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Foreword

This publication, the "Atlas of Average Year 's Fishing Conditions

in the Tuna Longline Fisheries, " is the work of the staff of the Nankai
Regional Fisheries Research Laboratory of the Japanese Government
Fisheries Agency, headed by Dr. Hiroshi Nakamura. Together with

Dr. Nakamura's previously published "The Tuna Longline Fisheries

as Seen from the Data of the Past, " this is a presentation in a bird's-

eye view fashion of a large amount of data collected in the past.

As Dr. Nakamura states in his preface, this book is not a finished

work. It is, however, worthy of specicd note and can become a milestone

both for guidance to those engaged in the fishery and for providing a scien-

tific basis for administration. It is a milestone in the sense that it is a

start from which hereafter, from year to year, data will be collected and

further analyzed, and more complete editions will probably be published

successively.

Among Japan's fisheries, the tuna fisheries, because of the

geographical conditions of their fishing grounds, are those from which
the most is to be expected in the future. In order that the Japanese tuna

fisheries may be more amenable to planning and may have a healthy

industrial development, they must by all means be based on broad, sci-

entific studies. The investigation of fishes like the tunas, of which there

are a large number of species migrating over broad areas of the ocecuns,

cannot attain its objective solely by reliance on government research
vessels, but can only do so through the understanding cooperation of the

commercial operators. It is hoped that the publication of this book will

stimulate closer cooperation between research workers and commercial
operators so that by their combined efforts the tuna fisheries may be

further developed.

In closing, I wish to express my deep admiration for the efforts

of Dr. Nakamura and the staff of the Nankai Regional Fisheries Research
Laboratory, and I also wish to warmly thank Director Yokoyama and



Assistant Director Nakayama of the Federation of Japanese Tuna
Fishermen's Associations for their efforts in behalf of the publication.

/s/ Motosaku Fujinaga
Director of the Research Branch
of the Fisheries Agency

June 6, 1953

ATLAS OF AVERAGE YEAR'S FISHING CONDITIONS

IN THE TUNA LONGLINE FISHERIES

Editor's Preface

The study of fisheries resources has come to be a subject of

general discussion in recent years, and the significance of this work
has gradually come to be correctly understood and highly valued. This

is very encouraging to those of us who are engaged in this field, but,

on the other hand, it nnakes us feel very keenly the importance of our
responsibilities.

The final objective of the study of fisheries resources is, of

course, to make it possible for human efforts to regulate the resource.

To put it more plainly, according to nny way of thinking, it is to give

the maximum possible production without overstepping the limits of

overfishing and to endow mankind broadly and perpetually with the

blessings of aquatic products. Or, to state it from the opposite point

of view, it is a study of the application of planning to fisheries so as

to make planned production possible.

Our Nankai Regional Fisheries Research Laboratory has been
given as its most important mission the carrying out of studies of this

sort with regard to the tuna fisheries. It is extremely simple to express

our objectives in such phrases as "management of resources" or "planned

production, " but it can be judged that this is not an easy task when we
consider that even in such limited bodies of water as lakes control of

production does not often succeed, or when we take the case of fisheries,

such as that for sardines, where the species exploited is produced only

from limited areas comparatively near the coasts, and yet cannot be
easily accounted for. I think it need hardly be stated how much more
this is the case in the tuna longline fishery, the fishing grounds of which
extend over broad areas of the open sea, and the catch of which comprises
a rather large number of species of fish.

The approaches which we are using at present in the study of

fisheries resources may be very broadly listed as follows:



1. The study of the biological characteristics of the fishes

which are the object of the fishery.

2. Clarification of their relationships with ecological factors.

3. Ascertaining the amount of the catch.

4. Studying the changes in the size of the fish taken over a

number of years and the reasons for these changes.

5. Deducing, on the basis of these data and the results of these

studies, the quantity of the resource, finding the proportion of the catch

to the resource, and determining the proper amount of fish to be caught.

The studies which we are making of the tuna fisheries are, of

course, based on these orthodox research methods. On the one hand,

we carry out investigations of the environment aoid the biological char-

acteristics of these fishes at sea, enduring the tropical heat of the South

Seas and the stormy weather of northern waters. On the other hand, we
make morphological measurements of the catch in the fish markets in

the freezing early dawn, or we go for the purpose of collecting data on

fishing conditions to visit fishing boats, where we are often met with a

very cool reception, or even abused. Some of these data have already

been assembled and reported in the preliminary reports of investigations

of the resources by the Nankai Regional Fisheries Research Laboratory.
The results of our studies come out as Reports of the Laboratory or as

Progress Reports, and further reports will be published continuously in

the future.

The basis for the construction of these charts of the average year 's

fishing conditions comprises the data from prewar operations of research
vessels from all parts of the country, which were recorded inReportNo. 1

of the Nankai Regional Fisheries Research Laboratory, and material which
has been gathered since the war from the reports of experimental and re-
search vessels and by interviewing personnel of commercial fishing boats.

For the purposes of this compilation, the cutoff date has been determined
as March 1952. However, where it appeared necessary, later data have
been added. It is regrettable that very few oceanographical data are pre-
sented, but this was unavoidable because the majority of the data were
gathered from ordinary commercial fishing vessels.

It is anticipated that there will be various divergent views and
criticisms on the point of whether a work based on this amount of data

can be called representative of the average year, and also on the point

of whether it is proper to take 1 squares as the unit for fishing grounds.



However, I do not think of these charts of the fishing conditions as final

or as the best that can be achieved. On the contrary, they are only a

beginning and therefore are quite inadequate. I intend to take these charts

as a foundation and, hereafter, to make up charts of the fishing conditions

each year, compare and review thenn, and in from 3 to 5 years to again

bring out charts of the average year's fishing conditions in amplified and

perfected form.

My reasons for thinking up a project like this were in general as

follows. In the first place, if we look at the operating conditions of the

tuna longline fishery, which is the main part of the tuna fishery,

1. At the present time, there is absolutely no knowledge or means
by which to tell, as the vessel is running along, where one may set the

lines and be certain of catching fish.

2. Once a place is chosen and the line is set, it becomes, in the

final analysis, a matter of waiting for the fish to bite on the hooks, and

as long as ther^ is no positive way of making the fish congregate in the

vicinity of the lines and bite on the hooks, there is no particular skill or

technique involved in the operation.

3. The selection of fishing grounds is made, as a general rule,

on the basis of fishermen's experience, or often by picking up on the

radio information on the success which other fishing vessels are having.

4. Consequently, catching tuna on longlines, at least under present

conditions, may be thought of as a problem in probabilities. I do not think

that any special inspiration, talent, or skill is involved in it.

In the second place, as far as our mission and objectives are

concerned,

5. If it were possible to plot the movements of fishing grounds as

the nriovements of typhoons are plotted on weather charts, it would be

possible

6. To fill in the data and at the same tinne

a. To evaluate the character of the population.

b. To clarify its relations to its environment.

c. To grasp the seasonal changes in fishing conditions and

fishing grounds.



d. To grasp the changes in fishing conditions in given

fishing grounds from year to year.

7. It may be though that if these things were accurately grasped
as phenomena, principles applicable to these phenomena would automati-
cally be established and would provide a path leading to the objective of

the study of the resource.

In the third place, in such a research process, it is thought that

8. The information and data assembled here can certainly serve
to guide the operations of commercial fishermen and can be useful as a

basis for business operations. On various levels they can probably con-
tribute to the stabilization of the fishery. Furthermore, they will probably
reveal the fishing grounds on which it is possible for various types of

vessels of various characteristics to make a profit and will thus serve
as a basic and valuable reference in the establishment of government
policies and administrative measures.

9. It is the responsibility of the fishery research laboratories,

which are industrial research organizations attached to administrative

bureaus, to have at all tinnes their information and data assembled up

to date ajid to be always ready to answer the questions of the adminis-
trative authority and to guide the operations of private enterprise. As
for the question of the accuracy and reliability of the information and
the data, it is unavoidable, of course, that they cannot be expected to

be perfect, but they should be the best possible at the particular stage

of the investigations.

It goes without saying that this type of undertaking cannot ever
approach its goal using only the data collected by a small number of

experimental and research vessels. The number of fishing vessels
which show a correct understanding of our work and which supply us

with reports of their operations is slowly but steadily increasing, and
this is extremely heartening and strongly encouraging to us. It is our
hope that not only will the boats which have been supplying us data hitherto

continue doing so, but that all tuna longline vessels will proffer accurate
reports of their operations. I believe that the objectives listed above can
be attained only if the researchers and the commercial operators not only

cooperate but become a single, harmonious whole. If it is possible to

bring about a situation where there is a division of labor under which the

commercial vessels all turn in accurate data on the fishing conditions

each time they make a cruise, while the research vessels take over the

field of study of ecology and oceanography, which is impossible for com-
mercial vessels, and also that of testing the theories to which the results



of these studies lead, we will be able to expect an improvement in the

stability of this fishery.

Up to the present, the work of compiling these charts of the

average year's fishing conditions has not been taken up as a part of the

regular work of the Nankai Regional Fisheries Research Laboratory.

The main reason why we have hesitated to make it a part of our regular

work has been our lack of confidence in our ability to turn out something
worthy of being called "charts of the average year's fishing conditions"

because of our inadequate personnel and financial support. These fears

of mine hav6 been realized in the form of the poverty of the data. This

poverty of the data is most conspicuous in the case of the fishing grounds
in home waters where small vessels operate with a strongly local character.

This fact largely reflects deficiencies in the network for the collection of

data. However, we have no way of telling when, if ever, we will be per-
mitted to strengthen our personnel and financial resources and consequently
we are connpletely unable to predict when we can collect satisfactory data.

For my own part, I expect that there may be dissatisfaction and general
criticism, but my concept of a fishery research laboratory is such that I

am prepared to accept in good part any sort of criticisms that will lead to

progress, and therefore I have gone ahead with the publication of this
volume. It will be a source of the greatest satisfaction if our ideas are
understood, if budgetary measures are taken which will permit us to in-

tensify our research activity, if we gain the general cooperation of the

fishermen, and if we can have our errors and shortcomings pointed out

to us.

For the reasons set forth above, the preparation of these charts

has not been carried on as a regular work of this laboratory, but the per-
sonnel of our High Seas Resources Section, even though engulfed in their

regular research work, have pitched in and worked together using every
bit of leisure time, working until late at night in their spare time. The
work of organizing the data and writing the explanatory material has been
divided as indicated below; I have revised and edited the manuscripts.

In gathering the data, we have enjoyed the cooperation of the Tohoku
Regional Fishery Research Laboratory and the Fisheries Experiment Sta-

tions of Chiba, Tokyo, Kanagawa, Shizuoka, Mie, Kochi, and other
prefectures. We wish to express our deep thanks to them and to the fish-

ermen who have taken time out from their arduous work to prepare and
send to us reports, and we trust that in the future we may enjoy evencloser
liaison with thenn in order to work together for a healthy developnnent of

the fishery.



The publication of these charts has been supported by the Fisheries

Agency in various ways. The editor is also deeply sensible of the kindness

of the Federation of Japanese Tuna Fishermen's Associations in the efforts

they made toward the publication of this volume.

Section

Albacore

Yellowfin

Striped marlin

Broadbill swordfish

Bigeye tuna

Black tuna

Black marlin

Overall responsibility

January 5, 1953

To the reader:

Person in Charge

Akira Suda

Yoichi Yabuta

Shoji Ueyanagi

Shoji Kikawa

Tadao Kamimura

Hajime YamaJiaka

Yoichi Yabuta

Hiroshi Nakamura and
Hajime YamanaJta

In some cases there are inconsistencies in the names used for

fishing grounds in this work. In the present stage of our study, it is not

clear how the sea areas should be divided up, and however we try dividing

them it is impossible to arrive at a precise and proper division in accord-
ance with the characteristics of the fishing grounds. For these reasons,
each author has used the division which best suited his exposition. It is

anticipated that this may be a source of some confusion to the readers.
We expect to systematize these names in the future.



ALBACORE, Thunnus germo

SEPTEMBER

General

Within the scope of our data, albacore fishing in September is

still extremely sparsely distributed, and no fishing grounds showing
concentrated catches are formed in any of the sea areas. However,
this season is the period at which fishing grounds are beginning to be

formed in the North Pacific and, although at the present time our studies

have not advanced to the point where these data are very pertinent, it is

believed that hereafter they may prove to have an important significance

in judging the formation of fishing grounds and the fishing situation.

As the chart shows, the data are concentrated in the North Pacific
o

along 40 N. , in the subtropical region (middle latitudes), and in the tro-

pical sea area. Considering them by sea areas, they are in general as

follows.

1. North Pacific Area

The fishing grounds are centered along the line of 40 N, and
extend east amd west in a zone.

This sea area is confined between the Polar Front and the Sub-
tropical Convergence. It corresponds to the area of the flow of the

North Pacific Current, and according to the North Pacific current charts

(Japanese Hydrographie Office, No. 6031C), the current flows to the east

at speeds of 0. 3 to 0.7 knots, mainly 0.3 to 0.4 knots. Along the northern
edge, however, the direction of flow is irregular. Since we have no data

on the distribution of water temperatures, we know nothing about the pic-

ture over the whole sea area, however, the following table presents extracts

from the results of sectional observations directly east of Same, inAonnori
Prefecture (about 40°30'N. ).

Translator's note:

The longline "catch rate, " which is constantly referred to in this

report, is the catch per 100 hooks fished per day. For the location of

the major sea areas mentioned, see the frontispiece.

In order to save a great deal of typing and drafting the original

tables and figures have been photographically copied. Clarifying notes

have been added where necessary, but minor faults of typography and
spelling have not been corrected.



Table 1, --Distribution of water temperatures due east of Same,
Aoinori Prefecture. (Based onSemi-annualReports of Oceano-
graphical Investigations, No. 63, 1939)

Mortti iS '/ '' 'f ''
,!

'/ "
I

'/ '^ '^ '' '' '/ '/ .

10 50 100 150 200 250 300 350 400 450 500 600 700 800 900 1.000

Distance from coast in miles

VI

K

21.7

15.6

23.0

17.7

21.7

8.4

22.6

17.3

24.4

11.3

21.5

15.4

22.8

10.4

21.5

19.2

23.2

8.0

21.2

15.5

21.8

7.3

20.4

11.5

21.8

10.0

22.7

14.0

18.7

3.5

20.3

9.8

19.8

4.3

21.4

12.8

18.5

8.5

17.2

9.2

17.4

7.8

16.3

7.0

20.0

9.0

Note: Upper figure is temperature at surface, lower at 50 m.

The following table shows data on oceanographic conditions

in this area from commercial fishing vessels.

Table 2. --Water temperature data from reports of fishing boats

Date eund i

position
Om 50m lOOm

Date ajid

position
Om 50m 100m

Date and
position

Om 50m 100m

1949

IX 2

'/

'/ 7
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'/12
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'/17
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'/22

156'50'K
37='02'N

157=20'
36 '14'

160=27'
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160=18'

SB" 12'

159°55'

38=40'

26 8°C

25.5
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24.3

23.9

17 7=C

15.2
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17.2

1949
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'/

'/ 8
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'/12

'/

>/Yl

It 22

164=8 5'

E

40=08' N
163=09'

39=27'

164=07'
40=08'

161° 17'

39° 19,8'

] 60=34'

40=21'

23.6=C

20. 2~
21.2

1S.3~
19.4

19.5~
20.2

21.9—
23.2

I6.0=C

18.0

15.0

17.0

17.5

12.0=C

13.2

12.7

13.0

16.3

1949

1X23

'/

X 1

'/

'/ 6

159=12'E
39=55'N

159=52'

33=09'

158=24'

37 = 41'

20.3°C

2.3.2

21.9

13 4°C

16.5

16.5

9.3°C

In this sea area in September, as will be set forth in later sec-
tions, the catch is made up principally of spearfishes and bigeye tuna,

and the albacore catch is of very small significance in the fishery.
Geographically, the catch rates show a tendency to be high in the east

and low in the west, with alnnost no catch west of 150 E. and with hardly
any cases where the catch rate rises above 0. 1 percent even in the area
between 150 E. and 160 E. At 160 E. to 170 E. the catch rate is rather
conspicuously increased over that in the area of 150 E. to 160 E. . and

o o
at 170 E. to 180 , although there are few data, the catch rates increase
still further and in one case a rate of„2.66 was recorded. Farther to the

east there are no data at all so we have no idea of the situation in that sea
area, but it is thought that there is a possibility that the fishing grounds
continue on into west longitudes.
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The fish taken are all generally large for albacore, most of

them weighing about 15 to 19 kilograms.

2. Areas of the Middle Latitudes

Throughout this sea area as a whole the data are very scarce and
scattered. The only places in which there are some concentrations of

data are around the Ogasawara Islands and Marcus Island, in Philippine
waters, and in the northwest part of the South China Sea. We have
no records at all of captures of albacore from the South China Sea and
Philippine waters. In the other areas, there are no high catch rates,
but a certain number of albacore always appear in the catch. The fish

are generally large, the majority of them being over 19 kilograms.

The following table gives the comparison with the catch rate cited

by Nakamura (1951). J./

Table 3. --Comparison of prewar
and postwar catch rates

Area



Hardly any albacore catch is recordedfor the SouthernHemisphere,
although there are some cases in Moluccas waters where there are catch
rates of over 1.0 but these are probably anomalous. Fishing conditions

in tropical waters of the Northern Hemisphere, as in the case of mid-
latitude waters, show no outstanding catch rates, but a certain amount
of albacore is tsiken generally over the area. At times there are fairly

concentrated catches mixed in with yellowfin and bigeye. The size of

the fish taken in this area, in general, appears to be somewhat smaller
than the fish taken in the mid-latitude waters.

OCTOBER

General

The fishing situation in low-latitude waters (0 to 10 N.) in October
is just about the same as in the preceding month, with no outstanding catch

rates but with a certain amount of fish taken everywhere. In middle-
latitude waters, along the line of 25 N. , we have continuous data from
each to west which appear to show catch rates not greatly different from
those of Septennber. However, there appears to be somewhat of a ten-

dency for the values to increase. Far to the south of the Kii Peninsula,

in the vicinity of 22 N. to 25 N. , 135 E. , there is an area of somewhat
concentrated fishing.

1. North Pacific Area

The fishing grounds of the North Pacific east of northeastern
Honshu have moved quite conspicuously southward compared with the

previous month, this trend toward the south being particularly marked
west of 170 E. Albacore fishing is a good deal more active than in the

preceding month, and catch rates are generally above 1 . in the area of

36 N. to 40 N. , between 160 E. and 175 W. , with scattered places show-
ing catch rates of about 5.0.

Between 150 E. and l60 E. fishing is generally slow, with few
places where the catch rate rises above 1.0. West of 150 E. , where
there was almost no catch in September, concentrated fishing grounds
have developed and in some cases catch rates are better than 5.0.

It is not possible adequately to examine annual fluctuations because

of the inadequacy of the past data; however, in 1949_' also fishing was

—
— Nankai Regional Fisheries Research Laboratory, High Seas

Resources Section, Summary Report of Investigations, 1952, Chart No. 11,

13



fairly good between 150 E. and l60 E. , but no concentrated fishing

grounds had developed west of 150 E. In 1950— the trends were in

good agreement with the chart presented here.

Table 1. --Comparison of prewar and postwar catch rates

\



Table 2. --Local differences in size composition

of North Pacific albacore (October, 1949-51)
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Table 3. --Local differences in the size

composition of North Pacific albacore

(October 1950)

U St



grounds and the movements of the schools, but the movements of the

fishing boats are also based on econonnic considerations. Given the same
requirement of labor and capital, it is more profitable to fish for large
fish than for small fish as long as there are no great differences in the

catch rates. As stated above, the breadth of the fishing grounds from
north to south is from 200 to 250 miles, but there is a possibility that

schools of smaller fish are migrating farther to the north. To under-
write our estimate of this possibility, it is known that occasionally on
the northern extremity of the fishing grounds astonishingly high catch
rates are made on schools of small fish.

There are almost no data on oceanographic conditions in this area
for October. There is a particular dearth of data regarding current boun-
daries and vortices, which are thought to have a particularly important
connection with fishing conditions. Tables 4 and 5 present postwar data
on surface water temperatures and fishing conditions from commercial
fishing vessels.

Table 4. --Surface water temperature and catch rate (170°E. -175°E. )

\. ^ m m
^~--.,,,^Catch-rate

.

Temperature. ^~-~~,



2. Areas of Middle Latitudes

In the waters east of 140 E. there is a scattering of data centered

around 25 N. , but the albacore catch rates are low and not worth recording.

West of 140 E. there are some more or less concentrated catches in the

area of 22 N. to 26 N. , 134 E. to 136 E. Good fishing grounds are formed
in this area from Novennber on, axid the advance signs of this development
can be seen even in October. This is called the "Okinotorishima fishing

ground, " and it is one of extremely interesting character.

3. Tropical Seas

Low catch rates are shown for the region in general, but there is

eilways a certain amount of albacore taken. Within the scope of our data,

there are cases of rather high catch rates in the extreme eastern part of

the area, but judging from conditions in surrounding areas this is probably

auionnalous.

NOVEMBER

Ge ne r al

In November, in the overall picture, the albacore fishing conditions

gradually reach their full season stage and, compared with October, fishing

is a great deal more active. Not only do fishing conditions become good in

the North Pacific grounds, but in the middle latitudes at 20 N. to 25 N.
,

centered on 135 E. longitude (hereafter this region will be referred to as

the Okinotorishima fishing ground), concentrated fishing grounds are formed.
However, the so-called Nankai Sea Area ground (centered on Kinan Reef,

north of 28 N. at 130 E. to 140 E.) does not as yet show the slightest sign

of the formation of fishing grounds.

1. North Pacific Area

The fishing grounds east of northeastern Honshu, as compared with

October, are about 2 of latitude farther south, and they extend a long dis-
o o

tance east and west in the vicinity of 31 N. to 40 N. , with the main fishing
o o

grounds between 34 N. and 38 N.

There are hardly any data concerning the oceanographic conditions,

but table 1 gives the data from the Fuji Maru, research vessel of Shizuoka

Prefecture, collected between November 3 and 28, 1951.

o
Table 2 shows the size of the albacore by areas of 2 of latitude

o '

by 10 of longitude.

20



Table 1, --Water temperatures and catch rates observed by
the Shizuoka Prefecture research ship Fuji Maru in 1951

11 B

Date.
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In October, in all areas, the major part of the catch was fish of

85 to 95 cm. (4. I kan weight), but in Novennber there was a general and

conspicuous increase in fish of the 75 to 85 cm. length class (2. 8 kan).

Furthermore, the tendency mentioned for October for the fish to be

smaller in the south ajid larger in the north, as well as smaller in the

west and larger in the east, is extremely clearly shown in table 2.

In October the fishing conditions between 150 E. and 160 E. were
remarkably poor compared with areas to the east and west, but in Novem-
ber, although an area of rather low catch rates can be seen in the central

part, the fishing conditions had picked up considerably over the whole area.

From what is shown in the chart, it looks as if this change in the fishing

conditions was brought about by a movement of the schools in from the

east and the west, particularly from the east. However considering the

size of the fish in the catch, the changes are gradual, just as they were
in October, and with the amount of data available it is not possible to

reach any conclusions as to whether the schools originated in the areas
to the east or to the west.

Looking at the shifts in the fishing conditions fronn December on,

it is thought that the schools in the extreme western portion (west of 150 E.)
o / o

gradually nnove toward the west, while those east of 150 E. or loO E. simply
keep moving south.

2. Areas of the Middle Latitudes

Considering the middle -latitude sea areas as a whole, data are

s<

high.

very scarce and the overall situation is not clear. Although the data are

inadequate, between 24 N. and 30 N. on 165 E. the catch rates are rather

The so-called Okinotorishinna fishing ground, which in October was
showing signs of developing, is very clearly mcirked in this month, and fish-

ing is active there. This fishing ground appears in complete isolation, with

its center at 20°N. to 25°N. , 1320E. to 137°E. Stated very broadly, this

fishing ground is surrounded on three sides, on the south, west, and north,

by the North Equatorial Current and the Kuroshio, while on the east it is

covered by the Ogasawara Current, flowing north along the Ogasawaras
aind Marianas. In the waters where this fishing ground is formed the cur-

rents are as shown in the supplementary chart* and the direction of flow
is locally complicated, however, in general it is a circular flow in a

* From North Pacific Current Chart No. 603 1-D.
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clockwise direction. Furthermore, within this area there are small

islands such as Okinodaitoshima and Okinotorishima, as well as eleva-

tions of the sea floor, so that hydrographic conditions are quite complex.

As subsequent charts will show, from Novennber on with the

passage of the season this fishing ground gradually extends southward,

reaching to the vicinity of 12 N. above the Palau Islands at the end of

the fishing season (see supplementary charts 1 and 2**). The fishing

ground in November is formed in a circular current, and the catch rates

cire over 2, in quite an extensive area.

Looking at the size composition of the catch, the albacore taken
in this area are very large for that species, with hardly any under 4 kan

(15 kilog. ), If we try bringing together all recorded measurement data,

fish of around 5. 8 kan make up 40 percent, those of around 7.4 kan make
up 60 percent, and the average weight is 6. 8 kan / 1 kan =8.27 lbs. / .

Besides albacore, yellowfin and spearfishes are important elements

in the catch in this area. The albacore is by no means the most important

but its significance is comparatively great. It appears, however, that

changes in albacore fishing conditions from year to year are great, and

the catch rate, as shown in the following table, fluctuates widely.

Table 3. --Annual fluctuations in the albacore catch rate on

the Okinotorishinna fishing ground

a). 135 E~



Table 3. --Annual flucatuations in the albacore catch rate on
the Okinotorishinna fishing ground (cont'd)

c). 135 E~I36 E CJanrary.)

^^^ Latitude.



region and, since these two fishing grounds are widely separated, it

is deduced that they are of different stocks.

Table 4. --S i z e composition of
albacore catches in Palau waters

a5cm~95cm



DECEMBER

General

In December the albacore fishing conditions become even more
active than in November. The fishing grounds in the North Pacific are

generally extended to the south and reach the line of 30 N. , running

east and west with a breadth from 30 N. to 40 N. The fishing grounds

in this region not only extend themselves southward, but also westward
and approach the waters off northeastern and east central Honshu, West
of 150°E. the fishing grounds also extend to the southwest, and their ad-

vance extremity reaches the vicinity of the waters east of the Izu Islands

around 27 N.

The Okinotorishima fishing ground is also more active than it was
in November, and the grounds are extended to the southwest, reaching

the line of 130 E. longitude.

The most noteworthy thing in this month is the clear appearance

of signs of the formation of fishing grounds in the Kinsui Sea Area, where
there were no signs at all of such development in Novennber. This fish-

ing ground gradually increases in activity from January on, spreads south-

ward, and overlaps the northern part of the Okinotorishima grounds, but

the fish taken in Kinan are small and are clearly of a different character

from those of the Okinotorishima grounds.

In South Sea waters there are scattered areas with rather high
o o

catch rates. Particularly in the area of 130 E. to 140 E. , there are
o o o o

somewhat concentrated catches. At 1 1 N, to 13 N. , 172 W. to 173 W, ,

there is even a catch rate of 2. 5, showing possibilities for a considerable

catch in this region. In the various sea areas west of 130 E. , including

the Indian Ocean region, hardly any albacore are taken, with only a

small catch reported from the central part of the South China Sea.

1. North Pacific Area

Compared with November, the fishing grounds have extended

southward by 3 to 4 of latitude, ajid their southern extremity is at
o

30 N. or, in places, below that line. The grounds have extended not

only southward but also westward, and in the west they also show a

tendency to extend southwestward, so that they are broadly continuous

over the area of approximately 140 E. to 180 .

In general the catch rates show high values, particularly high

east of l60 E. , in which region the majority of the unit areas have catch
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O / o
rates of better than 3.0. In the waters between 150 E. and 160 E.

,

in October fishing was generally a good deal poorer thain in areas to

the east and west; in November this area of low catch rates is con-

spicuously narrower than in October, but in Decennber there still

remains an area of poor fishing running obliquely north and south and

dividing the fishing in the North Pacific into two parts.

Annual variation

There appears to be considerable variation from year to year in

the positions at which fishing grounds are formed and in the quality of

the fishing on the North Pacific grounds. The reasons for such fluctua-

tions are thought to be two: (a) differences from year to year in the

amount of fish present; (b) differences from year to year in the move-
ments of the fishing grounds. It is difficult to exannine this situation on

the basis of data for December alone, so an attennpt will be made to out-

line our knowledge of it using data extending throughout the fishing season.

In figure 1 this area is first divided into four segments of 10 of

longitude, these are further divided into segments of 2° of latitude, and

the catch rates are shown for each of these sections.

I4()-I50'E



Among the areas shown in figure 1 there are data for each month
covering the fishing grounds fronn north to south for the section of 140 E.

to 150 E. , so here the movements of the fishing grounds can be quite

clearly deduced. In the early part of the fishing season, i.e. , in October

and November, the catch rates are generally higher in the north and drop

off gradually to the south, with the southern extremity at 3 1 N. It is im-
possible to make any assertions concerning the conditions which define

this southern limit, but there is a barrier to distribution and nnigration

and this barrier moves southward with the passage of the season until

it reaches the vicinity of 25 N. Looking at the variations in the catch

rates, we see a tendency for the schools to accumulate gradually in the ,

waters along the northern side of this barrier, a condition whichNakamura—
has pointed out in support of his idea that this is a feeding migration. For
the areas east of 150 E. data are fragmentary so the situation is not well

known, but in its tendency it appears to resemble the area of 140 E. to

150 E. The quauitity of schools present is, of course, high in this area

of accumulation, but the catch rates, at any rate, trail out far to the north

up to January and show a considerably dense distribution in the north also.

It cannot be stated at present what the barrier is that defines the

southern limit of the grounds, but judging from the pattern of southward
movement of the fishing grounds it is thought that the most powerful influ-

ence is the Subtropical Convergence, and this is considered to show the

correctness of Uda'sz.' view that the southern limit of migration is con-

trolled by the Subtropical Convergence.

In any case, the positions in which the albacore fishing grounds
of the North Pacific develop and their form coincide well with the areas

of flow of the Kuroshio and the North Pacific Current, and it is thought

that a thorough study should be made of the relationship between these

currents and the fornaation «md movements of the fishing grounds.

Considering in terms of figure 1 the variations in speed from year
to year of the southward movement of the schools between 140 E. and
150°E., it is deduced that in 1950 (November 1950 to March 1951) the

main schools were located farther north in November thaji they were in

the same month of 1949 (November 1949 to March 1951), but in December

7/— Nakamura, Hiroshi, Nankai Regional Fisheries Research
Laboratory, Report No. 1, 144 p., 1951.

- Uda, Mi<

pp. 295-300, 1937.

8/— Uda, Michitaka. Bull. Jap. Soc. Sci. Fish., Vol. 5, No. 5,
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they were at about the same position in both year*, and from January on
they seem to have moved south faster than in 1949. In 1949 and in 1951

(November 1951 to March 1952) the main schools are seen to have reached
o o

29 N. around March of both years, but in 1950 they were already at 29 N,
ir Jauiuary, In 1951 the southward movement is thought to have been slow
in the first part of the fishing season, but from December on it moved at

about the same speed as in 1949. It is difficult to make any judgments
about the waters east of 150 E. because of the scarcity of data, but the

trend of southward movennent of the schools there does not necessarily
coincide with that in the area of 140 E. to 150 E. If it can be assumed
that the catch rates are proportional to the quantity of schools present,

throughout the sea areas as a whole it can be said that the quantity of

fish was greatest in 1951.

With regard to figure 1, it was stated that from November to

January north of the area of accumulation (or main group of schools)

where catch rates are high the catch rate curve trails out to a great
length, and if we consider this trailing portion to be a group of schools
which replenishes the main concentration, we can detect importeint dif-

ferences in the variations of the catch rates as between these two groups
of schools. The coefficient of variation in the catch rate is small for the

main group or accumulated group and shows large values for the replen-
ishment group. In other words, on the fishing grounds for the main group
or accumulated group, the fishing conditions are stable, but on the fishing

grounds for the replenishment group fishing conditions are unstable and
fluctuate widely.

In the east-west direction, too, there appear to be variations from
year to year in the positions at which the fishing grounds develop. The
data used herein are almost entirely derived from connmercial fishing and
do not represent a deliberate disposition of vessels with the objective of

investigating changes in the locations of the fishing grounds, so what they
actually show is the pattern of operations of the commercial fleet. This
fact nnust be fully taken into consideration. But if we take it that the grounds
where the fishing vessels concentrate are the main grounds, then the follow-
ing conclusions can be drawn from table la, b, and c. In 1949 the fishing

grounds developed on about an average year's pattern, but in 1950 the grounds
east of 140 E. were, on the whole, pushed to the eastward, while in 1951, in

general, they were pushed to the westward.

It has already been stated that between 150 E. and 160 E. the catch
rates at the beginning of the fishing season are lower than they are in the

areas to the east and west. In the following discussion we will divide the

fishing grounds of the North Pacific into those west of 150 E. , those between
150 E. and 160°E., and those east of 160°E.
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Table 1. --December albacore catch rates on the North Pacific

fishing ground by years, 1949-51

o.
1949 E. longitude

On. lat-

itude



Table 1. --December albacore catch rates on the North Pacific

fishing ground by years, 1949-51 (cont'd)

b. 1950 (cont'd) E. longitude

^N. lat-
itude



I). West of 150 E .

o
For convenience this ground is referred to as west of 150 E.

,

but it is not a nnatter of mechanical division along the line of that longi-

tude, for the area of low catch rates between 150 E. and 160 E. appears
o o

to run obliquely from the vicinity of 40 N. , 155 E. , to the vicinity of

30 N. , 150°E. , so the area discussed is actually that west of a line

connecting these two points. However, there are considerable changes
from year to year in the way in which this area of low catch rates appears,

as is shown in table la, b, and c, so a rigorous delinriitation is difficult.

In the overall view the catch rate is somewhat higher than it was
in November, and there aire a large number of unit areas with catch rates

above 5. 0. Unit areas with high catch rates are mostly distributed along

the southern and northern edges of this fishing ground, and the rates are

generally lower in the central portion. If we examine the catch rates in

detail, however, there are rather large variations between neighboring

unit sea areas, and there are also rather large variations in the amount
of fishing done within the different unit areas. Although this variation is

large, if the periods of time and the geographical extent of the areas are

not increased above a certain level, it is thought that the variations closely

resemble each other in character. In other words, between grounds where
the same groups of schools are fished at positions not too widely separated

there will probably be a close resemblajice in the fluctuations in the fishing

conditions, and hereafter this type of fluctuation will be referred to as vari-

ation within the fishing ground.

Table 2 gives two or three examples of variations in the fishing

conditions in unit areas west of 150 E.

Table 2, --Deviation of catch rates in certain unit areas

west of 150 E. in Decennber

a. Area of 31°N. -33°N., 147°E. - 149°E.

Position



Table 2. --Deviation of catch rates in certain unit areas west of

150 E. in December (cont'd)

b. Area of 33°N. -35°N. , 143°E. -145°E.

Position



Table 3. --Coefficient of variation of catch rate by latitude,

North Pacific ground

°N. latitude



Qceanographic conditions

This sea area is where the Kuroshio, flowing up along the Japanese

islands, turns to the east away from the islands, and consequently the cur-

rents are a great deal more complex than they are farther to the east.

\

J55' . Figure Z shows the currents for the

period December to March, based on the

North Pacific Current chart, Hydrographic

Office Chart 603 lA. As the figure shows

between 35°N. and 37°30'N. , east of 145 E. ,

the currents run almost due east. Farther
north the currents also trend generally to

the east, but they flow somewhat irregularly

and instances can be seen where they flow to

the south, to the southwest, or to the north.

West of 145 E. , between central Honshu
and the waters off Kinkazan in northeast

Honshu, there is a strong current flowing

to the northeast, with another current flow-

ing south along the coast. The waters south of 35 N. are the Kuroshio
Countercurrent area, and there we see a clockwise gyre taking in all of

the area from 30°N. to 35°N. , 140°E. to 145°E. An area of irregular

currents can be seen centered at 150 E. Farther to the south no strongly

marked currents can be seen.

Figure 2. --Vector current

chart (based on J. H. O.

6031A)

The main fishing grounds are in general on the east side of the

Kuroshio. The area of low catch rates running from the vicinity of 40 N.
,

155 E. to 30 N. , 150 E. appears to correspond to the area of irregular

currents.

Before the war there were regular transverse observation lines

running from east to west across this area, but the data for December
extend to only 200 miles off the coast and, therefore, there is no way of

knowing the overall oceanographic situation.

Table 5 consists of data from sectional observations running from
Cape Nojima to northeast of Iwojima in November and December of 1949

and the same months of 1950.

Figure 3a and b depicts the distribution of water temperatures and

salinities given in table 5.

From this table and the figures it can be seen that between 32 N.
o

and 34 N. water of high tennperature reaches fairly great depths, and this
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Table 5. --Water temperatures and chlorinities between Cape
Nojima and Iwojima

Date. Station.
Om 10m 25m 50m 75m 100m 150m 200m 300m 400m m m

Current.

1949
11-26

II

'/

II

11-27

II

II

r/

If

II

11-28

29

30

12- 1

.2

3

5

/ 34°42'N\ ^ 23.2
;

21.65: 21.98| 21.65' 18.00. 20.84 17.95, 14.70

Vl39'51'Ey ^19.19K19.14)ia9.12) (19.10) 09.10) C19.19) (19.18) C19.ll)

/ 34=39'N V
U39'55'E )

' 19.16) (19.14)iC19.12) (19.13) (19.09) (19.19)
21.3 21.7 I 21.64 22.58, 22.14 18.96

/ 34'23'N
Vl40'05'E,
/ 34 = 04'N
U40°22'E

16.03 13.58

(19.10)

20.5 : 20.15] 20.05 25.57i 19.97' 19.55 14.50, 10.11

^19.01) (19.04)](19.03),(19.02)i(19.14),C19.09 (19.16)'(19.01)

(21.4
I

20.65; 2l.25| 21.l7| 21.78J 19.71 15.69, 12.44
19.16)!(19.09),(19.09) (19.05), (19.05)

21.5 I 21.5 21.63! 20.69, 20.84'

(19.12), (19.09)

20.831 17.90 14.97I 33"39'N\,.21
U40'39'E /P19.02)!(19.09)'(19.07) (19.06):(19.03)!(19.05) (19.19)1(19.16)

I 33°15'N\|c23.2
U40=56'E /| 1ft

I 32'51'N \r

V141°14'E
'^

/ 32°25'N
U4r30'E
/ 32°09'N
U4r43'E
( 31'4I'N
U4r56'E
( So'"3IJ..-,'N

V142=20'E
/ 30U0'N
Vl43'l8'E

22.63! 22.97, 22.55! 23.21: 23.24 22.49 17.68

18) (19.27) (19.18) (19.18 )i(l9.18) (19.19) (19.20)1(19.24)

23.0
I

22.761 23.07| 23.10 22.82, 22.79, 19.07! 21.21

!(19.25)j(19.25)

19.88 17.991 17.30

'(19.30),(19.25)

19.33 17.83; 17.20

(19.18)1

22.16'

22.05

^)

19.20 ;!(19.18) (19.18) (19.18)

^22.65; 22.16! 22.10 22,46

19.13),(lftl2);(19.13)'(19.17)

(-22.7 22.44 22.01: 22.41
^19.13) ri9.2o),(19.18);(19.15) (19.13) (19.26) (19.25)1(19.24)

(-22.6 22.26! 22.29 22.44' 22.18 22.39! 19.56! 17.95

i9.12)j(19.12)|(19.16) (19.16)'(19.16)!(19.16) (19.29);a9.29)
^22.5

I

22.29 22.25, 21.99| 22.23' 22.10: 18.16 17.71

49.18),(19.12)'a9.12)|(19.12)l(19.12)|(19.22)'(19.25) (19.26)

,-23.2 I
23.10' 23.23 23.10 23.27, 22.85 18.41 17.72

49.21) i(19.21)'(I9.21)Xl9.21) (19.21) (19.23)|(19.23)

23.0
1

22.67 23.31! 22.7l| 22.24, 19.57 17.7ll 17.33/ 29'30'N
U43"30'E y 1^19.13) (19.18)

/ 27=13'NY,-25.1 1 24.95

.19.18) C19.17)'(19.13) (19.23) (19.23)1(19.23)

2500: 24.601 22.221 20.11' 18.60[ 17.46

V143'20^E /N9.31)!(19.30) (19.29)I(19,28)!(19.32) (19.31) (19.26)1(19.24)

/ .v;°ir:'N\!,25.4
1

25.03! 25.29, 25.18; 24.041 21.04 18.02, 17.58

U43°09'E/;49.29)(19.27)|(19.30)(19.30)'(19.31)!(19.31) (19.25) (19.22)

{ r,';i,.,.'N\l,25.0

U43--21'E ^1^19.28

24''15'N\L26.5

1950
11-26

f/

'/

11-27

II

'/

II

If'

'/

11-28

29

30

12- 2

4

5

8

10

24.87

(19.30)

26.23

19.26)
:
(19.28)

\1 20.6
V139^5.V E y i'(19.02)'(19.00)

143=24'

E

24.95 24.60 19 35 20.89 17.53, 17.07

(19.29) (19.29) (19.26)1(19.25) (19.23) (19.21)

26.641 26.04 24.99; 21.97, 19.36

(19.29),(19.29) (19.27)

20.82] 20.70 19.80

(18.99)1(19.00) (19.00)
19.9

1
20.61] 20.50, 19.80! 19.52 17.28 16.00 14.14

(18.93) (18.99*'(18.98) (19.04) (19.01) (19.10) (19.17) (19.13)

22.4 22.90] 22.83 22.93' 22.87] 22.87' 20.70] 19.58

(19.05) (19.0'<);(19.05) (19.04) (19.05),(19.05)1(19.28); (19.26)

(19.31) (19.28)

17.91

(19.25)

22.10

(19.13)

21.80

(19.11)

22.03

22.03! ; 22.14] 19.14

(19.12)1(19.29) (19.28)1 (19.28)

21.74 21.71, 20.70: 19.72

,(19.11) (19.26)1(19.26)

22.05! 21.85 21.07 19.45

( 34=33'N
U40'05'E .'

( 34°oryN
\

V140 21' E /

/ 33'40'N\1 21.2
1

22.00] 22.02

Vl40''37'E/'!(19.14)l 1(19.11)

/ 33^3'NV 20.7 I 21.851 21.83

Vl40= 53' E/ '(19.11) (19.11) (19.14)
/ 32=46'N\! 21.3

1
22.12 18.75

Vl4r''09'E/ (19.14),(19.12) (19.11 )!C19.15)1(19.19)1(19.10) (19.11)1(19.27)

(ii''\:hn"ii\ 21.6 22.231 22.22] 22.32' 22.31 1 22.35 20.29 20.63

U4r23'E/ (19.12) (19.13)|(19.11),(19.17)1(19.13),(19.14) (19.28)1(19.14)

21.7 ! 21.78 21.82 21.82 21.95 21.93] 19,10, 18.69

(19.24):(19.14)!(19.14)|(19.17)1(19.28)1(19.18) (19.27) (19.26)

20.9 21.60] 21.62 21.71] 21.691 21.60 18.40 17.60

(19.16) (19.17)1(19.17), (19.15):(19.17) (19.17) (19.26); (19.28)

21.7
I

22.17; 22.20 22.281 22.02 21.90 19.67; 18.4^

(19 II) (19.18) (19.17) (19.17)l(]ftl7)|(19.17)'(19.17) (19.27)"

22.38 22.40! 22.50 22.44 20.69' 18.80 17.75

(19.16) (19.16-;(19.17)(19.17):(19.29) (19.23) (19.26)

22.48; 22.51] 22.41 22.411 21.31, 18.80 17.82

(19.17) (19.17);(19.17) (19.13)1(19.19) (19.27)1(19.27)

22.82; 22.78 22.62' 21.64; 21.04 19.64] 18.10

(':il°,'il':l:)"N\

\141"4l'E
f 31°e4'3<l"N ,

'ajiV,'3s''E/

( 30'57'N
VH2m'E
/ 30°i7.-,'N

Vuj°M.,',' E
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N
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I 23'35'N
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( 27''04'N
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/ 26=27'N
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/ 25'23'N
\i.i;=;t..-,'E
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I'
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(19.18)

22.4

(19.16)
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(19.12)
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(19.21)
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)
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2.3.05] 21.35.

(19.15)i( 19.24)

21.9')! 24.491

20.01

19.54

ri9.37) (19.35)'(19.35),( 19.42)]; 19.41)1(19.33)
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Figure 3a, --Water temperatures between

Cape Nojima and Iwojima.

is thought to correspond to

the main flow area of the

Kuroshio. Farther to the

south the water temperatures

below 200 m. drop sharply,

and the 20 C. isotherm runs

at approximately 150 nm. South

of 28 N. the surface water tem-
perature rises markedly, and

from about 25 30'N. southward

the temperatures are above

25 C. Off the coast near Cape
Nojima the isotherms and

isochlors are almost vertical,

fronn which it canbe seen that

the oceanographic conditions

change abruptly there.

(TM) 25 CN)

Figure 3b. --Chlorinities between Cape
Nojima and Iwojima.

Figure 4a andb shows

the distribution of water tem-
peratures based on datafrom
sectional observations extend-

ing 200 miles due east of Cape

Inubo. Figure 4arepresents data

from the 8th and 9th of December.
At about 40 miles from the

coast temperatures of 20 C.

reached deeper than 300 m.
,

and this is thought to be the

main stream of the Kuroshio.

In b, which is for the 29th

and 30th of December of the

same year, the mass of 20 C.

water has already disappeared.

The 19 C. isotherm reaches

or nearly reaches the 300-nn.

level at 70 and 90 miles from the coast, so it appears that in this vicinity

the main flow of the Kuroshio is divided into two branches. Although fig-

ures a eind b represent data collected only 20 days apart, there are major
changes in the pattern of the currents, and the main flow of the Kuroshio

has moved about 50 miles farther offshore at the end of the month as com-
pared with its position in the early part of the month.

Infigure4b the isotherms are almost vertical, and from this it can

beseenthat the chajiges in oceanographic conditions in this area are locally

abrupt.
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Figure 4a. --Water temperatures on a 200-

mile section due east of Inubozaiki, De-
cember 8-9, 1938.

(TTi) 10 20 30 40 50 60 TO 80 90 100

Figure 4b. Water temperatures on a 200

mile section due east of Inubozciki, De-
cember 29-30, 1938.

200 IM)

In Decennber the

southern extremity of the

albacore fishing grounds,

as has been shown in the

figures, is at 27 N. , and

to the northward the grounds
extend to 39 N. Consequently,

this means that fishing grounds
appear within the Kuroshio as

well as to the north and south

of it. If the oceanographic
observation data and the data

on the fishing conditions were
for the same year, it would
probably be possible to make
some observations concern-
ing the relationship between
currents and fishing grounds,

but, unfortunately, at present

we do not have any data of

this sort.

Table 6a and b shows
the relationship between the

surface water temperature
and the catch rate for this

area, which is divided into
o o

one part from 30 N. to 35 N.
o

and another part from 35 N.

to 40°N.

Stated very generally,

table 6a represents the Kuro-
•hio Countercurrent, and b

represents the main Kuroshio
and the waters to the north of

it. South of 35°N. the catch

rates are highest within the range of water temperatures of 20 to 21 C.
,

followed by the rates at water temperates of 21 to 22 C. Below that the

catch rates drop as the water temperatures fall. In the areas north of
o o o

35 N. the highest catch rates are at water temperatures of 17 to 18 C.,
followed by those areas having water temperatures of 18 to 19 C. The
catch rates are lower where the water temperatures are above or below
this range. South of 35 N. the average temperature at which catches are
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Table 6a. --Surface temperature and catch rate, December,

30°N. -35°N. , 140°E.-150°E.

--^^^ ^ w m

Temperature. ^"--^.^
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fishing ground, can hardly be thought to be the only condition governing

that development. This, consequently, automatically limits the signi-

ficance which the surface water temperature can have as an indicator

in scouting for fishing grounds. In underteiking fishing operations in

these waters in December it will be better to avoid water masses with
o o

temperatures below 18 C. south of 35 N. , and north of that latitude it

will probably be advantageous not to operate in waters with a tempera-
ture below 17 C. or above 20 C.

II). Area of 150°E. to 160°E.

This is the area of low catch rates between the waters west of

150 E. and those east of l60 E. The difference between the catch rates

in this area and in those adjacent to it on the east and west is extraordi-

narily conspicuous in October, but in Novennber areas of high catch rates

intrude from the east and west and the area of low catch rates is consi-

derably narrowed. In December the catch rates here are still lower than
in the waters to the east and west, particularly low catch rates being seen
in those sections running southwest from the vicinity of 40 N. , 155 E.

Looking over this area as a whole, we find a row of unit areas
with coniparatively high catch rates running along its southern part; i.e.,

along 30 N. In the northwestern part, also, north of 34 N. there is a

triangular area of high catch rates. Judging from the way in which the

fishing grounds develop from November on, the former section of high

catch rates is a prolongation of the waters east of 160 E. , while the

latter is probably an extension from west of 150 E. If we omit these
sections with high catch rates, throughout this area as a whole there

is a trend for the catch rate to be lower in the west and higher in the

east. This pattern probably is a result of the extension of the fishing

grounds westward from east of l60 E.

The position at which the part with low catch rates appears shifts

east and west considerably from year to year, and these shifts appear to

parallel the movements of the North Pacific fishing grounds as a whole.

Catch rates over this whole sea area are higher than they were in

November. Between 29 N. and 32 N. unit areas with catch rates of 2.0
o o o

to 5.0 are lined up solidly. Between 32 N. and 37 N. , east of 155 E.
,

there are mainy catch rates of 1. to 3.0 and at times they go higher than

5.0, but west of 155 E. , in general, the catch rates are low and there

appears to be a wedge-shaped trough of low catch rates.

As for the changes in the catch rates in the triangular area of high

rates in the northwest, the values increase just like those in the northern
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part of the area west of 150°E. In waters south of 35°N. the coefficients

of variation of the catch rates are 30 to 40 percent and the fishing condi-

tions appear to be rather stable.

Table 8 shows the length (weight) composition of the catch in this

sea area.

Table 8. --Albacore size composition, December 1948-51, 150 E.-

I60°E. longitude (in percentages)

\^^ Length
^^^(weik'ht)

Latitude. ^"^^



The relationship between the surface water tennperature and the

catch rate is shown in table 10.

Table 10a. --Catch rate and surface temperature, Decennber,

30°N. -35°N., 150°E.-160°E.

---^ m & ^
^^^^Catch - rate

.

Temperature ^"^^-^



9/
group hypothesized by Uda— . Most of the large-sized vessels which put

out with the objective of fishing albacore have operated in this region,

particularly between 1925 and 1935, when it was the main fishing ground
for the larger vessels. Around 1936 the yellowfin grounds of the South
Seas were opened up, and thereafter the number of vessels operating in

this region greatly dinninished. After the war, when the fishing grounds
were limited by the so-called MacArthur Line, the number of vessels
operating in this region again increased, but with the disappearance of

the MacArthur Line there was another marked decrease in the number
of vessels operating.

In this sea area the fishing is already quite good in November;
the catch rates further rise in December, and east of 165 E. almost all

of the unit areas show catch rates above 3.0. The catch rates for unit

areas are highest in the north, with the majority above 34 N. showing
rates above 5.0. Along the southern edge of this area, contrary to the

case of the areas west of 160 E. , the catch rates are somewhat lower
than the overall average for the area.

Table 11 shows the frequency distribution of coefficients of varia-
tion for six divisions of this area made by dividing it into east and west
halves of 10 of longitude each and further dividing these into three parts
of 3 of latitude each.

Table 11. --Variation in fishing conditions between 160 E. and
180 in December

^^~,^_^Coetficient of

Station. ^^^.^



that the variability increases to the northward. It appears that on both

the east and west sides of the 170 E. boundary line the changes with

latitude in the coefficient of variation are approximately equal. It should

also be noted that compared with the various sea areas west of 160 E.

the values for the coefficient of variation are in general small. In this

connection it can probably be said, for the North Pacific albacore fishing

situation as a whole, that it is more stable along the southern boundary

and that its variability increases to the northward. Furthermore, the

variability is greater in the west and the stability increases to the eastward.

As for the size of the fish, it has already been stated several

times that they are larger in the south, smaller in the north, snaaller

in the west, and larger in the east, and this seems to mean that the

larger the fish taken in the fishery, the more stable the fishing condi-

tions on the fishing grounds. This is a point which should be thoroughly

considered in connection with the economic operation of the fishery.

Table 12 presents data on the length (weight) composition of the

catch in various sections of the area between 160 E. and 180 which is

divided up as in table 1 1 into an eastern and western half and further

into sections of 2 of latitude.

The table shows that the fish are larger in the south and smaller

in the north ajid, furthermore, although the difference is small, that they

are larger between 170 E. and 180 thcun they are between l60 E. and
o

170 E.

Table 12. --Albacore size composition in December at 30 N. -40 N.
,

160°E. -180°. Weights are in kan (k. ) = 8. 27 lbs.

Long.

"E



Compared with the waters between 140 E. and 150 E. the fish

are generally 1.2 to 1.7 times larger. At 30 N. to 32 N. , 150 E. to

l60°E., the size of the fish is greater than in any sea area to the east

or west, marking a break in the general trend for the size of the fish

to increase to the eastward. It is, however, impossible to tell whether
this condition always obtains without accumulating more data.

Table 13a and b presents the relationship between the surface
water temperature and the catch rates between l60 E, and 170 E.

Table 13a. --Surface temperature and catch rate, December, 30 N.

-

35°N. , 160°E. -170°E.

^^^-.^^ Catch-rate.

Temperature. —^^



Table 14a and b shows the relationship between surface water
o o

temperature and catch rate in the area of 170 E. to 180 .

Table 14a. --Surface temperature and catch

rate, December, 30°N.-35°N., 170°E.-
180°

^\. Catch-rate.

Temperature. ^-^



Consequently, as a trend, it can probably be said that for each 10 of

longitude one moves eastward the surface water temperature at which

the catch rate mode appears is lowered by 1 C.

2. Making the same sort of comparison for the waters between
35 N, and 40 N. , the modes appear:

a. At 17°-18°C. between 140°E. and 150°E.

b. At 18°-19°C. between 150°E. and 160°E.

c. At 17°-19°C. between 160°E. and 170°E.

d. At 17°-19°C. between 170°E. and 180°.

Thus it is difficult to see any difference between areas, although the

temperatures appear to be sonnewhat higher in the central part.

As a general trend over the whole sea area, the catch rates are

higher south of 35 N. and the range of water temperatures is broader,
while north of 35 N. the range is narrower, however, between 170 E.

-O o
and 180 the contrary is true, with good fishing shown north of 35 N.
in a broad range of surface water temperatures.

Z. Kinan Sea Area

In December fishing grounds are clearly developing in this sea

area, where in November no albacore appeared at all. Fishing is still

sparse here in December, but unit areas with catch rates above 1.0 are

seen at 30 N. to 32 N. , 134 E. to 137 E. Fishing in this area becomes
active fronn January on, and it is an innportant fishing ground for small
and medium-sized vessels.

Table 15 shows water temperatures for this area based on
oceanographic observations made by the Hyuga Maru in 1952,
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Table 15. --Water temperatures in the Kinan Sea Area, December
1952

St. No.



As the table shows, the catch rates in 1950 were nearly three

times those of the preceding and following years. There are also violent

fluctuations in catch rates within unit areas, as shown in table 17.

Table 1 7. --Fluctuations in the catch rates by unit areas

/frequency of coefficients of variation/

C. V.



a. Palau waters

In November, there were unit sea areas with high catch rates in

the waters southwest of Palau, and in December there is a row of unit
o o

areas with high catch rates to the south of Palau at 1 N. to 4 N. , between

130°E. and 140°E.

For this sea area as a whole the albacore catch rates show wide

fluctuations, with a coefficient of variation of almost 100 percent. This

fact is thought to indicate somewhat of a difference in character between
the schools here and those in the Okinotorishima fishing ground and the

North Pacific fishing ground. It is cdso thought that the topography may-

have something to do with this phenomenon, but under present conditions

an adequate explanation is impossible.

There are few data on the size of the fish, but as shown in the

following table they are somewhat smaller than those on the Okinotorishima
grounds^

Table 19. --Albacore size composition in waters south

of Palau Is., 1950-1951

year.



east and west at around 8 N. to 12 N. Some albacore are also taken

mixed with the bigeye. On the whole, catch rates are low, but occa-

sionally high catch rates are recorded. As we have extremely little

data from investigations of the sizes of albacore in this region, we

have no way of knowing the general situation. The average weight of

30 specimens from_the area of 8 N. to 12 N. , 170 E. to 180 , was

6.87 kan /56.8 lbs./, which is little different from the average weight

of 6. 7 kan "of 16 specimens from 8°N. to 12°N., 170°W. to 160 W.

In these waters of the South Seas, or southof the Subtropical

Convergence, the albacore are generally broadly but sparsely distributed.

Their size in general is extremely large. These facts are thought to have

a great significance ecologically, but we have hardly any concrete infor-

mation. We believe, however, that the source of replenishment and

manner of replenishment of these schools of large fish offers an inter-

esting theme for research. /Translator's note: The following two_

unnumbered figures are inserted here in the original. See page 2_5/.

Supplementary chart Unnumbered/. -- Supplementary chart /unnumbered/. --

Fishing grounds and vector currents Fishing grounds and vector currents

in the Okinotorishima area in in the Okinotorishima area in

November December
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JANUARY

General

The distribution of the fishing grounds is in basic agreennent with

the December pattern. If we except the South Seas area, where the alba-

core schools already show signs of a decline, all fishing grounds show an

increase in the density of albacore occurrence as compared with Dec ennber.
This is particularly outstanding in the case of the albacore schools of the

Kinan Sea Area, where the catch rates make a sudden jump in January
and make this one of the most innportant albacore grounds. The density

of the albacore also increases in the sea areas of the middle latitudes

and in the Okinotorishima fishing ground, where along with the expansion

of the area of the grounds the catch rates rise higher than their December
levels, producing the peak season in this area. Elsewhere albacore also

begin to appear even in comparatively enclosed waters, and areas with

fairly high albacore catch rates are seen from west of the Bashi Strait

to the central part of the South China Sea. Some albacore also cross to

the west of the line of the Okinawa archipelago and appear in the East
China Sea.

Grounds North of the Subtropical Convergence

(1) North Pacific Ground

In general, the points of difference with December are as follows:

o o
1. The southern edge of the fishing ground is about I to 2

farther south than in January /Translator's note: probably a misprint
for December/.

2. The northern edge of the fishing ground has shifted 2 to 3

south from its December position. Because the southward movement of

the northern edge of the ground is faster than that of the southern edge,

it looks as if the ground, as compared with December, has been pushed
somewhat to the southward and its north-south extent somewhat narrowed.

3. The western extremity of the ground is connpletely in con-

tact with the line of the Izu and Ogasawara archipelagoes.

4. The position of the internnediate zone has been pushed con-

siderably to the westward, as compared with its position in December
and earlier, and there appears to be a portion of the area of low catch
rates between 145 E. and 150 E. However, in general this is not very
clear,
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Index In figure 1 the rise and decline

of this fishing ground are shown by-

index figures. In the figure, the aver-
age monthly catch rates within segments
of 2 of latitude by 5 of longitude are

assembled for each longitude division,

the values are averaged for the period

of November to April, and these aver-
ages are further averaged to get a value
which is taken as 1.0 on the index scale.

As the figure shows, for each division

of the area the peak of the season is

either in January or thereabouts. If

we compare the rise and decline of the

fishing conditions in the whole area by
months, we find that the best fishing

season is between December and Feb-
ruary, with January having somewhat
higher values than the preceding or

following months. East of 165^E. the

peak of the season appears in December
and then is maintained with little change
until February. West of 165 E. the

pealc is either in January or February,
except for its appearance in December at 145 E. to 150 E. At 150 E. to

160 E. the peak fishing season is in February, whereas at 145 E. to 150 E,

the fishing is rather slack in January and February. This condition is

thought to arise from the shift of the intermediate zone. In any case, the

period when fishing is most active is around January.

200
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and, at the same time, the variability within the area is somewhat greater

than it is south of 30°N. Between 31 N. and 32 N. the existence of the

intermediate zone can be detected at 150 E. to l60 E. , and we see scattered

here and there areas of low catch rates. With the exception of these areas

the catch rates are even higher than they are in the more southerly parts

of the ground, but their variability is greater. North of 32 N. the inter-

mediate zone exercises some effect between 145 E. and 150 E. and, in

general, the variability of the fishing grounds is even greater, with occa-

sional indications of highly outstanding catch rates. As for the changes

from year to year in the position at which the intermediate zone appears

(see table 1), in 1949 its position was quite far from the coast, but in

1950, 1951, and 1952 its western edge was running southwest to north-

east in the vicinity of 35 N. , 145 E.

The isotherms shown on the supplementary charts are based on

data supplied by commercial fishing vessels and are an attempt to show
the general picture of the distribution of water temperatures in this fish-

ing ground. (The data are for the period of December 10-15 of each of

the years covered.) Compajring the pattern in the different years, we see

quite well-marked differences in the area where the Kuroshio turns east-

ward. In 1949 a zone of high water temperatures is seen intruding in a

northeasterly direction considerably farther offshore than in an average

year and, as a result, the tongue -shaped zone of low weather temperatures

on its eastern side protruding to the southwest was pushed conspicuously

eastward ajid was located east of 150 E. longitude. In 1950 and 1952 (data

for 1951 are lacking), in comparison with 1949, the area in which the cur-

rent swings to the east was located much closer to Japan. The tongue-

shaped low temperature water mass on the east side of the main current

of the Kuroshio was located right on the intermediate -zone fishing ground,

and this change was in good agreement with the annual chajige in the inter-

mediate zone. In waters east of 150 E. longitude, as a general rule, the

isotherms follow the parallels of latitude and run east and west, but,

between the point of eastward deflection of the current and the counter

-

current, large and snnall vortices are formed which in some years appear

to develop on an extremely large scale, forming a good fishing ground.

Table 2 presents the results of sectional observations made off

Kinkazan in 1936 (a year of particularly low water temperatures).
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Supplementary charts /^unnumbered/. --Distribution of isotherms

in the North Pacific, January, 1949, 1950. 1952.

Table l.--Albacore fishing condi-

tions (catch rates) in the North

Pacific by years
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Table 1. --Albacore fishing conditions (catch rates) in the North
Pacific by yceirs (cont'd)

1950

\. "E.

n. \



Table 1. --Albacore fishing conditions (catch rates) in the North

Pacific by years (cont'd)

1951

\*E.



Table 1. --Albacore fishing conditions (catch rates) in the North
Pacific by years (cont'd)

1952

•n. \



Table 2. --Results of oceanographic observations off Kinkazan in

1936. (From Hydrographic Office reports)

)J l-l

Date.



Kinkazan. Off Inubozeuki the current flows

northeast near the coast with considerable

strength, producing water temperatures
about 17°C. even below the depth of 300 m.

,

but off Kinkazan it is spread out in a shallow
layer on top of the Oyashio and the water tem-
peratures are markedly lower. Just north
of the section line running due east of Kinkazan

Figure 4. --Vertical tern- there is afront running in anortheasterly direc-

perature section due tion and marking the northernmost limit of the

east of Cape Inubo. Kuroshio. Between 35 N. and 38 N. the

Kuroshio turns to the east to northeast, eind

since we have no data on sectional observations through this area of east-

ward deflection we cannot clarify its structure. However, east of the

areas shown in figures 3 and 4, the isotherms become complex and, when
we consider the existence of what are thought to be isolated water masses,
it appears that considerable mixing is going on.

The direction of flowof the currents in the area where the Kuroshio
turns eastward is quite connplicated, and it is thought that this sort of mixing
extends all across this area. We have little data on the northern edge of

the eastward-flowing North Pacific Current, and there are many points

which are not clear about it; it has already been noted that from the iso-

therms we can detect a large number of large and smcLll vortices in the

North Pacific Current and in the counter cur rent region on its south side.

Most of these vortices run clockwise.

(ffl)

300

Figure 5 shows the results

of sectional observations extending

300 miles southeast of Cape Nojima
nnade in 1936. An area about 150

nniles off the coast corresponds to

the vicinity of the boundary between
the Kuroshio and its countercurrent,

and farther offshore the area of vor-

tices appears. Low-temperature
water masses thought to have been
produced by these vortices are also

apparent. For the North Pacific Current, which is farther offshore to the

eastward of the area shown in figure 5, ajid for the countercurrent area on
its south side we have no suitable data and the structure is not clear, but

it is thought to be quite complex.

Figure 5. --Vertical temperature
section 300 nniles southeast of

Cape Nojima.

Table 4 presents the results of observations made on fishing grounds
west of Midway IslaJid in Jcinuary 1951,
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Table 4. --Data
Maru of Mie

from observations west of Midway I. (No. 1 Taiyo

Prefecture) 1951

Date.



north of 30 N. to 32 N. in the sea areas east of 150 E. are particularly

small, with an average weight of less than 3 kan /24. 8 lbs. /. One thing

that stands out is a rather conspicuous exception to the tendency for the

size of the fish to increase as one goes offshore to the eastward, this

exception showing up in the southern part of the fishing grounds around
160 E. As can be seen from table 4, at the latitudes of 30 N. to 32 N.

,

east and west of 160 E. , the fish on the eastern side are conspicuously
smaller. The same thing is true in December. The question of whether
or not the albacore of the North Pacific fishing grounds form a single

population is extremely important for any consideration of the quantity

of the resource, auid it is thought that, fronn this point of view, the line

of 160 E. longitude should be thoroughly examined.

19*9



and that the size of the fish taken clearly decreases with the passage of

time. Table 6 shows the seasonal changes in the average weight of fish

in this sea area by months.

Table 6. --Mean weight of

albacore, by months, for

the area of 140°-150°E.

n so

Monthly



water temperature was touched upon in the section for the preceding

month, but the relationship for January is shown in table 7.

Figure 8. --Albacore length frequency by months

in the North Pacific at 140°-150°E., 1950-51.

In the northern part of the fishing ground the fishing conditions

are conspicuously variable, as caJi be seen from figure 2. Table 8

shows how the variability of the catch rate within a single sea area

increases to the north, particularly between 140 E. cind 150 E.
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Table 7. --Collation of catch rate and surface temperature, North
Pacific, January

Area



Table 7. --Collation of catch rate and surface temperature, North

Pacific, January (cont'd)



catch rates are continuous from 140 E. westward to 134 E., and no

boundary is apparent between this fishing ground and the grounds east

of the line of islands. The southern limit of the fishing ground is in

the vicinity of 27°N. latitude and coincides approximately with the southern

limit of the North Pacific fishing ground. The northern edge is not very

clear, but it appears to be in the vicinity of the boundary between the

main current of the Kuroshio and its countercurrent. However, fairly

high catch rates are occasionally shown in the main current area.

Considering now the oceanograhic conditions in this area, we

find that the main stream of the Kuroshio, which flows northeast directly

south of Honshu, is conspicuously narrowed here. A very clear clock-

wise gyre is formed on its south side. The southern limit of this gyre

is at 28°N. , and its eastern side impinges upon the current flowing north-

ward east and west of the Izu Shichito Islands, while its western and northern

sides are bounded by the main Kuroshio current. Figure 9 gives the results

of observations made 300 miles south of Shionomisaki in January 1936, the

left-hand graph showing the temperature and the right-hand graph the salinity.

The Kuroshio is conspicuously pushed in against the coast, and there is a

mass of low -salinity water between it and the gyre. Within the radius of

60 to 200 miles off the coast is the area where the gyre is clearest, with

its center in the vicinity of 120 to 150 miles off the coast and with the salin-

ity dropping toward its edges. Southof a point 250 miles out (at about 30 N. )

we find the southern edge of the gyre, and in this section the temperature

and salinity are both rising, appearing to indicate a connection with the

source of waters in the Okinotorishima area.

30 60 90 120 150 180 210 240 2r0 JOO JO 60 90 120 ISO 180 210 240 2T0 300

Figure 9. --Results of an oceanographic section 300 miles due

south of Cape Shionomisaki in 1936. (From Semi-annual

Reports of Oceanographical Observations, Central Fisheries

Experiment Station. ) Left, isotherm distribution; right,

isochlors.

The fishing grounds develop within this vortex area, and with the

passage of time they extend themselves to the westward. In January the

western edge of the fishing grounds is in the vicinity of 134 E. ,
but in

February it reaches the vicinity of 132°E. We can see many areas in

which catch rates of 3.0 or more are indicated, particularly in a row
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of areas of high catch rates extending from the east side of the fishing

grounds to their southern edge. The variation in the catch rates in this

sea area gives a coefficient of variance of about 50 percent, so that we
can consider this a fairly stabilized fishing ground.

Table 9. --Frequency of coefficients of variation of catch rates in
o o

unit areas on the KinaJi ground at 130 -140 E.
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Figure 10. --Comparison of length frequencies

of albacore taken at 130°- 140 E. and at 140 -

150°E.

Table 10. --Albacore catch rate frequencies, by years, in the area

of 12°N.-25°N., 128°E.-140°E. "M" is the average catch rate
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Almost Jill of the fish are of large size, a characteristic which

is in good agreement with the fishing grounds south of the Subtropical

Convergence.

Table 12. --Mean weight (in kaji)

of albacore tcdcenonthe Okino-
torishima ground, by month
and latitude

Table 12 shows the average

weight of the albacore landed from this

fishing ground by area and season. As
the fishing season progresses, the aver-

age size of the fish gradually becomes
smcdler. We cannot, however, detect

any nnarked difference in the size of

the fish in the northern and southern

parts of the fishing ground as we did

in the North Pacific fishing ground.

When we consider the season
at which this ground appears, its move-
ments, and the size of fish taken there,

we cannot discover anywhere a population which would seem to be directly

related to the albacore that appear in this ground. It is thought that when
favorable conditions for the schools to accumulate obtain in this sea area,

they simply assemble here like a rising tide and, eifter a few months, they

disperse and disappear no one knows where. This is thought to be indicated

by the fact that even after the end of the fishing season, considerable num-
bers of albacore occur in this area. We do not yet have any data on the

gonads of albacore from this area, nor do we have any information on their

stomach contents, so whether their appearance here has anything to do with

feeding or reproduction is connpletely unknown.

\ Month.



to the North Equatorial Current (carried out in January 1953). The surface

water temperature rises to the south, and just in the area which corresponds

to this fishing ground the warm water is distributed to a considerable depth

and the thermocline is quite deep. (Since we have data from observations

only to 150 m. , the location of the thermocline is not very clear. ) Waters
of low temperatures form a pealc between this area and the area of the

North Equatorial Current (station 6), clearly showing its boundary and

indicating that conditions in this sea area are quite different from those

in the area of the North Equatorial Current.

o o
(2) Other Grounds in the Waters Between ION. and 25 N. Latitude

It has already been remarked that there is always a scattering

of catches of large albacore over all areas of the Pacific, and at this

season, too, there are more or less albacore taken everywhere. Since

we have quite a bit of data for the bigeye tuna fishing grounds east of

the Marshall Islands on the north side of the boundary between the Counter-
current and the North Equatorial Current, we can offer some discussion

of this area.

Although they cannot, in general, be said to be abundant, albacore

ajre taken here and at times the catch rates rise above 1.0. These catches,

as is shown by the following table, are composed of extremely large albacore.

Table 13. --Albacore size composition

(%) east of Marshall Is., January.
Weights in kan = 8. 27 lbs.

m m
Waters.



It can therefore be considered that the albacore catch in this sea area

does not show extremely great variation.

The albacore also sometimes penetrate into comparatively enclosed

waters, and the catch rates become fairly high in such places as the South

China Sea, west of the Bashi Strait and southeast of Hainan Island. We
have no data on the sizes of fish from these waters, but they are said to

be large albacore.

(3) Grounds of Tropical Seas

In January there are already signs that the abundance of fish is

declining. In general the catch rates are lower, but from time to time

there are still cases of rates of 1.0 or more. The appearances of alba-

core are still more conspicuous around the current boundary between

the Equatorial Countercurrent and the South Equatorial Current south of

Palau thaji in other areas. As the size composition in table 15 shows,

the albacore from this sea area are somewhat smaller than they are at

10°N. to 25°N.

Table 15. --Size composition of

albacore taken south of Palau
in 1952. Actual numbers offish

measured; weights in kan

Waters.



Marshall Islands, the variability is quite a bit greater. The catch rates

are higher in sections where there are islands and shoals, and this is

thought to have a close relationship to this condition. Because of (1) the

small size of the fish and (2) the great variability of the catch rates, these

fish are thought to be of a somewhat different character from the albacore

of the mid-latitude waters.

We do not have much data for equatorial waters east of 140 E.

,

so there are many points that are unclear about this area. Between

140°E, and 150 E. the catch rates are in general somewhat higher than

in the preceding month. It may be thought that the albacore schools south

of Palau may have extended their eastern edge into this sea area. There

appear to be no albacore catches worthy of attention east of the line of

150°E. longitude, but there are still scattered catches there. At to

4°N. , 140°E. to 160 E., the size composition is as shown in table 16,

with the average weight less than 6 kan /50 lbs._/, leading to the belief

that these albacore may be of the same character as those taken south

of Palau.

Table 17. --Albacore size composition (actual

numbers of fish) at 0°-4°N. , 140°-l60°E.

85~95cm



1. North Pacific Ground

Figure la euid b shows the general distribution if isotherms on

this fishing ground based on data supplied by commercial fishing vessels

(only the data for the period of February 10-15 are used). Figure la

uses data for 1950, and figure lb data for 1952. All of the isotherms

are 2 to 3 farther south than they wete in January. The 19 C. isotherm
o o

has moved fairther south than the 20 C. isotherm, and the 18 C. isotherm

has moved south more than the 19 C. isothernn, with the result that these

isotherms are closer together and the change in temperature from north

to south is more abrupt. However, in both years in the waters west of

150 E. the 19 C. isotherm and the 18 C. isotherm are rather far apart,

and it is the isotherms above 19 C. that are close together.

1950

f.
T

::

Tme"

^^=i#'=g'^

TbFc'

1952

Figure 1. --Distribution of surface water
temperatures in the North Pacific.

Consequently, in the

general view, the North
Pacific Current is flowing

to the eastward through sea
areas farther south than
those in which it flowed in

the preceding month. Look-
ing at the areas east of 150 E.

,

in 1950 the 19°C. and 20°C.
o

isotherms are south of 30 N.
,

o
while the 18 C. isotherm
runs east and west crossing
back and forth over the line

of 30°N. In 1952 the south-

ward movement was some-
what slower than in 1950,

and the 18 and 19 C. iso-

60 120' (80'

Figure 2. — Vertical tem-
perature section due east
of C ape Inubo (1936).

From Semi-ann. Rpts.
Oceanog. Observations.

therms are approximately
on the latitude of 30°N. , while the 2 0°C .

isotherm runs somewhat south of 30 N.

o o
In the area around 140 E, to 150 E.,

where the Kuroshio turns to the eastward, in

both years the 18 C, isotherm extends out

farther to the northward than in the area of

150 E. and is in about the vicinity of 32 N.
At times it extends out in a tongue to the

southwest, re aching to the westward of 140 E,

Figure 2 shows the results of sectioned,

observations due east from Cape Inubo in 1936.
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Figure 3. --Vertical tem-
perature section 300

miles southeast of Cape
Nojima (1937).

It can be seen that the strength of the Kuroshio

has declined from the previous month. Figure 3

shows the results of observations 300 miles

southeast from Cape Nojima and indicates that

the strength of the Kuroshio is at its lowest

level of the year in February and March.

Connpared with January, the southern

edge of the fishing grounds is about 1 farther

to the south. The speed of the southward move-
ment is rather slow as compared with the period

of October to December and is nearly at a stand-

still. It appears that one can say that in the

early part of the fishing season the rate of

southward movement is great and that it

decreases as we approach the end of the fish-

ing season.

In February it is nearly at a standstill,

and in March it is completely stopped, with

its southern edge at exactly the same position

that it occupied in February, while in April

there is a general trend toward the north. As
for the northern edge of the fishing grounds,

it is farther south than in January, and north

of 34 N. it is discontinuous except for the

areas closer to Japan. Consequently, the

north-south extent of the fishing grounds is

extraordinarily narrow; east of 150 E. it is

less than 300 miles. In the sea areas along

the Japanese coast there are still fishing
grounds developed fairly far north. East of

150 E. the isotherms are from 1 to 2 far-

ther south than they were in January and are distributed in a compressed
pattern. West of 150 E. the Kuroshio has penetrated and there is an

invasion, in a complex form, of water masses of rather high tempera-

tures considerably to the north. This agrees quite well with the shrink-

ing and expansion of the fishing grounds. That is, along the Japanese

coasts the extent of the fishing grounds from north to south is broad,

and they have developed broadly over most of the Kuroshio intrusion.

The isotherms in this sea area have not drawn close together, as they

have east of 150 E. longitude, and there is quite a broad space between
the 17 and 20 isotherms. East of 150 E. the fishing grounds are about

1 farther south thaui they were in January, and their breadth from north

to south has decreased, a condition which is in good agreement with the
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fact that the isotherms have drawn closer together than they were in

January and have moved about 1 farther south.

The catch rates continue to be at high levels, as they were in

January. On the North Pacific fishing ground the overall average catch

rate per unit area for January was 3.83, and in February it is 3.98 (in

March it drops off abruptly to 2.42). In table 1, the sea area is divided

into smaller segments of 2 of latitude by 5 of longitude in order to show
the changes in the catch rates from month to month; the pattern of areas

in which the catch rates have increased, and areas in which they have
decreased, is extrennely complex.

Table 1. --Monthly changes in the catch rates in

each 5 degrees of longitude

Latitude.



Table 2. --February albacore

catch rates by longitude and

year

In the case of skipjack, big

catches are made on cycles of alter-

nate years and 4 years, but in the

case of albacore, considering just

the period of 1949 to 1952, no such
phenomenon is apparent.

Looking at the position of the

intermediate zone (table 3), in 1949

it was at its farthest offshore, being

located east of 146 E. , whereas in

1951 it was closest to the coast.

to 145°E.,

shows very high catch rates (particularly for small- amd mediunn-sized

albacore), in 1951 the catch rates were extrennely low because of the

intermediate zone's closing in very near to the coast. In 1950 and 1952

it was located somewhat farther west than in 1949.



Table 3. --February albacore catch rates, averaged for squares of

1 degree of latitude and longitude, by years, in the North Pacific

(cont'd)

1950-



Table 3. --February albacore catch rates, averaged for squares of

1 degree of latitude and longitude, by years, in the North Pacific

(cont'd)

1951--2 (cont'd)

N

160 161

161 162

162

}

163

163

I

164

164

165

165

166

166

I

167

167| 168

168 169

169

170

170

(

171

I7i: 172

172j 173

173

174

174 175

175 176

176

(

177

177, 178: 179,

178 179| 180

35 — 36

34 ~ 35

33 — 34

32 — 33

31 — 32

30 — 31

29 — 30

28—29
27 — 28

26 — 27

5.95 8.01

5.99

3.95

7.95

4.17

8.78

9.34

6.77
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In all years the location of the intermediate zone was somewhat
more to the west thsui in January. As a result, the zone of high catch

rates on the west side of the intermediate zone is pressed in closer to

Japan than it was in January. The pattern of variation from year to year

in the location of the intermediate zone appears to continue onfrom Jan-

uary, but the zone of high catch rates on the west shows some points of

difference in 1951. In this year, because of the extreme approach of the

intermediate zone to the coast of Japan, the zone of high catch rates did

not develop north of 30 N. but shifted to the sea areas south of 30 N.
For the sea area east of 150 E. we do not have adequate data so that

annual changes there are not clear.

The pattern of variation of fishing conditions in unit sea areas
between 140°E. cind 150 E. is shown in table 4 and closely resembles
the situation in January. In continuation of the situation in the preceding

month, the fishing grounds along the southern edge show small variability

in fishing conditions, while there is a tendency for the variability to increase

toward the northern edge.

Table 4. --Frequency of coefficients of variation (C. V. ) of catch rates
o o

in unit areas, divided by 2 degrees of latitude, between 140 and 150 E,

Lat. ^\



Table 5. --Frequency of coefficients of variation of catch rates in

unit areas east of 150 E. longitude

Longitude.
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Figure 5. --Vertical temperature section south-

southeast of Cape Ashizuri (1936, from Semi-

ann. Rpts. of Oceanog. Obs.)

.
January
February

Figure 6. --Distribution of

isotherms in KinaJi area.

as far as 27 N. Within the area of the main
flow of the Kuroshio, although there are occa-
sional outstanding values indicated, in general

the catch rates have become low.

No southward nnovement can be detected

as compared with the positions of the fishing

grounds in January. However, there is a fur-

ther expansion to the west, and the grounds

are almost in contact with the Ryukyu archi-

pelago. In the overall view, the catch rates

are even higher than in January, with an
average of 2. 73 as compared with 1.95 in

January in this area (north of 27 N. , between
130 E. and 140 E. ). (In March it drops some-
what to 2. 31. ) The average catch rates for

this area show considerable differences from
year to year, having been 3.60 in 1949, 3.39 in 1950, 4.45 in 1951, and

3.05 in 1952. (Since the charts of the average year's fishing conditions

include data from coastal operations, which are mainly aimed at catching

sharks, the values they show for these 4 years are all somewhat lower.)

Data are comparatively scarce for the period 1949 to 1951, so the values

shown cannot be relied on completely, but they indicate that the catch rates

are high and low every other year. The high catch rate in the odd-numbered
years agrees well with the situation in the Okinotorishima fishing ground.

On the other hand, it differs from the trend in the part of the North Pacific

fishing ground lying east of the Izu and Ogasawara archipelagoes. The
alternate -year phenomenon also appears to be seen in the manner in which

the areas of high catch rates appear, for in even-numbered years the zone

of high catch rates advances westward to the vicinity of 135°E., or even
west of that longitude, whereas in odd-numbered years it appears farther

east between 135 E. and 140 E. longitude.
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There are a number of points which should be examined with
regard to the size of the fish, and there are several circumstances to

consider in regard to the relationships of this population. The character
of the size connposition of the albacore Ismded from this sea area agrees
well with that of fish from the North Pacific fishing ground east of the
line of the Izu and Ogasawara archipelagoes on the following counts:

(1) When we consider the sea areas east and west of the island
chains, we find that the farther west we go the snriziller the fish are, and
the farther east we go the larger they are, and this trend on the North
Pacific fishing ground can be extended to fit the whole area between
130°E. and 180°.

(2) The trend toward larger sizes in the south is also in good
agreement with the situation on the North Pacific fishing ground.

Table 7. --Average catch rates by 1-degree squares by years,
Kinan area.

1949



Table 8. --Monthly changes in

mean weight of albacore on

various grounds (in kaji)

Monthly.



of medium-sized albacore. The schools which moved southwest closest

to Japan represent the western extremity of the schools moving through

the North Pacific fishing ground as a whole, and this population has the

largest proportion of schools of small fish. It is thought that this group

appears in the Kinan Sea Area in March. Even within the Kinan Sea Area
the albacore which migrate closest to the coast of Japan, and are taken

in the areas west of the Izu Islands have an extremely high proportion of

schools of small fish.

The length composition of the albacore landed from this sea area

in many cases coincides with or is extremely close to the size composi-

tion on the North Pacific fishing ground, although there are differences

from year to year in the length classes at which the modes appear.

In the early part of the season, for a time, the central portion of

this sea area has fishing grounds which appear in isolation from the North

Pacific fishing ground, but these grounds suddenly extend and quickly be-

come continuous with the North Pacific fishing ground. The zone of high

catch rates expands from the east toward the west. Judging from this

pattern of movement of the fishing grounds, there is thought to be a very

high possibility that this population originates in the albacore distributed

in the area of 140°E. to 150°E.

East and west of the line of the Izu, Ogasawara, and Mariajia

archipelagoes differences of various sorts can be found in the other tuna

and spearfish species. For example, the bigeye tuna which are taken

mixed with the albacore on the west side of the island chain reach a con-

siderable number, but on the east side the proportion decreases drastically.

In the case of albacore, too, the schools of large fish which appear around

Okinotorishima find no analogy on the east side of the island chain. Changes
from year to year in the catch rates appear to be in agreement as between

the Kinan fishing ground and the Okinotorishima fishing ground. (There is

a need for a further examination of this point when more data have been

assembled.) Consequently, there are a number of circumstances remaining

to be further examined with regard to whether or not the albacore of the Kinan

fishing ground and those of the North Pacific fishing ground can be considered

to be one population.

An outstanding characteristic of this sea area is the great speed

with which the albacore fishing grounds are formed. It is thought that

this phenomenon may be based on the special characteristics of the oceano-

graphic conditions in this sea area. This phenomenon does not immediately
negate the connection with the area of 140 E. to 150 E. , but, on the other

hand, neither can it be explained by hypothesizing the independence of the
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Kinan population and the North Pacific population. Consequently, it is

believed that this rapid development of the fishing grounds is not a problem

connected with the relationships of the population.

Table 9. --Length frequency (in numbers of fish) of albacore taken

in February at 130°-140 E. and at 140 -150 E.

Date.



3. Grounds South of the Subtropical Convergence

(1) Okinotorishima Ground

In February the number of vessels operating in this sea area
declines and the details of the fishing ground become unclear. The alba-

core catch rates still appear to be high, indicating that there is still a

considerable occurrence of albacore in the area. It is particularly noted

that the fishing grounds are thought to be still expanding in area, extending

on the south to the northern edge of the nnain current of the North Equatorial
Current and on the west to the eastern side of the area where the Kuroshio
originates east of the Philippines. It is not clear, however, whether the

density of distribution of the albacore has remained at the Scime level and
the fishing grounds have expanded over a greater area, or whether the fish

have already begun to diminish in numbers and the schools have begun to

disperse with a resultant expansion of the fishing grounds. The size conn-

position is shown by the following small table.

Body Length



Table 10. --Size composition (numbers of fish) of

albacore taken in middle latitude waters

^"-^--^ B.L

Locality ^^^^



is the beginning of a completely new movement of the albacore. This

group of fish cannot be said to be concentrated, but it is thought to have

an important meaning ecologically as a link between the populations dis-

tributed north and south of the Subtropical Convergence. Although the

northern group (the albacore schools distributed on the north side of the

Subtropical Convergence) has stopped its southward movement between
140 E. and 155 E. , a pairt of this group at this season continues to move
south and breaks through the Convergence into the sea areas to its south,

so that we find recorded occasionally catch rates of about 1,0 in the area
of 20°N. to 27°N. or 28°N. We have hardly any data east of 155°E., so

the movements in this area are not clear, but judging from the conditions

in April, May, and June it is thought that probably part of the fish continue

moving south after the main group has stopped its southward migration,

just as was the case between 140°E. and 155 E.

1. Grounds North of the Subtropical Convergence

(1) North Pacific Ground

The southern edge of the fishing grounds, just as in February, is

along the line of 26 N. to 27 N.,with absolutely no southward movement
shown. In April the fishing grounds show some northward movement, so

the position of the southern edge in March represents the farthest south

position of the North Pacific fishing ground. At this season the position

of the Subtropical Convergence between 140 E. and 170 W. is between

22 N. and 24 N. Consequently, this means that the North Pacific fishing

ground, at the time of its farthest south movement, is still on the north

side of the Convergence. There are a number of things to be thoroughly

considered in connection with the proposition that there is a deep relation-

ship between the oceanographic conditions eind the line on which the south-

ward movement of the albacore stops:

(1) This line is approximately parallel to the Subtropical Convergence.

(2) It appears to be in the vicinity of the boundary betweenthe easterly

flowing portion of the North Pacific Current and the countercurrent portion

on its south side.

o o
The intrusion of the Kuroshio between 140 E. smd 150 E. shows a

decline in strength as compared with February, with its head pushed down
by the Oyashio so that the 18 to 20 C. isotherms are compressed from the

north southward and throughout the North Pacific fishing ground as a whole

are distributed in close proximity to each other between 28 N. and 31 N.
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Figure 1. --Distribution of isotherms on the North

Pacific ground.

March is the time when the

strength of the Kuroshio is at its lowest

ebb, and this condition can be clearly
seen by comparing the results of obser-
vations due east of Cape Inubo, shown
in figure 2, and the data on sectional

observations southeast of Cape Nojima,
shown in figure 3 for February, with

the months preceding and following.

This is the season when the southward
migration of the albacore comes to an end, and this is thought to be an

extremely important datum.

100

2on

300
300

Figure 2. --Vertical temperature

section 300 miles due east of

Cape Inubo, 1936,

Table 2 gives a comparison of the catch rates from year to year.

March shows approximately the same sort of relationships as obtained in

February. However, it appears that we Ccinnot say that the March catch

rates for 1951 were on the whole lower than those for 1949. The unusually

high catch rates of 1952 and the particularly low ones of 1950 are the same
as in February. The movements of the intermediate zone are not clear

because of the scattered character of the albacore fishing in the Kuroshio

intrusion and because of resulting inadequacy of the data, but judging by

the 1950 and 1951 data it appears to have been pushed closer to Japan thaji

in February (fig. 1). Particuarly in 1951, the internaediate zone obtrudes

into the sea areas just along the east side of Japan, with areas of h i g h

catches distributed to the south of it between 27 N. and 31 N. and on its

east side at 140°E. to 150°E.

The range of variability in fishing conditions within unit areas is

considerably different fronn that of February. The tendency for fishing

conditions along the southern edges of the fishing grounds to be quite stable

euid with little variation, but with the variability increasing to the northward
begins to disappear in March. In the sea areas east of 150 E. in February
quite stable values were already shown and we did not see any trend for

variability of the fishing conditions to become conspicuous to the northward,

but between 140 E. and 150 E. there were still high values for the coefficient
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of variation along the northern edges of the fishing ground, as has been
stated earlier. In March between 140 E. and 150 E. north of 32°N. little

fishing was done, so the situation there is not very clear, but between
30 N. and 32 N. the fishing conditions were more stabilized than in Jan-
uary, and for the area of 28 N, to 32 N. an approximately uniform value

is shown, as indicated in table 3.

Table 1. --Albacore fishing conditions (catch rates) by unit areas on
1 degree of latitude and longitude for March, 1949-52

1949,



Table 1. --Albacore fishing conditions (catch rates) by unit areas on

1 degree of latitude and longitude for March, 1949-52 (cont'd)

1950.



Table l.--Albacore fishing conditions (catch rates) by unit areas on
1 degree of latitude and longitude for March, 1949-52 (cont'd)

1952
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Table 3. --Coefficients of

varieince of catch on the

North Pacific ground

\^ mm.

Longi. ^^\



In both areas the size of the fish has become markedly smaller

with the passage of time, and it will be noted that the fish taken at the
o o

close of the season in the area of 170 E. to 180 , where the fish are on

the average largest, are smaller than those taken at the beginning of the

season at 140 E, to 150 E. , where the fish average smallest. Table 4

shows the relationship between the sizes of the fish taken in December
at 140°E. to 150°E. , and those taken in March at 170°E. to 180 . This

indicates that we must take into consideration as one cause for the larger

size of the fish far off to the eastward the possibility that the small alba-

core put in their appearance later in this area, and in view of the point

that the formation of the North Pacific fishing ground begins in the areas
east of 160 E. , it may be wondered whether this does not mean that the

albacore in the western sea areas begin their southward movement earlier.

At the close of the season between 170 E. and 180 there are rather con-
centrated catches of small albacore of less than 3 kan /25 lbs. /in the
northern part of the fishing ground; an example of this may be shown in

the results of an investigation carried on from the middle to the latter

part of March 1950.

According to table 6, at stations 1, 9, and 10 concentrated catches

of small albacore were made. Their size was very small, the average
weights being 2. 6 kan / 21. 5 lbs. / at station 1 and 2. kan /1 6. 5 lbs. /

at stations 9 and 10. At all other stations, the catch was mainly large

albacore, with the average body weight in all cases above 4 kan / 33 lbs. /.

It is noted that the water temperatures were lower where the small alba-

core were taken than where the big albacore were caught, and this is

thought to represent a difference in the environments inhabited by the
large and small fish.

There is also a difference in the size of the fish from east to west,

«md as reasons for the greater size of the fish to the eastward we may cite:

(1) Off to the eastward the quantity of large albacore is greater

than it is in the sea areas nearer to the Japanese coast.

(2) Small albacore also occur in the waters far off to the eastward,

but their appearance is late.

It is also thought that we cannot overlook the factor of "economic
selection. " On the far offshore grounds, because of financial considera-
tions, large-size albacore are the main objective of the fishing, and when
the size of the fish in the catch declines the vessels immediately move
south and look again for schools of larger fish, which results in an increase

in the average size of fish in their catches. Nevertheless, the question of
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whether the schools of small fish in the waters far offshore to the eastward

are actually more numerous or less numerous than those in sea areas closer

to the Japanese coast is one which must be examined further in the future.

In table 7 the albacore taken between 140 E. and 150 E. are divided

into three categories, those below 75 cm. , those 75 to 95 cm. , and those

over 95 cm. , and the percentage of each class in the total landings is shown

by months.

Table 6. --Results of oceanographic observations by the Sagami
Maru, March 1950

Date.

Start point of

setting of

lines.

Water temperature.

Om 50 75 100

End point of

setting of

lines.

Water temperature.

Om 50 75 100 150

as*
Hooked -

rate of

Albacore

Mean le

nuth of

Albacore

1



Table 7. --Percentages of small

medium, and large albacore in
o

the North Pacific catch at 140 -

150 E. by nnonth and by latitude

Fish under 75 cm.

Lat.



Table 8b-(l). - -Results of No. S Nissho

Maru 's investigations, March 1953,

at28°-30°N., 145°-l60°E.

Table 8b-(2). --Results of oceano-

graphic observations by No. 3

Nissho Maru

Date.



Table 8b-{2). --Results of oceanographic observations by No. 3

Nissho Maru (cont'd)



(2) Kinaji Ground

Along the northern part of the fishing ground the fishing conditions

are dull, and the zone of high catch rates lies between 27 N. and 31 N.

The catch rates are highest in the areas east of 136 E. , with values of 3.0

to 6.0 indicated. West of 136 E., inmost areas, the rate is below 3.0.

The oceanographic conditions do not differ much from those of the preceding

months, but the size of the fish is considerably smaller.

Table 9. --Length composition (%) of albacore landed from the Kinan
ground. Mean weight in kan = 8. 27 lbs.

** m



(2) Albacore Migrating Southward from North Pacific

Areas Across the Subtropical Convergence

In the waters east of the line of the Izu, Ogasawara, and Mariana
archipelagoes ajid north of 10 N. latitude from September to February-
large alabcore are taken in some nunnbers everywhere, but the catch rates

rise above 1. only in extremely rare cases. Then in March between 15 N,
and 25 N. the albacore catch rates rise, and cases of rates above 1.0

appear in considerable numbers. Data from east of 155 E. are very few,

so the trend there cannot be fully seen, however, it is thought to show the

same pattern as the areas west of 155 E. It has been pointed out that on
the North Pacific fishing ground the positions at which the albacore stop

their southward migration are thought to be farther south, the bigger the

fish are. The albacore which appear in March between 15 N. eind 25 N,
are, as shown in table 10, extremely large, and it is thought that these
albacore continue their southward movement aiter the small albacore in

the North Pacific fishing ground have stopped between 26 N. and 32 N. ,

and that this continuing southward movement brings them into this sea
area.

Table 10. --Length composition (numbers of

fish) of albacore landed from 20 -25 N,

,

145°-150°E. Weight in kan

**
BX ** 95~105cm



We have very few data on the size composition of these albacore

and can therefore give no detailed analysis, but average weights of 5. 95

kan /50 IbsfJ (based on measurements of 10 fish) at to 20N. , 150 E.

to 16'0°E. , and 6. 8 kan /56 lhs_^J_ (based on measurements of 8 fish) at

10°N. to 12°N., 170"W.~to 180^, show that at this season the albacore

south of 10 N. are smaller than those occurring north of that latitude.

APRIL

General

In April the aspect of the fishing grounds changes completely.

This is the season of change from the winter-type to summer -type fishing

conditions, and it is just at this tinne that in the northwest Pacific Ocean
the changeover occurs from the season of northwesterly winds to that of

southeasterly winds. Comparing the winter-type fishing conditions (during

the period of northwesterly seasonal winds in the northwest Pacific) and

summer-type fishing conditions (during the period of southeasterly seasonal

winds in the northwest Pacific), the summer-type fishing conditions are, as

a rule, extremely inactive as far as longline fishing is concerned, in conn-

parison with the winter-type fishing conditions. Furthermore, on some
fishing grounds the character of the population is in sharp contrast, as

between these two seasons. At the height of the season of northwesterly

winds, from November to February, albacore fishing is active simultane-

ously on all fishing grounds regardless of whether they are north or south

of the Subtropical Convergence, and at times the albacore fishing is even

quite good in South Sea areas. However, by February there are already

indications of a decline on all the fishing grounds, and this time corres-

ponds to the end of the season of northwesterly winds. In March the South

Sea fishing grounds disappear and the grounds north of the Subtropic al

Convergence cease their southward movement. (We have no detailed knowl-

edge of what happens on the Okinotorishima fishing ground because of inade-

quacy of the data, but it is a fact that the fishing drops off. ) In April the

grounds north of the Subtropical Convergence begin moving north, in a

direction opposite to their movements under the winter pattern. Longline

fishing operations cease in April and pole-and-line catches begin to be made.
Also, we begin to see southward migrations of large albacore, which have

separated off from the populations „on the grounds north of the Subtropical

Convergence, something which was never seen in the winter-type fishing

situation. There is still a considerable occurrence of albacore in the

Okinotorishima ground, but on the other grounds they have completely

disappeared.

Thus the albacore fishing conditions make a complete change with

the month of April as the dividing line.
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1. Grounds North of the Subtropical Convergence

(1) North Pacific Ground

The most notable point is that the fishing grounds, which until

March were nnoving southward, in April come to be distributed in two
narrow zones lying separate but parallel in an east-west direction, with

albacore fishing active only on the northern side. Signs of this develop-
ment can already be seen in March, but in April it becomes extremely
clear. For convenience in explanation, these will be referred to as the

northern zone and the southern zone. The northern zone runs east and
west, centered on 30 N. latitude, while the southern zone, also running
east and west lies between 23 N. and 26 N. The position of the Sub-
tropical Convergence in April is at 23 N. to 24 N. between 140 E. and
170 E. , while farther to the eastward it runs in the vicinity of 25 N.
Consequently, the northern zone is far to the north of the Subtropical

Convergence, while the southern zone, on the other hcUid, is thought to

consist of fishing ground which have preserved a close relationship with

the Convergence. (The fishing grounds which are noted in the vicinity of

22 N. to 23 N. or farther south are thought to reflect the effects of the

restrictions on fishing areas which obtained from 1945 to 1950.)

The albacore fishing conditions and the size composition of the catch in

the southern zone show great differences from the northern zone and the

North Pacific fishing grounds above it, indicating that the northern and

southern zones are of a connpletely different character. The principal

catch in the southern zone is striped marlin, and in April rather dense
concentrations of this species are seen between 20 N. and 25 N. ; this

point indicates that the southern zone corresponds exactly to the northern

edge of the range of the striped marlin.

In the northern zone the positions at which fishing vessels are
operating are in the sea area centered at 30 N. and thus are somewhat
north of their position in March. In April the fishing season is already

near its close and the number of vessels operating has fallen off, so data

are few and the values shown for unit areas are not reliable, but from a

comparison with the catch rates in March (see table 1 for February) it

appears that between 28 N. and 30 N. the catch rates are lower in April.

At 30 N. to 32 N. , on the contrary, the April rates tend to be higher.

Considering points of this sort, it is thought that the albacore, which con-
tinued moving southward until February and stopped in March, have in

April begun a simultaneous northward migration both in the east and in

the west. Catch rates in the northern zone are still high in April, with

many cases of values over 5.0. Many areas with high catch rates appear
north of 30 N. As for the intermediate zone, it is not very clear because
of the scarcity of data, but it appears that with the passage of time it
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continues moving to the southwest and it seems to be located in the

vicinity of 30°N. , 140°E. As a result, in the vicinity of 140 E. the

zone of high catch rates appears to be pushed from 30 N. southward

to the vicinity of 25 N. to 27 N.

Uda— , studying the fishing conditions in 1935 and 1936, hypothe-

sized that the albacore east of 150 E. may have, after moving south to

the north side of the Subtropical Convergence, migrated west along to the

line of 150 E. and then turned north. However, when we consider the

movements of these albacore which have migrated south to the north side

of the Subtropical Convergence in terms of catch rates, we may wonder
whether they do not turn directly back north without moving west.

Judging from the fact that we can detect no tendency for the catch

rates to decline in the areas far off to the east, and from the fact that

there is. on the contrary, a tendency for the catch rates to rise simul-
o o

tajieously in the east and west between 30 N. and 32 N. in April as com-
pared with March, it is thought that the albacore which migrated south in

the form of an elongated band and stopped on the north side of the Conver-
gence directly enter upon their northward migration in that same form.

As for the size composition, the pattern of larger fish on the south

side and smaller fish on the north side which was seen during the period

of southward migration now becomes unclear (see table 1),

Table 1. --Length composition (%) of albacore landed from the North
Pacific ground in April, Mean weight in kan (8,27 lbs.)

Lat.



but between 30 N. and 32 N. the size has become larger, with an average

weight of 3. 2 kan /26 lbs. / as compared with 2.4 kan /_20 lb8_^/ in the pre-

ceding month. This increase in the size of the fish taJcen between 30 N.

and 32 N. is thought to be one bit of evidence for a retrograde movement
of albacore which had descended farther south.

(2) Kinan Ground

30°N.
The center of the fishing ground has clearly shifted to north of

indicating that the albacore have begun their northward migration.

Catch rates continue high as in the preceding month, and there are cases

with values above 10. 0. Just as in the sea areas east of the Izu andOgasa-
wara archipelagoes, the waters north of 30 N.

Table 2. --Albacore catch

rates of the Kinan ground,

28°-32°N 133 140°E.

Lat. ^^



V i- 1i { AlbaOOre iThutrntu gtrm) ) 4 n ( April

)

90'
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latitude. The changes in the albacore catch rates in this area from March

to July are as follows.

In March in the areas adjacent to the south side of the North Pacific

fishing ground the catch rates are high, and although the situation is not

quite clear in April, from May to July the catch rates are also high from
10 N. to 20 N. The fact that in April the catch rates appear to be lower

than in the preceding and following months is thought to be due to the scar-

city of data for the vicinity of 20 N. In actuality, judging from the small

amount of data we have, the catch rates in the vicinity of 20 N. appear to

be higher than in the southern zone. Consequently, these large albacore

are thought to have split off from the North Pacific fishing ground, broken

through the Subtropical Convergence to the south, and continued on to the

southward.

In fishing in the areas of middle latitudes for striped marlin and

black marlin, a few albacore are always taken, and even from August on,

although the catch rates drop somewhat, the fish are scattered over a

broad area of the South Seas. They are so scarce as to be almost without

innportance as an objective of the fishery, but they are thought to be impor-
tant from the point of view of the life history of the species. Although the

medium- and small-sized albacore which appear on the North Pacific fish-

ing ground never cross the Subtropical Convergence, these large albacore

do cross the Convergence to the southward. As will be noted later in the

section for June, the gonads of these albacore are fairly ripe, and they are

thought to bear a deep relationship to the spawning of the species. Conse-
quently, these fish are extremely important, both as a link between the

albacore north and south of the Subtropical Convergence, and as an indi-

cation of the spawning habits of the albacore.

Hasegawa— has postulated that the albacore of the area from the

Ogasawaras to Uracas Island are a separate stock from those which migrate

into Japanese coastal waters. But the albacore in this sea area, as stated

above, are large fish which have continued southward through the Subtropical

Convergence to appear in this sea area after the southward movement of alba-

core on the North Pacific ground has ceased. It cannot definitely be asserted
that all of the albacore occurring on the south side of the Subtropical Conver-
gence originated in the North Pacific fishing ground, but it is a fact, at any
rate, that they receive some recruitment from the North Pacific ground.

11/— Hasegawa, Kinei. 1938. On the report of albacore investiga-

tions. In Oceanic Fisheries (Kaiyo Gyogyo) No. 20.
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(2) Albacore West of the Izu and Ogasawara Archipelagoes

(Albacore of Waters Around Okinotorishima)

In the waters around Okinotorishima there continues to be in April

a considerable occurrence of albacore, just as in March, However, the

catch rates axe lower than in March, and compared with the peak fishing

season on this ground the area of the grounds is much reduced and is

limited to the immediate vicinity of the island of Okinotorishima. The
catch rates are about 1 . in the immediate vicinity of the island and drop

off as one goes toward the periphery. The albacore in this sea area con-

tinue to be present even in May and June, although they gradually decline

in abundance. Seasonally, the rise cind decline of this fishing ground is

similar to that of the North Pacific fishing ground, but it remains in exist-

ence for about 2 months longer before it fades out, making one of its charac-

teristics this extremely long fishing season. Furthermore, the fishing

ground itself does not move much, but expands to the southwest in the fall

and winter (the center of the ground appears to move somewhat), and in

the spring it shrinks into the very close proximity of Okinotorishima, this

pattern of movement being repeated from year to year. Taking such points

into consideration, it is thought that this area offers some conditions which

make albacore likely to stop there, auid that this probably naturally increases

the density of occurrence. As was noted in the March section, just like the

sea areas east of the Izu and Ogasawara archipelagoes, this area is entered

by large albacore moving south from the Kinaji fishing ground around March
and April, but judging by the size composition of fish taken on the Kinan

ground, the quantity of such fish is extremely small, and since the fishing

ground shows a decline fronn January onward, it is imagined that there is

no important direct connection between it and the fishing grounds north of

the Subtropical Convergence.

In the size composition, 85- to 95-cm. fish are about 10 percent,

95- to 105-cm. fish about 60 percent, and fish abov£ 105 cm. about 30 per-

cent, with the average weight around 6 kan /50 lbs. /, These values are

based on measurements of only 16 fish, and although it appears that the

weight is somewhat greater than in March, when we consider the changes

in the average weight for the whole period of November to April, we may
wonder whether the average size is not gradually getting smaller.

The oceanographic conditions show almost no change from December
to March, and it is thought that this may be one reason why the close of

the fishing season is so much later than in other fishing grounds.
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o
B. Grounds in Tropical Seas South of 10 N.

o o
Throughout the whole area from 130 E. to 170 E. albacore fishing

is extremely inactive. Rare albacore catches are made along the boundary
of the North Equatorial Countercurrent and the South Equatorial Current,
but there appear to be almost no cases of catch rates higher than 0. 3. The
fish are less than 6 kan /50 lbs. / in weight and thus smaller than those of

the middle latitudes.

MAY

General

The albacore longline fishery has completely ceased to figure in

the general picture. The fishing vessels, which were still fairly active

in the preceding month in the North Pacific fishing ground, have almost
completely ceased to operate. About all that is left is the incidental catches

of albacore taken by longline vessels fishing for spearfishes in the mid-
latitude areas. On the other hand, this is the season when pole-and-line
fishing for albacore is gradually becoming active in the waters close to

Japaji, and thus the aspect of the albacore fishery is completely different

from what it was during the winter.

(1) North Pacific Ground cind Kinan Ground

Oceanographic conditions

In April and May the oceanographic conditions on this ground are
the exact opposite of what they were during the height of the longline fishing

season up to March. That is, the isotherms which had been continuing to

move south have now begun to move northward, and the Kuroshio, which
was continuously declining in strength, is gradually strengthening. As
figure 1 (distribution of isotherms on the average year's pattern, abridged
frona data of the Northeastern Regional Fisheries Research Laboratory)
shows, in April the isotherms begin a general northward movement, and
in May the 15 C. isotherm runs east and west between 37 N. and 39 N. ,

while the 20 C. isotherm penetrates deeply to the northeast into the cold
o

water mass east of Cape Nojima, its most advanced point reaching to 37 N.
It will be noted that the northward movement of the 20 C. isotherm is more

o o
conspicuous than the northward shift of the isotherms from 10 to 15 C.
The considerable revival in May of the Kuroshio, which around February
and March was at an extremely low ebb, is well shown by the results of

sectional observations 300 miles southeast of Cape Nojima in figure 3 for
February. In May this sea area has lost its significance, at least as a
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Figure 1. --Average distribution of

isotherms (from data of the Tohoku
Region. Fish. Research Lab.).

longline fishing ground for albacore.

In April it has already been noted that

there was quite active longline fishing

around 30 N. for the northward-moving
albacore, but in spite of this in May
there is a very sudden cessation of

fishing operations. We have only scat-

tered data from the sea areas between
o o

28 N. and 35 N. , and although these

data show occasional cases of catch

rates of 1. in this area, the albacore

catch as a whole is much less than in

the preceding month. It is thought that

the albacore, which in April still

occurred in a considerable density,

have either suddenly moved north or,

if they are still present, they have
ceased to become an object of the long-

line fishery because of some extraor-

dinary change in their ecology. Judging

from the fact that simultaneously with

the ending of the longline fishing it is

replaced by an increasingly active pole-

and-line albacore fishery, one is inclined

to think that at this season, because of

some change in ecological conditions,

the fish have just ceased to be available

to the longline fishery.

Figures 2 and 3 show by 10-day

periods the distribution of the albacore

pole-and-line fishing grounds in 1951 and 1952. In both years the pole-and-

line fishery began in the eastern part of the Kinan Sea Area. With the pro-

gress of the fishing season the fishery moves to the northeast, and the first

grounds to disappear are those west of the Izu and Ogasawara archipelagoes,

while operations continue the latest in the vicinity of 35 N. , 150 E. , or even

farther to the north. The direction in which these fishing grounds move is

exactly the opposite to that taken by the albacore which, after their appear-

ance west of 150 E. in October, moved south until March. The size com-
position of these fish for 1951 is shown in table 1.

When we consider the movements of the albacore in April, it appears

that they begin to move north simultaneously from east to west across the

Kinaji fishing ground and the North Pacific fishing ground. The fact that,

in spite of this, we see no pole-and-line albacore fishing in the areas east

121



t' V i- { Albacore lTfm>iuus germ) ) B ( May.

)

90'



lO



of 150 E. is thought to be due to the limitations on the operating radius
of the vessels under present conditions because of the use of live bait.

5- 7



(2) Grounds South of the Subtropical Convergence

Albacore fishing in these areas is extremely dull, with only a few

taken fronn time to time incidental to fishing for other species. Since no

importajit changes in the location of the albacore cam be detected during

the period of May to August, they will be summarized in the next section.

JUNE - AUGUST

General

During this 3-month period the albacore continue, as in May, to

be unavailable to the longline fishery. In waters near Japan throughout

all of June and up to the middle of July pole-and-line fishing for albacore

is carried on, following the schools of medium-sized and small albacore

moving northward, but throughout all sea areas of the northwest Pacific

there is no concentrated albacore longline catch. From June to the mid-
dle part of July albacore landings continue high, but these are all fish

taken by pole and line, not by longline.

(1) North Pacific Ground

In the overall picture longline catches of albacore are extraordinarily

rare. We have some data showing fair catch rates in June west of Midway
Island in the vicinity of 33°N. to 34°N. , 170°E. to 180°. From June to

Septennber the position of the Subtropical Convergence runs through the

points of 31°N. at 150°E., 29°N. at l60°E., 30 N. at 170°E., 32°N. at

180 , and 33 N. at 170 W. , or somewhat south of the area of albacore

catches noted above. The data are the results of observations made by
the Shizuoka Prefecture fisheries guidance vessel Fuji Maru in May and
June 1937, and according to these data considerable nunnbers of albacore
are taken at times, but the fishing situation appears to lack stability. The
weight of the fish ranged rom 2.5 kan to 4 kan /21 to 33 lbs. /and averaged
3 kan /25 lbs. / resennbling the fish which are taken by pole-and-line fishing

in Japanese waters; they are considered to be clearly different from the

large albacore occurring south of the Subtropical Convergence,

As was stated in the April section, the medium-sized and small
albacore are thought to turn back to the northward altogether without

penetrating south of the Convergence, and the results of the Fuji Maru's
investigations are also thought to indicate this sort of situation. The
pole-and-line fishing grounds in Japanese waters are formed slightly to

the north of the Subtropical Convergence, and the above-mentioned results
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obtedned by the Fuji Maru also seem to show the position of the albacore

in June as being not very far north, but rather just on the north side of

the Convergence.

The Fuji Maru also made an investigation in August 1937 of the

waters west of Midway Island. According to their results, the catch rate8_

were extremely low, and the fish were still about 3 to 4 kan /25 to 33 lbs. /

in weight. (The same vessel, fishing south of 30 N. , that is, on the south

side of the Convergence, captured large cdbacore, but more will be said

about this later.)

To sunnmarize the above, the movements of the albacore from June
to August are such that longline fishing is extremely dull, and although fair

catch rates appear in rare cases, the fishing is extremely unstable.

Judging from the fact that albacore pole -ajid- line fishing is flourish-

ing in Japanese waters in June, it is thought that the northward - mo vi ng
albacore schools are distributed slightly to the north of the Subtropical
Convergence. The occasional high catch rates recorded from the waters
west of Midway Island and the fact that albacore still sometimes remain
in the Kinan Sea Area are thought to result from this situation. However,
the very small longline catches and their instability are thought to indicate

the effect of some ecological factors. We have hardly any data for July,

but judging from the movement of the pole-and-line fishing grounds, it is

clear that the northward movement continues. In the last 10 days of July

the pole-and-line fishing grounds fade out in the vicinity of 4 N, and
although it is believed that in August the albacore reach even nnore northern
sea areas, the details of this situation are not known.

(2) Grounds South of the Subtropical Convergence

In general these grounds are inactive, but there is a scattered
occurrence of albacore over the whole area. No longline fishing aimed
at taking albacore is being carried on, and the only ones taken are those

caught incidental to fishing for other species. Since little change in fish-

ing conditions is shown for the period of May to August, it will be summarized
here.

For convenience in the explanation, the area will be divided into

sections north and south of 10 N. , and the areas north of that latitude

will be further divided into those east and west of the line of the Izu,

Ogasawara, and Mariana archipelagoes.
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1. Waters north of 10 N. and east of the line of islands

It has already been noted that beginning around March albacore of

large size split off from the population on the grounds north of the Conver-

gence and move south into this sea area. From May to August over this

sea area as a whole the albacore catch rates rise, and cases of catch rates

higher than 1.0 are not unusual. In July, particularly, we see catch rates

of 3.0 or more. In August the picture is not clear because we lack data

between 10 N. and 20 N. , but judging fronn the distribution of albacore in

this area from September on it is thought that approximately the sanne con-

dition is maintained. From October to January fairly high catch rates occur

just north of 10 N. and judging from this point it is thought that the albacore

in this area may continue their southward movement from May on continuously

to early winter. However, the occurrence of albacore is not very abundant

zmd therefore our data are inadequate, so we have no accurate knowledge of

the situation.

Table 1 shows the size composition of the catch, which in this area

is composed of extremely large albacore.

Table 1. --Length composition of albacore landed from waters

between 10 N. and 25 N. from May to June (actual numbers)

E
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Consequently, it can be thought that the sex ratio will have a great

effect on the size composition. The size of fish in August, as shown in

table 1, is especially large, and it is thought that these albacore have a

high proportion of males.

A noteworthy point about these albacore is the development of

their gonads. As early as June individuals are noted in which the nnales'

gonads weigh more than 200 granns and those of the females more than

400 grams. The presence in July of males with gonad weights of 300
grams and females with gonad weights of 400 to 500 grams is thought to

indicate that the development of the gonads has progressed somewhat
since June. In August 1937 the Shizuoka Prefecture research vessel

Fuji Maru reported gonad weights of 260 grams fronn the waters west
of Midway Island; judging from the position of the fishing grounds, these

are thought to have been albacore occurring south of the Subtropical Con-
vergence. The albacore which move south into the area south of the

Convergence and spread widely over the South Seas waters are thought

gnerally to have well-developed gonads at this season, and it is imagined
that their spawning is carried on over broad areas of the South Seas com-
pletely separated from the main fishing grounds . However, no completely
ripe eggs have as yet been encountered, so we have no definite proof of

spawning.

As for the condition of the gonads of albacore occurring in areas
north of the Subtropical Convergence, those taken west of Midway Island

were all extremely immature, with gonad weights below 50 grams for

both males and females. The results of investigations made in March
at 28°N. to 30°N. , 145°E. to 160°E., showed very few of the females
above 90 cm. in length to have ovaries weighing more than 100 grams,
and these fish are thought not to move northward but to continue south.

More than 90 percent of the specimens examined had gonad weights of

less than 100 grams and were extremely innmature. Studies of the alba-

core taken by pole-and-line fishing in May and June show only immature
fish.

2. Waters north of 10 N. and west of the line of islands

These are the albacore around Okinotorishima. For May catch-

rate values of about 1.0 are indicated. From June on some albacore

continue to appear in this sea area, and it looks as if albacore always
occur there throughout the year. It will be noted, however, that the alba-

core catch rates in this area are high from November to February, in

seasonal contrast to the southward-moving albacore east of the line of

islands. Nothing is known of the size composition of the albacore which
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occur in this area from May to August because of a lack of measurement

data.

o
3. Albacore of the equatorial areas south of jO N.

In general, these fish are very scarce, but some are taken at all

times. In May cases of catch rates as high as 1.0 appear, but from June

to August it appears that catch rates even as high as 0. 3 are extremely

rare, the fish being broadly but sparsely distributed. The question of

the effect produced on the occurrence of albacore in this sea area by those

fish which separate from the fishing grounds of the North Pacific and appear

in the waters of middle latitudes is one which will be very importeint for

future study.

The size composition, as shown by the following table, is made up

of fish smaller than those found north of 10 N.

Table 3. --Length frequency of albacore taken in the tropical

Pacific, 0°-10°N. , 140°-l60°E. (actual numbers of fish)
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