
from the coast of Kurosaki to the coast of Kushiié. The
ratio of enimals of two to three years-in fhé total catch
was -81 %:(Fig.A3g,b and ¢). Thus§théy were thodght to
form th§<1ast group of the northward migféting herd. 

. .The sex rati§ yaries according to age.  Howevér,
the ratib of males to females was closést to unity in.
comparl%on with the enimals of other ages (Table 2) 34
The spx ratio somewhat varled in time and space. Espe--
 01a1ly, in 1965, the rétio of males to total populatlon
' reached 100 % along the coasts of Kinkasan(Aprll 8),
Kesennuma (April 6 and 23) and Ozuchi (Maroh 12, 22, and
In order to explain the behaviour of fur qeals of
- four years of age and over (written as four .years hence—
forward), it is necéSsafy to note_theﬂrésult of the com-
merciél'hﬁnting of‘fup‘sealsvin:eabh‘breeding island. .

Mainly three to four year-old males were caught in Robben
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Island, the Commander Islands and the Pribilof Isiands.
In the PribilOf‘Islands‘;any faﬁales'of two-to fi§e years:
wefe'cauéht during 1956 and 1965 (Table 3). Therefors 1t
is quite clear that a Qertain amount of:unnataral distor—
tion 1is added to distribution othha animals from‘two.to
:five years old. Considerihé the increase aQbording_to
age of fﬁr sealsafrom the Pribilef islands to'the~50ast
of Sanriku, the distartion is cOnsidared_to ba.gfeater
for malas than for females. At this stage the author
would like to note that when dlscussing distributions it
is necessary to remember that there is this unnatural dis—ﬂ
tortionswhich is pronounced for animals of four® years,

and especially so for males.

Females of four™ years: the percentage of animala
captured at a glven age to the total number of captured
animals 1is shown_in.order to give.a roughaidea of age
composition‘(Fig. La, b and c). o .

‘The apﬁearanae and_disappaafance of females of
four+ years: they form an advance“groap dfrﬁhe sbuthward
migrating herd. They appeared the earliést‘along.tha
éoast of Sanriku. They distributed widely in time and
.spaCe except for a certain beriod in~1965 alohg the coasts
of Kesennuma end Ozuchi. The time dfidisappearance was
- a little earlier than that of animals of two to thrée 

years. This was iHQicated by the fact that‘they were vefy
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few'along the coasts ofASanfiku»and'Kuéhiro‘in'JpIy, 1965."_

Table 8. Commercial kill in breeding-islands.

[

year ‘Robben Island Kozmmahde: Is. - . Pribilof Is.
- ) » ) _ s e
1948 6,648 - : 4,514 A 69,893 - 249
49 "~ 5,864 5,194 - © - 70,553 ' 337
50 " 6,529 o 5,836 .- 59,025 " 219
51 3,065 . 5,146 60,503 - - 186
52 - . 3,973 . 2,784 . 63,670 R 252
53 3708 2,876 65,824 o 845
54 . . 5,175 3,629 - 63,224 : 658
55 4,058 . 3,30 - 64,721 726
56 2,000 . . - 4,256 96,066 . 27,599
57 T 3,651 - 3,065 46,198 47,413
58 3,127 .+ 3,021 47,872 o 31,102
59 . © 4,860 2,261 " 30,195 _ 28,064
60 ' 6,210 . 40,79 _ 36, 320 ' 4,315
61 6,947 5,023 T 82,197 : 43,849
62 : 7,123 - 6,427 - 53,680 43,860
63 . 7,339 7,381 42, 386 43, 860
64 8,317 .. 10,556 " 48,980 T 16,452
65 8,58 11,424 . 40,367 10, 465

66 9, 380 9,095 . 52,472 0

““Total number
of population 150, 000 200, 000 >1, 500,000

From “Fur seals of USSR far east 1964” and “North pacific fur -seal commission report on
investigations from 1958 to 1961,” with some modifications by the author. :

Fermales of eleveﬁ.years‘of age and over (writteh

" as eleven” years henééforward) formed only 13.8 % of -the
enfire female population (the mean véiue_of ﬁhe three.
years invéstigatioh). However, they were distriguted
'continuously and widely in time and spgce.,’They weré ob--
‘served to be more numerous than for any chef:time'and
space in Januery and February ih 1967.§long fhe éoésﬂs of
Keéennuma_end:Ozuchi. . | | '., .' - | 35
| That. the advance group of fhe southward herd‘doﬁ—

sisted mostly of females of four' years was indicated by.
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the data from ﬁhe coast of Kesgnﬁﬁma; January to Mqrch,A '
.1967'and3from~tﬁe~ooast of Ozuchi, 5énuary po.Feﬁfﬁafy, 
1967. In both areas tﬁeupercentage of_feméieé of f‘ouxf+
years wes 100 % in January.. It ﬁas'BCv% along the coast
of Kesennuma from'early-February>to»mid Merch., The per-
oentag§~ﬁas 96>%'along theicoast of~0zuch1‘fromteariy to

'mid February. It decreased to about 40 % in both areas

after the times stated above (Fig. Le)..

‘Table 4, Age ratio of females (4* and 11*) in 1967

Age ) " Kesennuma coast ) | Age Kesennuma c. .
3Feh. 17,March : g, teb. 9, March
4% January ~15, March  ~6, April 11* January 21 "March  ~6, April -
1100. 0%25 80.9% 31.3% 39.2% . 28.1% 15,08 .
Ozuchi c. _ Ozuchi ¢.
i .
'4* January N Fen, g Chpnt - | 1Y 1L Jan~27, Feb. 1, March~29, April
© 100. 0% 95.6% - 46. 4% 20.8% . . 14.4%

* Percentageé were calculated against the'total number of fur sezls taken in a definite period.
4*...4 years of age and over : )
11*...11 years of age.and over

The seasonal change in the peréentage of females

-of eleven+

years differs someWhat from.that of females df
.féur+ years, FemaleS‘of.eleven+yéars_weréffound'humeroﬁs->
1y along the coast of Kesennuma ih_January;'1967, They..
_reached.BQ 7 6f'theftotal Qatch. . The proportion was less
in Feoruary:than in January. In Mérdh.they‘formed 15 % of
~the toﬁal catch. They,forMed about 3Q % of the catch alpng
the coast §f'02uohi from Jénuafy’to,Februafy, 'Thig-de—:,
creased to about Tu % frbm March to Apri1”(Tablé‘u),

Therefore the’difference along the coast Qf_Kesenhuma

TR T Y ST
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between females of four to ten years and eleven+fyéars is

. that the latter decrease in percentage after February and

earlier in time than thgjfbrmer.

Table 5 Age ratio of females 4~ 10—year~olds) in 1967,

USRI

Kesennuma coast Ozuchl c. ’ Kurosaki ¢. -

22, Jan. 9, March 11, Jan. 1, March . February April . May

Age. ~1, March ~6.Apr.  ~27, Feb.  ~29,Apr. (%) - %) (%
4 8.3(%) 21.0(%) 16.3(%) 21.0(%) 33.3 35.0 16.1
5 56 33.9 23.3 - 29.6 . 333 80.0° 20.7
6 18.1 19.3 11.6 13.6 - o 10.0 . 13.8
7 22.2 4.8 1.6 . 14.8 - - 50 1.2
8 2.5 - 6.5 6.3 4.9 33.4 20.0 18.4
9 125 -+ 97  I1L6 © 9.9 ' ' : 12.6
10 11.8 48 . 93 6.2 - ' L1

-.Total 100.0 - 100.0  100.0 . 100.0 100.0 100.0  100.0

‘The tendency stated above is appareht in' the dhange .
of the age comp031t10n as a whols among, females of four tof>
five years and, six to ten years (Table‘S). There was an
obvious difference between the periéd ffoﬁ January to Fsb—‘
ruary and the period_from Maréh and April. The ratio of
animels of four to five-yeérs 1n.Janﬁéry and Februaryldid_
not resch half their ratio fop.March gnd April. The re-
verse holds for'animalé.of six years of ggé,and over.

. The percéntage of animals from seven-to ten‘years.in Jan-
.uary and February became greater than their percentage in
March . end April. Except nine year-old animals, they were
more tnan twice as numerous 1n the sarller period. A_81m—‘
.1lar tendency'was obssrved along the coast of Ozuchi; how- -

ever, it was not so pronounced as along the coast of
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Kesennums. Along the coast of Kurosaki data for January

and Februarv are lecknng. Therefore the tendency indi- S

cated cennot be confirmed.' However, in the autaor s__e
opinion such a tendency would not have been observed for | .
this area. More females of eleven years were observed |

during Jaﬁuary and February than 5ur1ng March and'AprllP' ‘._' :
along the coasts of-Kesennume,ahd.Ozuchi. Females from.

eix to teo years were the most numerous.among femalee‘of

four years. Wnen the ratlo of pregnant to non-pregnant 36

COWS Wa's calculated prOportlonetely. <‘pr'egmatnt cows

were observed in March and April than iniJanuary and Feb-

ruaty-w@en the animals of advanced age were prevalent.

Table 6. Age ratio of females (4*) in 1965,

) Ozuchi coast : o Kurosaki c. Erimo-misaki ¢. Kushiro c.
5, March 12, March 16, May. 17, June 24, June 23, June
~9, March ~ ~17, April 28, July ~14, July © ~15, July ~16,Juuly

49 625 3.7% - 651.6% C29.1% 46, 5% 40.0%
Onahama c. . Kinkasan ¢. S Kesennuma c.
11, March _ 8, March " 8, April 6, March 6, April 11, May
~22, March ~, May ~28, March 23, April 12, May
7% 87.6% . 52.4% 21.7% 0% 50.8%

* : Percentages were calculated against the total number of fur ceals taken in a definite
penod -
: 4 years of age and over’

Oon fhe whole,:females of fouf+ years were;distri- | e
buted widely in time and epece. Hoﬁever,‘in 1965, the o , f.c |
density became almost Zefo in Abril'eloné the coast of
Kesennuma and from mid March to mid»Aprll along.the:coast

of Ozuchi, 1In both areas the density began decreasing
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from early March., Howéver, -the percentage of femdies of
four™ years was more than~50»% of the total cdtch along
‘ the coasts of Onahams and Kinkasan in March, and the coast

of Kinkasan in April.(Teble 6). -

Table 7. Rates of ‘pregnant and non-pregnant ferﬁales (4*) in 1965.

Kurosaki coast - Erimo.misaki ¢. =~ " Kushiro ¢.’

) 17, June~14, July ) 24, June, 15,_ July . 16, July
non-pregnant 11.9%* 50.0% . 0.0%
pregnant 17.1% . . C T 42.9% . - 40.0%

. Ozuchi c. ' '
5, March 16, May 2, June 11, june - 23, June
~17, April ' 26, May _ 9, June 19, June 25, June

non-pregnant 1.9%. 14.8% 23.2% . 22.9%. 47.8%
pregnant 15.9% 37.5% . 26.6% 25.7% - 8.9%
Onahama c¢.. . - Kinkasan ¢. . Kesennuma c.
11, March~22, March 8, March~2, May 6, March~12, May
non-gregnant : 14.2% . . 10. 8% 5.2%

pregnant 57.5% 46.7% 18.6%

In i965‘whenithe northwsrd migration.of‘fur’seals
Qés invéstigated‘to the 1ast, tne'nuﬁber_of pregnant cows
Apf fourfvyears began to deqréase‘in.June_alohg.thé coast
of»Ozuqhi_(Table'7),*thus:incfeasing the age ratio for the
:yOunger females of four+ years. On fhé cher,haﬁd the
number of noﬁ-pregnanﬁ females df'four+ yesars dodbléd in
the end 5f June. Thistindicateé‘thst’pregnanﬁ cdﬁs leave
fdr the ﬁbrtd_ealier. in'1965‘and &ﬁ\1966 the variation
in age composiﬁion soméwhat diffefed;~ In 1965 towards
the erid of June, females.of four‘tdifive.years constituted.

6ly % of females of four+ yearSu‘ IﬁAJuhe, 1966, they
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1ncreased in number over previous months, however, attaln-zf
ed only a 61 % level(TabYe 8) In both years the percent-
age of young females ofefour.tb five.yeags,increased'in_
June.- When the number of young females increases the
number of nonQpregnaet anima;s aleo inefeases. it can be
:said that the eercentage of non-pregnant enimalS'increasee:~
‘in the.latter.part of the migretioneeven among the animals

of same age.

Tnble 8. Age ratio of females (4-5 and 6-10-year-olds). in 1965—1966

Age Onahama Kinka- Kesen- : Kurosaki Erimo- Kushiro
© coast san numa . OQauchi ¢. o c. misakl c. ) - !
: c. [ . - ’ . - C. - ‘
: March March March 5~March §26 2~9, 11~19, 23~25, June June June
§ (%) ~May ‘~May ‘April~ May June June June  ~Jnly ~July ~July
. e G G W T T ) (8

4~5 355 324 306 556. 47.0 56.6 43.7 643 5.2 333 O
6~10 64.5 67.6 69.4 444 53.0 434 563 357 428 667 0

. March March 27,March 7~ 14~ : Ma);
~April ~June ~31,May 9,June 27,June . ~June

%) (%) (%) (%) (%) ¢

g 4~5 . -~ 575 47.5 4.3 = 683 526 - . 45
& 6~10 42.5 . 52.5 53.7 . 3LT 474 52.5 -

‘Males of four years: the percentage of males of 37
four’ years of the total catch. in the three years was
L-6 % a very small percentage; Males Qf:four+’years
constltuted 20 ﬁ of all males caught. of meles of fouff
‘years, four year—olds were 65 7 of the total flve Year—_
olds were 1 % and six to elght year-olds were 17 7
Males of nine yours of age and~over_(henceforward written
as ninet years) seldom~appeared (Fig; ha; b and c¢). |

Some peculiarities were observed in the distribution
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of malee of four+~vears'in time-and spce. ‘Ih 1967 there 38
was no catch glong the coasts of Onahama and Kinkasan
- during the entire season, nor along'theAcoast of.Kesen-'
" numa in January ner‘alohg'the ceast of Ozuchi from Jan-
uary to February. In 1965 there was np'cétch aleng the
ceasts'from.Kuroseki to Kushiro in the entire seesen nor
along the coast of OZuchi after mid June. These data |
1ndicated tliat males of four™ years (mostly males of four-
years) appear late in the area of investigation and dlS-
'appear early._ The highest pereentage:in appearance of |
males of fourt yegrs in the three years was 12.1'% from
eariyfﬁarch'to mid April in 196S‘along the coaStloflOZuchi.
This period ceincided with a:time wheh'ﬁéles of one to
' ithree years predoﬁinated“ The appearance of males of six
vears of age and over (henceforward written as 31x+ years)'
was very rare. None were observed in the areas from the
coasts of Onahama to Kesennuma in 1967. None were ob-
~ served in the area north of the coast of Kurosaki in 1965.
and after early June alOné the coasﬁ of OZﬁchi." These
deta indicateAthat'malee of six’ yeare appeér much later
than those of four teifive year and disappear mﬁeh‘earlier.
.Therefore it may be concluded that they stay.alohg the

coast of Sanriku for a very short period (Table 9).

<
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Table 9, Age ratio of males in 1965—1967.
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Orhams Kinksean Kesen . Gucnic. | Kurowki Erimg  Kushico
Age Marcl:HMa"Ch . March 5, March 16, May 12,June June June June
~ ~May ~May ~17, April ~11, June ~28, July ~July ~July ~July
(%) (%) (% (%) (%) (%) (%) (%) (%)
S 1 Lo 34 53 . 186 18 26 0 0 0
2 2~3 100~ 17.6 28.7-  45.4° 21.2 19.2 15.8 22.2 16.7
% 4~5 . 1.3 5.1 8.3 11.3 5.5 0 0 0. 0
6* 0.6 0.8 0.7 2.1 L8 0 0 0 0
March March - 27, March 6, May May
~May ~June ~2, May ~27, June ~June
L (%) (%) (%) (%) (%)
1 0 0.5 L2 . L2 . 0
@ 2~3 18.3 - 18.3 159 4.2 24.7
- D 4~5 0.9 3.6 61 0 3.7
6* 14.3 0 3.1 0 1.3
Oniaps Kinkssan Kesen Ozuchi e Kurgsaid i, ., Kushivo
ge -
e ol hpey Febrvary JNnT B AT TNy May  May
2 (%) (%) (%) (%) (%) (%) (%) (%)
. 1,0 o . 0.8 o 3.6 3.9 3.4 32 0
. _ o 2~3 0 0 7.2 0 109 23.2 112 6.5 0
‘ ' 2 -5 0 0 0.9 0 1.8 ‘9.4 35 - 23 0
- u 0 0 0 0 .0 1.5 0.6 0 0

&

Percentages. were calculated against the total number of fur seals taken in a definite period.

2) Migration of fur seais.along the coast of

Sanriku

In fhe»previous section werse stated the peculiar—

ities in the changes of .the composition by the age and

tne sex of fur seals. In this section the author would

like to add the resuits of investigafions of ecological

peculiarities of fur seals‘migrating between their breed-

. ing islarnds and théfcoast of Sgnriku.‘~1n order to avoid

confusion "distribution" and "migration" are treated_dis;‘ﬂ_

tinctively in the following analysis.

The direct proofs of»migration,of‘fur seals are
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flrstly, by tags attached to. fur seals on- a breeding 1s-
1and are recovered from for seals caught along the coast
of Sanrlku and secondly, by obqervatlon of the tagged
animals later on the breedlng 1sland . However, the tagged‘
animals caught along the coast of Sanriku were less than
- 10 % of the total. catch. The tagged animals do not’ 1n-.
dlcate anythlnq about the mlgratlon after they appearﬁ
along the coast of banrlku. Therefore the author would
like to analyze the migration along the coast of Sanriku -
'using data for the_distribution given in the previoue\
section. | | | | |

.rYearlings:ithey appear along the coast of Sanriku
. Somewhat later than the advance nerd migreting southrerd;
They spread efterwerds'in'time and epace.orYearlinge'ere
few in number and are foﬁnd sporadically. They stay along -
the coast of Sanriku to the 1est until migreting-north-
ward. Sexual segregation in time and“space'is rarely.
obeerved o | |

Animals of two to three years' the time of arrival

and the duretlon of stay in the investigated ‘areas are
similar to those=of~the firet.agergrouo. They ere"more
‘numerous,.spread widely in time and‘space>andbstay alohg
the ooaet_of Senriku oontinuously;'"sexuai eegregation is.
| morebconspicuous then,among‘the yeariings.V‘It is apparent‘

" from the data of the coasts of Kesennuma.and Ozucni in
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1965 that many males of two to three years appeared in
March and April. This did not occur in the other two
years. The reason is thoﬁght to-be that many méles stay-

ed north of the coast of Sanriku.

January~March, 1967

[

Kinkasan

T Widdle of April, 1966 N
. ‘-\ ,A : )
J End of March, 1965 -
: : . _, April, 1965 SGN
. --_\From data of
Makiami-gyokyS-sokuh3,
- ) | No. 3,1965

142E 144E

- . . b Fié. 8. Southern: boundafy of fur’seal distribution’
. _ : by season in 1965—1967. o

Animals of. four’ years: almost all of the advance

+

gfoup of- the southWardimigrating herd are females of four
years. - Females of éix to ten years and eleven* years are Ul
foremost in the southward migration. .Thej stéy §t the e
southernmost boundary.bf'the migration. The largé con-
centfaﬁidn.of femaleé of Sixf years lessens as females of 

+ two to three yearé'and:four to.five years migrﬁte~south~
ward in increaSiﬁg numbers.‘.Theée latter groups evenﬁu-‘
ally qdnstitute.the majority at.fhe éouthern haif of the
migration. The northward migratioﬂ.bégins‘gradually.
'Among.the females of four’ years_pregnénﬁ animals and

‘ ' females of sixfyears’_disappear-early. - The rest of this
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group (mostly females of foﬁr-to five yéars and.nbﬁ—’
pfegﬁant“fgmaIéé).leaﬁe for the nérth‘eaylier thén'females
of two to three yeérs;' Therefore females4of two to three
yearsiform the last group of the northward migrating herd.‘
_ On the other hand, males of foﬁr+ years appear'later thaﬁ‘
‘the other fur seais ana diSappear earlier. Therefore
‘they stey along the coast of Sanrikulthe'shértest time.
This_tendency is pfominant among m§les of six to eight
,years; Males of ﬁine years of age and'oﬁéf (ﬁenqeforward

* years) seldom appear. Sexual segrega-

~written as nine
tioﬁ‘in time wnd space is most qonépicuous. Fehales ﬁend
tO‘be.ig the south of fhe migrafibn and méles inAthe north.
The above:is an outline of thé»characteristids of |
thé'mipration according fo age and Sex;._in.ordér to.éx-
_'amine the cause of the change in age and sex compostion
which occurs along the coast of Sanrlku,_the author views'
in the following migration'in a more abstract manner and
also reviews.the developﬁental'stages of the animai.A It
is thought to be appropriate that the folloW1ng age groups
4form the develoomental qtapes which have their own pe-
cullar modeq of life: yearlings, males and females of two
to three years, males-of four te five years, females‘of
four to five years, males of six to eight years, females
2of six to ten years, males of nine” years and females of

eleven*.years{ The names for each'developmental stage
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‘shohld be deoided in'future after a sufficient stady on
the modeSjofwlife is made:
Ito (1969) has diyided the-de&eloomental_stages

by ﬁorphological forﬁation:aodosexual ﬁatdrity.:'ln the 4
case of males they are_fetus,-infants (yearling and young
animals of two to three yeers); full grown animals I
(five to seVen years),"fﬁll grown animals II (over eight
years); In the case of females'they are fetus,_infants.
yearlings and young animals of.tﬁo to three_years) aod
jfuli grown animals (over four'years).

| The diﬁisioﬂ of developmental stages made bvato
ahd.that by the author someﬁhat-differ. Tto treated
females of four' years as one group. The author.divided->
them into three divisions, four to five years, six to ten
“years and eleven” years in accordance with the_oﬁaraoter--
‘istics observed in the migration along‘the coast of San- |
riku. Ito divided males of over two years into three
. groups, two to four vears, five to seven years. and eight
years of age and over. The author divided them into
foar, two to three yPars, four to five years, six to
eight years and nlne+ years for tqe same reason as for
females of four’ years. However, so.far as tne develop-
mental stages are concerned we agree in dividing the
- animals info groups of infanos; young~animals.andiadultA

animals., Thus the differences in age in both male and
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female divisions are due to a difference in emphasis .in

the analysié whether it be from a morphological or ecol-

ogical point-of-view.

.In this paper the fellowihg are exolainedi the
dehsiﬁy distribution  oeculiaritles of pods, ‘the charac—
terlstlcq of relationships- between the mode of mlpratlon,
the oceanograpqic conditlons and food nablts for almost
esch developmental qtage.'(A lack of data prevented the
author frow dealing with all the developmental stages;)

The basic mode of mlgratlon does not change Vearlv.

-HHowever, the changes in age and sex compositions observed

each year varv in time and space according'to.the lecation

of tne 1nvest1gatlon in the m1oratlon area. In 1965 the
southern bounderv of fur seals reached the southern half
of the coast of Onahama (Flg. 5). 'Thus the portlon 1n-

which females of_six+ years predominated moved_beyond the

~area ol the investigation‘ However, the investigation

was carried out in the area in whiech females of four? jears
predominated which was just‘north’of the group of‘femeies
of six® years, in the area in”whieh'males of two to three
years pfedeﬁinated and on females of two to three years
which were the last group of northward migfetioﬁ. In

1967 the southern baundar& was‘the eoést of Kesennuma.
Thereferé the area of.inveetigation held a Cencentraﬁ;on

of fowmsles of six? yeers. Thus the group wés'fully
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iﬁveetigéted) However, males of twe to three yeare who .
were thought to be north of the females of e1x+ years,
the prevslent area for msles of four years snd the latter
half of the northward mlgratlon could not. be 1nvestigated.
In 1966 the southern boundary was not as apparent as in
other years..~$ince no 1arge-groupe of femeles of sixt
-years and males of two to three yeers apbeared, it was
thought to be midwayﬂbetWeen the boundaries for 1965 aﬁd
.1967. Therefore the part ofAthe migration in which the
ennual'investigetion took-place'cen be determined through

analyses of age and sex compositions in time and space.

» §11. Relationship betwesen the density distribution

and the mode of migratlon of fur seals

It has been explalned in the former chapters that
fur‘seals migrate according to thelr-developmental stages.
In this chapter how the density of fur‘eeals varies in |
time and epace is stﬁdied, ‘Teylor'et al. (1954) used the
equation beloQ to estimate tﬁe dengity supposing fur seals
~are oosefved within 100 yarde of both sideés of a fishing
boat. Density (per square mile) = total number'discovered/‘
sailing distance x 200 yards; In Canada, on the other
hand, the following equation is used: densityA(pef square
mile) = total number diseo#ered/ sailing dietance X the.e‘ u6
“visibility factor (T when a fur seal is sighted % mile |

from a boat, 2 when % mile, 8 when 1/16) (Fisheries
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Table 10, Relation'beiweeh the developmental stages and

X X X X
e

J

.....

.....

.....

Glass by density degree -

P = = Age
2 5 @ 1 2 , 3
g a g 8 Q 8 Q & 19
K 2 | . No. No. No. * No. No. - | No.
Onahama coast 3, Mar. I i
Kinka-13, Jan.~9, Mar. i
san c. 21, Mar.~8, Apr. Il .
: miy1 s9 1 20.3 35.1 083 L2 05
22, Jan. m ¥ 3 1.5 7 2.3
& ~15, March v 1 1,5 3 1.9 2 06 4 .0.8
o " 1 3.4 1 21 5 0.3
£ Vi 2 1.4 2 06 6 L3
g VI 1 L5 1 Lo 13 Lo
B i - . i1 L5
™ 17, March o |z 14 "2 0.9 1 1.4 3 Lo 4 14
~8, April m. 1 L2 1 0.9
Oz. 11, Jan.~17, Feb., 1l ~ [
* Kuro. 3-4, Feb. : 1 1.0} 1 0 1 '1.0| ’
- ‘ o pro22 2 w74 L1 126 097 1.6
0z. 19, Feb. mi2 261 1.7 4. 231 26 1. 03 2 09"
~8, April v 1 0.7 ' 4. L6 1 0.6
: by 2 Lo 1 07
A . ] 3 0.6
o 42 2.7 3 151 20 1 0.6
; 0z 14, April T S 1 L2 ~ 2 2.7
= ~17. April v .
o \% - 11 60 1 2.4
') Vi j 1 0.7 4 10 4 124 L7
Oz. 23, April . 11 1 0.9 2.7 1 0.5 6 1.8 2 .0.8
~8, May m i 2 Lg o 1 1.0 3° 37
' v {1 08 1 23 4 1.8 2 0.7
: V. » 2 2.7 '
Oz. 26, May n |1 o8 2 16 2 14 2 113 .25 1.2
Kuro. 12-27, May Im - ‘ .
: ’ I\Y . 11 35 :
. v.| 1 28 . 1 2 1.5
Kuro. 18, April : |1 Lo 1 Lo 1 1.0
Y Kuro. 25, April m| 4 21 2. 3.9 4 1310 07
% ~9, May mi1l 08 "4 L8 2 0.6 4 0.7
¢ Erimo. & Kushi. v 1 1.5 2 .23 .15 2 05
235 May V- 2 29 :

- VI 2 0873 L& 7 13
Erimo-misaki 13-22, o < 1 221 o5
& Kushiro c¢. May i 1. 1.9 3 1.4

v XN Xgy+++--Number. of individuals

he
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the degree of concentration of fur seals in 1967.
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the degree of concentration of fur seals in .1965,
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Research Board of Canada, 1958)

The author regarded the number of 1ndividuals
obseryed per_five mlles of saillng as an index of the den-
sity in the area. This is because tnere are many. factors

which 1nfluence the density such as alterations in the -

percentage of fur seals observed due to oceanographic con-'

-Vditions,‘the difference in boat speed, the probability of .

recounting an.individualsalready counted, changes in the .
percentage'of fur.seals observed due to'possible‘confused
movement of furASeals during'catchiné and the differencs:
in the abilit& of cbserversa The factor of 200 yards
giﬁen bj Taylor et al. and the v131bllity factor used

'in Canada’ seem to be W1th1n the limit of errors caused
by the factors stated above.i Therefore the author decided
.'not.to.apply the eforementioned eduations. These rela-

- tionships .should be studied further;- The author used h1s
-own nethod in this paper. The denS1ty is divided into
nine (I-1IX) degrees of concentration.

1) Relationship between density distribution and

-

.mode of migration

In order to obtain a general view of the density

variation in time and space; the degree of density in per
cent wWas studied. It was based on charts taken in the

‘same investigation area at the same'time (Flg. 6a, b and

c).

l‘ﬂ:“”
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~ The best observations of fur seals migraping south-
ward were obtained in 1967. In 1%7; the density \«-rasv al-.
‘.mest zero along the. coasts 6f00nahama and Kinkasan.l,Thu!V
it is apparent that the migration.of fur seals stopped
along the coast of KeSennﬁma, From January to mid March
- along the.coast of KeﬁennuMa and from Ianuaryfto'mid Feb-
ruary along the coest of’Ozuchizfeﬁales of fourt years,
constituted oeer.BO % of the population.\ The ~density

along the coast of Kesennuma was over degree III only

from January to mid March.. The density along the coast u9.

of Ozuchi from January to March wae‘seldOm over degree
III'(Fig. 7a-e). Teerefore the cehter‘of‘eoncentretieh“

for females of fourf years in both the:areas from Januaryz-.
to mid Merch:was about/ten to forty miles from the shore
~of the coaet of Kesennuma (Fig. 7a). In the same area

females of six to ten years were observed in areas, of high

concentration (deqrees VII and VIII) rather than in sparse-

1y pOpulated areas. Males of one to three years were. ob-
served in the areas of low den31ty (degrees II and III)
There was no apparent tendency observed in any other

.>developmental stages (Table 10 )

% Values given in Table 10 11 and 12 are calculated using

the equat10n~ . ng- N

Xij eveen Number of individuals ' Y= 2, 'X‘_-J- P> ij.
: «es.. Class by density degree ~ vo.u ‘
J  eseess GCless by age and sex - ‘

N  ..... Total number of individuals.
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Table 12. Relation bétween the developiental stages and the degree of concentration of fur sgals '

in 1965—1967.

Age 1 2 3 ) 4 6-10 11+ -
= . S -
B s oo | s e | & ¢ | s e | & Q 9 §
ANo. No. [No. No. [No. No. [No. No. [No. -No. |No. No.

I 4 L5419 1.6)98 1.3 47 1.01117 1.1 114 1.1 39 1.0 106 1.0, 7 0.8 88 0.8 244 . 0.9107 0.9 1035
M W11 81054 1.0351.1690.9 8 1.1240.9 81 1.1/91.4 8 12171 0.9 69 0.9 724
IV 60.6 30.7)200.7160.9/360.9 270.7 1309 3509309 441.2132 1341 1.0 380
v o305 164 60411113113 160. "’le.s 2511316 2813 6 1.119 0.8 223

females of I‘our+

Kesennuma.

AT PUZ ERF DE UG T 0E A m® SELE F0F LU D04 220.8 89 L%%“L4.%ﬁ
405 40.8 807;8& 41.0 wod111 505 48 1.613 L2 107

I 2
I 1 223 210 105 - 10.5 : 9 16 524 2
X t 431 1.3 211 1 461 10.5| 317 : 18
Total’ \ . . . : . S
R 97 123 289 286 ''101 . 289 oo 759 2 - 2770
we XN . X¢j:-+---Number of individuals '
_)}—i;}—‘i:ﬁ ) § oeeens Class by density degree

5 «.-Class by age and sex
N -.i...Total number “of individugls

From the ead of March on thers océurred an'inérease
in the numbers of animals of one to three years and males
of four years whlle correspondingly the concentration of
yegrs disappeared from the coast of
High density areas of dgrees III—VI’were'foqnd
along the coast of Sanriku (Fig. 7b and e). However, N
there was no chaﬁge in the constituents ofﬂthe'high density
area in thet they~were females.of four® yearé and espe-
01a11y females of six* year From these findlngs it is
possible to conclude that the high denQity areas along the-
coast of Kesennuma begin mov1ng northward qomewhat anead
of tnefmlgratlng hgrd-at the southern boundary. There-

fore the high density areas which scatter along]the'ceast'
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of Sanrlku Rre regarded as groups in the process. of nortn-
.ward mlgratlon. -The- chadges in the density distrlbutlon
iaccordlng to the developmental stages indicated prev1ously
for this t1me and .place can be observed partlallv in the
results given in- Table 10% | |

From March to Aprll of 1965 high den81ty -areas
were observed at_the-southernmost areas. -There was a
' hlgh concentration of females-of'four+'years and females
51x to ten years populatlng the hlgh density areas.,  This
agrees with tne observations of 1967 (Fig. 8a and Table 11).
At the same time an area Whlch consisted almost entlrely
of males (especlallv males of two to three years) appearf
- ed towards the north of the saresg with a'concentratioh ofv
~ females of four' years. iHowever,‘the density for males
‘was.low‘(degre II or III)‘andithereiwas no teddencyitowards a
‘special'density distritution Suchvas for females of six
to ten years. After mid June when the percentage of females

of‘four+

years agaihst the total'catch began to decline,
densities degrees IV and v occurred in some: locatlonsr
- The high den81ty areas dlsappear from the coast of San-
riku as -females of four+ years move'northward (Fig. 6a
and PFig. . 8c and d). | . ‘
| In 1966 the catch was small comnared with number:

of indiv1duals observed. Therefore 1t was not sultable

for a study of the relationship between the density
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distribution and the distributionjof individuals‘acgdrd#'
ing to the devélopmentai“étages. Thus ohly the changes
in density diétribﬁtion in time and space are given in
- figures (Fig. 9a-e). A SO
When the déviation of thé denéity distribution
in‘each developmental_sfage is comparéd‘in éach.time and
place, the number of fur‘seéis observed becomes less and
tnevrelationship becomes less app&rept;: However; when
the data obteined over tue three &earé'afe studied thé )
relationships become cléafer (Table 12). Thé tendency
towards 1Ow densitY areasv(degree I1) was observed cleaf-
ly for yeafling snd males of two yearé;. The ﬁendency-to-
:Qards nigh density'éreaSAwas observéd‘for femaleé of six
t§ ten years (degrees IV—VII) and:fema1es of eleven® yeats 
(degrees. VI-VITI). No apparent tendency was observed for
'animéls of otner developﬂental stageé.l One of the‘reasons.
.is ﬁnat_tne obServaﬁions were weighted tdwards a ‘specific
tiﬁe; spébe ahdvdeﬁsity distribution. | |
| The following is a summary dflthe'relatibnship-'
between denéity distributionvand ﬁhé ﬁode.of migrétion,of
fur’seais;’é) dufingvthe first hslf of'the‘migfation o
beriod, females of four® years are cqnqentraﬁedﬂaround‘
the southern limit of tﬁe distribution. Especially females
of six to ten years tqna to gatheriin'greater_numbePS‘in

tne nigh density areas (degrees VII and VITII). Sometimes
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males of one to three vears are found in the areas of lower

denslty. b) In the second half of the migratlon period,

the females of fourf years start to move to the north,

maintaining their tendency to concentrate in the high den-.

sity areas. As the'females of,four*gyears move nonthward,
the high density areas disappear from’the cdast of San-
riku. c) The percentage of yearllngs, animals of two to
Atnree years and males of iour+ years agalnst the . total

catch (per day) sometlmes rises in the low density areas

'(degrees II and III) d) The data obtained in the three

years of investigation 1ndlcated the tendencies that year-- .

. lings add males of two years ooncentrate in 1ow density

areas (mainly degree II), femsles of six -to ten years and

+

females of elevent years in high‘densify areas (degrees

IV-VIIT) and (degrees VI-VIII) respectively. Animals of

other developmental stages do not show similar tendencies.

2) Tne yearly cycle of 1ife-fon.the adnlt femsle
fur seals o | ' - |
-Tne yearly cycle of 1life for adult:females is oonf
- sidered to be divided into two parts: fistly, the breed-

ing season oocupied-mainly by.delivery,‘nursing‘and ree
production; secondly, feeding sndemigrating season. The
dyeerly cycle of 1ifefofdadult_femalesAStudied nere-is
limited to that of the feeding and migrsting season:along'

. . : | : o _
the east coast of Hokkaido and a&long the coast of Sanriku.
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The yearly oyole of life can be divided into theA

B

.folLOW1ng perlods i) perlod of southward mlgratlon' 11) ,

'perlods—ofestay.I and II; and iii) period of northward

migration.

1). Period of southward migration: this period is

not yet urderstood fully. :In_1967,.this period oorresponds

to a time'beforeeJanﬁary, _The-adult‘females migrate south=-.
ward from the breedingvislands or'their vioinity.

ii) Periods-of- stay I end I1: period-of- stay I is
the tlme in. whlch the adult females stay in the compara-
tlvely stable-and high dens;ty areas hear the sopthern
llmlt off the distribution. ‘Tn “time corresponds to the
pePlOd from before March to the end of Apr11 in 1965 at
the southern half of the coast of Onahama and the perlod.:
fron-January'to mid March>int1967.along the»ooast of Kesen4.

numa. 'Period-of—stay II is the period during which the

‘adult females move northward slowly along the: coast of

Sanriku in aress of a high degree.of" density.' Thls tlme
correSponds:to tue period from the endlof April in 1965
and fron April to early'and/or midtJune'inﬂf967,f |

1i1) Period of northward migration-.this.is the
perlod durlng whloh the hlgh ooncentratlon of adult females
dlsappears from the eastern coast of Hokkaido. It occurs
in early June or after m1d June. |

"~ Since the migration of adult males was not observed
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to any apnre01able extent 1n this investlgatlon it is
8

not possible to draw any conclusion on the yearly cycle

of life of adult males.

3).The structure_cf deﬁsit&"distribufion

In the previous chapter fhe structure of the den-
sity distribution was seen to be rdughly'iﬂ_thé form of
concentric circles, However, the»density distribution
changes ratﬂer sﬁddehl& in time eand space. Theréforé»in
order to obtain a better.structure:for the density dietri-
buﬁion,'it is necessarf to stﬁdy the'maﬁter?in detail, |

When the sp801ngs of concentric 01rcu1ar isograﬁs
dlffer, the narrower spacing occurs.near the- center whlch
is ofisnore. This mode of density distrlbution appears
near -the boundary of the distribution of-fur seals (Fig.
16 and Fig. 19b). e : f B

The mode of den31ty distribution in whlch the
spacings between concenbr;c_01rcu1ar»isograms‘are nearly
veaﬁal appears somewhat away from the»distributiCn bcundarj
- (Fig. 17a, b and c, Fig. 1Ba and b, ‘and Flg. 19a).
| In both cases stated above, the density decreased
away from the center. However, in the case of’ Kesennuma
in 1967, the density became eomewhat'higher_at the edge 51
of the paftern (Fig. 16). |

| Ihe structure of the dehsityldistricutioﬁ is bas-

ically a concentric circle. chever, whether the mode
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becomes nearly a. complete clrcle or a hlghly eccentrlc
ellipse depends on not the peculiarities in nature of fur

seals but the relationships between-fur seals, their food

habits.endAoceanogfaphic‘conditions.V

Table 13. Composition of pods and frequency of appearance in’

! . 1965—1967.
Frequency cf appearance Component of pod
very often 4*9Q h ' "
frequent ) 4t Q, 2~39¢ ) 2~39
4*9, 2~38 - 2~33
, 49, a*s 49, 239, 2~33
seldom ) 4% 3 ) . 2~39, 2~3%
2~39 -
4t9Q, 4+, 2~39 4*9, 18
4*9, 2~39 . 2~3¢, 2~38, 19
. rare ©i4vQ, 2~39, 19  2~39, 184
‘ 4*e, 4'8, 2~38 2~38, 18
48, 2~38 18
. 4*Q, 2~38, 13
1 8 ---1-year-old males 2~39-'~2-3-year~old females '
1 Q.-1l.year-old females " 4% 38.-Males of 4 years and over

2~36+:-2-3-year-old males . 4*Q...Females of 4 years and over

»

§5. Relationship between pods and the mode of 52

mlgratlon of fur seals

Fur seals at sea dlstrlbute in groups of fairly
large numbers.: The sizes of pods differ. Fur seals stay
close to one another in sleep or in swimmlng.' They tend
to flee from a pursuing boat in groups all mov1ng in the
same direction. A study has: not been done on whether
these podslhave any social and ecological»struCturetand
functions. dowever, since the pods have a certain rela-l

tionship with the mode of miéﬁation, the nature of pods
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can be revealed by studying this relationship.

- The recognition of pods are influenced by the

~weether condition and the ability of the observers. The

weather conditions necessarv for such an investigation

'are clear v151bllity and a sea state less than 3.

1) Relatlonship between the sizes of pods and the -

degree of density
The observations on pods were classified according
to the degree of density andvthe sizes of the pods. .The'
results indicated that in a'lowidenSityterea, pods were
small and that the higher the densit&, thevbigger the pods.'

In an urea of density degree II the 1nd1v1duals made up

. over 60 pA of the populatlon and the oods conslsted of

two to three animals. For higher degrees of density tne.

proportion of individuals decreased to less than 10 % and

pods increased in sizé. The largest pod which included

thirty to fifty animals was found in'an‘aréa of density

degree IX (Fig. 10)

2)- Relatwonshlp between the sizes of pods and the

develoomental stages

As stated above, there is;s fixed relationship be-
tween the sizes of pods and the degree of density. More-

over, there are differences in the relationship according

to the developmental stages (Fig. 11).

There are some different .tendencies in the following
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areas: the coasts of Onshama and Kinkasan in Mefeh,'1965
and the coast ovaesennuma ffom Januafy to March, 1967

whlch had a prevalence of females of four years who were

at the tip of the southward mlgratlng herd. and females of

eleven™

years, tne coast of Ozuchi in April, 1967 which
had a prevalenoe of yearlings and males of two to three
years; north of the coast of Ozuchi in May, 1965 and. 1966.
for wnich there was to be observed a decrease 1n‘females
of four+ yeérs and a'prevalence of females of two to thfee
years in the second half of fhe mlgratlon. |

. The teqdencv of gafhevlng together is most strong
weere females of fourt years are'prevelent, that is, large
gizes of pods are observed.often in euch aﬁ area. When
the degree ef density is*II;‘the individuals made up at
least 50 % of the populatienf The ﬁeximum percentage fer

individuals was 75'% and found in the females of fourt

years along the coast of Ozuchi from January to February

53

in 1967. The degree of density was II. In the area where:

. male yearlings and males of two to three years are‘breva-
7lent‘fur seals do not form 1arge‘Sized pods than those of
females of four' years when the degree of density'is IT

to III. Since the structures are more cemplicated.than A

those two cases above at ﬁhe period{of—stay'II and during

- the period of northward migration, the nature of a special

- developmental stage cannot be explained easily. However,
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it is appafent that the incfeaée inAJunevin‘thé ndﬁbgré of
- non-pregnant-females»andy}emales of'twé.to-three years
~ should be c@nsidered.to be.iﬁfluenéial,. in‘the ﬁeriod—of?‘
stay II and the periodvqf northward migrétion, it'is clegf
that tﬁe pods tend to bevémaller_in all degrees of density.
.than in the sreas ih'which females of.foﬁr+ yeéré are pre-
valent and also smaller than the mean size for the fhree

years of investigation.

3) Components of pods o - - . 5k

The composition of pods and their variations are
two of the more important meens of.révéaling the funetion
of podss The cases in which every member of a pOd.kas |
éapturéd were noted and analyzed. Tﬂe‘pod in ﬁoSt 6ééés
'conéisted'of two to five_ahiﬁals,' Théré Wwere not enough
larger pods fo enable analysis. |

Firstly, the coméination of coﬁponents of pods
énd thé‘abproximate ffequency.Of‘appearance wefe-studied.

- Animels were divided into éix'groupS:'malés-and females of
one year old,imaleé'and females of~two to fhree years,. 57
males and females of four’ years. If males-and females

of four’ years’were_divided furthef, tﬂefe would not be
enough examples. TQPVfreQuency of appearance.of.pods in.
the'three jears waéﬂgradéd into 1)5véry‘off§ﬁ; 2)'free'.
duent; 3) seldom and ) rare; The_coﬁponehts of'1)9and.

2) were females of four' years and males and females of.
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two to three yéars;' They appeared most frequently in the
total catch forming the. ma30r1ty. Their comblnations
were females of four™ years only, feméles of two to'three
years only, females of four’ years and males and females
of two to three years.‘ The components of.3) and u) were
highly variable.'vThe'freqﬁency of appéarance was low.
Almost every combinatian was observed (Table'13);

The appearance of these combinations indicate
some‘peculiariﬁiés in the. relationshipé between fur seals.
during mipration.v From January to March in 1967 along the'
coast of Kesennuma and from.January to February along the
coast o? Ozuchi, the most females of four' years.remained
in the area;' The'components of pods were>mostly femaies
of four” years. DMost of tﬁe combinations were also madé
of‘feﬁgles of four+ years only. There were only a few
exaﬁples-of the éOmbination of females of four+ years and
males and females of two'té‘three years (Table 1ha, b and -
,c).. - ‘ | o o

From March to Apfil.in.1965 élongvthe coast of
Ozuchi, there Was.é_ﬁimé during which females of four®
'years did_ngt appear. The compoﬁents of pods were maleé
of four+ years, males of twovto thre§~yqars and male of
yearlings, Most of thebcbmbinafions were made of males
of two;to.thféé years_only. ~ There wgfe no apparant_@ﬁafh

_ acteristics such as mentioned above for other times and.
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Table 14a. Regional and seasonal prgvalbncies of fur seals based on the combination of 3
components of each pod observed in 1965. :

T F D
. F F E D F D C
Region Date F* E E D D ED C C C A
E ™ 5 DD B C C c c ¢C A A B A A
& % Mar, 15 1 R
I -
5 g 9 22 2 2 . 1.
g Apr, 13 1 "1 1
P 25 . 1
o 26 2 1 1 . :
§  May, 12 1 - . . N 1
M 2 2 1 1 '
2' Apr, 6 1
§0- May, 11 4 . 1 1 ]
_ ;‘J E 12 . / 1 |
Mar, 5 1
9 1
. 12° 1
Apr, 5 1
7 2 3 1
J . r 8 3
l§ May, 16 4 1.1 2 2
.S 18 3 1 1 1 1 1 1
26 5 2 1 1 3
June, 2 2 2 1 2. 2
8 3° 1 1 1 1
9 1 -
11 4 1 1 1 1
19 1 1 1 1 1 1
20 June, 17 1 2 1
'y
£ 24 .
g July,. 14 - 1
“*: Combination of components of each pod ot ) .
A : l.year-old males C : 2:3.year-old males . E : Males of 4 years and over
B : l-year-old fémales D : 2-3-year-old females . F :Females of 4 years and over

places. Méhy combinafions were'made of feméles of four' 57

years only, females of four" yaaré apd’females of two to

three years, females of foﬁff years shd males of two to

three years and maleslof-two,to thfeé yearS'only. o o
.The cﬁaracterispicslstated’above concerping the

components end combinations of‘pods do not indicate any
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Table 14 b, Regional and seasonal prevalencies of fur seals based - . . 5 h’ '
: on the combination of components of each pod ob.
- served in 1966. '

F . FF EFXT FED
Region Date F* E E ]E)I D D D IC) C C C C )
: - ) C. _
o5
§8 Mar, 13 S 1
g ° 15 1 11
c 22 = 1 11 11
G )
Mar, 4 1 1 = .
S " Apr, 11 2 1 1 1 1 1
- g 20 S S
2 " May, 6 1 : 1 1 2
g 4 1 1 -1
v 17 1. B
June, 14 . _ A ) : 1 -
15 1
Mar., 27 1 1
Apr, 6 1
20 1 _
28 1 1 1 1
' May, 2 .
5. 7 _ 1
S 20 11 - 1
S 21 1 ‘
28 1 1
June, 8 . 1 2 1
14 1 ‘ 1 _
27 2. 1
2 ¢ May, 10 T 1 2.
§ 13 1 . .
ﬁ 14 B . 1 - P
*': Combination of components of each pod‘ . )
A : l.year-old males C: 2-3-yeay-old males E : Males of 4 years and over

B : l-year-old females D : 2-3-year.old females F ;: Females of 4 years and over
specisal and'apparent difference according to the size of 57
pods. .

The facts stated above indicate that when females
of four™ yéars or males of two to three years are preva--

lent they tend to form pods by themselves. If other

enimals different from those above enter the éreas they




Table 14c. Regional and seasonil prevalencies of fur seals based
on the combination of‘components of each pod ob-

served in 1967.

Region

Date

E E’
F*EDD

FEDG DGC
ccc b aa

Kesennuma coast

Jan,,

Feb.,

Mar.,

w

15
16

17.

21

12
15
25
26

1
8

—

Hiel=ic

Bzuchi c.

Jan.,
Feb,,

Apr.,

S 21

19

14
16
24
25

27

bt et e e B | B

Kurosaki c.

Apr.,

May,

25
26

9

12

23

PO e DO

bt gk b ped

rimo
isaki c.

& E

3

22

* . Combination of components of each. pod
C : 2-3-year-old males
D : 2-3.year-old females

A : l.year-old males
B : l.year-old females

. E: Males of 4 years and over
F : Females of 4 years and over ~

65.

55




66 ..
form pods Qf verious combinations. These facts ére appar-
. . . ,'u' N ) ) . ) ) .
ent when the variations of combinations in time and space
and the variation'of.the-developmentél'stéges in»time:and

space are compared Therefore there are no data that in-

dicate the ex1stence of the soclal and ecologlcal relation-‘

'ships which contlnue ( the relatlonships such as between

pérénts and childfen, males and females, iﬁdividuéls;of
diffefént developmental stages). Fur seals have a Strong.
tendency fhat individuels form a bodehen in a~de§elop—
mental- stage which haé‘a-peculiér mode. of migration.._Fromv
the'exambles‘taken from the catch, the more complex the
components are the nore diverQified .are the combﬁnations.

Therefore 1t is con81dered that tne relationships between

_1ndiv1dualq in a ood are comparatively loose and tempo-

rary. Thus it is cons1dered that the pods are_changeable.

6. Relationship between the temperature of the

- surface water ‘and the mode of migration of
fur seals -
Migrating furnseélé are influenced directly:by

the oceanographic conditions and indireétly-by the mode

of life of their prey.‘~Several factoré_canfbe considered

in the weather and the oceanographic.conditions-which in-
fluence the fur seals. The most appafent factor is the

water temperature.,

4




- Table 15.

QOceanographic records of Sanriku and Joban coast in 1965—1967.

The Kuroshio current

The Oyashio current

Date Transition area
. . : 1st branch of 2nd branch of
March  Northern 33.3°N Water temperature 7°—10°C the Oyashio the Oyashlo
limit 145.0°E Sanriku coast 39°N, 146°E
Aplil ’ 35.0°N Large cold eddy- off Joban, warm eddy Out of cold eddy stretchmg Sanriku Sanriku and
é C 141.3°E vcoast . i Joban -coast
S May r ig 56"1;': Large warm eddy stretching' 41.5°N along 143°E —145°E 38.5°N, 142. 8°E 39°N 146°E
T 142.0° .
. June r 35.’7‘,’1; Going north of secondary Kuroshio current (to 37.5°N, 143.5°E) 40" N, 142.5°E-~ 39°N,147°E
141.5° - ' - o
July I3 " 35.5°E Going north of se‘condary Kuroshio current (to 40°N, 145°E)' Sanriku coast
March [ 37.0°N.” Remarkable boundary between water masses off Shloyasakl and Kinkasan Stretch south,
143.5°E coast Sanriku coast and contact with
’ the Kuroshio .-
April » .‘35°—50’ N Warm ‘eddy off Shioyasaki and Kinkasan, Secondary Kuro- Sanriku coast, contacts ’
- 141°-30E shio current make remarkable boundary with the Oyashlo .with the Kuro. out of
§ current at 41°N, 144°E—146°E warm eddy of transition
area : : :
- May - ” 35.0°N Remarkable boundary be_tween water masses off Joban and Sanriku ‘coast Join with Ist
: 142.5°E Sanriku coast . branch off Kl-
. : ‘ . nkasan
June: . 35.0'.N. Secondary Kuroshio current go up north to Sanriku coast , Middle of © aQeN .145°
. . ) : . " Sanriku coast 39°N, 145°E
January a Inubdsaki Kinkasan coast 11°-—14°C, none cold eddy between mlddle of Sanriku
“SE 30 M coast and Inubdgsaki c. : N
> ’February" ’ * 36°N Small cold eddy on Sanriku coasi Middle of a0 o
§ ~March 143°E . - L Sanriku coast 39°N, 145,'E
May ) v 35°N Large warm eddy between middle of Sanriku coast and Kinkasan c., ” ' 40"N,146°E
. 142°E its northern -edge is 39°N . ) -

From the data of Tohokulzatku Gyojo Kazkyo Gaiho, 1965—1967 and Jour. Oceanogr. Soc Japan, 23(2): 36—38, 1967, with some additions and

. rearrangement by .the author

.

95

L9
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Erimo-misaki |
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—36N
/ Mnrc
: i T January— February’, | S .
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Fig. 12. Monthly variation of- 15°C-isotherm (To) in 1965—

1967 (from the data of Téhokukaiku Gyojd-kaikyd-
Gaihd, 1965—1967).

Along thé ééasts~of Sanriku and Jéﬁaﬁ.to wheféf 57
fur_geals migrate Ozashio (the Kurile current) and |
Kurosnio (the Black current) oppose each other. Therefore
'these Preas haVe more complicated and active oceano—
graphic condltlons than those of the Japan Sea and the
eastern Pacific Ocean\also to where fur seals migrate.

Fur seals in the séa'uéually_have tﬁeir rest and
sleep afloat from immédiately.after:ﬁhe sunrise and jusﬁ
'befqre~the sunséﬁ. 'At night ﬁhey éat fighes and squids

near the surface of water. Therefore it is considered

i




69

that they are iﬁflﬁéhced'mosﬁ strongiy by the tempergtﬁré'
of theAéuffﬁce Qéfsf. _Wﬁ;n past_qbsérVations and catches
of fur sealsAareAstudied, it is found that‘theﬁ were not.
observed at water‘ﬁemperaﬁures‘abdve 15°¢. 'Thérefore*the
occ#rfence of the 15?C-isotherm‘at the surface should be
noted. o » |

| The strength of Oyashio (ﬁhe Kurile current) and
Kuroshio (the Black durrent)'changes remarkably from year
to year along ihé cdasts of Sahriku andAJobaﬂ. Here the
chahgeé in the ocesnographic conditions from 1965 to 1967
Aaré explained with speéialiatﬁention given:to the iso-
thermal.iine ati1SbC,(Table 15): |

' The 15" C-isotherm neéf the coasts of'Sanfikﬁﬂand o
Joban in 1965 stayed. in the area of 35?30'N from.earlyz-
.February to fhe end of April; In May it began ﬁoving
northward end at the end of May it readhed the afea :
| 38°20'N. At the end of June the areé‘to-shioyasaki‘héd a
13°-15°C surface wster témperatﬁreml In July the water
temperaturefof_thé whole areé of invésﬁigation rose ébovg
15°C (Fig. 12) . | | - -

In iné‘the risé inAtgmperaﬁufe'ofrthe'invésti_
gated areas began somewhat_eérlier than the pfevious;year.
The 15° C-isotherm in April was at«36péO'N, in mid May it-
reached 39°N, 1LICE and in early June it stretched out to

LO°N along 1u2°SO'E._ By the end of June the surface water
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_temperature albng thg ooast'oriOZ#chi ﬁa$ alreaqy above 58J
15#9‘: From-these .facts ‘the northward movement of"tﬁe‘.
15°C—isot5§rm affer May in 1966 is dénsidered to be ébout
 ~nalf'aAmontn earlier‘than the previdué>year; )

In 1967 the TS&Céisdtherm»was‘mbst-hortherlyncf‘
the three years and also itAﬁegan’its move-to the nofth
equiest. From January to March the 15°C-isotherm wgé
afdund 37°N to 38°N. Yowever, in\May'it was alréadyjat

WS N, 1LL°E.

1) Relationsnip between. the distribution boundary

of fur seals and the‘15°C-isbtherm

;Iins the author's. opinion thaflthefé’isba close-
'felatidnship‘betkéen the.diStribution boundary of fur

seals and the 1S°CAisothe£m. The.mdvement'of.thé-distfi-.
“bution boundary at'the period of northﬁard»migratiqn'in
1965 énd'tne‘péfiod-of-stgy I and II in d966_éhd 1967
corresponds with‘thé moveﬁent of the 15°C-isotherm; -This
indicatés that‘fur seals seldom'migrate to an area where
 the water temoerature is abové»1S°C. However, each yéar‘
“:fur seals were observed and caughﬁ in an érqa of waﬁer
temperaturetgreéter than 15°C. They were very few in num-
ber compared with those in Wafers_be;ow:15°C (ef, Figs.
13, 1L and 15). | |

| The distribution of fur seais'in the wa£ersuébqve

15°C differed each year. The following is a detailed



71

explanation (Teble 16%) . The number of fur seals observed
or caught in water above' 15 C are the following. In‘ '-60_

1965 ‘the number of fur seals observed were 13 and of those

caught L. In 1966, the numbers were 68 and;27,;respective-

ly. In 1967, 56 end 12, respectively.~ In 1965, ten
investlgstlons were carried out in waters of 15 C and
above from June to July in the area from the coast of
Ozuohi to the coast of Kushiro (Fig..13a-f).f As shoﬁn in
the figure,.the 1S°Cfieothefm~at the end of June stretched
from 1u2°E-to»1uS°EAalong'1etitude'39°N. The observations

and catehes on the 23rd and 2ijth of June were in waters

below 15°C (Type B). A belt of'denslty.degrees III and - 61

IV was- discovered, for exemple,.along the coast of Ozuchi-
at the end of June to the north of the 15 C-isotherm

around 39 N. TUnder these ocesnographic conditions no fur

: o
- seals were observed or caught in waters above 15 C. From

mid July to the end.of'July most areas had temperatures
above 1500 however, 8 narrow belt of 13 —1u C stretched ‘
to the coast of Kushiro. HNine fur seals were caught in
July. In water above 15 C four fur seals (females of one

to four, years reepectlvely) were caught. In water'below

¢+ The observatlons of fur seals made both in areas at
temperatures above 15%°C and below 15°C were divided into
four types. A ... No fur seals were observed in either
area, B and B' ... Pur seals were observed in water
below 15°C. C ... Fur seals were observed in both areas.
D ... Fur seals were observed in water above 15°C.

/




Table 16.

Fur seal distribution in the two categones of water.areas thh reupectwc tempeutum .

of>15°C, and<15'C
Water of <15°C  Water of >15°C
: ey 829 29y g9y Lm 29 Region surveyed  Type of
Date 8% 3% 33 &% 3 52 o ype
: %t “ﬁ v 8 g_ﬁ "ﬁ w8 appearance
A3 @8 &8 A% ke w38 v ‘
June, 23 55 22 6 25 0 0 Ozuchi coast B
‘24 66 6 4 .. 25 0 0 r B
July, 13 55 0" 0 0 0o 0 Kurosaki c. - A
E 14 3 3 3 8 9 1 o c -
. § . 15 10 0 0 109 3 2 Erimo-misaki c. D
- 16 37 1 1 35 0 0 Kushlro c. B
24 75 1. 0 5 0 o Erimo-misaki c. B
. 25 50 0 0 61 0o 0 Kurosaki c. A
. 28 0 0o 0 ‘62 1 .1 Ozuchi c. D
. .29 0 0 0 60 - 0 0 ’ A
March, ' 10 250 "0 0 107 0. 0 Kinkasan c. A
12 52 0 0 5 0 0 Y A A
May, 1 51 105 9 S8 3 2 Kesennuma c. C..B’
12 70 3 1 25 0 0 Kinkasan c. B
.20 30 8 30 2 23 5 Ozuchl c. . _Cw B’
June, , 4 34 19 3 60 1 0 . Kesennuma c "C.Bf
8 35 47 8 51 6 2 + Otuchi -c. C..B'
§ 9 40 7- .2 39 1 0 ’ ” - C-B’ .
- 14 . 55 27 15 7 0 0 ” B
' 14 40 9 6 19 1 -0 Kesennuma c. C
15 15 2 1 37 5 5 Cx c -
22 71 7 2 55 7 0 Ozuchi c. C
22 0 0 0o 72 2 1 Kesennuma d.’ D
23 140 4. 2 5 0 0 Kurosaki c. B
24 0o . 0 0 61 o 0 Kesennuma c¢. A-
27 55 12 5 115 19 12 Ozuchi c. C
January, 14 15 0o 0 10 0 0 Onahama c. - A
16 2 o 0 5 0 0 r A
March, 2 45 0 0 8 0 0 Kinkasan c. A
' 3 7 1 0 25 0 0 Onahama c. B
NS 10 0-. 0 15 0 0 ’ v A
0 61 5 0 ' 5 0. 0 Kinkasan c.- B
~ 12 4 31 26 5 0. 0 Kesennuma' c. - B
8 21. 39 0 0 5 0 0 Kinkasan A
™ April, 8 66 0 0 10 0 0 r . A
13 31 0 0 35 0 0 4 . A
14 23 .0 0 55 0 0 Kesennuma c. A
May, 12 35 17 - 8 .40 33 -5 Kurosakl c. C
: 23 70 38 23 27 17 4 o v Cc
26 0 0 0 26 0o -0 - Ozuchi ¢ A
27 - 29 23 .10 40 .6 3 Kurosaki c. Cc

A : Fur seals are not observed in water.areas of>15°C and<15'C

BBlo

Fur seals are observd in water-areas of <15°C.
C : Fur seals are observed in water-areas of >15°C and< 15°C.

D : Fur seals are obacrved in water-areas of >15°C.

0

72

59.




Fig. 13. Distributlon of surface water temperature ( C) :

“in 1965
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Fig. 13. Distribution of surface water temperature (°C)
L -in 1965

15°C five were‘caught.(four females of two to three years
‘and one.female'of four years).‘ No'differences were ob-
served in the comeositlon of fur eeals at the- boundary of
_the 15° C—lsotherm, The density dlstributlon in these areas
Wae very low (degree II). No apperent differences were
observed in the observations aﬁd eetches ber distance of
sailing in the areas above-and belOw 15°C -In July the
temperature rose in almost all areas. from the coast of
Ozuchi to the coast of Kushiro and the den31ty distri-
butlon‘decreased to degree 1T, 'Uhder these oceanographic
and migratory eonditioﬁs the fuf'seale distfibuted theﬁ;
selves in areas above 15,C‘whefe'they did not gather when

there were wide areas below 15°¢.
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In 1966 from March to June seventeen investi~- 61

gafions were carried.ou% in.the.area above 15°C.' The
temperature of the area (Tybe A) in March was 12°-1§°C |
This is & hlgh temperature for the time of year (Flg.
Nha- a). In the lype C area from May to early June, all
the.observations in the area above 15 C were made near
tne boundary between the cold and the warm water masses.
This was considered to’be.a similar'type'fo.Type B. Thus
it was denoted as Type B'. _Thereferehthere is no pessif
biliﬁy of observing fur seals in wetefe above 15°C during
March teleefly Jﬁne.. Howeeer the 15 C-isotherm moved
“north of MO MO N at 1uu E from mid June and the den31ty
distribution lowered to degrees II and III. In‘this~
pefiod,-however, a few fur seals were obeegvedﬂeveﬁ~in
weters‘above 15°¢ (Type. C). .Most of the fur seels dbservea
were in tne area of surface water temperature 15 -16 C
(32 were observed and 27 were caught- one’ male yearling,
flve males of two to three years, kseven females of two 62
to three years, six females of four to five years, seven"
females of six to ten years and one female of eleyen+
years). For the waters above 150416f0, one animal ﬁae
observed in Wafer of 17.8°C and oﬁe in water of 19, O°Cl
Through fhe entire period most of. the fur qeals were ob-
qerved in waters below 15 C and only a few were observed

in watere between 15 C and 16°C.
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‘.I§519§];Lfifteed”invespigations«were made in-the
all areas during the period from January'tO'May.: No.fuf"
seals were observed in waters'above’15°0'frem‘January'to,
April. Only few fur.seals Qere’observed in waters above
12 -1u C (Fig. 15a-i) ~ Observations and catches in.waters
above 15 C were made only along the coast of Kurosaki in
mid May and at the end of May:. Of the twelve fur seals
caught four were females of four to five years, seven
~were females of six to ten years and one was & female of
eleven' jears. In this peried'the Water»temperature along-
the COasﬁs of Kurosaki aﬁd Eriho rose to 53°-16°C» The
i density! dlstributlon was generally low and degree II with
a few patches of degrees ITT to V The fur seals listed>
above consisted of six animals in the 15°C-area and six
in the 16 C-area. - '
A few characteristlcs.were revealed durlng the
' three years of. 1nvest1gation"a) in the period of-stay I
and in the flrst half of the peried-offstay II, no.fur
seais Wers observed’iﬁ waters above 15’0. AOnly_a_few_fur
seals'wereiebserved eveh in' the warm water‘ﬁasses df:12°-
1&?0. b) When fur seals'were‘ebServedAin waters aboVe.
1S°C, iﬁlwas in the second half eflthe peried-of?stay IT
and in the period ef nofthward migration. In this period
tue water temperpture rose to above 12° C and the density

began to decrease. Most of the fur seals had begun to move
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Anorthuard.> ¢) In waters above 15 C most of the observa—.
tions werewﬁade in waters between 15 C and 16~C._ Only a
| few fur eeals were . observed in watars of 170—19°C;= d) The.'
fur seals caught in waters above 15 C were all females.:
_In 1965 and 1966 they were females of one to four yeare
who.stayedibehind-in the period of uorthward'migratien.‘.
In 1967'they'were females ef fourt years in the period;.
of-stay II. B o

Frem theifacts stated abevefit'ie ceucluded that
waters below 15°C are suitable for migration:ef-fur seals.".
It is also concluded that under certaln 01rcumstances
waters above 15 ° are suitable for the migration of female-
fur seals. Therefore the tempereture of 15 C is a critical
temperature for furiseals in the adjustment of their body
temperature. | | | |

2) Relationship betWeen the water temperature 15 °c:

as a cr1t10al temperature for the normal activ—-

1t1es of fur seals, the water temperature

around the breeding 1slands and the atmospheriC'

conditions on the breeding 1slands

kN

The explanation given in the prev1ous sectien in-
dicates that theuwater temperature 1500,isithe'limit at
which fur seals can ﬁeintein their uermal aetivities..

This fect has also an importance in relation to the Watersni

around the'breeding‘islands where fur-eeels:etay‘from
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summer to ‘altumi*and also in relation to. the atmospheric

: tempgar_'at.ure on the breeding islands..

[

Table 17. Monthly mean temperature(°C) of Commander Islands : 65
' and Robben Island.
Commander  Islands 7 - Robben Islsand:
- Jan. 3.5 July 8.7 © July 14.0
Feb. -3.9 Aug. 10.0 Aug. 14.7
March —3.2 Sept. . 9.1 Sept. 13.5
April - —1.0 Oct.. 4.6 ‘
May 2.0 - Nov. 0.3
June 51 = Dec.  —2.4

Commander Islands-+-+1931-1960 mean temperature (WMO, 1967)
Robbeh Island:«..- from data “The fur seal islands of the North
Pacific Ocean” by D.S. JORDAN, 1898

Table 18. 'Monthly mean temperature(_“C) of St. Paul (Pribilof islands).

b 3 1
Y O . & 2 £ % 2
2 g 5] a S 5 5 3 g © @
g 2 S « p= =y - 2 3 g - .
= e K 2 §

1957 —0.8 —6.6 —4.8 0.2 27 64 87 99 7.5 46 1.2. —33
1958 —7.3 ~57 —0.8 0.3 20 58 7.8 87 71 .38 11 =11
‘1959 —1.3 —0.4 —7.4 —2.1 17 46 . 7.1 © 93 - 7.2 4.3 - 2.1 ~3.4
. 1960 —2.4 —3.1 —4.0 —-7.9 1.0 43 80 84 65 30 —06 —I1
1961 —2.6 —7.9 —7.4 —2.0 29 53 .7.2 82 7.3 - 3.2 1.0 -5§
1962 —6.7 —1.7 —3.2 —0.2 1.0 48 82 .86 57 2.3 0. —2.7
1963 —1.0 —6.0 —1.6 —1.5 2.3 46 7.4 80 67- 22 —1.3 -—L.2
1964 —3.1 —-9.2 —61 -1.5 1.3 656 7.2 82 62 29 —04 -13
1965. —~5.3 —8.6 —4.3 —~1.3 - 04 43 71 &1 67 20 13 —25
1966 0.3 —0.9 —57 —2.4 09 49 7.6 83 68 02 1.6 —24

From local climatological data, 1966, U.S. Department of Commerce -

Tne:‘ surface water temperature is 8’-—12'.»0 during
Jﬁly-Septe_mber around Robben Island g‘nd»the' Commander
Islends (3enKeBUY , 1963). . The “atmosf)heric temperature on
these islands 'is low. .‘.‘I‘he highéSt feinper_atﬁreé (mohtﬁl&’
mean) occur in August oh Bering Islﬁnd among the Commander

Islends (10.6°C) and on Robben Islend (1L.7°C) (cf. Table
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17). The'highest temperature (monthly‘mean) on St. Paul
Island among the Prlbllo}'lslands is also in August. ‘How-
ever, it does not exceed 10 C (Table 18). It 1s foggy on -
fhe breedmng islands of fur seals from spring to  summer
and' atmospheric temperatureAstays low. :The water temper-
ature around the breeding islands is{be10w 12°¢ dufingAthe‘n
summer aﬁd autumn. The highest tempéfature io the monthlyA
mean is below 15 C in each breeding: island. Froﬁt and
hlnd fllnoerq of fur ,eals have well devolopedosweathglands
and blood-vessels. They are con31dered to nlay an 1mpor-»
tant role in the dlffu31on of heat when fur seals are on
the breedlng iqland (Bartholomew and Wilke,: 1956) »From
the observatlon ‘mede by the author in’ 1965 on Mednul"
Island (the OOmmander Islands), when the sun began to shihe
all the fur seals began to move thoir hind flippefs. Some
of them went into the’sea. According to Bartholomew (1956)
when the atmospheric temperature rises above 12 °C some
females start to enter the sea; | |

Below 1b °o in the sea and below 12% onAiand are
considered to be the most suitable temperatures for the -
fur seals. .When:both tﬁe water and atmosbheric temper-
atures go higher than those stgted’above, it-is difficult
for fur seals who are.oovered with deoseffuroto make a
-normal(adjustment-of their body tempefature;' It isfcon;

sidered'that'thé Commander Islands‘énd the Pribilof
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Islends aremlooated within the’boundaries of bestsuited~
‘water and atmospheric temperatures,'and Robben Island very

close to the. boundary.‘

3) Relationship between the migfatibn of fur sesals

in the period-of-stay I and II in 1967 and the

- Surface Water temperature

The chenges in the oceanograpnic condtions were
div1ded into five parts accordlng to the surface water
temperature measured from the investigating boat. The
relatlonship ‘between the temperature and the migration of
fur seals is discussed below. ‘

,January 11 22' at the south of the coast of Kesen-
nnma the surface water was above 13 c and~very few fur - |
'seals were observed.A.Along'the eeast;of Oznchi the‘surei.
face water was betweenAQb-1O?CA(Fig. 15a). A low density
(ITI) of females of four+_years was.feund in the area. (Fig.
7a). | a

. January 25-March 15: the surface water temperature
.iowered te 9°¢ alqng‘tne éqast_ef.Kesennuma at thevend ef
January. The_transition area of Qater 9?-1200vwas ob-

~'served. The temperature deereased to 8?0 along the coast

of ‘Ozuchi from mid February and to 6éC'in_Mareh.i A stretch.

65

of water of 6 C was observed also along the coast of Kesen4‘.

- numa in Marech, <The'temperatufe was lowest in 1967 in this -

peried (Fig. 15b, c and d)."Tne‘temperature changed

gradually along the coasts of Kesennuma and Ozuchi. A change
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- in the mlgration of fur sealq was observed . corresponding
with the changes stated above. In this period a high
density of females of four? years was observed along the
coast of Kesennuma. Females of 31x years were observed
~close in a high den31ty area. However, along the coast of
. Ozuchi they werefobeerved only in a iow'density ares.
"This indicates that fur seals concentrate in the transi--

tion area where a steep gradient of water temperature'

: ex1sts.

Hons
M Joweary, 16D

Kistuita J L : g o :
e . : et X

it )

A B i A = . = A 5 At Do d).-l‘q
1o 7] ¥ u-n e ® A . AiDemee
Hid B BimoaEEs
Fig. 16, Relation between surface water temporat_qre('C)
’ and density of fur seal population.

The locations of the high-den31ty areas were con-
centrated on the coast of Kesennuma. Thev changed in
eccordance with the change in the oceanographic oondltions
of this area (Fig. 16). As the- transitlon srea of water
of_9°~12°C MOveo from. the south to the north of the.coest

of Kesennuma, the high density areas of furfseels also
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moved- always with the water areas below 9° C ' This transi—'
.tlon area reached the south of the coast of Kesennuma in
- mid February and stayed there $ill mid March. This
ylelded a favourable condltlon for: females of four+ yeare‘
to stay, that is, the perlod of-stay I. In this araa the
loweet temperature of the 1nvestigat10n between I\° -5°¢c - |
was observed. It was stated prev1ously that - the spac:ngs
of the 1sograms of the density distrlbutlon narrow off
shore, It is apparent that this is the evidence of the
tran31t10n aresa,

Several characteristics are revealed when the
relationehipa betweenlfur seals at each developmental
stage and the surface,water temperature areAstudied; ’
Females of four+ yearsrwere.comparatively numeroue; Females
'.of eix years concentrated in hlgh density areas and were -
found mostly in water ‘between 8 -12 C. The dlstributlono
of water temperature along the coasts of Kesennuha and
Ozuchi did not'indicate anﬁ tendenciee dependent on a
developmental stage or a sex distinction. "However, the
appearance of water of 5 6 C in both areas almost co-
incided W1tn_the>appearance of yearllngs,'males and femaieax
of tuo'to three years and males ofofo_ur+ §eAfs. »Onli
females of-four+ years-were observed in January snd the
water temperature.was”not between_S.—GOC, In early Feb=

ruary, when the Water-temperature became’éec aiong the
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- coast of Ozuchi,. males a?g{females intwo to thrée-years.
and some males of fourt years appéared"in‘botﬁ éfeas (
1.4 % of the total éatch per day.alohg'the'poast of Kesen=-
numa, 12.7 % along ‘the coast df’Ozuchi). In mid(Febfﬁary-
and.at.theiend ofAFebruéry a water of tempefaturé 5°C was
observed Qldse to the shore.at 39?N{ The'percentages
given above'chadged'to 22.9'%-alqng*the coast of Kesen- _
numa and along the coast of Ozuchi to 30.5 %;"In eafly: 
‘and mid March when the area of water betwee 5°-6°C became
‘more.than half of both areas the figurés changed to 22.7 % |
and.39.2,% respectivéiy (Fig. 29).‘:Ff§m-the§e fécts it
can be'éaid thét the appeérance énd expansion of areas of
~5°C’water énd the appearsnce and'increése iﬁ numberé‘of
yearlings, males'and females ofthOjtofthreé years and
males of four+.yéaré.élmost 6dincidet There are some
characteristics to be observed in fheAGOmpositién df.the
herds. 1In February and March 8.2 % (meaﬂ)-of>§nimal§
wefe two to three yéars old. Féﬁales webe»predomiﬁanf.
(67.0 %) in February and males were'pfedominant (70.1 %)
in March. The s ame phenomegon‘was obgervéd‘amohg_yeér_
lings. Females were 65.#-% in Eebruafy aﬁd males were
9h.8 % in March. Thé tfend in the sex rgtio wés"Qbserved
to be relatéd to the predbminénce of S‘C watef in both
areas. | | | |

March 17-May 27:'thg transition area of water
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between 9 -12 C stayed at the south along the coast of -

_Kesennuma for about a mohth and a half from early Feb- :
'ruary. This ylelded partially a conditlon favourable(for N

' females of four® years. HoﬁeVer, the 15°C-isotherm began

moving northward from mid Marcn.(Fig. 15e-1) and the den-

aity distribution of fur seals began to change accordingly.

This indiCatee3that fur seaiq entered the period-of—etay'II.'

The high density areas which appeared along the

coast-of Kesennuma in February and March were also observed

along the coast of Kurosaki from the end of April to early
May. In the process of the movement of fur seals (Fig.

7b and ¢) which was effected by the rise in‘temperatured

‘along the coasts of Kesennuma~and Ozuchi“'high density

areas (IV-VI) apoeared (April 2, 6, 8 ‘and 1u along the

" coast of Ozuchl) contlnuously in the narrow area close to

the c¢oast. These nlgh den31ty arcas_were in the_colduu-"67
water masses which were within the limits of the transition

area of water between'80—12’0 The relationship between

- the high den31ty areas of. females of four® years and the

water temperaturecis considered to be basicglly thc same
as for femeies four® years ae described above for the
period—of—stay I. The high density. areas et'the'neriod-._
of-stay II ere not stationary. with respect to one definite
water, This 1nd1cates that oceanographic condtions nave

changed drastically compared with the coast.of Ke sennuma
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from early February to mid March.
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Flg. 17. Relation between surface water temperature ('C) and dens:ty of fur seal populatlon

Yearlings,.males.and'féﬁales'of t#gito three years
and males of fourf years reached'53.9 %_ofithe t§ta1 cateh-
per day, a large incresse wheﬁbéompared with the percentage
in the peribd-froﬁ January_td mid Mﬁfch. Tﬂe percentage‘
‘of anlmqls of two to three years decreased in. number &nd
that of yearllngs and Males of four years inoreased.

Males were predominant'among yearlings (8L4.9 %) andugmong

animals of two to thrée years (71.9 %)g‘_Malés of two to

three years and four+~years (9;h‘%) increased in ﬁhis
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Nperiod. :
o
The oceanographlc condltions were nearly stable

~along tne coest of Kurosaki from the end of Aprll to
early: May. The high denslty areas of fur seals along the
coast of Kurosaki were more W1despreadAand more»stableA
then those .elong. the coast of‘Kesennuma (Fig. 17) High
den51tv areas. ‘which. went up to degree IX were located
between tne southerly transitlon area of water between
10° -15 C-and the 12% and 13° C-isotherms running»from the>
Straits of Tsugaru. Females of four® years constituted
67.9 % of the total catch pef aay. fThi; indicated en
‘increasé in numbers-dver those found along the coast of
Ozuchi in early and mid March. - At the.north along the
" coast of Ozuchi from the end of April yoarlings, males
and females of two to three years and males of four Yyears
were 37 6 % of the total (mean)‘ In these animals, year-‘
- lings and anlmals of two to three years constltuted 75 0 %
Females were predominant in both cases (80;8 % in year~t
flings and 60,0 p in animals of two to three years) Thus
the percentages returned to those observed in January and
February. This corresponded to a rise\of the surface water‘
’temperature “from 5°-6°C to '85-12°C‘ | |

a The relatlonship between the migration of fur seals
in 1967 and the water temperature was explalned_roughlya

. sbove. Several characteristics were revealed: a) in the
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period—ofmﬁpagﬁlrfur seals were noﬁvobServedvin-#aﬁer of
.1200 and above., In earl}aMay.along,theAcoast of Kurosaki: 68
many fur:seals were observeg in waters betweeﬁ 12?—1570.:
b) The nigh dénsity areas (femaies of four’ years are pre-
' dominaﬁt) appear i# the tranéition~ére§_betweéh cold and -
warm water masses. The ﬁigh density’areasilie néarer_ﬁhe
‘cold water masses. Therefore from Januéry to thé'end of
- March albng the coaét of Kesennuma whéh fﬁe'trahsition aréé
appréached the shore the.high density éreaé also épproachéq
the Shore, This was in.fact fhe closest'épprgach-of the
whole investigation.q‘c) The afea where‘ﬁﬁé density gra-
dient ofi the high density:areés is greétest‘coinéides with
that of the transition area: d) The stationary nature of
thg high density areas in a définite.watef cqrrespbnds to
the changes in the océanographic-éondiﬁions. When the
oceandgraphic'cqnditions.aré comparatively stationéry
the‘high denéity greas also are stétionary. e) The iﬁ%
‘Crease end decrease of the number of yéarlihgs, maléé and'
females of two to three yeérslﬁnd.maleé of"four+ yeéfs are
in accordance witﬁ-the appearance, expansion and disap-
pearance of waters of 5°-6°C. The water témperature in
this case does not influence the distributiqn‘of‘fur seals
~diréct1y. .Females of fpur+Ayears'arefalways.found in
water of thié'temperature. f) When tﬁe area of watér'bf;

o o : I . o '
5 -6C expands the number of male-yearlings and males of -
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two to three Vearé and:four+ yeafs increaee. The period
.

is from early March %o mid April along the coast of San—
riku. Before and after thls perlod females are’ predoml-
nant 1n each case,

L) Relationship between the migration of fur seals

in 1965 in the perlods of-stay I and II and the..

period of northward‘migration

'In 1965 a branch of Oyashio (the Kurile current)

approached the coast of Sanriku moSt:closely for the three’

years of investigation. . Huge cold water masses wers found

off the coast of Joban in April. Therefere fur seals
moved more southward and. reached the Qoast.of Choshi. The
period was divided into two parts in accordance with the
oceanographic conditions. | t » B A

f Mareﬁ B—April 26: a branch-of Oxashio:(the‘Kurile
current) approached the coast of Saﬁriku very closely in
_Marcn andtstretened to the coast of Joban in April. Tne

R . . [] ) :
water temoerature became 20—6 C'(Tohoku kaiku gyoba kai-

kyo gaiho (The oceanographlc report on the flshing grounds

in the Tohoku sea region) March-Aprll 1965) According

to the materlal the author obtained in the 1nvest1gat10n,
the area of 1ow temperature reached its greatest extent
along the coast of banriku in early Aprll (Fig. 30)

In mid end at the end of March the area of water

of 8 -11%¢ covered the coasts or‘Qnahama and Kinkasan
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- (Pig. 13a and b) Densities of degree III VI appeared
= -
(Fig. 8a).  In both aress the transition area of water
between 9 -12°¢ appeared along the coast of Kesennuma

in 1967 was not found. This could be the reason why the

o comparatlvelv low densities prevalled.-'

However, in the period- of-stay Iin 1965 it‘was
supposed.that thevhigh density areas_ln which females of
four* Years are predomihanﬁ-each'as the oneéfappeared |
along the oqast of Kesennuma in 1967 appeaﬁed in the south.
‘of the coast of Onsghema. In the middle and the end of
April‘the trensition area.of water'betﬁeea 10’415b0 appeared
not nea? the coast but nearvlﬁubo-zaki.'1This'yielded
almose the same oceanographie conditioﬂ as that alohg”the
coast of Kesennuma in 1967{ Moredver at the end of April
there was a report, "fur seals were sighted in many places

in water of 8 ~1O C .for aoout 70 miles from 60 to 130

miles east of Inubo zaki (Makiami gyokyo SOkUhO(Cugrent report e

on seine fishing), 3, 1965) Along the coast of Ohahama

in March females of four*eyears.were predominant-(71.7 %
of the total daily catch). Therefore the aﬁpearaace of

‘o s 0 o, ‘ o ,.° -
transition areas of 9 -12 C water or 10 -15 C water in
the period of southward migration and in the periods-of-
stay I and II has a correlation W1th the appearance of
high density areas of-females-of four™ -years._ It is thus

considered that the investigated area along the coast of
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Onahama in March 1965 was north of the hlgh density areas

o
]

of females of four+ years.

In early and mid Merch 8 traneition area of water |
between 2’ 8 C was observed along the coast of Ozuchi (Fig.;
13a and b). The density dlstrlbutlen along the eoasts of
Kesennuma and Ozuchi from Mafch te.April‘was generelly'
.1ow (degree I or II) |

In both areas from March to Aprll only male fur
- seals remained. The male predominancy'corresponded closef
1y with the decrease of the,temperatufe and ﬁhe expansion -
of water of 1ow'£emperature. In early March the water '
along the coast of Sanriku was 8°¢. Pemales of fourt
years were 28.6 % ‘(the coast of Kesennuma) and 49.6 %

(the coast of Ozuchi). Yearlings‘end males of.four+ years
constituted 14.3 % eech along the coast of Kesennuma.
Along the eoast of Ozuchi yearlings and males ef-four+
years Were M.T‘% and é 5 % each. . in beth‘areas yearlings
end an1mals of two to three years constituted about half
of the total catch per day. Males made up about 67 ﬁ of
A'anlmals of two to three years (Flg; 2a) -

From mid March the area of water of 2’0 began to
expand along the coast of Ssariku. = In earlﬁ April it
“expanded further and covered the eoasfs of Kesennuma and
Ozuehi. This conditien‘coﬁtinued-onrto mid April. With

the decreass in the water tempersture females of four®
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vears decreased to less than 10 % of the total.ana.year-:
'llnps and anlmals of two to three years increased to more
than 80 % The sex ratlo changed from early March.‘ Males
increased to more than 8o % of both yearllngs and, anlmels ’
of two to three Years . and in some areas reached almost |
100 %. '

The predominancy of males in yearllngs and animals
~of two to three years. from March to April along the 69
coasts of Kesennuma and Ozuchi .should not be considerea R
as an increase in nambers. The males have reﬁaihed in
loﬁ density areas alohg both coasts‘during the southern
migration of females of four years and ‘glso as individ--
uala who followed the southern mlpratlon of females of |
Afour+-years.

l From these facts.it ‘1s apparent that males and
females are seoarated 1nto ‘groups to the north and: to the
south of the coast of Kinkasan. This phenomenon has a
.close relationship with the oceanogfaohic coodition; The
segregation of sexes in’ the dlstrlbutlon {s not clear in
the early developmental stages. The segregatlon of sexes
‘becomes more -apparent with advanoing developmental stages.
Yearlings had been already caught in March along the coast
.of Onahama. %owever, the segregatlon of sexes appeared
from mid Narch to mid April along the coast of Ozuchi
where males reached 81.2 %. Animals of two to tnree years'

were sbout 29 % (mean) of theitotal catch from March to
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o
April along the coasts of Onahama and Kinkasan. Along
the coast of Onahama females made up about 56 % (mean) of :

the total catch.’ From mid barch to mid April along the'

coasts of Kesennuma and Ozuchi anlmals of two to three

years were about 60 %,of the total catch and males were

over 90-% of these. Females of four® years were predom—

inant as already stated above. However, very few males

+

of four years were observed along the coast of Sanriku.

Thus the segregatlon of sexes is obscure among yearlings,

apparent among animals of two to three years and becomes
typlcal among enimals of four? years. o

Males move to the south and fehales to the north.
Their relationshlp.withlthe weter.teMpereture'is'notl
apparentf‘ Tt is not clear that males-in.the south are in
an ares of low temperature aﬁd females in the north.in an- .

area of high temperature. This phenomenon also occurred

in the process of the decrease in the prevalency of~females

of four® years in 1967 along'the coast of Kesennuma. 70
It is considered that the segregation of developmental
stages or of sexes. is related more to the movement of
water masses as a whole than to the water. temperature in -
a small Brea. |

May 1-July '29: the oceanographic condltlon began

Changlnb rapldly in May. - The branch of Oyashio (the Kurile

current) Whlch was close to the shore moved southward to
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38, 5N, 1&2 8°E ‘The warm water maéses stfetdha&'to |

h1. S N along 1u3 =145 N.V Thus the water temperature rose
Vgenerally along the coasts of Sanrlku and Joban.‘ Especially
the coast of Joban was-enclo;eduwith:a warm water mess

above 15°¢, In mid June the water aldhg the coasts of
.Oéuchi,and KurosskiArpéQ;to 12°Cfand 19:Ju1y.to 1500 (Fig.-

13d, e and f).

' . _ _ 69
Honsha M 40N M {——40N -
1965 a . AHOnshi;lA l » b
18, May 11 and 12 ’ :
AT June, 1965 - g
“fr ‘;' 10
R g @’ . Ozuehicd
X7 A 16, May
o 142E 143E
11, May —
Y 40N
Honshi .
26, May, 1965 }
38N 4 Ozuchi A
'AF- e | 39N
M2E |, M3E
142E ¢ 43E I
A B A B A B T ‘ .

. Eﬂl Nll'~l.5-Vﬂ31.~40 A : Degree of density

B : No. of individ, of

-11 1~5 -vw 20[(7]Vm41~50 density observed per
7 6~10 NN vi 21~ ~30 T X 50 Plus Smiles

Fig. 18, Relation between surface water temperature ('C) and densify of fur seai population.

Correspbnding-to the_changes in the.oéeandgrapb- 70

ic condition the migration ofAfun séals_entéfed the
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period-of-stay'II} The high density areas of degrees..

W o ) .
III-VII appeared along:the coasts of Kesennuma and Ozuchi
which were the low densiby areas in March and Apfill(Fig.

18a and b). The high density areas appeared in May and

June in both areas around 1u3‘Eé that is, the boundary |

between the warm water masses and OIaShio (the Kﬁrile

cﬁrrént)."The-high density areas appeared on the side of

'Oxashio'(the Kurile current) in each case. As it was

“indicated in the migration of fur seals in 1967, females

of four+.year5'especially cdncentrated in these high

density éreas.“bMoreover, the tendenby was revealed that -

male yearlings, males of two to three'yéars;‘four to five

years and six to ten years also distributed in areas of

f density of degfee greater than 111 (Table 11). ~ This has

-.a relationship with theiqceahographic condition in that

the water of temperature suitable for fur seals was’ con-
fined to the coastal aréa by the warm water masses moving

nérthWard'along 1u3fE. However, the high density dist:i?

+

pution of'fémales of four’® years was statibnary. Thﬁs it

is gonsideréd that females of four” years migraté north- .

‘ward in masses through the areas with a low density of

males and females of yeaflings and two to three yearsiand

‘males of four' years.

'Male,énd female yearlings and males and females '

: . + . . e
of two to three years and males of four years decreased
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in percentage w:th the)lncrease of females of four yearsr,'
_On the other hand the numbers of male and -female yearlings,i‘g
.males and females of two to three years ‘males of four+ ‘

. years and‘the total catch:;ncreased when the high,density '
areas were present. The prevaiencyvof'these fur. seals in
March ahd April Was in accordance Wlth the appearance"
and expan31on of the water of 2° C. However, it appears
-that their decrease in percentage from May does not have
any relationship with the disappearance of the water of
2°C.  The sudden decrease in numbers and the disappear-:
ance of malesg of four years indlcated thelr close relatlon-
ship Wwith the dlsappearance of the water of 7 -10 G
After ‘the high density areas of degrees III-VIJ appeared
1n waters of 10°¢ alongathe.coast of Ozuchi on Juneé 11
and 12, the high dens1ty areas: were not observed to the
north of the coast of Ozuchi where the water temperature r
rose to 13 -15

The percentage of animals of two to three years-
from mid September was increased by the northward migra-
t;on of males and females of four years. They were’ in.T
tnehareas of low densitﬁ; remained in maters of 150-1600
- and became the last herd of migration.

The mlgratlon of fur seals in 1966 was. basically.
the same as that of 1965. Therefore 1t is not,explained o

here in detail.
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_Seyeral’charactepistics were revealed from the
observation of migration of fur seals in 1965: a) the,

+ years which occurred in

prcValency'of females of four
1967 aiong the coast of Kesennuﬁa is cosidered to have
occurred along the’ coaqt of ChOth in 1965. b) To ‘the
4north of the boundary of the high denqlty areas of females

+ years, the prevalency of male yearllngs and

of four
males of two to three years in low density aregs becomes
remarkable. This coincides with the apoearance and ex- |
pan31on of water ares at 2’ C. c) The segregation of sexes
in the dlstrlbutlon haq a close relationship with the
; mqvemen% of water masses as a whole-rather than with the
water teﬁperaturc ih-é particular area. d) The éreva-i
lency of male &earlings‘and males of two -to three yecrs 
disappears with the northward migretion of females of
fourt years;' However, they increése in nuﬁber.. e) The
decrease'in numbers of ﬁale yearlinga andAmaleé of two
to three‘years and disapnearanCe of males of fourt years
“have a close relatlonshlp with the disappearance of

watér of‘7°#1000.

5) Relationship between the oceanogresphic condi-

tion and the high density areas

The relationship between thé high density areas
of fur sesls and the.boﬁndary‘between the cold snd warm

water-masées is‘discuSSed in the following. The.typical.
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'high denelty areas whose .main compenents were females of
Afour years appeared in the following locations and tlme'
along the coast of Ozuchi on May 1, 2, 20 and 2} in 1966
QFig; 1Qa and b) along the coast of Kesennuma on Feb-
ruary 81 and 22 in 1967 and along the coast of Rurosaki
on April 26 and May It in 1967.

' In February 1967 along the coast of Kesennuma the.

_high density areas were adjacent to the cold water masses

~ of the trensition srea between the cold and warm water

magses. In 1965 to_theisouthbof the eoastAof Onghama the_'

high'densify areas were conSidefed to be ad jacent te the
north side of the transition érea_between the coid and
warm Qater‘messesa: However,‘when fur ‘seals enter the
period-of-stay II, the high'density'areas;ihAthe tran-

sition zone are on the cold water side but remain apart

from the cold water mass.

Along the coast of Sanriku from January to April

there.ﬁas only s small difference  in the weter tempera-
ture at the surface and at a depth of 100 m. AHoﬁever,
from Ma& the watef_temperatufe aﬁ the‘eurfaee roée.cone\
siderably relative to at 100 m. This change is con-
'sidered to affect'ﬁhe density.distribution.. In‘the

: beriod-ef-sﬁaj’l the differenee in the water tempera- -

ture at the surface and at a depth of 100 m was snall.-

The high density areas at this time were closely

71
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adjacent to the transitidn zone between the cold and warm

water masses. However, in the period-of-stay IT, the

high density areas did not coincide with those of period-

‘bf—stay T probably_bécause"of the large difference in the

_wgter temperatures at the surface and at 100 m,

Honshii

. 1~2, May
1966 :

'(—)z‘.aghié
l§2E . l4éE

: B
[ 1 0 BKgwa~3

C T u 1~ 5 [ vai~d4
FAm 6~10 [)wma~50

. FEFwii~15 P X51 Plus,
CEE v~ '

140E " 143E ' 144E - . A ! Degree of density

B : No. of individuals observed
per 5 miles

Fig. 19_. "Relation between surface water temperature (°C) and density of fur seal populaton.

6)'Inf1uence of the oceanographic conditions -

around‘fhe breeding‘islandS-on fur seals .

mlgratlng to the coast of Sanriku

When the yearly changes in the numbers of fur

seals are studied, it may be noted that sometimes a

-particular year class has a distinctive characteristic.

This is considered to be caused by the change in theAmodg
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of migrationiwnioh is affected.by an.abnofnal.moftality'
of pups on the breeding 1slands.

V The catch of yearlings in 1966 and animals of two
'"years in 1967 were much less than usual. This is con-
51dered to be caused'by the high mortality of pups in
1965; Most of Vearllng% and animals of two years migrat-
ing to the coast of Sanriku are A81atic and more than _
nalf of them are from Robben Island (cf. Table,uz and~u3,

53, Kita-taineiyo‘ottosei iinkei chosa hokoku,(Nobth

pacific fur seals committee research report 1958-1961).

Therefore the change in the 1965 year class along the
coast of Senriku was affected chiefly by the mortality
~of pups on Robben Island.v~ _

Aocording to the annual’report issued by U;S¢S.R.'
(1965); the drift ice around Robben Island stayed till
early Juno in 1965. " Some of the pups were born on the
ice or in’the“saa and died. In mid June a part of the
rookery was.washed.bj high wavesoand many pups died; @he
- number of dead fur sesals reached 265286. The‘nortality
was 41.9 %“of_tho.total. 'This was the~hignost mortaliﬁy
since 1957'(10.0-17.8 % during 1957 and 196l). On the
Commander Ialands the rookery was waahed by»hign Waves.
The mortality was somewhat higher (1h 2 %) than in an

~average year (12-13 p).




102
The numeer"of.yearlings end animsls of two years
' decreased because of this abnormally high mortality.
Thus it was ceﬁsidered that-tﬁe fur'seals migreting.te
the coast of Banriku also decreased._ Yearlings and
animals of two years distribute themselves dlsper31vely.:-
Therefore 1t 1% not possible to conslder that there is
an area of concentratlon otner than the 1nvest1gated
.areas} Thus it is aesumed that the high mortallty of
*pups on the’ breeulng islands affects the number of fur

seals migrat1ng to the coast of Sanriku.

7. Relationship between the food habits and 72

the mode of migration of fur seals

From tne exev1ous chapter it is apparent that the
mlgratlon of fur seals has a ulose relatlonsalp with the
- water temperature._ The water temperature has also 8
certain relatlonship with the distribution of flshes and
B sqids whlch are food for fur seals. 1In thls chapter the
relationship between tﬁe mode oflmigfation_of fur seals
and the'ecolegy,of prey is discussed thfoﬁgh the analysis
of stomach éontents of fur sesls. o

The following are the methods taken for the
analysis of food hebits. The collection"of stomach con-
tents: firstly, after a fur seal'is'saught atssea, the
- cardiac orifice end the'pylorus'of‘a stomacb are tied by

- strings and put into 10 % solution of fqrmalinj secondly,l



 years. The prey which are eaten in. great quantlty or

' ‘eaten 000981on911y (8 kinds) are common every year. The . : L
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the stomach'iSjopehed:onwiang and its contents.ére seb-

arated according to the kind of prey . and'measured by a

mess cvllnder- th1rdly, the. degree of dlgestlon is written

down. In the stomach there are veaks and cartilages of

squids, bones and otoliths'of fishes. Therefore-it is -
possible to determine the Qp601es of prey from the con=-

tents of th§:Sﬂomach.~ When the degree of-digestion is

not advanced, sdmetimes the number of individuals_cad

be determined. | | | |

Thirteen kinds of prey were collected in the three

H

most common squids are Watssenia scintillans and Todarodes

<

pacificus. The most common fishes are Notoscopelus .

japonicus and Diaphus sp.iofauyctophidae,_Laemonema

longipes, Scomber jsponicus, FEngraulis japonica and

Theragra. chaloogramma (Table 19). _1 73

1) General view of variations in food hablts

from 1965 to 1967

-

Several characteristics in food habits of fur
seals in the three years of investigation are indicated
below.

Food habits in 1965 (Fig. 20*): a) Watésenia

¥ Beaks and cartilages of squids and bones and otoliths of

fishes in one stomach were counted as one appearance of
the .species. The ‘total appearances of prey according to

.
.o .
kd
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‘scintillans was sbundant in March along the coast of -

N

~ Onehama, It cohstitu#ed‘30;55 % of the stomach.cbntents_
of fur seals caught on one day. It wdsAfound iﬁ smaller
quantity during Mércn to early June in the area north of
the coast of Kinkasan_to the coaéﬁ of:Ozuchi. It was not
found to the.nérth<of the coast of Kurosaki. b) Squids'

‘were found all the time regardless of time end space.

Moroteuthis sp., Gonatopsis bbreélig and Todérodes badié‘
ficus are gonSideréd to be most common squids. Only a few .
.squids were found along the coasts of Kesennuma and Ozuchi
in<MarcH and April. However, they odcurred at a rate of
33-100 % along tne coast.of Ozuchil from mid May-and in

the area from the cosst of Kurosaki to fheléoast of Ku-
shire in June and July. They wére the most abundant of
the prey. c¢) Diaphus sp. wefe found regardless4of time
and spéce. They oécurred at a raﬁe‘of 50-1064% along

the coasts of Kesennuma and Ozuchi from mid March to mid

April. -d)vNOtOSCOPSiuS japonicus was fouhd in all the

éreés of iﬁvestigation. They occurred at a rate‘of h2-
8ly % along the coast of Kinkasén from ﬁid March to early
May. . The rate'was almost zero along tﬁe coast of Kesen;
nﬁma_and along the coast of Ozuchil in.ﬁarch and'April;.

The rate was 13-63.% along the coastWQf Ozuchi from mid ,

species per day is given in percentage.
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May to the end of June.'  This indicates that the lower;
the péfdentage of Diaphus sp. the higher the percentage

of Notoscopelus japonicus. e) Scomber japonicus was often

found along the éoast of Ozuchi and occasionéily alohg
the coast of Onehama in March and along the coast of

Kesennuma. The flSh Were young and about 20 cm long in

each case, f), Theraga chalcogramma was occasiohally
found in the area from the north of the coast of Onahama

to'the coast of Ozu0hi in March and April.

Tgble 19. Lxst of stomach contents of fur seals, 1965-—1967. o . 72
®) Dlaplxus sp. (Myctophidae) - © Watasenia sanldlans
' © Notoscopelus japonicus © Todarodes pacificus
© Scomber japonicus L +  Gonatopsis borealis
@ Engraulis japonica @ Moroteuthis sp.
@ Cololabis saira T _ )
v Hemiramphus sajors : ' ) ) o

+ Salmonidae © : very often
@ Theragra chalcogramma @ : frequently
© Laemonema longipes + :rarely
) .o foeioma
fartt Kiaksosn ¢ - Kesennume ¢, ’ - Geede ' Xurassbiefe, | e
Far oo l‘* ng|emrengn|~evr-g|s~aenvncageneggegaRage2ae an (R~
'“.‘.K"r'.l‘m "'-":"'—Nf"—-':nkﬂ’“sg:-'nhguu:'— [ .
Stamachy
-r:r

L LR E-E T 1 L -1 Rt Ddabihd
Lor 2 i Sl indiny Y

SNNNNIZ A

kR

Freqeency sbseivad in per cont
s

..... v A 3 1
RINEEERY Ssevunisralweentasnsnange|panfa|an
Tote” Maoh  [Nen Agrd Moy Mar, Moy Maceh Aot Moy . J... Jaip| Teaeduiy!done|ea Jul.
: [Fa¥s] Wererenia 5crmtsdions . O} (herapra ehateasramme
© [RT) Sk . . Sesmbee paponicns
UL Diaghes wp. Pess

[l Netsscoprin:  gopenicas

Fig. 20. Stomach contents of fur seals in 1965.. (irequency observed of foods
of total stomachs per day).




Food habits in 1966 (Fig. 21): a) a predomi- 73

.nancy (30-50 %) of Watasenia acinfillaﬁs’was_observed-along

-the coast of Kinkasan in March. b) Squids-weré predomi-
nant always everywhere{ ¢) No predominance océurfed'in

DiaEhus sp. It was scarce. d)‘Notoscdpelus japonicus

was found continuously (20-60 %). e) The appearances of

Theragra chalcogramma, Laemonema longipes ahd Scomber

Japonicus were few.

Kistaraw eanst Kesenanme c. Ouueli e
Far tdbiimgym=| gug-aooRINee goaneyegroeenes
ralleeied - .
-

= -unr-gog—::“'ﬁ“; =

s'l{;:."-l;“um’(:mn wegrmatroan=wnlio-o= -

Stemarhs ..

‘rmply BogwoOo|ww= PEB M e PO
100 AR SR i
o] Y

-~
s 2z

Fraqueacy shacrved w pee cent

325357233

]
x Ny b Iy .
R am i e e S e e AR S AL L 4744 iy
S[2736 3NNl sNn7s | 2BINN
Mar.  Apri May dune May  deae

T ' I‘ 14
113152311813
/D.u Mareh  AnrMey

L
Mer.

(7] wotasenms serattens . g {Tareotre shyteesrenme

Squids i Scambee jopamens
.. {77 Depher o R Eurevtio ppenire
‘ P22 Setosespeias japonives N

Fig. 21. Stoxﬁach contets of fur seals in 1966 (frequency
: observed of foods of total stomachs per day).

-

Food habits in 1967 (Fig. 22): a) Watasenia N
. scintillans was found in the area from the coast. of '

Kinkasan to the coast of Kurosaki from January to Abril
continuously.‘ It sometimes occurred at a rate of.about
50 %. :b) Squids were found always everywhere. They were

predominant in May along the coast of Kurosaki. ¢) The
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ffequéncy of appearance and the-quantity.of_DiaEhus sp.

_Were the least of the three years of_invéstigation;

Ourhiama : ' ' N . »
casotjnimkanan Keaennuma <. @ Waltasenia scintillans
Fur eeals e e T I I ) : ’ :
et e lesnlogacngaergrg GRS .
. Stamachs >>os] Squids
:ilh h"-d - NN
Stemachs . .
-y EZZ Diaphus sp.
ol 7z Notoacopelus. Japonicus
™ Theragra chalcogramma
. 10 O . : . N :
£ o o] Scomber japonicus
= 604 £
> i - . . .
H -m Engraulis japonica
< 4 .
N \ Plces
S 30l E : .
£ # T . Colol. * Cololabis saira
20 . .
o Gad.  Gadida
x x x N R
(/R LS SO S URNE TR, SO o ST 01 Salm. Salmonidae
3|29 2‘2!351515]7']9212319]!]11517252629_{ N .
fate Star dan. Mar| Tam — Febraary March _ Apr. @ Laemonema longipes
,
. Erima- -|[Kuskye
. Oxurle e Kurosaki e winaki ¢, e
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Fig. 22, . Stomach contents of fur seals in 1967 (frequency observed

of foods of total stomachs per day),

d) Notoscopelﬁs japonicus was'found,COntinuously from

April along the coasts of Ozuchi.and Kurosaki. e) Very

few Theragra chalcogramma, Scomber japonicus and Engrauliéf
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jagonlcu were found. TQey were found only along the

. coasts of Kesennuma and Ozuchi from January to February.

f) Laeémonema longipes were cspecially abundant in 1967.
It was found continuously along the coast of Kesennuma
from January to March. It was also found along the coasts

of Kinkasaﬁ and Ozuchi. g) Ohly a feﬁ Cololabis saira,:

Hemlrnamphus sajorl and Salmonidae were found.

-Several common characteristics were’ found from
 the observatlon of food hablts in the~threa years: a)
species which were remarkably predominant Were«Wataseniab

scintillans, other squlds and Notoscopelus japonicus. 75

b) A predominancy of Watasenis scintillans was found from.

January to March and for the southern half of the migraf
. tion. ‘¢) .In northern areas a predOminancy-of squlds andi

Notoscopelus japonicus was found for times later than

that of Watasenia scintillans. d) A predomiﬁancy of

squids is more pronounced than that of Notoscopelus.:
japonicus. A
'2) Simple discription of the ecology of prey

A1l préy have long and-tapered bodies. The size

-varles within the range of 3 ecm for Watasenia scintillans

to 50 em for Laemonema longipes. These prey are mainly

inshore fishes such ‘as sguids, surface fishes and
Myctophidae. Some bottom fishes were also included in

the prey. These fishes are generally well known along
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the cosst of -Sanriku andihave a high density diétribution.
There follows a simple discription of their ecology. .

Watasenia scintlllans' in the Pacific Ocean the

“young distribute in water of 10 C and above (Okutani

" 1966) and are numerous in the mixing wrea between Olashio'
(the Kurile current) and Kuroshio (the Black current)
(Ckutani,»1968). .Not'ﬁuch study on the adult has‘beén
done, | R o |

Todarodes pacificus: their appearance along‘the

coast of Sanriku is from June (Soeta, 1956)., . In 1966

along the coast of Sanriku smail‘typés of Todarodes paci-'

14

ficus were fished. From the dbservétionsAmade by the

~-author; Todarodes pacificus of pallium’about‘ﬂo cm began

being.cgught'in the fixed net at the mouth of Ozuchi Bay
from early May‘in 1967. "Thexmajor factor of restriction

for the northward migratlon of Todarodes paciflcus is

thelr prey. The sultable water temperature at the time
of migration is 10°C and below. They migrate at about

a depth of 100 m. A high density:popﬁlétiogiis found in
the transition area between the Téushima warﬁ cufrent'and.
Oyashio (thé Kurile current) (Suzuki 1963)" From this

explanatlon it is possible that Todarodes pacificus ... -

may gather densely inuthe-boundary between Kuroshio (the
Black current) or its north branch and Oyashio (the Kurile

current ).
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i

Myctophidae: thq,ecolégicalAstudy.on‘Notbscopelus'1
japonicus and Digphus sp. has-rafeli been done. 'Ogéwaa
(1961), Ogawa and Odachi (1961) and Odachi (1966) have
studied Myctophidae in the Tohoku ses region. It has

been revealed that Arahadaka.and Myctophum affine gather.

densely around the Kuroshio (the Black currenf) front.
These ‘species are also importaﬁt as the prey for other .
fishes and animals;"Mjctoohidae.are the most important

food for bottom flshes such as Atheresthes evermanni

Reinhardtius evermanni Theragra chalcogramma, and Gadus

. macrocephalus (Tohoku Suiken dachlnohe Shisho (Tohoku

Fisheries Research Laboratory, Hachinohe,Branch) 1956

and 1958; Gyogyo Shigen Kenkyu Kaigiho ' (Fisheries Re-

search Gouncil Report), 1965). Reinhardtius evermanni

hss been found to take Notoscbpelus_japonicus and- Diaphus

‘theta. Along the coast of Izu Todarodes pacificus take

a great amount of Myotophidae'(Okutani, 1962) and also

- Oncorhynchus keta,'Oncorhynchus masou, Katsuwonus pelamis

and Thunnus thynnus (Ogawa, 1961).

Scomber japon10us* all the bcomber japonicus

found in stomachs were young. According'tq the study by ;
Kawasaki (19665, they stay along the coasts of Senriku

and Joban from December to May. Most of them swim in the
surface layer. In order for them to pass the wintér in |

"those areas it is necessary that the coldest temperature
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. . . o
should not be below 6 C..

‘Theragra chalcogramma: they are found in Oyashio

‘(the'Kurile‘cufrent). .Tﬁgy live in water of 1°-3°C in

the fééding period. TheAspaWning‘perLOd in the Tohoku -
~sea region is from Dedember‘to May;"Spawning fiéh-gather
dénsely especially from'February to March (Tohoku Suiken
Hachinohe Shisho (Tohoku Fisheries Research Laborétory, ”

Hachinohe Branch), 1956). The fish:approach the shore at

depths to 100 m in the spawning period (Gyogyo Shigen

Kenkyu Kaigiho (Fisheries Resources Research Council

Report), No. 3, 1965).

' Laemonema longipes: are sometimes caught in grest

quantity by trawling from a motor boast in the deep ses

at the north of Surugs Bay (Toda).

' 3) Fishes along the coast of Sanriku in the

period of migration.of fur seals

The following are important when food and the fpod
.Aéhaiﬂ are considered‘toibe»the.regulating facﬁors in the
migratibn of fur seals: a) the kinds of squids, fishes_gndi
other snimals found along the coast ofASanriku; b)'their
'denéity distribution; c¢) their qﬁahtitj} d) their mode of
life. There are many kinds 6f‘animéis.living along the
éoast of Senriku. In this section, howevef, only the

animals that fur seals cen use are discussed. Suisan

"~ Tokei Geppo (Monthly Records of the Fisheries Statistiqs)

—
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Table 20. Monthly records of catch from the fishery statistics in 1962.

T AT T K S T SRR ARSA LDk

3 3
Kid of & S
fishs : s o8 X 8 2
8§, 5 23 £8 183 §§
v - v = .
§8 8 £ £ % S % §Es é;iu,.
« 8 T8 &8 ¢ $f §or Y Og88EF §is
§ s8R0 8§ 8§ YOS ges LEL
L ogg ¢l EE T o2 T oy 85 §8% ~
y 8§ § % 5% 8 5§ 2 ¥ §88%F% 5NGE
SYE S2RE RS OY O E4REF i
- 5. d& @ 3 &AQ § &§ 8 & & R aR-
Date > : :
— 00 20 — 38— 1 — 547 776 6 187 — — 637 — 0 Aomori pref,
01024 — 499 — 0— 4 — 119 17 124122 0 0 1047 — 1 Ilwater i
January — 9373 — 82 — 0 — 7 — 385 4500 .37 399 — 131'— 0 Miyagie
: — 8625 — 249 — 18 — 107 — 181 — 0 84 — 36 25 — — Fukushima»
0 4820 — 3958 — 45 — 3396 — 0 — 0 00— — 6 3 — Ibaragi»
— 00— 8 — —— — — 437 610 84184 — — 3 — 0 Aomorir
—_ —— M = —=— 137 — 72 15 6111-—= 0 — — 0 Iwates
February— 495 — 321 — 268 — 3616 — 3245 483 87295 — — = 2 — 0 Miyagir
. — 2278 -— 194 — 61 -— 3863 — 246 -— 13316 — 29 2 — — Fukushima~
._ » — 1197 — 2672 — 90 — 9800 — -~ -~ 0 0— — 0 2 — Ibaragin
0 — — — — — e — — 412 2963 130 228 — — — — 0 Aomorir
- ——= 0 — —=— 25 — 8 19 6189 — 0 - — 0 lwater
March — 2 — 39 — — — 32 — 23322010 72344 — — 1 — 0 Miyagiv
.~ 63— 23 — —'— 8 — 339 — 6139 — 40 ~ = — Fukushima »
0 199 — 1704 8 17— 1724 — 0 — 1 0— — 0 3 — Ibaragir
1 — 0 — — — — — 2501073 625 303 — — 0 — 7 Aomorir
; -— —— 8 — 0— 4 — 109 14 35175 — — 3 — 0 lwater
Apii 0 00— 0 — 0— 0 -— 1525 963 186 492 — - 0— 0 Miyagir
- 00— 1 — 0— 383 — 114 6 18260 — 22 — = — Fukushima»
0 217 — 227 481 47— 2645 ~— 0 — 0 0 — — 1 1 — Ibaragir
— 3~ 45 — 0— 2 — 154 201 1373 297 — — 117 — 17 Aomori»
— 0— 8 — 0— 438 — 49 17 31138 —— 210 — O Iwater
May 0 348 0 3 — 0-— 1284 — 503 436 249 653 — — 6 — ¢ Miyagi~
— 63— 1 — 111 —1378 — 18 — 2258 — § — — — Fukushima
- 01408 0 121218380 —1577 — — — — 00—~ - 1 1— Ibaragis
- 37— 235 — &5 — 435 . 207 45 1205°377.— — 13602 — 3 Aomoriw

21
11 0 101 — 0184 0 67 16 44160 0 — 394 — O .Iwatewr
June 0 82 0 85— 4 — 266 '— 238 207 245742 — — ' 26 — O Miyagi»

Qe — — 7 180 10 — . 3249~ 5 — — — Fukushimanr
110 O 677 568 537 — 539 0 — 0 00— — .16 — Ibaraginr
’ ~ 10 362 —~ 8-— 257 — 77 16 1383 246 — — 19635 — 0 ~Aomorin
s ) — 15— 207 — 2 — 1371 3 0 0 18 0—— 3835 — — Iwater
-July 0 - 1548 109 — 37 — 362 1 62 19 237 109 — — 251 — — Miyagi»
- e e = e 48— 35— 0 — 0 9— 4 — — — Fukushima~s
—~ 00— 84 72762~ 47 — 0 0 2 0~ — 0 0 — Ibaragin

From data of Suis:an Tokei Geppd, May, 1962—-February. 1963, Ministry of Agriculture,
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is wortn consultlng W1th regard to the subject."From - 75
the 1962 records of catches classified according to |
prefecture,‘we note the comparatively small sized~fléhes‘
which may be eaten by fuf seais~(Table 20) . Fishcs such

as~Thunnus_thynnus, Kat suwonus pelsmis, Seliola quin- -

queradiata and Selachii and bottom fishes such as Para-

lichtys olivaceus, Sebastes matsubarai, Sebastolobus

macrochir and Argentina semifasciata are exciudéd from 77

this 'study, sincelthese'fishes are too large in size
for fur seals and alsoAbecause their mode of 1ife is not
suitable in this.fegard. Sardinops melanosticta has not

1

been caught.recently. According to the study done by

Kawsseki (1966), mainly young Scomber japonicus are pre-
~ sent from Januafy to April along the coast of Sanriku.

Adults predominete from May. The abundahce'of.Gadusl

ﬁacrocephalus and Theragra chalcogramma:near the coast of
Joban is not reflected correctly in the records(of;catches
since the records include catches in the north‘sea.

Sebastes matsubarai,_Sebastolobus macrochir and Argentina

semifasciata live 1n the bottom,of the sea and never are

found .in the stomach of fur seals. Con31der1ng the con-
'dition of the kinds of fishes stated.above,~the ‘present -
ahount~of'these useful fishes in various areas should be.
reflected in the smount of the catch. The amount of the

cateh of useful fishes except bottom fishes is small from
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winter to spring. Thls,means that their density distri-
bution is.1low, especially in areas from Aomori to Fuku—
“shima in ~comparison with the vicinity of Ibarakir

l}) Relationship between the prey and the non-

biological enV1ronment
Kinds of prey and the changee in_their prevalency
in the.stomaches of fur seels-correSpond well in time
.and space to the changes of the oceanographic conditionse
The kinds of" prey and their prevalency are discussed below
in relatlon to the oceanographic conditions. |

Hotaruika (Watasenia scintillans)- were prevalent

as foliows, along the cosst of Onahama in March, 1965;
_along’the.coast of Kinkasan in'March, 1966; along the .
.coast of Kesennuma in February to March; 19673 along”tne
coast of Ozuchi_in February to.April, 1967; along“the’
coast of'Kurosaki in April, *1967. A~common factor was
the temperature of the surface water which was in the
range ”9 —12 C. Their prevalency occurred only in the
west of 1u2_E.along the coast of»Joban and only- in the west -
of 1u30E along the coast of Sanriku. This‘indicates their
~prevalency ocecurs in the wsrm water masses elong'the coaet-
from Jenuery"to April, Tnis'reflecte the mode.of iife of

the species.

Ika rui (Squids): Surume ika (Todarodes pacificus),

- Nyudo ika zoku (Moroteuthis sp.) and Tako ika (Gonatopsis
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.boreaiis)ware»foundr It is difficult to identify the . \

W

“kind when;only~a beak remains in a sealfs'stomoh. How- .

ever, Todarodes pacificus'is considered to be the kind

which occurs frequently with a high den31ty distribution.

Therefore of the qquids the prevalency of Todarodes;paci-
£iggg is asqumed '

| The prevalency of qqﬁids occurred as followq. the
areaAto tae north of the'coast-of Ozuchi from May,;1965;
the areafto the north of the_coast of Keeennuma from
April;'1956; the area to the north of the coast of Ozuchi
from Aprii,_1967;'also to the norﬁh of the_coest of Kesene

numa ffom April in each year., This almost coincides with

the period of migration of Todarodes pacificus alohg the
ooast‘of Sahrikﬁ;_ The water fempuraturevat_a depth of
100 m is below 10°C and,suiﬁable for their northward mi-
gration as stated byISuzuki (1963),. In.each case the |
_prevalency becomes remarkable as tlme progresses in the
perlod of migratlon. |

Diaphus sp.: prevalency occurred along the coasts
of Kesennuma and Ozuch1 from mid March to mid April in
11965. This coincides with the perlod when water of 2°C
covered tne area. | . .

_Okuchi.iWashiA(Notoscopelus japonicus) : appeared_

for a.comparatively long time and in s wide area. How-

L. . N ) )
rever, this species was seldom found in water of 2 C from
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mid March to mid April in-1965 and in the area ﬁofthé
south of the‘coastjof Kurosaki from Jénuarf to March in

1967,

Masaba (Scomﬁer Japonidusjz a few apbgared in the
area ffom the cpasflof Onahama to thé coast of Ozuchi
frém January to June. This corresponds to the péribd of
éta& of the'ypdng élong fhe coast.of Sanriku and the coast
of Joban,

‘Suketodara (Theragra chaloogramma): only few were

found in the area from the coast of Onshama td‘thq,coast
of Ozuchi from January to.April; ,This.cofreépénds to. the

spawning period when the fish appréach thé»Shdre.

Jtohikidara (Laemonema-longipes): this species

was fouﬁd in the digesﬁiﬁe-state of degree 1 to U4 iﬂ»gn
‘area close to the'éhore from January to March andjlérgely
within the 200 m isogram (Taﬁle 21).: | |

| o 78

Table 21. Relation between the degree of digestion-of Laemonema longipes in the stomachs and.
the position of fur seals collected in 1967.

Position

e e

- MDegree of_ ' : . otolith °

Region ¢ om.coast digestion 12 8 4- 5 only
141°30'E — - : ‘ . )
£ o 1 5 42 24 ° 36 Continental shelf
.58 142°00'E . ) .

EC0 : - : 200 m

g 142°00E— _ ) : ~

9 i -9 17 b deeper
- 142°10'E - seepe

© 142°00'E— _ - :
3] . 1 2 -1 1. Continental shelf
- 142°10'E _ : S T
ﬁ " . . fraeeantesnianenans 200 m-

g 142°10'E— . .
0 1 3 7 deeper

. 142°30'E
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5) Relatlonship between the mode of migration '

of fur seals and their prey

1) Females of fourt years: the prevalency of -

+ years which sppeared typically along

the coest of,quennuma from January to March in 1967 and
the tendency towards high density areas of distribution
of females of six to ten yqars>ﬁeré observed around the

southern 1limit of_migfation. ~Fur seals in fhis area

" took Watasenia scintillans, squids and in 1967»Laemonéma

longipes as food. These constituted two thirds of the .
prey. Fur seals densely populating the. transition area

between the warm water mass and Oyashio (the Kurile

7

current)~are'Considered to be regulated by the prey which

also gather in the same aresa. .

Several cnaracteristlcs of the prey were revealed

for 1967 walcn should be noted. Laemonema 1ongipes

occurred both in 1966. and 1967. Especially their

occurrence was remarkable aslong the coast of Kesennuma

from January to early March in 1967. ‘This peculiarity

coincided with,the occurrence of high density areaé of

fur seals. These occurred nearfthe 200 mliSOgramiin the

. : o 5 ’ ' & X
area between 141 50" E and 142 10' E. - The central por-

78

tion moved away from the coast in the middle end at the

end_of February. Thus the high density areas were>hear

‘the 200 m isogram. This is considered to have been
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caused by the concentratjon of Laemonema 1ongipeévin that

aresa.

ii) Comparison between feméleé,of four® years

ahd fﬁr seéls of-bther devélopmental stages:
Male yéérlings;and malesvof tko to ﬁhree years Were pre-
valent along the cossts of Kesennuma énd‘Ozuchi from
.March to April in"1965 Females of fourt yeafé Wwere pre-
Valent in the qouthern 1im1t of the" migration. Males of
- two to three yearq appeared in densities of degree II III
: and fgmales of six to ten years were concentrated in the
high dehsity areaévéf the southern Iimit of migration.
Feﬁale\%eérlinga'and females of two to three yéars were .
observed to~£he sonth of the coast of Kinkasan. Hdﬁevef,
high density areas were ndt_appafent.,‘ThéSe:characteristics_
areucdmmon to the three years of observation; ~The tend+
. enéy towards low denéity-areas by'hale’éndvfemale yeariv_‘
lings4and.maleé of two to three'yeafs and the'aﬁparent‘
‘high concentration of femsles of: four to five years and
six to ten years ware . related to the denﬁity distri-
bution of the prey. The dirference'in.the density,dis-f:
tribution-iq éowetimps related directly to the amount of
prey takpn by fur seals. It is qométimés influénCed'by
gocial and Pcologlcal relationships.. Females df tﬁo to
three yegrs"and males of four years do not shqw a“definité

tendency one Way or the other in theirjdehsity distribution. .
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.Thelr distributlon is not related to the distrlbutlon of
prey. Th1s is considereé to be caused by the following
factors"females of two to three years are in the process
of transition from yearllngs to adults of four to five
yeafs and males of four years are greatly affected by
the oceanographic conditions or conditions on the breed-
ing islands; These factors require further study,_ A
| | As stated above itfis COnsiQered that the density
distribution from winter to spring of fishes which-cen'

be the-prey for fur seals is low in the area from Aomori

to Fukushima where a branch of Oyashio (the Kurile curfent)

widens. * On the other hand the transition zone between
the warm water mass and Ozashlo (the Kurile current) maj
contain a concentfation of many kinds of fish. 'The rela-
. tionships between_the transition'zone end the prey are
not yet fully known;; However, there ere some grounds ln‘.
the data given above for the assumption that the prey of
fur seals concentrate in the transition zone,

. As along the coasts of Onehame and Ozuchi from
March‘to_April inA4965 sometimes ebanées in “the density
distribution of various kinds of prey are clearly indi-
cated The chages in food hebits’ofAfur'seals are.con- |
sldered to be regulated by the amount of fish in the area.i
Therefore it is possible that fur seals indiscrimlnately

eat squids and fishes which are- available in the area.
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-For ekamplej‘the‘prevalency of Todarodes pacificﬁs in the

stomach contents of fur seals occurred from April to May
" When thls species mlgrated to the coast of Senriku.

Scomber japonicus was found from December to May when

this species stays alohg the coast of Sanriku. The few

occurrences of Theragra chalcogramma were from December
. to May when this Species approaches the shore for spawn-

ing. According to Suisan Tokei Geppo . (the Monthly Records

of Fisherles Statistics), the catch of useful fishes ex-

cluding bottom>fishes is sﬁall from w1nter to spring in

the area from Aomori to Fukushima. _ungraulis japonlca,

¥

Scomber japonicus ‘and Todarodes pacificus among the use- 79

ful fishes are not eaten in preat amount - by fur.seals
caupnt in the same time- and locations stated above. There-
fore the small amount or the low density distribution of.
the prey coincides with the low frequency of appearance
of\the prey- in the stomsch,of fur seals. .

Table 22. Relation between the kinds of food and the developmental stages of -fur seals,

Age Kesennuénn:)coast J: an.~Apr., 1967 - Ozuc(hl )g:oast : Jan.~Apr., 1967
. (%
Laemonema* ~ Other kinds Stomachs with Laemo * i
longipes  of food food Im&m (?fthf:)dkmds \Svtl(:{'lnxg; ’
T e s 9 8 e & e .8 e & 9
1- 0 0 44.4 = 55.6 3 -3 -0 0 66.7 3.3 9 4
1~3 5.0 6.2 38.8 50. 0 23 26 0 L1 65.9 - 33.0 44 25
4~5 3.1 11.5 10.4 75.0 ) 6 47 0 " 4.3 25.5 70.2 16 44
6~10 — 35.0 - 65.0 -, 129 - 0 7.2 1.5 91.3 1 45
I+ — %38 — 67— & . - 163 — 87 - 3

* i Includes few salmonidae and Theragra chalcogramma,
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The 1ow density Hreas for male and’ female yeér-
1lﬂgs and males and females of two to three years and
males of four+ years correspond.for the most part to fhe
low density areas for the prey. The distribution of fur
gseals is independent of thé spécies of the prey. This |
+
years are brevalent. A high density of femsles of-four*-
years coincides usually with a high.déﬁsitj of prey.
The relationship between the density distribution of the

prey and the deveiopmental stages of fur seals should be

studied further from the viewpoint of the quality and

!

quantity of'nutriment-neéessary»for fur sesls,

11i) Relationship between the developmental stages

of fur seals and the kindé of prey: Theragra chalcogramma

.and Laemonema longipes are not found in the stomaches of

- yearlings. Along the coasts of Keséennuma and Ozuchi from;

January to Abril in 1967 Laemonema 1oﬁgipes was taken in.

great amount as food. However, not one wes found in the

stomaches of yearllngs (Table 22) This‘ls con81dered

to be caused by the mobllity aﬂd the size of the. .prey
and not. by the distribution of fur seals. Fur seals in

other deﬁelopmentél stages alwéys,take whatever éuitable

prey is available..



Period of southward
) migration

Period of stay 1§ Period of s!ly‘ll

422

‘Period of northward
: migration

B ~

7 ) 1

Jele Both sexes of 1-year-olds’

.’ +»*. Both sexes of 2-3-year-olds

KN 4-5-year-old
females ’

4-5-year-old males .
 Female of 6 years and over

Male of 6 year and over

Fig. 23. A .model of fur seal migration on the coast of northern anshﬁ. A .

§8. Model drawings.of-the mode of migration of 80
’ fuf séaié | |
In:this'paper the.mode of migrétion of fur seals
along the coast of Sanfiku has been diséussed from
severai éspécts. ’Model.drawings have beeﬁ made ffbm the
. results of this sfudy_(Fig;.237.>-This figure shqﬁld b§
. improved after further studigs. The density»of;disﬁinc—
tiVe merkings for each developmentél stage and ﬁhe-Shgding
indicatelthe degree of density of fur seals and the-éizesv 
and componénts Qf-pOde - |

sSummary
' Summary is equivalent to the English abstract

ziven at the beginning df»this paper (Translatorts ﬁote);
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