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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 makes 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 toregulate the resource.
To put it more plainly, according to my 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 controlof
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:
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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 and 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 operationsofresearch
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 andre-
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 datawere
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 fishinggrounds,
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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 them, 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 there 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 movements of typhoons are plotted on weather charts, it would be
possible

6. To fill in the data and at the same time
a, To evaluate the character of the population,
b. To clarify its relations to its environment,

c. Tograsp 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 times their information and data assembled up
to date and 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 datahitherto
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
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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 have 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 stronglylocalcharacter,
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 completely 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 enjoyevencloser
liaison with them in order to work together for a healthy development 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 Person in Charge
Albacore Akira Suda
Yellowfin Yoichi Yabuta
Striped marlin Shoji Ueyanagi
Broadbill swordfish Sh5ji Kikawa
Bigeye tuna Tadao Kamimura
Black tuna Hajime Yamanaka
Black marlin Yoichi Yabuta
Overall responsibility Hiroshi Nakamura and

Hajime Yamanaka

January 5, 1953
To the reader:

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 atthe 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 figshing situation,

As the chart shows, the data are concentrated in the North Pacific
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 and 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 Hydrographic Office, No, 6031C), the current flows tothe east
at speeds of 0, 3to 0, 7 knots, mainly 0.3 to 0,4 knots, Alongthe 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 s%ctional observations directly east of Same, in Aomori
Prefecture (about 40 30'N,).

Trans latoi' '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,
Aomori Prefecture, (BasedonSemi-annualReports of Oceano-

graphical Investigations, No, 63, 1939)
Distance from coast in miles
m 5 7 7 A " " AN } 7 " [
iw 550 100 | 150 200‘250 300’350 400 | 450 | 500 7001 800 | 900 | 1.000)
w | 217217 24.4 22.8 23.2 21.8 21.8| 18,7 20.3( 19.8| 21.4 18.5 17.20 17.4{ 16.3/ 20.0
15.60 8.4/ 11.310.4 8.0 7.3/ 10.0/ 3.5 9.8/ 4.3| 12.8 8.5 9.2 7.8 7.00 9.0
W |23.022.6/21.5 21.5 21.2] 20.4 22.7
17.7,17.3) 15,4/ 19.2/ 15,5/ 11.5/ 14,0, —| ~| - -7 -7 -
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

position | ™ |%0n [1on) DAEEET | on [ [room| DLE ST om | som hoo
K3 SooN28 8°CT TG — };’“3' L El236°Cl16.0°Cl120°C A lggzgigizu.soms4°<:9.3°c
Sl e pe.s sz — v 1SS0S 1200 s 0 a2 | 15952 a2 |16.5 | —
o 8 a0 180 | — 10 T8eon E3hs0 ha | Al o fies | -
S oy 4.3 pso | —| 7 18T 195 She 0 1.0
ol o s | | B s oo

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 almost no catch west of 150° E, and withhardly
any cases where the catch rate rlaes above 0 I percent even in the area
between 150°E. and 160°E. At 160°E. to 170°E. the catch rate is rather
consp%:uously 1ncreased over that in the area of 150° E, to 160° E., and
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 tothe
east there are no data at all so we have no idea of the situation inthatsea
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

Throughoutthis 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 comparisonwiththe catchrate cited
by Nakamura (1951), 1/

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

Area {(Pre-Post-

| war | war |
140°E ~150°E
e e 300 | 0-02 | 0.02
140°E~150° E
20 K Saoss | 0.38 | 0.31

Notes: 1. The figures are catch rates,
2. The '"postwar' data are those
of this atlas and include the
prewar data.

3. Tropical Seas (10°N. to 15°S.)

The data are rather genera.lly distributed between 1 N and 8° N
in the longltudes of 150°E. to 170 E and between 5°N. and 9° N, at 170°E.
to 180°. There is also somewhat of a concentration of data for the waters
east and southeast of Mindanao; in the Southern Hemisphere there are scat-
tered data for the Banda Sea and the waters around the Molucca Islands,
and there is again somewhat of a concentration in waters around the
Solomon Islands,

-l/ Nakamura, Hiroshi, Nankai Regional Fisheries Research

Laboratory, Report No. 1, 1951, v 4
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Hardly any albacore catch is recordedfor the Southern Hemisphere,
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 taken 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 IOON.-)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
€4%h to west which appear to show catch rates not greatly different from
those of September, However, there appears to be somewhat of a ten-
dency for the vallues0 to 1ncrea.se. 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
precedmg month and catch rates are generally above 1,0 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 160°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_2_/ also fishing was

2
2/ Nankai Regional Fisheries Research Laboratory, High Seas
Resources Section, Summary Re‘port of Invest1gat1ons, 1952, Chart No. 1l.
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fairly good between 150° E. and 160 E., but no c,‘oncentrated fishing

grounds had developed west of 150° E.

In 1950—

good agreement with the chart presented here,

the trends were in

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

140° E~150°E | 150° E~160°E | 160°E~170°E | 170°E~I80°E | 18)°E~I70°W

35°N~ 40°N | 35°N~ 40°N | 33°N~ 40°N | 35°N~ 40°N | 35°N~ 40°N
Pre - 0.00 0.48 - 3.15 -
Post- 0.49 0.29 1.27 1.75 0.91

The '"postwar' figures include the prewar data

Table 1 is a comparison with prewar data (from Nankai Regional
F1sher1es Research Laboratory Report No. 1). Except for the areawest
of 150 E longitude, in general the fishing conditions appear tobe inferior
to those of the prewar period, but the reasons for this are not clear,

The dxstrlbutmn of catch rates appears to show a gap between
150°E, and 160°E. According to Uda?/, judging from the sizes of the
fish there are three different age groups in this area, each following a
different mllgra.tory path but all migrating in a clockwise direction,
Nakamura2 pointed out that at the beginning of the fishing season
(November) there is one group appearing in the area centered at 150 °E.
and another group in the area centered at 165°E. ; in December isolated
fishing grounds are formed in the Kinan Sea Area, and a tendency can
be detected for part of the group in the vicinity of 150° E. to appear to
move toward the southeast, but aside from these observations it is not
possible to show any differences between the groups on the basis of catch

rates,

The sizes of albacore taken in the North Pacific show local differ-
ences in the east-west direction and also in the north-south direction,
Table 2 shows these local differences,

3/ Nankai Regional Fisheries Research Laboratory, High Seas
Resources Section, Summary Report of Investigations, 1952, Chart No, 23,

4
4/ Uda, Michitaka and Eimatsu Tokunaga, Bull, Jap. Soc. Sci.
Fish,, Vol. 5, No. 5, pp. 295-300, 1937,

2-/ Nakamura, Hiroshi,
Laboratory Report No., 1, 1951,

Nankai Regional Fisheries Research
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Table 2, --Local differences in size composition
of North Pacific albacore (October, 1949-51)

l 36°N~38°N , | North of 38°N
65cm {75cm {B5cm (95cm 105 cm|E 65cm75cm [85cm [95cm (105 cm S #4)
' Longitude| t | ! | ! to| Longitude| U1
75cm| 85cm| 95cm|105cml1Scm|(M)y. =  _175cm| 85cm| 95¢m{105cm|l15cmi(M)
140° E~150°E 1 41 58 3.5(140° E~150°E
150° E~160°E 13 76 9 3| 4.3/150° E~160° E
160° E~170°E 7 59 15 20 | 4.9]160°E~1T0°E| 2 32 66 3.7

170° E~180°E 5 52 28 15 | 5.0/170°E ~180°E 13 60 18 10 | 4.6

Notes: (1) Fork length in cm., "North of 38 ON. "
may be taken to mean 38°N. -40°N.

(2) Figures in columns are percentage of size
class in catch,

(3) Column headed (M) is mean weight in kan
/8 27 lbs. /

(4) Length -weight relationship: 70 cm., about
1.9 ka.n, 80 cm., about 2.8 kan; 90 cm.,,
about 4. 1 kan; 100 cm,, about 5.8 kan;

110 ¢cm,, about 7,4 kan. These length
classes coincide app—r—o—ximately with Aikawa's
age groups.

As is clear from table 2, the greater part of the catch in this
region, regardless of locality, is in the 85-95 cm, size class. There
is clearly a tendency for smaller fish in the west and larger fish in the
east to mingle with this mean size group, but this trend is a continuous
one and shows no conspicuous gaps. However, since table 2 combines
the results of measurements in the years from 1949 to 1951, it also
includes local movements of the fishing grounds from year to year.
Consequently, it is not possible todiscuss, on the basis of these results,
Uda's hypothesis of three groups of schools. The data are by no means
adequate, but table 3 shows the local differences in albacore sizes for
the month of October 1950 alone,

In table 3 the local mingling of size classes is approximately as
shown in table 2; that is, it is continuous without any sharp discontinuities,

From tables 2 and 3 the following observations can be made:
1. If the sizes of albacore taken at the same latitudes are com-
pared from east to west, the mean size group is 85-95 cm,, but toward

the east the proportion of larger fish mixed in with this catch increases,
and west of 150°E, smaller fish increase,

15
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Table 3, --Local differences in the size
composition of North Pacific albacore
(October 1950)

65cm (75cm [85cm [95cm [150cm i
Longitude, 75cm| 85cm| 95cm lO:Iicmjllgcm M)
uep~150g | 1| 3| %8 3.5
°E~160E | 3| 54 500 24 54 4
160° E~170° E 5.5 o7.8 12.4 54 56
170° E~180°E 1.8 5.7 17.9 28.7{ 4.9

Notes: (1) The upper figure is the
number of fish measured,
the lower the poercentaége.

(2) The area of 38 N, ~-40 N,
has been omitted.

(3) The column headed (M) is
average weight in kan,

2, If a comparison is made between north and south in sea areas
of the same longitude, the fish are larger to the south and tend to be smaller
to the north,

These two phenomena are not limited to October, but appear in
November and thereafter. In the charts from November on, a gradual
southward movement of the fishing grounds inthese waters canbe clearly
seen, Kiahinouye_"_/ stated thatinthe case of the black tuna the fish taken
at the beginning of the fishing season were mostly large ones and that,
with the passage of time, the fish making up the catch gradually became
smaller, The facts stated under 2, above, show that this same phenomenon
canbe seen in the case of the albacore, What it means is that large fish
are more numerous at the leading edge of the migration,

The fishing grounds in this region extend a long way from east to
west, but from north to south their width is not great, being about 200 to
250 miles, and although they move southward with the passage of time,
there is no great variation intheir breadth, It goes without saying that
there is an indivisible relationship between the development of the fishing

-6-’-/ Kishinouye, Kamakichi, Jour, College Agr., Imperial

University, Tokyo, 1923,

18



grounds and the movements of the schools, but the movements of the
fishing boats are also based on economic 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.)

& ¥ =
N' 0.10 o.i'a 1.lo 1.{> 2{) 2.15 3'.10 3.)5 4.{) 4.15 5.‘0 5'15 Total.| M,
Temperature. 0.5/ 1.0 1,5| 2.0 2.5| 3.0| 3,5 4.0 4.5| 5,0/ 5.5/ 6.0
17°C 1 1 2| 2.75
18 11 1 2 5| 2.45
19 2| 2 1 1| 6] LT
20 2] 5| 2| 4 1| 3 17| 1.
21 2| 1| 1| z| 3 2 11| 1.75
22 1] 1 2| 0.50
23 2 2| 0.75
Total 8/ 12| 3| 8| 4 1| 6 2 1| 45
M, 20.0} 20.4] 20.3| 19.9 20.0| 20.0/ 19.8 18.0 19.0

Table 5, --Surface water temperature and catch rate (145°E. -150°E.)

— ggtcgatf 01'0 02.5 11.0 11.5 21"0| 22.5 3}.0 71.0 7.15 81'0 8'15 Total

]’!;‘Epk 0.5] 1.0/ 15| 2.0|2.5 3.0(3.5 7.5| 8.0 (8.5 9.0
16°C | 0
17 1 1
18 0
19 6 -6
20 20 | 2 2 1. 1 11| 28
21 7 2 9
22 1 1
23 11 1 12
Total . 56 | 2| 3| 2 1 1 1| 1] er
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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 worthrecording.
West of 14c(>) E. the%e are some more O 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 November on, and 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
always 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

anomalous,

NOVEMBER
General

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 %ood 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 gzbounds east of northeastern Honshu, as compared with
October, are about 2 of latitude fartheg south, and they extend a long dis-
tance east and west m the v1c1n1ty of 31 N, to 40 N,, with the mainfishing

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
by 10 of longitude.
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Table 1, --Water temperatures and catch rates observed by
the Shizuoka Prefecture research ship Fuji Maru in 1951

\ﬁ3 i M| m m m m m. iR EEEB i e | m' ml ml m SR
Date. Stati'on, 0| 2 078 10 Cat’;}t:, Date,| Station. 0] % [ 0 ‘ 1% Ci:lig.—
15| 63 e5E18.4118.318.5/17.1113.0 6.00 |11 | 1T508E 1g o/ 15 g 18.8 18.116.5| 2.47
4] 1978 1) — = | = sss | 17| 2 1195 18.8 1.8 18.616.9 4.40
7 ey |211/20521.5/21.517.8 113 | 19| 7419 la0.520.2/20.0 —fi6.3 5.2
8| 10550 [20.821.820.821.219.60 2.34 | 20| 17424 150 5/20.3/ 20,5/ 17.616.¢ 3.80
12 ; a5y (19.6(19.319.217.517.9 3.47 [ 21| 7450 119 419,21 19,5 19.017.0 2.94
13 | 1220 118.718.818.818.1)18.7) 2.47 | 27 19828 9.5l —{10.4/19.4 — 313
14 ey [19.8/18.518.215.3 18,5 2.07 | 28| 183338 119,519 4191 19.119. 0.40

Table 2, --Local differences in albacore weight composition
(November, 1948-52)

i # Rlatitude, 32° N~34°N 34°N~26°N
b o 18 2'8 4%( 5.8 7.4 P o7 11| 5| 26| o3| 678 74 AR
4% B Longitude..

140°E ~ 150°E 52 46 1l 2 3.5 4 24/ 60 10 1 2.7
150°E ~ 160°E 2 5| 38 40 12 3 3.7
160°E ~ 170°F 23 69 7 1] 4.0
170°E ~ 180°F 31 46 15 8 4.2
wa- 36° N~38° N 38° N~40° N

. SR B 7%3121’\?3 0| 11| 5] 25| o} 5%,751 R

2EsLongitude, . ¥
40°E ~ 150°E | 5 8 27| 55 6 24) 7 23 33 34 2 l 2.0
150°E ~ 160°E | 1] 1] 18 39 36 1| 3.3

160°E ~ 170°E 3 61] 29 1 3.4

17°E ~ 180°E 1| 3| 36| 34 20 6 4.1 |

Notes: (1)Columns are weights in kan /8,27 lbs. /; figures in columns

are percentages of the total number of fish,

(2) Length-weight re#tionship is the same as for October,
the smaller sizes, 1.1 kan corresponds to 60 cm, and 0.7
kan to 50 cm,

(3)Fish 45-55 cm. long are represented in the 0,7 kan column,
those 55-65 cm, long in the 1,1 kan column, and so forth,

(4) The column headed M gives the average weight in kan,

21

For



t‘v v + h‘ (Albacore  (Thummns gormo? ) l 1 H (Novembe

90 100° 1o 120 130° 140 15
- — —cy
- b
Wl Ly,
J{ 0.0
. ] ) oo  food 0odood
4 /\'1/’% MI’V L ;o 1qosds
~ L lo.od o1dh i
[od
L (a ﬁ 1afTiz 154154094
(”[ \'r‘ Y EX . L
1 z_ ; .1q
p-Lot p-00) .00 1.260.18
V? bao fo.oof
b.ook.oo! X foofe.oof
kY I b sl o
lo.oof
p-oo) 1 ps7oog o7 0.008.3
looofo.00 =z oo oz} 1 ood
ol lo.0olo.00f b.oo lo.ozp.oojo.rs} h.94 .odooq
5‘;— % 333000 0.0q
7 99 112h 63)1.sok201}2
? ~ » (S fo.00 1.8401.24
20- _Sf\ L% 7 n.: n.u:”
<’\ 0~2.00 13 Eve ¢ {r ,/ o = S ::
— 2
Zv 201-5.00 G s o000 i S §
. 000 j0.00
tswueTE me = boobon 4 { =
b,
1 - : CEETIRAG)
S BN { y? iy
i Y 7 5 o
0 At o analyins
Inoo] boo lo.00fo:00]
S Vs b7, 1 ‘i 00| 0.00f 1
Y el ey a8 TN
y P e, T
L ( I “> poo poo ool ool lood  fo.00
\ p.00| 10.01 p.00| 10.00 10.00]
BN ST TED d T b
%j‘: }, boo| fooo] 00) bail
[ A y AN 5 {dn = fo3 hos
g “g RN ’qr:?{;"ﬂ/\—r*{ {on
J iy L P N B ,t»— o b ,\Nj
1 % \s;‘ I { ool ‘ s & J“(f\ = jo.odood =
T A —j o g NIRRT - ?ﬂ Hﬁl =
¢ il )i f{ 9 ru‘"'\,\ ooqoo] ood
0] [ R By oa] ]~
' e H— - as
—— Al N L ‘
M — ""‘F\’!\T\‘)r 7 PiVen A aﬁ"‘* .g '{t
10 it =
[ l0.00 L j 4
- ] {
> yl
; ‘SJI L,
| K AN
] 4
l & =
! J \
ks - il < - -
90 100 110 120 130 140 15

22



£

30 160° i) 180’ 170

T ' T
oo |
0.0d0.oq
0.4 to.0q 1.62
0.640.1940.121.120.11 1.34 4. 134
L o. z 1841091 l0.591.03] 1
0. healtiz |24 1512 4351441 33313 5 0.435. i
0.48 39%0.1 41.04 3140.15 7601.7: 0. 7 18 L A7[5.14 82180 L1 1.94]
:j%nﬂnl 52 2.9 % 9t i 11 585 1 2 38 [14si602
[2.011.5940.5%0.731 1. l1.581.91 471424 p.50} 13 521 .50 15577 I.ﬂ
0.791.441 92001 201 8laszh.o1l0.08 1o sxfo.41 .43 9 4
jood  foooloas s }1H
0.0 009 9
D004 0.0080.004 0.140.240.24 o |
1025 17]
[0.41 000 .1
boof b720.42 03 v
lo.od k42073 o
o1y
.00 pod
Jo-00\
00|
{ .09 pool
p11 0.0 £y 10.0010. p.oof.00
0.0q0.00 jooj  boofoo jo.0010.00} p.oo
o.0q0.00 boofoo| oo p.ool 00
bo.26| p.oo} pozpo1 poo po3|
oo s2| 06 P02 b.ooko. 00 oz oo 02 17pos
aad 1 bis
bu
= boo
poo \
0o froo) \
oo \
nn;S"? !
1= o {
1 AT
lo.od S
A\\
i |
RS
- >
N
30 160 170 180 170

23



In October, in all areas, the major part of the catch was fish of
85 to 95 cm, (4.1 kan weight), but in November 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 and 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 lbOOE. 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 consideringthe
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 from December on,
it is thought that the schools in the extreme western portion (west of 150 ' E,)
gradually move toward the west, while those east of ISOOE. or 1600E. simply
keep moving south,

2., Areas of the Middle Latitudes

Considering the middle-latitude sea areas as a whole, data are
very scarce and the ov%rall s1tuat1on is not clear. Although the data are
inadequate, between 24 N, and 30°N. on 165°E. the catch rates are rather

high,

The so-called Okinotorishima fishing ground, which in October was
showing signs of developing, is very clearly marked in this month, and fish-
ing is active there. Th1so fishing ground appears in complete isolation, with
its center at 20°N. to 25 N., 1329E, to 137 E, Stated very broadly, this
fishing ground is surrounded on three sides, on the south, west, andnorth,
by the North Equatorial Current and the Kuroshio, while on the east it is
covered by the Ogasawara Current, flowing north along the Ogasawaras
and 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, 6031-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 November on with the
passage of the season this fisohing 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 catchrates
are over 2,0 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 l{_a,_l‘_l_l_l kan = 8, 27 13;_/ .

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 Okinotorishima fishing ground

a), 135°E~136°E (November)

T B
M atitude.} 91oNp2°N | 22°N~23°N | 23°N~24'N | 24°N~25°N
Year,
1950 — 1.83 1.59 1.27
1951 0.58 0.59 — 0.19

b). 135°E ~136"E (Dzcember)

T .
\a“‘“d& 20°N~21°N | 2I°N~22°N | 22°N~23°N | 23°N~24°N | 24’ N~25°N

fi‘E{ea{f.( \

1949 — — 0.46 0,57 -—
1950 2.26 2.70 2,84 1.83 —
1951 0.16 0.37 0.34 — 1.317

*% From North Pacific Current Chart No, 6031-A, /_i‘ranslator's
note: These "supplementary charts" are probably the two small unnumbered
charts on page 55 in the December section._/
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Table 3. --Annual flucxtuations in the albacore catch rate on
the Okinotorishima fishing ground (cont'd)

c). 135°E~136°E (Jan:ary.)

\ éftltudgE
= ﬁ:\\ IB°N~19°N | 19°N~20°N | 20°N~21°N | 21°N~22°N
Year, T~
1949 - 0.78 | 2.08 2.00
1950 0.58 0.58 — —
1951 - — 0.83 —
1952 - — 0.45 —

North of this sea area from December to March good albacore
fishing grounds develop north of 28 N latitude, These are the so-called
Kinan Reef and Tosa albacore fishing grounds. Hereafter, in this work,
these Kinan Reef and Tosa grounds will be referred to as the Kinan fish-
ing ground. Although the Okinotorishima ground and the Kinan ground
are close together, and in March actually overlap in part, they are thought
to be quite different in character, The reasons for this belief are: (1) the
albacore taken on the Kinan ground are much smaller than those from the
Okinotorishima ground; (2) the fishing grounds develop in the two areas at
different times, As will be shown later, the length group of 75 to 85 cm,
is the main group of albacore on the Kinan fishing ground, these being the
so-called ''3-kan albacore,' On the Okinotorishima ground, as already
stated, the av_e.r_age weight is 6,8 kan, a size which is in good agreement
with that of the fish occurring broadly south of the Subtropical Convergence.

3, Tropical Seas"

There is a certain amount of albacore catch generally distributed
over the South Sea area, but except for a small area south of Palau there
are no fishing grounds with concentrated catches, There appears to be
some concentration of catch near Kapingamarangi Island, but the average
catch rate does not reach 1,0,

The albacore catches south of Palau continue until around January,
but there appear to be great variations in the fishing conditions from day
to day and an extreme lack of stability, The reasons for such variations
in the fishing conditions are not known, but they appear to be largelyre-
lated to the patterns of current boundaries and the topography of the
islands, and this also appears to be true in the Kapingamarangi area,

Nothing at all is known at present of the relationships of the schools
appearing in Palau waters, but as the following table shows their average
weight is about 1 kan /8 27 lbs, /leu than that of fish in the Okinotorishima
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region and, since these two fishing grounds are widely separated, it
is deduced that they are of different stocks.,

Table 4.--Size composition of
albacore catches in Palau waters

85cm~95cm 95cm~105cm | 105cm~~115cm
4.1 5.8 (7.41D
139, 65%; 22%

Note: Figures in parentheses are
weight in kan /8 27 lbs. /
Mean welght is 5.9 kan (49 1bs.)

Although the data are inadequate, the size composition of the
albacore in the Kapingamarangi Island region is as shown in the follow-
ing table,

Table 5.--Size composition of
albacore catches in Kapingamarangi
I. waters

85cm~-95¢m 95cm~105cm 105cm~~115cm

4.18D (GR):=p) (7.48)
11% 44% 41%

Note: Figures in parentheses are
weight in kan, Mean weight
is 6.3 kan (52 lbs.)

There are very few data on the size of the albacore which are
taken sporadically in waters along the Equator east of 140 E longitude,
but within the scope of existing data their average weight is shown to be
6.7 kan (about 25 kilog.), which is extremely large, It is thought worthy
of note that such large fish are distributed very sparsely over an extra-
ordinarily broad area of the sea, and they are thought to have a different
ecological significance from the schools of the North Pacific., Only fur-
ther research in the future can show whence such schools of large fish
are replenished and what their ecological significance may be, however,
it is hypothesized that these schools of large fish bear a close relation-
ship to spawning, and there is a considerable amount of information
backing up this hypothesis,
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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 breadthfrom 30°N, to 40° N. The ﬁshmg grounds
in this region not only extend themselves southward, but also westward
and approach the waters off northeastern and east central Honshu, West
of 1500E, the fishing grounds also extend to the southwest, and their ad-
vance extremity reaches the vicinity of the waters east of the Izulslands

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 Kinan Sea Area, where
there were no signs at all of such development in November. 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 w1th rather high
catch rates. Particularly in the area of 130 E to 140 E., there are
somewhat concentrated catches, At 11 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

Compargd wit(:)h November, the fishing grounds have extended
sogthward by 3~ to 4 of latitude, and their southern extremity is at
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 theg are broadly continuous
over the area of approximately 140°E to 180

In general the catch rates show high values, particularly high
east of 160 E,, in which region the majority of the unit areas have catch
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rates of better than 3,0. In the waters between 1500E. and 160°E. )
in October fishing was generally a good deal poorer than in areas to
the east and west; in November this area of low catch rates is con-
spicuously narrower than in October, but in December 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 examine this situation on
the basis of data for December alone, so an attempt 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,

140" 150°E [[SaE L 1h0—iT0'E IT0—180'€
B Noy, 19471949 X1~ 60,1 ) o | St vate | Ny, houkei vate | gy, hodkut rate | gy,
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3+ 1951 11951 X{~ 52 W) =—» | 3 K -
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Figure 1, --Catch rates by month and area.
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Among the areas shown in figure 1 there are data for each month
covering the fishing grounds from north to south for the section of 140°E,
to 150°E. , 80 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 31°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 migration
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 which Nakamura—
has pointed out in su%port 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 quantity 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's>’ 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 formation and movements of the fishing grounds,

Considering in terms of figure 1 the variations inspeed 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 than they were in
the same month of 1949 (November 1949 to March 1951), but in December

a Nakamura, Hiroshi, Nankai Regional Fisheries Research

Laboratory, Report No, 1, 144 p,, 1951,

8
—/ Uda, Michitaka. Bull, Jap., Soc, Sci. Fish., Vol. 5, No. 5,

PpP. 295-300, 1937,
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they were at about the same position in bothyears, 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
29 N around March of both years, but in 1950 they were already at 29 N
ir January, 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 movement 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 important 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 maingroup
or accumulated group, the fishing conditions are stable, but on thefishing
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 commercial 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 must 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 ¢, In 1949 the fishing
grounds developed on about an average year's pattern, but in 1950the 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 weowill divide the
£1shc1)ng groundsoof 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

a. 1949 °E. longitude
oN lat_%‘ 141] 142 143 144| 145 146 147 148, 149 150 151} 152| 153 154] 155 156| 157| 158| 15¢
" vlv vy v elapa oyl ol vl
itude 41°( 142] 143 144; 145 145} 1471 148| 149] 150] 151 152] 153 154| i55| 156] 157 158] 159 16f
39 ~ 40 | i
38 ~ 39 ‘ 16450
37 ~ 38 0| 010,110.92
36 ~ 37 0 1.6312.57|2.92‘8.156.306.15
35 ~ 36 UNE 0.25‘0.030.11|3.s7|0.7o|1.31 2.33 0.60
34 ~ 35 | 014.852.70 2.10.280.440.202.161.953.78 0,22 1.00
33 ~ 34 3.531.680.620.95  14.075,25 0 0.50/1.44
32 ~ 33 0.05 |0,34; 2.563.81)3,70 1.37(1.50(0.20/2,22
31 ~ 32 4.222.92  11.923.434.29  0.39  2.083.352.86
30 ~ 31 2.20 2.733,58 2,67 1.95)
29 ~ 30 0 2.56]  [2.51(3.33
28 ~ 29 0.71
27~ 28 | 0| 00.100 0 0.91
2% ~ 27 10,09 0/0.01 O
ON. lat-[160°| 161 162 163 164 165 166 167 168| 169 170 171] 172] 173 174 173] 176 177] 178 179
Py P I T U 2 W T S T A I M Ll el
161° 162| 163| 164] 165 106‘ 167 108_ 169| 170‘ 171 172 173 174) 175 176 177] 178 179 180
39 ~ 40 ' '
38 ~ 39 1.371.45
37 ~ 38 3.208.298.837.80
36 ~ 27 0.64 [0.92 5.022.8513.07|9.838.234.852.57 13.0
35 ~ 36 [1.85 |1,92 3.831.782.072.164.434.37|  2.835.634.474.415.43
34 ~ 35 4.775.625.258.393.35  6.363.3611.853.002.25 3.12,  |3.66
33 ~ 34 14,400 [0.49 [3.08  [2,922.892.95 2.5 2.122.06j2.372.782.74 3.39(1.63 2,36
32 ~ 33 [3.3012,80 3.752.104.094.122, 792,32 2.801.802.002.452_842.19'3,455.50
3L ~ 32 p.032.512.59r°,.713.44 0.6710.99|  (3.52/1,93/4.43 4.231
30 ~ 31 [3.01 1.59 1.393.16[3.24'4.254.80 3, 14!
39 ~ 30
28 ~ 29
27 ~ 28
26 ~ 27
b. 1950
ON, 1at-142°°l 1)41I 1)42 1'43‘ 1144 1145 1{16' 1{47 1}43 1}49 150) 151/ 152 153 154 155 156, 157 158 159
itude 141°| 142 148] 144] 145 146| 147 148] 149] 150 1151 1l52 1%3 154! 1’55 1256 157 158 1)59 1'60
39 ~ 40 ' 5. 85
38 ~ 39 4.49 2.762.31
37 ~ 38 0 1.92)5.95, 0.100.40
36 ~ 37 0.20[1.397.91/6.421,30(0,35/0, 3800. 84 0,20(0,24
35 ~ 36 B-15/1.501,288.423.101.990.58 0{0.19}0.08 0.34
34 ~ 35 0 {2.05{1,67(1.61(1.84/0,893.30(1.081,07/1.57] 0 1,34
33 ~ 34 o.ssE.sqs.ss4.2ao.340.94 2,351.11 2.54
32 ~ 33 2.16]1.45 12,72 0.320. 54
31 ~ 32 2.81{7.374.220  [0.99)  |1.98'1.41
30 ~ 31 2.46/4.77(3.4012 50F.34
29 ~ 30 0
28 ~ 29 0.75| 0
27 ~ 28 | 0 0.50, 0
26 ~ 27 [0.41 ol 0| o
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Table 1. --December albacore catch rates on the North Pacific
fishing ground by years, 1949-51 (cont'd)

b.

1950 (cont'd)

°E . longitude

itude

lat-{16%°
1
161°

1611 162,

UL

162| 163
)

163 164 165
SRR
164\1651166

165] 167
!

t
168

163 169

[

!
169| 179

170, 171

{
171 172

173
174

172
173

175
l
176

174

175

176,
l
177

177
l
178

178
17

39 ~ 40
38 ~ 39
37 ~ 38
36 ~ 37
35 ~ 36
34 ~ 35
33 ~ 34
32 ~ 33
31 ~ 32
30 ~ 31
29 ~ 30
28 ~ 29
21 ~ 23
26 ~ 27

0.27

ly o4l
2.04

2. 20
0.100.07

2.07

3.742.786.78
3.593.624.06
4.179.22&.63
2.954.171.71

2,60

6.69

2.30
3.62

5.07
4.43
4.00

1.361.57

6 40

2.43!
1.94
5.17]

3.2012,77

5.50

6.53,
2.92
3.09
2.052.52

0.50

C.

1951

°E. longitude

&)

itude

N' lat"

[140°
141°

141
!
142

142
l
143

143! 144] 145

!
144/ 145| 146

146
!
147,

!

147
N
148 149

148 149
!
150

150! 151
i
151

152

152
l
153]

153
l
154

!
155

154|%§5
156

156
l
157

157
)
158

159
R
159 160

39 ~ 40
38 ~ 39
37 ~ 38
36 ~ 37
35 ~ 36
3t~ 35
33 ~ 34
32 ~ 33
31 ~ 32
30 ~ 31
29 ~ 30
28 ~ 29
27 ~ 28
26 ~ 27

0.21

1.11
1.45
7.34)

3. 10
2.90,

0.08

2.07
5.780,22
1.39

4.73

3.74
0, 94
1.04
1.73

5.84
0,47

4. 04

4.42
0.40

0.08

2.09b.24

1.59

3.53
3.35

1.31
2.64
4.51

0.31
0.78

0.31:0.98

0.30,

2.120.82

|
0.27

0

1,48

1,99
2.33
1.43

0.47
3.90
2,70
2.17
0.56

0.59

0.10
2.91
2.41
2.80
F.QZ

I0. 70|
I

|0.36
l2.74
4.75

0.66
2.21
1.17
3.50

0.15

'2.03 .
4,430.58
2.09'1.89
3.343.52
4.63'4.59

.00
5.61

1.13
1.73
4,24
5.631.

ON. lat-‘
jtude

160°
t
161°

161| 162,

!
162 163

163 164
|
164, 165

165
l
166

1167
168

168 169
t1d
169| 170

170/ 171
til
171§ 172

172
t
173

173
174

| 174 17

ARk
175, 176, 177

176

|

178 179
BB
178 179, 180

1

39 ~ 40
38 ~ 39
37 ~ 38
36 ~ 37
35 ~ 36
34~ 35
33 34
32 33
31 32
30 31
29 ~ 30
28 29
27 ~ 28
26 ~ 27

~

~

_~

-~

-~

—~

1.28
4,70

|4.01

5,083, 27,

4.20,

6.28
7.83

11.54
7.69

8.77
7.24

0.75
4. 65|
5.23

5.2,

7.77

»
(=]

0.60

8, 09|
3.66
6.07

5.58

7.58/7.60

6.74
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I). West of 150°E.

For convenience this ground is referred to as west of ISOOE
but it is not a matter of mechanical division along the line of that long1-
tude, for the area of low catch rates between 150°E, and 160° E. appears
to Jun 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 delimitation is difficult,

In the overall view the catch rate is somewhat higher than it was
in November, and there are 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. Inother words, between grounds where
the same groups of schools are fished at positions not too widely separated
there will probably be a close resemblance 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, --Devioation of catch rates in certain unit areas
west of 150 E, in December

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

| Mean| Std.

Position Catch rates | TREHR
o o 0~11~22~33~44~55~66~77~8 Tate dev. | S.D /
E. °N.| | T oy | sp) M
147~148 [31~32| 1| t] 2| 1| | 2.10 1.02 49% |
148~149 | 7 2| 4| 23| 1 1 3.58 1,63 43
147~148 | 32~33 2] 2|1 2.67 1.06 40
148~149 | ~ 1| 6] 56| 2| 1|1 3,91 1,43 2 |
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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 - Catch rates Mean| Std, -
0~11~22~33~44~55~6 9-~-1010~11 i3~14 rate | dev.[5.D
°E °N N | M
. . | I (M) | (SD)
143~144 | 33~34 3()| 3| 2 1 2.60 | 2,87 110%
144~145 oD 2] 1] 2 1] 2 1 2| 3,97 4.23 107
143~144 | 34~35 | 2 111 1,50 1.41 o4
144~145 7 71 4] 1)1 1,58 1.62 103

Note: Figures in () are times of 0 catch,

As can be seen from table 2, the coefficients of variation for the
catch rates had high values, particularly in 1950, when the majority were
over 100 percent. This shows that the catch rates, even within a single
unit area, can vary greatly from one day's operation to the next, andthat
they can, in some cases, be widely different from the catch rates shown
in the average year's fishing condition charts,

The most notable thing about tables 2a and b is that the average
catch rate is almost always somewhat higher than the most frequent catch
rate within an area, and this is also true of the South Sea yellowfingrounds.

In table 3 this whole area is divided into sections of 1° of latitude ’
in 10" of longitude, and the coefficients of variation of the catch rates are
shown for each section, In the table a tendency can be seen for the values
of this coefficient to be smaller in the south and larger in the north, with
the highest values in the intermediate area., This shows that in the southern
part of the area the fishing conditions are comparatively stabilized, with
little deviation from the average catch rate, whereas in the northern part
fishing condifons are unstable, with large catches in some cases and no
catch at all in others, The very same sort of situation is found in the area
north of 35°N. , between 150°E. and 155°E. , wWhich is considered to be a
prolongation of the fishing grounds west of 150 E,

This table shows that throughout this sea area as a whole the average
coefficient of variation is 70 percent, from which it can be seen that the
fluctuations in albacore fishing conditions in this region are rather large.
As will be noted later, the variations in the fishing conditions in the waters
east of 160°E, are not as great as they are in this area and, from this point
of view, it can probably be thought that the two fishing grounds differ in
character,
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Table 3. --Coefficient of variation of catch rate by latitude,
North Pacific ground

0] 1020 50 40| 50 60/ 70 80 90 100' 110 120 130 140 150 160 170 .,
oN. latitude | 1 l;l‘? UII?‘I 4l ll? ! I‘I\l
10 30 40‘ 50, 60, 70 80/ 90 100 110] 120 130, 140 150 160, 170 180 ™
30 ~ 31 2{1/2]1 1 | 39
31 ~ 32 1] 2 3 30
32 ~ 33 1] |21 1 49
33 ~ 3¢ 1] 1 12| [1f1]1 1 1 1] 1] 92
M~ 35 2. |2{1]2 2| 3] 11 1] 3 86
35 ~ 36 tj11i1|2]1] 3 1 83
36 ~ 37 1) 1] |21 2| 3 1 1 87
37 ~ 33 1] j2f |1]1 7
RN St U Y NS I PR DU S GOSN N S i U S SO, M
30 ~ 38 2| 9f1|109|7l5]a|s|10] 7] 3] 3] 16| |2z]1]10

Size of the fish

Table 4 shows the size of the albacore taken in this area, The
table shows the average length and weight compositions for December
for the period from 1948 to 1951, '

Table 4. --Albacore size composition at 140°E, -150°E, in
December 1948-1951,

| ) 45~55cm| 55~65 | 65~75| 75~85 | 85~95 | 95~105 | 105~115) skl @R %
Latitude i

©.7kan) (1.1) | (1.9 | 2.8 | 4.1) | (5.8) | (7.4) |tt Ckan)|No.Fish,

30°N~32°N - 0.1 4.3 | 327 | 534 8.3 1.2 | 3.76 353

32 ~34 0.3 3.0 7.1 | e0.1 | 20.9 7.5 1.1 | 3.23 103

34 ~36 2.6 | 157 | 31,5 | 245 | 19.1 0.6 — | 2.41 353

36 ~33 = | 210 | 27.0 | 49.9 1.9 — | 2.2 504

Note: Size classes in cm. and in () kan /1 kan = 8,27 lbs, /.
The figures in the columns are percentages,

The average weight of the albacore taken in this area in December
is below 4 kan (33 lbs.), and north of 34 N. it is less than 3 kan (25 1bs.).
The modes of thg length (weight) classes are located at 85 to 95 cm, (4.1
kan) south of 32 'N., and they appear 10 cm. to the left for every 2~ one
goes toward the north, but north of 36°N they are 1 cm, larger tha.n they
are in the area between 34°N, and 36°N, The fish taken east of 150 °E.
are all larger than in this area. The trend seen in November for the fish
to be larger in the south and smaller in the north is also clearly apparent
in December,
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Oceanographic 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.

L s’ 5y° 155% Figure 2 shows the currents for the
=/ N=7r N N period December to March, based on the
Rl i A North Pacific Current chart, Hydrographic

/ \/‘\:::_.::j - Office Chart 6031A, As the figure showsb
_ ,ﬁ,j\,,,,,\\\‘ | between 35°N, and 37°30'N., east of 145 E.,
%V///‘*/'\ll *  the currents run almost due east, Farther
S Y A - north the currents also trend generally to
L F ~ the east, but they flow somewhat irregularly
: } ’ 1 :‘ . and instances can be seen where they flow to
Mg ¢ ¥ the south, to the southwest, or to the north.

4y 145 150° 155

West of 145 E. , between central Honshu
chart (based on J.H. O. and the waters .off Kinkazan in northeas.t

6031A) Honshu, there is a strong current flowing

to the northeast, w1t31 another currentflow-

ing south along the coast, The waters south of 35 N, are the Kuroshio
Countercurrent area, and there we see a clocc1)<w1se 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. --Vectorcurrent

The main fishing grounds are in general on the east side of the
Kurgshlo. The area of low catch rates running from the vicinity of 40 °N. R
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 wayof
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.
and 34 N, water of high temperature reaches fairly great depths, andthis
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Table 5. --Water temperatures and chlorinities between Cape
Nojima and Iwojima

f’fa{qe? x oE . 0m l 10m | 25m ' 50m | 75m ’ 100m | 150m| 200m| 300m | 400m| ™ 1
i
1949 (34°42’N)h 23.2 | 21.65 2193\ 2165 1800 2084 17.95 14.70
11-26 |\139°51/E )| 19.18) (19.14{(19.12) (19.10),(19.10) (19.19)/(19.18) (19.11)
y (3439'N) 21.3 | 21.77| 2164 2258 2214 189 1603 13.58
139°55'E /| 19. 1e)|(19 14)/(19.12),(19.18),(19.09)((19.19)| 19.10)
p ( °28'N)(205 2015 2005 2557 19.97 1955 1450 10.]
140°05'E ) 19.01) (19.04){(19.08) (19.02) (19.14) (19.09 (19.16) (19.01)
y (34 O4N) (214 | 2065 2125 2117 2178 1970 1569 12.44
140°22 E /[*19.16)((19.09){(19.09) (19.05),(19.06) (19.12),(19.09)
127 (33°39'N)(215 215 2163 2060 2084 20.83 17.90 1497
140°39'E //°19.02)/(19.09((19.07)/(19.06) (19.03) (19.06) (19.19),(19.16)
y (33°15’N) 2265 2297 2255 2321 2324 2249 17.68
140°56/E /[*19.18)/(19.27)/(19.18)'(19.18)/(19.18)/¢19.19)'(19.20),(19.24)
y (32 suN)(zso 2276 2307 23.lg 2282 2279 1907 2121
141°14'E /|19.20119.185 (19, 18)(19.18) (19.18)| lc19.25)|(19.25)
” (32"26'\1)(22 65 2216 2210 2246 2216 1988 17.99 17.30
141°30'E /|"19.13)/(19.12)((19.13) (19.17) 1(19.30(19.25)
y (32 0N 2.7 | 2244 2201 2241 22.05 1933 17.83 1720
141°43'E /|"19.18) (19.25) (19.18),(19.15) (19.13) (19.26) (19.25),(19.24)
) (31 4Ny (22,6 | 2225 2229 2244 2218 2239 19.56 17.95
141° S/E /10 12)/(19.12)((19.16)/(19.16){(19.16) (19.16):(19.29)(19.29)
11—28 (uo a5t )(225 2220 2225 2199 2223 2210 1816 17.71 17.16 1560, NW 0,4/
142°20'E /19.18)(19.12) (19.12)/(19.12)/(19.12)(19. 22) (19.25 (19.%6)
09 ( 30° IG'N)(232| 2310 2328 2310 2327, 22.85 1841 17./2 1659 1505 O
143°18'E ) 19.21) (19.21)/(19.21) (19.21,(19.21)-(19.23) (19.23)
30 <ZQ°30'N)(230| 2267 2331 2271| 2224 1957 1771 1733 1438 0
143°30'E ‘19 13)(19.18)],19.18)/¢19.17)/(19.13).(19. 23)(1923) 19.23) SW
12— 1 (27 13N\ 25.1 | 2495 2500 2460 2222 2011 1860 1746 1668 1450 “gjo,
. \143°20'E /[19.31) (19.30)/(19.29)/(19.28)/(19.32) (19.31) (19.26),(19.24) SSW
2 ( 210, »IN>(254 2503 2520 2518 2404 21.04 18.02 17.58 1649 1430 ° 5 4
143°09'E /|*19.29)/(19.275/(19.30) (19.30)/(19.31)|(19.31) (19.25)/(19.22) ‘
3 ( 251.4/N (230\ 2487 2495 2460 1935 2083 17.58 17.07| 16.24| 1500
1435115 ) 11938 1o, 30)/¢19.29) (19.29)/¢19.26)'(19.25) (19.23)/(19.21) SW
5 (24 15'N (2551 26,23 26.64 2604 2499 2197 193§ 1791 1638 1400 1o o
11320 ) Caaey (19.28)(C19.29)/(19.29)/(19.27)!(19.31)(19.28)/(19.25) i~z
1950 ('-14 48'N )| 20.6 | 2080, 2082 20.70| 19.80 |
11—26 |\139°55'E /(19.02) (19.00) (18.99)/(19.00)/(19.00) | ,
v (34°33'N 19.9°) 2061 2050, 19.80 1952 17.28 16.00 14.14 18.62
140°05'E /|(18.98)/(18.99)/(18. 98):(19.04)((19.01)!(19.10)'(19.17), (19.13) (19.00)
” (34° 0o/N ) 22,4 | 2290 22.83 2293 2287 2287 2070 1958 1647 1377
110°21'E ) 16, 06,(19.08) (19.05) (19.04)((19.05) (19.05 (19.28 (19.26) | (19.20) (19.17)
11-27 (33 40’N) 21,2°| 2200 2202 2210 2203 2914 1914/ 1808 16.52
140°37'E /1(19.14), (19.11)/¢19.13){(19.12/¢19.29) (19 28)/(19.28) | (19.27)1(19.04)
" (33°13'N 20.7 | 21.85 2183 21.8) 2174 2171 2070 1972 17.20 1575
140°53'E /[(19.11) (10.11)/(19.14)!(19.11) €19.11)/(19.26)|(19.26) | (19.24) | 19.22)
” (39°46'N 21.3°| 22.12 1875 2205 2205 2185 2107 19.45 17.21 16.10
141°09'E //(19.14) (19.12)(¢19.11)](19.15)(C19.19)|(19.10):(19.11){(19.27) | (19.26) |(19.22)
" (.s* al!N)| 216 2223 2223 2232 2031| 2235 20.29 2063 1848 17.15
141°23’E (19.12)(19.13)|(19.11),(19.17/(19.13).(19.14)'C19.28)/( 19.14) | (19.26)| (19.29)
” (J. aboN)| 217 2LT8 2182 2183 2193 2193 19.10 18.69] 17.85 16.80
141°4UE (19.24)/(19.14)[(19.14),(19.17){(19.28)((19.18) (19.27)| (19.26) |(19.27) | (19.21)
7 [ au!N | 2097 21.60] 2162 2171 21.69 2160 1840 17.60 1691 1596
st E /(18.16)/019.17)((19.17) (19.15)|€19.17)/(19.17),(19.26){ (19.28) |(19.23) | (19.20)
11—28 (30 STN)| 27| 22.17) 2220 2228 2207 21.90 19.67 1845 1730 1625
112°117E /119 11)/C19.18)[C19.17)1¢19.17)/¢19.17)((19.17),(19.17; (19.27)|(19.23)}(19.21)
29 (30 aNY| 22171 2238 2247 2250 2244 2063 1880 1775 1650 1430 W oo g
10119 E /|(19.18)/(19.16)1(19.165 (19.17)/(19.17)/(19.29) (19.28) (19.26) (19.21) (19.17) .
30 |/ 29° 09’N) 224 | 2248 2251 22.41 2241| 2131 1880 17.82 166l 1514 b/ o5
142°39'E /|(19.16)/C19.17)(C19.17)/(19.17)/(19.13)/(19. 19)|(19 .27)/(19.27Y((19.19)| (19.17) .
12— 2 (28’35’N) 228 | 2287 2278 2262 2164 2104 1964 1810 1738 1625
143°30'E /(19.12)/(19.15)[€19.14)((19.14)|(19.26){(19. 95) '(19.25)/(19.21){(19.21) (19.22)
4 (27 OUN) 223 | 2365 2368 2295 2068 2085 1799 1745 1676 1658 SE/E
143°277E J{(19.21)(19.21)(19.21)/(19.21((19.20{(19.24)(19.21)/(19.35)| (19.25)  (19.24) 0.3
5 ( 26°27/N | 229 | 2305 2295 2293 2306 2135 2001 1826 1704 1650 ¢ o o o
1508 5! E /(19 18)[(19.15)((19.16)/(19.15)/(19.15)/C19.24)| (19.24)|(19.22)| (19.24)
8 ( 25°23N || 233 | 2563 2560 2560 2190 2449 1954 17.79 1689 1570 SW/
Lozl B (19.33) (19.37)/(19.39)/(19.35)((19.42)(( 19.41 )(19.33)|(19.24)| (19.24) (19.19) osu,w
10/ 203VN | 235 | 2570 2363 2570 2440 2423 2004 1813 1660 1425
L143°20'E /|(19.34)|(19.35)|(19.34)](19.34)](19.35)|(19.35)[(19.32)| (19.24) |(19.22)| (19.22)
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Figure 3a,~-Water temperatures between
Cape Nojima and Iwojima.
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Figure 3b,--Chlorinities between Cape
Nojima and Iwojima.

is thought to correspond to

the main flow area of the
Kuroshio, Farther to the
souththe water temperatures
below 200 m, drop sharply,
and the 20 C, isothermruns

at ap%roximately 150 m. 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 coastnear Cape
Nojima the isotherms and
isochlors are almost vertical,
from whichit canbe seenthat
the oceanographic conditions
change abruptly there,

Figure4aandbshows
the distribution of water tem-
peratures based ondatafrom
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 hag already disappeared,
The 19°C. isothermreaches
or nearly reaches the 300-m.

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 and 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,

Infigure 4b the isotherms are almost vertical, and fromthis itcan
be seenthat the changes in oceanographic conditions in this areaare locally

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

mile section due east of Inubozaki, De-
cember 8-9, 1938,
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Figure 4b, Water temperatures on a 200-

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

In December the
southern extremity of the
albacore fishing grounds,
as has been shown in the
figures, is at 270N. , 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 d1v1ded mto
one part from 30°N. to 33 N
and another part from 35 N,
to 40°N.

Stated very generally,
table 6a represents the Kuro-
shio Countercurrent, and b
represents the main Kuroshio
and the waters to the north of
it. South of 35 N the Satch

rates are highest within the range of water temgeratures 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

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

40



Table 6a. --Surface temperature and catch rate, December,
30° N. 35 N., 140 E -150 E.

#90M A g g 2] 3] 4] 5 6| 7| 8! ol 10 11| 12/F
Catchorate.) 0 | Y vy v vy vloulb vl ol
K 1| 21 3| 4/ 5] 6! 7! 8| 9] 10| 11| 12| 13| Mean,

[Temperature,

16° C~17°C 1| - —; -l =l =l ==y =1 -=1=] =] -1 0.00
17 ~18 JUE R [ S R (R S (R I [ I S -
18 ~19 12 4| - 1| = 2y = =] = 1| =] 1] = | 250
19 ~20 211 ol 11!l 6| 6] 71 3! 2] 1] 1] =1 1| =1 3.00
20 ~21 24 25| 27| 24| 17 7| 9| 3| =] 1| 1| =] 1| 33
21 ~22 6| 2| 3! 5 3| 2| 1| 1| =| =1 =1 =] =] 3.20
Note: The '""mean'' is the average catch rate,

Table 6b. --Surface temperature and catch rate, December,
35°N. -40° N., 140°E. -150°E.

Shcnocate. DE
mte-()ﬂ I~2 | 2~3 | 3~4 | 4~5 | 5~3 | 6~T | 7~3 15~16 |
Temperature, N i Mean,

14°C~15°C 6 | — | - i Rt e e - 0.50
15 ~16 il - = -1 -1 -1- - 0.50
16 ~17 32| 1| = | =-|=1|-1-= - 1.17
17 ~18 1 1| - 2 | - 1| - | - - 2.90
18 ~19 21 | 6| 3| 2| - 1] 1| - 2 2.14
19 ~20 17| 6 | 4| 4| 3| 1| — 1 - 1.89
20 ~21 2% | 1| 5| 4| 3| - | - 1 - 1.57
21 ~22 13 - | - 1 —- | === - 0.75

made and the standardodeviatio% are 19, 6° +
these figures are 17,8 + 1.75 C. Thus the
which the highest catch rates are recorded is

1.09°C. North of 35°N.
water temperature at
different in the two areas,

and it is thought to be probably unreasonable to attempt to determine a
so-called favorable water temperature which can be applied to the whole
fishing ground,

Table 7. --Standard deviation
(r) and coefficient of varia-
tion (¢ /M) of catch rate with

temperature
3 M|k TS 1 RER
Locality. Temper- o/

°E I °N ature, g M
140~150 | 30~35 | 19°C 2,48 83%

7 ” 20°C 2.22 67

4 35~40 | 17°C 1.74 60

7 y 18°C 3.64 170

Table 7 shows the difference in
the catch rates at a given water tempera-
ture for the areas north and south of 35°N.; ;
the coefficients of variation are greater
than 60 percent, It is thought that such
a large deviation indicates that there are
other important elements in the formation
of the fishing grounds besides water tem-
perature. At any rate, the surface water
temperature, although it may be an essen-
tial element in the development of a
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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 undertaking fishing operations in
these waters in December it will be better to avoid water masses with
temperatures below 18°C. south of 35°N. , and north of that latitude it
will probably éae advantageous not to operate in waters with a tempera-
ture below 17 C, or above 20 C,

). Area of 150°E. to 160°E.

This is the area of low catch rates between the watérs west of
150°E. and those east of 160°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 November 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 beuég 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 comopara.twely high catch rates running along its so%thern 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 160°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. umt areas w1th catch rates of 2.0
to 5.0 are lined up solidly. Between 32° N. and 37 N ., east of 155 E.,
there are many catch rates of 1.0 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. -
160 E. longitude (in percentages)

(&) 140° E ~
Length | 55~65cm| 65~75( 75~85( 85~9595~105(105~ 115/ %tk T{150° E 0| A&
. (weight) @ q N
i A0 a9 | 2.8) | (4.1 | 6.8 | (7.4) | Mean. | Mean | "4,
Latitude, | owy | W
30° N~32° N ~ | o3| 21| 43| s 127 | 520 | 376 | 1.4 | 818
34 ~36 0.9 5.1 43.0 ! 38.9 9.9 3.0 3.67 2.41 1.5 513

Note: "M%an (W) is éhe average weight of albacore caught between
140 E. and 150 E. Weights are in kan /8,27 lbs, /.

The fish are clearly larger in the south and sma.ller in the north
Comparing this with the composition of the catch at 140 °E. to 150°E, ,
in terms of weight the fish are about 1.5 times larger.

Table 9 shows the size composition of the fish in this area divided
into eastern and western parts in order to compare the size of fish oneach
side of the area of low catch rates.

Table i—sig 9, --Comparison of length frequencies east and west
of 155%E. longitude

30—34'N
150—I155°E 155—I60°E
%1 1 vessel 5 vessels 1948
6/ fish 1067 fish

3 vessels 2 vessel 1951
ga¢ fish 329 iYish s

(NN

T0 80 59 100 10 10 80 90 100 o (em)
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The relationship between the surface water temperature and the
catch rate is shown in table 10,

Table 10a, --Catch rate and surface temperature, December,
30 N -35 N., 150°E. -160° E.

R —

Carcherate,| % [ 1% 131415 61171 o [9 [0 ul el sl wsommes
Temperature . 1 21 3 4 5 6{ 7| 8 9|10 |11}{12] 13 14 15 Mean,
17°C~18°C 1 1 1 2.50
18 ~19 3| 31 2| 3| 6| 2 1 3.45
19 ~20 39|24|1416 |11 | 8| 7| 3 2 2.79
20 ~21 15|127(17419|25} 8y 2| 5| 1| 1 1 3,26
21 ~22 11]13|22|16| 5 2} 3| 3 1 3.05
22 ~23 1 3|1 250
23 ~24 1 1.50

Table 10b, --Catch rate and surface temperature, December,
35° N. -40 N., 150° E. ~160° E,

Q‘Jcat?h_gie. ol iz |3 )45 ]s vls ] apo|ulie] s 1 s
m AR IR I IR R R TR YA & Mean,
17°C~18°C 6 1 ’ 1 1.00
18 ~19 1 21| 3|3 1|1 1| 1] 1| 4| o08
19 ~20 7 1 1 1 1 1| 3.92
20 ~21 s| 4l 1] 1] 1 1 . 1.96
2 ~2 1 0.50

The water temperatures at which the catch rates are h1ghest d1ffer
north and south of 35°N. , just as they did in the area of 140°E, to 150°E,
In the area of 30°N to 35°N two modes are seen at 18° to 19°C and at
20° to 21°C., while at 35°N, to 40°N. the mode appears at 18° to 19°C,
The average tergperature at which fish were taken was 19, 8°C. south of
35 N and 18,5 C, north of that latitude, tge temperatures in both cases
being higher than in the waters west of 150 E,

It appears from table 9 that between 30°N. and 35°N. the surface
water temperatures at wh1ch fishing is good have a broad range of 18° to
22 C o wh11e north of 35 N the best fishing is shown for the range of
18° to 19 C

III), Sea areas east of 160°E,

This sea area has the highest catch rates with the least variation
of any of the North Pacific albacore fishing grounds., The albacore caught
here are also the largest taken on any of the grounds. This is the offshore
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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 diminished, 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 1n 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 d1v1s1ons 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

cogﬁciie}?ilof 01 110 210 3?0 410 510 610 710 810 9}0 1loo 1110 VA

g.a X Larance-t 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100| 110| 120 Mean,
E oN %| % %| %] %| %| %| %| %| %| %, % %
160~170 | 30~33 1 1 5 2 1 1 2 1 37
" 33~36 3 3 2 2 3 1 1 1 47

” 36~39 1 1 2 2 3 51
170~180 | 30~33 1 1 5 3 2 4 1 37
” 33~-36 3 9 2 7 1 1 44

" 35~39 1 1 30

Just as in the waters west of 160°E. , the variation in fishing con-
ditions is small in the south, and this is judged to indicate fairly stable
condit%ons. Conditions in the most northern part of the section of 170 E,
to 180 are not well known because of the paucity of data, but it is clear

9
—/ Uda, Michitaka, Bull, Jap. Soc. Sci, Fish., Vol, 5., No, 5.
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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, smaller
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 11 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 and, furthermore, althgugh the difference is small that they
are larger between 170°E. and 180° than they are between 160°E. and
170°E.

Table 12 --Alba,core size composition in December at 30 °N, -40° N.,
160° E.-180° Weights are in kan (k.) = 8,27 1lbs,

+ cm| 7 140° ~|
& [ *’iat&]sw 65~7:475~85ba~9195~105105~us‘ T “%Eéj 150°103 & 11 71 21507
: . 141 ” 4 Lo
°g on ) ct) o) ol ca| .8y 1.4y MeanNo. fisHEPHow ok ok
160~170 | 30~32 129 f65.4 | 19.0| 2.7 h3sm 18 | 1.2 5.205
v | 32~34 0.2)25.2]53.8| 153| 55 W2s| 8 | 1.3
v |34~36 3.9(49.7 (345! 79| 4.1 Betr] 10 | 15 0.9 | 3.67
v |3~3{ 02| 28[43.0{375] 16.1| 0.4 B.767| 459 | 1.7 0.8| 1.1
170~180 | 32~34 | 0.3 | 3.2(18.1 | 46 19.8] 11.8 p.sw 1318 1.4
7 |34~%| 0.8 6.3[36.438.2| 10.8] 7.6 .90~ 754 | 16 0.9

Note: Column headed ""Mean' is weight in kan; '"No, fish'" is number
mea.sured last four columns are, left to right, ratio to 140 -
150°E. , ratio to October ratio to November, and weight (in

kan) of fish at 150 -160 E.
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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
160°E., the size of the fish is8 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 160° E, and 170° E,

Table 13a.--Surface temperature and catch rate, December, 30 °N. -
35 N., 160°E. -170° E.

SR %

Catch_rate 0 1 2 3 4 5 6 7 8 9 |10 | 11| 13 14 | B
oy AR RS AR AR ER AR RN
Temperature. | 15 | Mean.

16 ~ 17 1 1.50
17 ~ 18 4 4| 2 1 2 2.96
18 ~ 19 TiI121 10 41 10 4 3 1 2 3 4,50
19 ~ 20 121 10| 17| 16| 15 1 5 3 1 1 1 3.51
20 ~ 21 5| 4 7 9 11 31 3 3 3.68
21 ~ 22 2 4 1 2 1.83

Average water temperature where fish were taken, 18, 6°c.

Table 13b, --Surface temperature and catch rate, December, 35 °N. -
40 N., 160°E, -170°E.

R o [ e s lelsle o] ele velyle=
i"(ehE;Srature, 1 2 3 4 5 6 7 8 9 |10 | 11 112 Mean,
15 ~ 16 1 2.50

16 ~ 17 —

17 ~ 18 2 6 1 1 1 2 2 1 1 4.56

18 ~ 19 2 4 1 2 1 2 2 1] 4.22

19 ~ 20 1 4 2 1 1 2.17

20 ~ 21 1 1] 1 1 3.00

o
Average water temperature where fish were taken, 17,8 C,

It can be seen from the table that between 30°N, and 35° N. the
mode is between 18° and 19°C. and catch rates are approximately 3.0
or above within the range of 17°C to 21 C Consequently, it will be
prof1tab1e to avoid waters having temperatures below 17 C, or above
21°C. in operating in this area,

Between 35°N. and 40°N. , the mode is between 17°C. and 19°C.
but fairly good catch rates are seen at the other water temperatures
represented,
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Table 14a and b shows the relationship between surface water
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.-

18 0
ggtch%%rat? f ! ] ¥ 5
mﬁoc ° 0~1 1~2 2~33~44~5 5~66~7 7~8

[Temperature, ’ l \ Mean,
, 17 ~ 18 1] 7|17 51 3| 1 2 2.92

18 ~ 19 3(17(19| 6| 3| 2 1 2,50

19 ~ 20 6(24/19|15| 6| 5 1 2.95

20 ~ 21 1116 4] 2 11 2.14

21 ~ 22 2 2 2.00

Table 14b, --Surface temperature and catch rate, December 35° N. -
40 N., 170°E. -180°

T i ; o
° Catch-} 0~1|1~2]|2~3|3~4| 4~5]| 5~6 ; 6~7 | 7~8 | 8~9 | 9~-10/10~1111~-12
kiE°C rate; ’ ‘ Mean
Tamperature, f | :
17 ~ 18 11 1) 2| 1 5.68
18 ~ 19 1 2 5 3 2 3 1 1 2 1 5,14
19 ~ 20 ’ 3 2 4 1 1 4,86

Average water temperature where fish were taken, 17, 9°C.

For the waters between 30° N. and %5 N 11tt1e difference in the
catch rates is shown within ghe range of 17° to 21°C, , and modes can be
seen at 17°-18 C and at 19 -20 C

At 35°N to 40°N. the range of change in water temperature is
narrow, and catch rates are generally shown to be high within the range

of 17 to ZOOC., with a mode appearing at 17 -18 C

Comparing the relationships between catch rates and surface water
temperatures over the whole area of 140° E. to 180° , we find:

1, Between 30°N. and 35°N. the modes appear as follows:

a. At 192-21gc. between 140°E. and 150°E, . .
b. At 18 -190C and at 20° 21 C between 150 E, and 160 E,
c. At 182-19°C between 160 E. and 170°E.

d, At 17 -18 C. and at 19 to 20 C. between 170 E and 180
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Consequently, as a trend, it can probably be said that for each 10° of
longitude one moves eastward the surface wa.ter temperature at which
the catch rate mode appears is lowered by 1 °c.

2, Makmg the same sort of comparison for the waters between
35°N, and 40° N., the modes appear:
a. At 17--18
b, At 18 -19

C. between 140°E. and 150°E.
2-19°C. between 1502}:. and 160§E.

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

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

o
O 0 0 0O

Thus it is difficult to see any difference between areas, although the
temperatures appear to be somewhat higher in the central part,

As a generoal 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.
and 180° the contrary is true, with good fishing shown north of 35°N
in a broad range of surface water temperatures,

2. 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 he%e in December bgt 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 from January on, and it is an important 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. [ I ' [ v } v 1 W w
@ mN| sow | a6 | 3vos | seae | szzes | seom | 347
Staton E | 135°45 | 13547 | 135°53' | 135°53 | 135°57.5' | 136°02' | 136° 06!
Date. T | 12.15,1052 | 12,15 12.15 12.15 12,16 12.16 12.16
Hour it 900,105 | 11201250 | 143001515 | 18352010 | 2305 05 | 330~ 462 | 745.. 925
o | Stratum
" (m)
3| 0 22,2 22,2 23.3 22,9 21.4 21.4 21.5
&
@, 10 21.76 21.99 23.35 22,99 21.48 21.39 21.45
bl = 20.38 22,01 23.28 23.00 21.45 21.47 21.59
CEL 50 18.99 21,58 23.30 22.45 21.51 21.45 21.45
g1 10 18.59 20,07 22,53 22.14 21.39 20.37 21.87
| 150 16.50 20.49 21,24 20.84 19.29 18.91 20.33
b 200 14.92 19,00 19,21 19.03 18,59 18.58 19.12
R 400 10,52 13.73 15,13 15.49 16.56 17.05 16.51
= | 60 5.62 9.14 10.49 11.47 12.98 12.51
3. Okinotorishima Fishing Ground

The position of this fishing ground has not changed much from
November, but it shows a tendency to expand to the southwest and its
southern extremity reaches 17 N, With this expansion of the fishing
ground, its center also moves gradually to the south or southwest. In
general the catch rates are about 1.0 to 2.5, not greatly different from

November,

There appear to be extreme fluctuations in fishing conditions on
this fishing ground from year to year, and table 16 shows these changes
in the catch rates for the period 1949 to 1951,

Table 16, --Annual fluctuations in the catch rate on the Okinotorishima
fishing ground

gfiﬁas % | T

e R ateh-rate.| o _ .5 10.5~1.011,0~1.51.5~2,02.0~2.5 2.5~3.0 | 3.0~3.5
year, ' 1 Mean,
1949 3 3 7 1 0.68
150 2 2 4 3 9 5 1 1.89
51 13 8 4 2 0.66
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As the table shows, the catch rates in 1950 were nearly three
times those of the preceding and following years. There are alsoviolent
fluctuations in catch rates within unit areas, as shown in table 17.

Table 17, --Fluctuations in the catch rates by unit areas
/frequency of coefficients of variation/

VA 3]
C. V. {0~10 10~2020~30130~404()~5050~60%{)~7070~-8080~90. ~-100 Mean.

Fre-
quency

2 4 4 6 6 10 5 3 1 1 46

The oceanographic conditions have changed considerably since
November. In November there was a clearly marked gyre, with the
fishing grounds developing in its middle, but in December this gyre has
become unclear and displaced to the southeast (see the supplementary
chart for November),

The albacore taken in this area, as shown in table 18, are all
extraordinarily large fish,

Table 18, --Albacore size composition in the Okinotorishima area
by years, 1949-51, Weights (W) in () are in kan = 8.27 lbs.

i P/ # % | 75~85cm | 85~95cm | 95~105cm | 105~-115cm| SEAHD | fiEEK
year. Locality. °N (2.8) 4,1) (5.8) (7.4) Mean W, | No. fish
1949 22~-24 8 45 7.16 53
1950 18~20 15 153 153 6.48 321
1 20~26 1 9 185 315 6.75 510
1951 18~24 6 80 121 6.69 207

As can be seen from the table, the fish are extraordinarily large,
with a great difference in size as compared with those from the North
Pacific fishing grounds. South of the Subtropical Convergence, at about
the same longitude, the density of distribution of albacore is generally
low and the fish are generally large, apparently of about the same size
as the fish taken on this ground.

4. South Seas
The catch rates are generally up as compared with November.

As has already been stated, there is a scattering of unit areas with catch
rates of 1,0 or greater.
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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
areas with highocatch rates to the south of Palau at loN. 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 also 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

om
65~75 | 75~85 | 85~95 95~105105~11ﬁ M“;a’ﬁggg)

year,

1950 3 9 1 16 11 5.23
1951 2 34 10 6,07

The table shows that the fish are generally larger than those of
the North Pacific fishing ground, but smaller than those of the Okinotori-
shima fishing ground. It will also be noted that, as compared with the
Okinotorishima fishing ground, the range of distribution of the lengths
appears broader,

b, Caroline Islands waters

Although they are extremely limited, in comparison with the area
south of Palau, the waters around Kapingamarangi Island show some areas
of catch rates of 2,0 or more, and the data indicate a possibility that at
times there may be rather concentrated catches, We have very few data
on the size of the fish, but five which we were able to weigh have an
average weight of 7,08 Ea_n[E;B. 5 lbs:__], so they are rather large,

c, Marshall Islands to south of Hawaii

This region, as will be noted in a later section, is a fishing
ground principally for bigeye, the fishing grounds in general running
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east and west at around SON. to lZoN, 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 s1tuat1on. The Javerage we1ght 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 11tt1e d1fferent fromthe average weight
of 6.7 kan “of 16 specimens from 8°N. to 12°N., 170°Ww, 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 thoughtto 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 /_Ennumbered—/-. --

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 agreement 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 December,
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 important 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:

1. The southern edge of the fishing ground is about 1° 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 completely in con-
tact with the line of the Izu and Ogasawara archipelagoes,

4, The position of the intermediate 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

T T T T T

200 e 140 - 180E of this fishing ground are shown by
1o —_— ] index figures. In the figure, the aver-
200 [ J15 — 180 ] age monthly catch rates within segments
oot e of 2° of latitude by 5° of longitude are
200 —— 170 - 175 assembled for each longitude division,
oo \ T the values are averaged for the period
200 - 165 — 170 of November to April, and these aver-
100t / T ~., . ages are further averaged to get a value
200k — :'_ o5 - which is taken as 1,0 on the index scale,
ook —" \\./. - As the figure shows, for each division
s00 e of the area the peak of the season is
ook / \\ either in January or thereabouts, If
— we compare the rise and decline of the
f:;: e '“"55‘ fishing conditions in the whole area by
T B months, we find that the best fishing
200 — 14s-150 1  geason is between December and Feb-
oo~ r—— ruary, with January having somewhat
200 140 — 145 ] higher values than the preceding or
Lo ./l'/:\:'\;\; | following months. East of 165°E, the
Monthn 12 1 2 & 4 A peak of the season appears in December

and then is maintained with 11tt1e change
until February, West of 165°E. the
peak is e1ther 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.

Figure 1. --Indices of seasonal
changes in catch rates,

BN In figure 2 it
appears that south of
30°N., along the south-
ern edge of the area,

=
T
w
~
|
“
w
Z

Catch rate
/Z
}

i the geographical dis-

’ Af/\/\/\ /\//L’\/\/\/\/\/ﬁ tribution of catch rates
ol 3i-g2'N of 3,0 to 5,0 is con-
sk . [~ tinuous and there is no

M/\" Y great variation from
o - ) area to area. Between
) /\/\/\/\—W"/\/\’\/\/ 30°N. and 31°N. the
ol 29-30N | catch rates vary around
s L/\/\/\\W\/\/W 3.0 to 5,0, but they show
140 150 160 im0 soce) & tendency to become

) higher to the eastward
Figure 2, --Catch rates by latitude.

57



and, at the same t1me the var1ab1hty withinthe 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 160 E,, and we see scattered
here and there areas of low catchrates, Withthe 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 evengreater, 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 1ts 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,) Comparing 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 and 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 change 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 small 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 Pac1f1c, January, 1949, 1950, 1952,
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Table 1, --Albacore fishing conditions (catch rates) in the North
Pacific by years (cont'd)

1950
ﬁ.E'fuo" 14| 142 143] 141 145{ 144 147} 148] 149 159} 151] 152 153| 154] 155 156| 157 158 159

mg'lollllllllllPlll?I?ll
. 141°( 142 143| 144] 145/ 146( 147| 148| 149] 150 151 152{ 153| 154 155 156| 157 158 159| 160
39 ~ 40

33 ~ 39

37 ~ 38 0 13.30

36 ~37 | 0 3.2411.mle..r.;1.933.172.2&

35 ~ 36 7.55/9.09/6.130,57/1.25

34 ~ 35 [12.541L.0511 521,390, 90 P.ls@.ss 0

33 ~ 34 [5.64/8,07/4.830.4%0.37]  (§.42 .46l0.15 0.90

32 ~ 33 [2.279.406.15[1.232,78

3L~ 32 [1.477.8010.15.132.62  [2.28 EJ 1.852.60
30 ~ 31 7.121t.371 227 }1.933.90 0 [L.00[1.682.4112.05/2.36)2.48
29 ~ 30 2,292.712.2%3.372.5%3.26?.80 0.65 |1.331.654.192.44/1,81(2.65
28 ~ 29 ri.163.234.924.543.;2!2.795.092.26 2.41

27~ 28 3.01]  [2.8612.3112.9412.713,16[3.09

26 ~ 27 .57 [l.28 0

25 ~ 26

%Eﬁlw 161] 162 163| 164| 165 166| 167 163 169 170( 171 172| 173 174 175 176 17| 178 179

W\zzzzzzzzzz::zzzzze:z

161°) 162| 163| 164] 165) 166] 167} 163} 169| 170/ 171) 172| 173} 174) 175 176] 177| 178, 179} 180)

39 ~ 40

38 ~ 39

37 ~ 33

36 ~ 37

35 ~ 35 1.5905.23 0,47

34 ~ 35 5.25(4.33 1.366.62 9,93

33 ~ 34 1.19  [0.716.555.29 b.715.053.972.27]  [3.9106.95/4. 00}

32 ~ 33 |1.14 2.27)1.41(3.183.89 1.834.16)  |3.42/2.592.2213.66(3.384.19

31 ~ 32 .67 1,6012,24:1,67)2,201,83 1.731.46]1 464, 1041 .61/2,43(3.253.1012, 8% 3,75 4.77)3.84
30 ~ 31 [2.54|2.892,522,53 4,1711,1200.852,292. 502, 66(3, 0912, 02(1 ,464,61{3.5814, 392,013, 08{4.60
29 ~ 30 [2.13/2.833,36 1.7312.28 2.76#3.514.17 2,213.7213.52! 2.912,1012, 96

60



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

1951

Yl vl vl e et e el !

ﬁ.EEm" 141| 142 143 144] 145 146] 147| 148 149 150/ 151! 152 153 154] 155 156 157 1158” 159
: l
@NES 141°| 142 143 144 145 145} 147/ 148, 149) 150/ 151 152 153 154 155 156 157 158 159 160

39 ~ 40 | f |
38 ~ 39
37 ~ 38 3.4914.320,30
36 ~ 37 0.68]1.616.071.73 0
5~36 | [0.984.592.431.06 0 0
34 ~ 35 | 0 [3.145.711.990.190.270.22 041
33 ~ 34 [0.960.750.990.780.18] | 0 0.540.31
32 ~ 33 [0.6000.720,570.11 1.560.17
31 ~ 32 [2.151,180.07 |7 24 1.571.85 1.11
30 ~ 31 [0.25 2.334.398 38 331, 11| 6.557.414.061,076.04 4,56,2.53
29 ~ 30 14,60 5.70, 3.565.75 [2.95 2.9
28 ~ 29 3.585.700.92|  (2,275.739.504.190.99
21~28 | [1730.59 B.52 2.84
26 ~ 21 0 (0.160.03 0
2% ~ 2

ﬁ;EE‘ 160| 161} 162| 163 164] 165 166 167 168 169 170! 171] 172| 173 174] 175] 176] 177] 178] 179
el U o O O A I O
N 161) 162 163 164 165| 16| 167 168 169 170| 171] 172 173 174 175 176 177 178 179] 180

3.91 4,77

35 ~ 36 9.97/7.87
34 ~ 35 7.279.09 8.93'1.63]
33 ~ 34 10.00 7.50, 7.51
32 ~ 33 11 .52(8,99 4.85 2.676.74(3.193.89 8.93 3.92/2,75/4.41
31 ~ 32 16.9716.693.62(7.17 3.847.863.623.8& 5,56(5.61|3,63]
30 ~ 31 [2,924.5013. 76 6.30
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Table 1. ~--Albacore fishing conditions (catch rates) in the North
Pacific by years (cont'd)

1952

2 88140 141) 142] 143} 144 1145 146] 147| 148 1l49 150( 151] 152 153( 154| 155 156' 157} 158| 159
Ll L1l t l
1419| 142) 143| 144] 145| 146| 147 148 149 150| 151| 152| 153) 154| 155! 156 157| 158| 159| 160;

"N.

39 ~ 40 |

38 ~ 39 5.000 0 0.75

37 ~ 33 .1958.31[2.29]1.53 0

36 ~ 37 1.44{4.999.3913. 41]1.91(0.22 0.70

35 ~ 36 0 |1.4410. 4.4 0 0 .56

34 ~ 35 [7.93 5.16(10.571.630.45(1.990.860.230. 15

33 ~ 34 [0.35/5.094,348 81/5,97/0.63 0 [0.750.530.77|1.65 0

32 ~ 33 [1.3112.512,57/0.56]1 . 45[1.87]1.22(1.560.17] 0 3,05 0 3.47|5.347.53
31 ~ 32 [7,999.336.38]  [3.189.16/4.00 2.77 455,73 0 5,2904.37)4.355.95

30 ~ 31 |1.81/4,37|10.%0/4. 962, 983.36/4.46/3, 5413, 90/5, 79|2, 94/5. 0614, 554, 25(10.196. 384,75/ 6.25 5, 70
29 ~ 30 [1.55/2.80i3,9814,34/3.04/4.193,743.16(5.753.914.32/5.98(3,352.876. 495, 566.77| 4. 20 7.6‘19.41
28 ~ 29 0.943,72[3,764,16[1,89/3,393,742.993.81 2.802.492.272.541
27 ~ 28 2.96/3, 83|
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mg'llllllllll?llll?ll
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32 ~ 33 6.05(6.96(4. 82,6, 31 }3.501.97 6.04]4,00{5,90
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Table 2, --Results of oceanographic observations off Kinkazan in
1936, (From Hydrographic Office reports)

}{)ate H \ 1—8 ” V4 " ( " 1-9 l " ’ y ”
- 5 Eﬁ' 38°16.12 38°16.12| 33°16.12 33°16.72] 33°16.12 38°16.72 38°00' | 38°00r
N o
Station, Utatsu| 141°41/3 141°54.2) 142°15.0) 142’380\ 143°12./0| 143°44./5 144°50 | 145°53
0 9.7 9,9 8.6 6.0 7.8 9.0 12.8 12,5 11.5
10 9.5 9.9 8.5 6.1 7.7 9.4 12.3 11.6 11.3
25 9.5 9,9 8.5 6.0 7.5 9.6 12.0 1.4 11.0
50 9.5 9,9 8.3 5.8 6.6 9.5 12,0 11.3 10.2
100 9.3 9.9 8.0 5.8 4.7 8.9 10.6 10.7 11.5
200 5.2 2.5 2.5 3.5 4.8 8.3 7.3
400 3.1 3.3 3.4 4,8 4.8 4.8
0
Figure 3, --Vertical tempera- 100
ture section off Kinkazan
(from Hydrographic Office 200
reports). 300
{m)

141° 142° 148° 144° 145° 146°

The results of observations made directly east of Cape Inubo are
shown in the following table.

Table 3, --Results of oceanographic observations due east of Cape
Inubo, 1936, (From reports of oceanographic investigations of
the Central Fisheries Station)

G N N 2 2 = I I
Sations | 8 | 2| 4| e | s | 100 | 15 | 150 | 1w | 200
0 1000 121| 170 188 | 19.2 | 195 | 19.2 | 180 | 180 | 18.0
10 —| 120| 168 | 190 | 19.2 | 19.2 | 182 | 180 | 175 | 18,0
25 | 102 1.4| 168| 187 | 19.2 | 19.0 | 182 | 180 | 175 | 17.8
50 0.2 14| 162 186 | 192 | 190 | 182 | 180 | 17.4 | 17.0
100 9.6 105| 16.2| 182 | 19.0 | 19.1 | 180 | 18.0 | 18,0 | 17.0
200 9.2 15.2| 165 | 19.0 | 19.0 | 180 | 17.1 | 17.0 | 17.5
300 85| 11.0| 161 | 17.0 | 17.0 | 18.0 | 17.0 | 17.0 | 16.0
400 6.0 9.0] 141 - - - - - -

Comparing these two sets of observational results, it can be seen
that there are marked changes in the Kuroshio between Cape Inubo and
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Kinkazan., Off Inubozaki the current flows

0
northeast near the coast with considerable
100 .
strength, producing water temperatures
200 about 17°C, even below the depth of 300 m,,
300 but off Kinkazan it is spread out in a shallow
layer on top of the Oyashio and the water tem-
tmoL peratures are markedly lower. Just north

of the section line running due east of Kinkazan
Figure 4. --Vertical tem- thereis afrontrunninginanortheasterlydirec-

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, and

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 flowofthe currents in the area where the Kuroshio
turns eastwardis quite complicated, and it is thoughtthat 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 small vortices in the
North Pacific Current and in the countercurrent region on its south side,
Most of these vortices run clockwise,

Figure 5 shows the results
of sectional observations extending
300 miles southeast of Cape Nojima
made in 1936, An area about 150
miles 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

Cape Nojima. 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, and 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.

0
100
200
300

(m)

Figure 5, --Vertical temperature
section 300 miles southeast of

Table 4 presents the results of observations made on fishing grounds
west of Midway Island in January 1951.
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Table 4. --Data from observations west of Midway I. (No. 1 Taiyo
Maru of Mie Prefecture) 1951

HHHH E 4T i b7 b 7k {R% Water temperature, ‘ W s Salinity,
Date, Locality. Current, 0 25 50 100 | 150 0 25 50 100 | 150
1.8 | =N | ENE 20.05] 20.10] 20.16{ 20,11} 16.62) 34.81| 34.79| 34.81} 34.81| 34.65
o | 222 " gtow | 19-0 | 18.91) 18.94| 16.23 15.31| 3461/ 34.61] 34.60] 34.61) 34 54
w0 | 3208 | ENE, | 18.4|18.54) 18.60) 18.38 14.56) 34.63| 34.61| 34.61) 34.61| 34.5!
1 1%:%; ” 19.0 | 19.10] 19.06] 19.06| 15.24| 34.63| 34.61] 34.69| 34.63] 34.52
2 | 323 | NE 18.8 | 18.99] 19.00| 18.99] 15,31| 34.61| 34.61} 31.63| 34.61| 34.5
13 | S E 18.4 | 18.57 18.60| 18.60 15.01| 34.61| 34.61| 34.60| 34.60] 24,49
u | 358 | BTEG S | 19.0|18.95] 18,59 18.60| 15.80| 34.63| 34.63) 34,61] 34.61| 34,61
15 | 3058 | SE | |18.618.6218.62| 18.44| 14,80 31.60) 34.61 34,60| 34.61] 34.50
16 | 1S | sE 19,0 | 19.04| 18, 56| 18.14| 15,08] 34.61| 31.63] 34.60| 34.60( 3451
17 | 2153 | SE~ESE |18.6 | 18.46 18.28 17,63 15.35 34.61) 31.60] 34.61 34.61] 34.54

The marked differences in water temperatures, even between
adjacent areas, indicate the complexity of the oceanographic conditions.
The thermocline between the depths of 150 and 200 m,, which was not
apparent in the observations 200 miles directly east of Cape Inubo or
those 300 miles directly east of Cape Nojima, are clearly ravealed in
this sea area. The lower limit of 18°C. is at the depth of 100 to 150 m.,
and thus the eastern North Pacific Current has a greatly reduced depth
as compared with the main Kuroshio, however, it still shows considerable
strength, As for the chlorinity, it indicates rather high values as com-
pared with the main Kuroshio at roughly the same time, However, below
the thermocline the chlorinities are rather low,

Table 5, --Sizes of albacore taken in the Table 5 shows the average
North Pacific in January (weights in weight of the albacore taken in
kan = 8,27 lbs.) this sea area in January. The

general tendency, just as in the
°N latitude

°F. long- 30 xL preceding month, is for the fish
itude l | to be larger on the southern side
140° E~150° E ' of the fishing grounds and for the
150 ~160 5_4 4_7 2_8 2_3 8ize to decrease to the northward,
160  ~170 3.4 3.3 The size of the fish also increases
170  ~180 4.7 4.7 from west to east., However, on

the east and west sides of the line
of 160°E. longitude the trends in the change of fish size are somewhat dif-
ferent, That is, east of 160°E, the change in the size of the fish fromnorth
to south is not as clear as it is west of that longitude. The albacore taken

65



north of 30°N, to 32 N in the sea areas east of 150°E, are e particularly
small, with an average weight of less than 3 kan /24 8 1bs. /. One thing
that stands out is a rather conspicuous exceptmn to the tendency for the
size of the fish to increase as one goes offshore to the eastward, this
exceptlon showing up in the southern part of the fishing grounds arou.nd
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 Iesource, and it is thought that, from this point of view, the line
of 160°E, longitude should be thoroughly examined,

1949 — 140 - 160°€
—— 160~180"¢

A
M

1952

PN

S 60 T1 81 91 101 Il em

Figure 6, --Length frequency
of albacore taken in the
North Pacific, by years.
The two curves represent
different ranges of longi-
tude, butthe original figure is
too small to distinguish them.

Figure 6 shows the yearly changes
in the length composxtmn of albacore east
and west of 160°E, longitude, In general,
the fish are larger on the east s1de of that
longitude. On both sides of 160°E, the
length class appearing most frequently
differs from year to year, However, any
length class which is conspicuous on either
the east or west side of 160 E, will also
form a peak, or a size group very close
to it will form a peak, of some degree on
the other side of the line, The difference
in the positions of the peaks on either
side of the line is less than the difference
from year to year in the positions at which
the peaks appear in either one of the areas,
and this indicates that there is a consider-
able relatedness between the sizes of fish
in the two areas,

Furthermore, there are times
when a comparison of the uzes of fish
at 150 °E. to 160°E, and at 160°E, to
170 E. shows that they are larger between
150°E. and 160°E, Nevertheless, in the
overall picture, the fish are bigger the

farther one goes from Japan, The fact that this trend is a gradual one is
thought to indicate that all of the albacore in the northwest Pacific fishing
grounds are under the control of one great law, Figures 7 and 8 show
respectively for 1949 and 1950 the size composition of fish between 140° E,
and 150 E, by months and by latitude in terms of percentages, Throughout
these two figures we see that the fish are larger the farther south one goes,
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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

A 3 | 117 | 123
Monthly | Nov, | Dec,

1A12A)|3A
Jan, | Feb, | Mar,

36~38 2.41 2.2
34~-36 2,71 2.4
32~3H4 3,51 3.2
30~32 3.8
23~30
26~-28

2.4
2.6
2.3
4.7
6.1

1.6
2.0
1.9} 2.0
2,6 2.4
4,0¢ 3.0
6.4

Tan. 50

WIS

Mar, 50

e N
59 61 T &t 9 00 1y
26— 30°N

Dec. 49

At the southern limit of the fishing
grounds wh1ch in November is between
32°N, and 34° N, latitude, the fish weigh
about 3.5 kan /30 ibs, /. Since the fish of
th1g size group are thought to be south of
28 N, to 30 N. in March, this means that
they travel more than 240 miles south in
a period of 4 months, Consequently, the
amount of southward movement in 1 month
is on the order of 60 miles or more. Ithas
already been noted that from year to year
the modes appear in different lengthclasses,
but it can be seenfrom
figures 7 and 8 that
even within a given

Nowv. 48

year the mode does
,\/\/\\ not appear at one
fixed position, but
0es. 43 that there may be a

number of intermedi-

ate sizes, It may be
A thought that withfishes

Jan. 50

having a small annual
growth, like the alba~

Jan, 50

core, there will be
overlapping of the
length ranges of the

my\

s ¢ n o s @n  various year classes,
H and this sort of insta-
bility in the length
classes in which the

Mar, 50

s

modes appear in a
given year gives rise
to various difficulties
in using the size com-
position to deduce the

N A T age of the fish,

30 — 34'N

The relation-

Figure 7. --Albacore length :grequ%ncy by months ship between albacore
in the North Pacific at 140 -150 E,, 1949-50, catchrates and surface
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water temperature was touched upon in the section for the preceding
month, but the relationship for January is shown in table 7.

oct, 50

Nev. 60

Dec 50 Dec, 50

Tan. 54 Jan.51 Tan St

ol

Fes. 51 Fen.51 Fo, 51

AN

Mn St

Mex S}
S1 61 T1 81 81 108 e
‘J\ a4 -~ 38N
Ap.5) Apr, 81

R s v -
51 61 71 8 81 100 Iy 51 60 TH 8+ 81 101 1Y

26 — 30°N 30 -- 34N

Figure 8, --Albacore length forequ%ncy 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 can be seen from figure 2, Table 8
shows how the variability of the catch rate withircl> a single sea area
increases to the north, particularly between 140 E, and 150 E,
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Table 7, --Collation of catch rate and surface temperature, North
Pacific, January

) c /r 0l0.5[1.011.5[2.012.513.0]3. 3 4. 04.5}5.015 546016517 . 0[7.5|8.0 8.5] 9.0] 9.5 10,00 10.5;18.0811.5 l'l.(lhz.s
Area Livprfrpeprpebepeeprpe gy ey ey eyt
oc. 0.5(1.001.52. ;2. R3.0 5. 5M.004. 5 5.005.56.006.57.017 . 53.00803] 9.0f 4.5t 1.0l 1.5 1.0l 11.5] 12.012.5 Dl\-t
30°~ 35°N| 17
130°~140°E| 18 |6 |1 1 i1 |2 |1 1 1 1 1 2k 5.5
19 (1712563112 [1f1]11 |2 1 1 2Bk 2.6
20 |86/ 52413311112 1 1 2.5
21 |2 ' 0.3
22 |1 0.3
Av, temp.|1919]1920/1919)1920R019 1920119191 19 | 19 | 20, 18 19] | 18) 19}
30°~ 35°N| 16 | | 1 5.8
140°~150°E| 17 32‘1653 3153 |11 4 111 1 1 213 k1,66
18 |nol315018114i12 91613 8l12115(12 2/ 5{ 6| 7} 6 4 7 & 4| 5 6 4 74l r4.60
19  |68|23[29125(14/25(1519[2315(10| Of14]1z{12)150 7| 13| 5 2 8 5| 5 4| 1| 87|LLE5.50,
20 [27]10) 8 6! 8f 7113 3| 5| 7| 7| 5| 2| 2| 1| 4 2 ] 2 Tl k4.2

21 11 1 2.4
Av, temp, |18|18/18191919/1919191919/19/19191919(19( 19 19 18| 18 19| 19 18 18 19,

30°~ 35°N| 17 EEREEEE 11| |1 7.4
150°~160°E| 18 1226134263‘5 3322 |1 1| 3 2| 1 4 2 10k 6.3
19 |2 254969 46p1213661]232 1] 1| 3 2 1 ali | 4.8
20 1471924 |32 11 1 3.3
21 211 |1 3.3
Av. temp. [1919}i9j1o19n9l191on9NoiotongNissoltal 19| 18| 12| 19| 18| 18 18] 18{ 18
30°~ 35°N| 17 |2[3 |1 [31]521[2]1]4 |43 4.4
160°~170°E| 18 |1/ 1|2 157 3683064 o647 4 6 5 5 4] 2 1| 1| 7mre.7
19 (1133141746 4t233122 1) 1)1 |2 2 ABlk 5.9
20 |1 | |3 {22 |af1q] | |2 3.5
21 1 4.25

Av, temp. 18(18(19/1918(18{19/18{181K18{19{1819{18{18/18 18} 18/ 18( 18 18| 18| 18 18 18

30°~ 35°N}{ 17 1 22ﬂ22 202055 252 1 1 1 3 20 3 Y 2 14ELE 8.4

170°~180°E| 18 2| 1] 3| 6[14] 7{13| 6|11} 91018 5, 7| 6[10( 5| 3} 1f 6 2( 3[ 5 2 11 E 5.9
19 11 21 6{11{10{13{1510{16/11{101 9110} 7| 7{ 21 2| 1 i 2 2] I 5(BlE 4.7
20 111215 3 2 2|1 2.9
21 1 1 3.5

Av, temp. 1%1511919!8191919191919181818181818 18] 18| 18| 18} 18| 18} 18 18] 18

35°~40°N | 15 |1 0.25
140°~150°E| 16 2 1k 5.8
17 70 |13/ 111]4/ 4112215 2 1 1 4 1 1] 6Lk 5.7
18 10| 3| 6 4] 5} 3 3| 2| 8 212123 1 2 1 18 E 5.9
19 [31) 312} 2{ 3] 3| 1|3} 1 1 |3 1 3 181 F 4.4
20 |42 2 I 1 1 1l E 4.2

Av, temp, |191918 1818181818‘1917 7u81718181919| 18] 17) | 18 18] 18 19| 18] 18
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Table 7.--Collation of catch rate and surface temperature, North
Pacific, January (cont'd)

/1' 0 '0.51.01.52,02.53.03.514.0.4.55.0(5.56.0%6.57.007.58.00 8.5 9.0 0.5

Area | zu|uznlntmnnzzz

pC. 0.5 11.01.52.0f2.5[3.013. 54.0(4.5,5.0/5. 516.0f6. 7.07.58.08.5 9.0 9.5 | 10.0
~ i5 1 T
150°~160°E| 16
17 2 1 1 1 1 8.4
18 |2 120113 {32 [212 2 1 1 2 1 1|k 6.8
19 1 1 1 1 4,9
20
Av,temp, |18]19 1818)1718| [gjig [1801818) 18 19 18 18 18 18] 17} 18

10.0,10.5} 11.0{ 11..5{ 12. 0}
H2.5

AR

10.5)11.0]12.5{ 12,0/ 12.5| A k.

-~

35°~ 40°N| 15
160°~170°E| 16
17 1 8.75
18 11 1 Lk 7.4
19 1 1k 7.8
20
Av,temp, 19) 1818| | 18 17 19

[

Table 8, --Frequency of coe£f1c1ents of variation of catch rates in
the North Pacific at 140°-150°E.

o [10l20130{40l5060!70{80|90]1001 1010130140150ty 7011 8011 90200121 0]220k2 3040250126027 @0'290"00 N
RN R A R A R A R AR A R AR AR A AR AR A A AR AL
10120/30 70/80/90H ool e aofsahcntzol 180190/20012101220/230/240/2501260,270/28012901300310/320( M
o8~30 1| 210] 3{ 6| 3| 8] 4| 2| |1 48
50~32{ 1) 4 4l10| 2{ 5 6| 4| 2| 1 1 51
o~34 | A2 4/ 5|2 a3|3[s/1)32 2122 2 1 1 91
3436 |1 221 3| 6] 2| 3| 3| 2| 4 3- 1 1 1 1| |1d
36~38 2l [1]31]81] |1 1111 1 86l

Note: ''M'" indicates the average.

If we compare in terms of the coefficient of vanatmn the var1a-
bility 151 f1sh1r‘1)g cond1t1ogs among %mt areas, as between 30 °N.-32°N.
and 32 N,-34 N, at 170 E, to 180, we get 41, 8 percent for the former
and 40, 0 percent for the latter, showing almost no north-south difference,
Consequently, we can conclude that in the waters farther offshore, although
we may see considerable differences in fishing conditions as betweenareas,
the fishing is relatively stable within a given area,

(2) Kinan Fishing Ground

It has already been noted that in January the albacore catch rates
in this sea area take a sudden jump upward. At this season areas of high
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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 isloands. 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 betweenthe
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 uponthe 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 withthe galin-
ity dropping toward its edges, South of 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,

0
50 |3
20°C '00/
150 fgog, -~ — 150

200 TN A, 200 350%0N :
(m) 30 60 90 120 SO 180 210 240 270 300 emy 30 60 90 120 150 180 210 240 210 300

346%,

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

71



( January )

R

1

{ Albacore (Thunnus germo) )

5

D

- L] W
= 5E s T : 7 =
: : e .
1 o FIFIEEE IE z T i
H . g . EHIELE!
g 3 q E] : 5 w ] ~
o 2 m_ : T8 : ] j_wJ .
= ° T B 7 EEES ) E
[ e W “ s m7 h
Sy TR T L TEim ]
HiGE IMLILILIEIEIE g HEDL A >
8 S m S | = .nuz - -] m ! ﬂh—.
Nl HIHE £ E[IERIGEEE g T
. -k EIERED t E N R H g
w el 3 SIAEE S| = mm g7 4 ‘o
= A EIEIE N g H 5 g g o
~ , Sttt e o 1 .
-~ wa‘.T T Wm TR IAIJ_LWWW L JPW.T%II iiLlA
ﬁw T S T :
1 LI Y <
Jm "y {2 ’) = H g w m /MU?\?@ S R
5 TR A e et TR A R gty .
— RJT\/AM\I/ITT 3 L /ﬁ'm,fm g Bl My ¢ -
g ST e _UfL el i
T I e pm T R e T T
! CECE T R R LT Bl
B ,V g | < ] T
! N v LINEIEED A . =
| R i w T ﬁ
= W T Aﬁ 1 7 xm T ﬁﬁ#,_ =
w Ay D - xﬂ 4t I
| i [
I
1 - ST 7
B g 2 e p g I
T w T & ® ML V\.w \h
[ MREIES 2 ]
I 8 g 4 e I T
= U s ¢ f % I = 4] =
e RN g 5 = L g AR =
I = < sl T
= TR lEE
)\ <7 /.Iu m \M
T " L g Bl
I v
L b
< & : -

72



160°

Iy

185

170

160°

150

4

30

4l

0.4
0.0 0.1 13717.01} ) .
— T YT R
1117, 7839 RESCHIE 947
o. 38| o) 7 136662
- T e i ok
L. 7 5.00 s 10 [1.36 A3 .98 [9.164.703. )%} 4..A 3413 .27
B0 91 1 X 5 CARE AT A o N A e 3 =
671n.24 pa.21 16b.51 [.370: o1 .73 .46 (6.67 34111645
109 BS3 185} 6477 34 74 6:4.6614.6) 64
g 1152 15§62 83 50 5. O3 A A1 2215,
‘3 l'— L7 1 Ie‘:awl.'ﬂi |
Pl L [
|23 2
D10
b.os
=
0.0q
oo
o
0
0.19
51
0. 48 001 [0.9 11 19
0.69 .14 01
0. 1 1 07}
bos 1900.060. 0.
06 poo 1800.00f o.00
o.og ¢ )
b.oop.oo 5
00
fo.00) 0.0070.
0.000.00 .00
bo.00%0.00 p17bos %0
oo o04pospispoo
.08 |
fgpm pu
Rech SN
Ny
IS
™

20y

160

170 .

180

73

170

160

150



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
unit areas on the Kinan ground at 130°-140°E.

%
o~1010~2020~3qao~4o40~w‘50~salm~7070~m.m~90 90~1m{ 100~110 ¥, *9

2| 4| 1 "150%

28°~30°N * 2 1 2 3 4 3

30°~32°E 1| 3] 1] 37 s 529%

The majority of the albacore taken in this sea area are medium-
sized (2 to 4 kan E6 to 33 lst), and the proportion of admixture of large
(over 5 kan 141 1bs._7) and small (under 2 lja_n_) fish is less than in the North
Pacific fishing ground at the same longitudes. The outstanding peculiarity
of the size composition of the albacore in this sea area is the extraordinary
uniformity of size, as shown clearly in figure 10, where it can be seenthat
there is not a number of modes but one single predominant mode. With
regard to the question of whether or not greater variability in fish size
appears as one goes farther to the north and south, we have only data for
the year 1952, but according to this the fish are somewhat larger to the
south, It is difficult, however, to affirm that this difference represents
a difference in age groups,

Grounds South of the Subtropical Convergence
(1) Okinotorishima Ground

The distribution of the fishing grounds in January is considerably
different from what it was in December, That is, the fishing grounds
have extended markedly to the southward and their center has moved to
the vicinity of 14°N. to 20°N, North of 20°N., latitude signs of a falling
off of the fishery can already be seen., As the fishing grounds move south,
they simultgneously extend gradually to the westward and reach the waters
west of 130 E,. longitude, indicating that their position has moved consi-
derably to the southeast as compared with the first part of the fishing
season in October. In general, the central part of the fishing ground
has catch rates of 1.0 to 2,0, but there are not a few areas with high
catch rates of 2.0 to 4.0, The fishing grounds reach their maximum
extent at this season,
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year,
and many fishing vessels concentrated in this area.
any definite affirmation because of a lack of continuing data, but it is

thought that there may be an appearance of high catch rates every other
year,

20

10

26~ 30N

2
0 f f

30 —34'N

26 -30'N

|3n—uo'5/\

148—150°E

130=140°E

1952
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Figure 10, --Comparison of length frequencxes
of albacore taken at 130°-140°E, and at 140°-

1

Table 10 --Albacore catch rateofrequenmes by years, in the area
of 12°N, -25 N., 128°E, -140 E.

50°E,

"M'" is the average catch rate

Hookedwate] O | %8 | 40 | 15 | 0 [ 25 [ 30 | a5 0] a5 [%
\ : ol
e near, | 0.5 | 1.0 | 1.5 | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 45| 5.0 | M
1949 s | 4| 1 3 1.00
1950 6| 2 1 0.53
1951 6| 10 10| 4| 6| 4| 3| 1 1| 161
1952 1 1| 2| 1| 1 0.75

As table 9 shows, the catch rates vary considerably from year to

The year 1951 was a particularly active one on this fishing ground,

It is difficult to make

The size composition of the catch is as shown in table 11, with the

average weight above 6 kan /50 1bs, /

Table 11, --Size composition of albacore taken on the Okinotorishima

ground, in percentages,

Lower figures are weights in kan (k, )=

8,27 lbs,
g‘%((vi;; 65~75(cm)| 75~80 | 85~95 | 95~105 |SOSHE | FHkE | B E B B
ON. lat} 1.9k | 2.8 4.1 5.8 74 | M. | Fish measured.
12~14 0.5 59 47.3 46.4 6.4 220
14~16 4.6 36.1 59.3 6.7 108
16~18 10.4 50.1 39.6 6.3 268
18~20 4.2 57.2 38.6 6.3 320
2022 8.9 11.3 39.5 03 6.0 304
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Almost all of the fish are of large size, a characteristic which
is in good agreement with the fishing grounds south of the Subtropical
Convergence,

L

Table 12, --Mean weight (in kan) Table 12 shows the average
of albacore takenonthe Okino- weight of the albacore landed from this
torishima ground, by month fishing ground by area and season, As
and latitude the fishing season progresses, the aver-
5 age size of the fish gradually becomes
Month,| 11H | 127 |1 A 12 A smaller. We cannot, however, detect
m Nov.| Dec, | Jan. | Feb. any marked difference in the size of
2 24°N 7,281 the fish in the northern and southern
20~-22 6.7 6.0 5.5 parts of the fishing ground as we did
18~20 6.5 | 6.3 in the North Pacific fishing ground,
16~18 6.3
14~16 6.7 When we consider the season
12~ 64 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, after 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, nordo we have any information ontheir
stomach contents, so whether their appearance here has anything to do with
feeding or reproduction is completely unknown,

- - 0
St. No fit Locality. & lj)qatae.C&t?ireftﬁ, 50
1 | 213N | 185°16'E | 1-31
2 | 19°4¢4 134°47 | 2—1 100
3 | 17°26 134049 | 2-2| W 150
4 | 15741 183°51 |2-3| W
5 | 13°50¢ 132°52 | 2—-4
6 | 11°10 131°50' | 2—5

Figure 11, --Results of an oceanographic section in Okinotorishima
waters,

Oceanographic conditions do not seem to differ greatly from those
which obtained in December. Figure 11 gives the results of sec-

tional observations from Okinotorishima in about a southeast direction
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to the North Equatorial Current (carried outin January 1953). The surface
water temperature rises tothe south, and just in the area which corresponds
to this fishing groundthe warm water is distributedto aconsiderable 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 peak 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,

(2) Other Grounds in the Waters Between 10°N. 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
are 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,

! L ean value of

W B arR ssc 95| 105 SEkE
Waters,  [rishmeal g5 | yo5 | 1y M

~sured, y weight,
10~ IZON . ne
170~180° E 993 0.6%| 38.6 | 60.8 6.8(7]
10~ 12°N rr
180~170°W 252 12,0 |]26,6]|171.5 6,97}

Table 14 shows the frequency of catch rates per day's fishing,
The column headed '"0'" represents the number of times when no albacore
at all were taken, This is a rather small percentage of the total number
of operations, being about 30 percent in 1951 and about 25 percent in 1952,

Table 14, --Albacore catch rate frequency,
by years, east of Marshalls

Number of]
vessels in— 011 t t !

g g |REAER | 0.250.510.751.001.251.50:;2 #

The year. | igated, 0.250.500.731.00(1,25/1,50{1.75 Mean,
1951 7 45195 |13 1 0.11
1952 8 25|51 12| 6| 2 2{ 1| 021
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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 than 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 of fish
measured; weights in _lia;n_

% % 85cm| 95 105 ¢ ¥ B ¥
Waters l ! Mean value of
%5 1105 | BLE | yody weight.
0~ 2°N
130~140°E 18 51 18 5.8
2~ 4°N
130~140°E 20 33 9 5.5

Table 16 shows the frequency of catch rates by numbers of days!'
operations,

—_—

Table 16 --Catch rate frequency south of Palau (south of 3 N. ,
130°-140 E )

00 |0.25|050 075|100 | 125 1.150 1.75 Z.lOO 2,25 | 2,50 2.}75 ¥ o8
l 1 ! ! !
0.25 (0,50 (0,75 | 1.00 | 1,25 | 1,50 | 1.75 | 2.00 | 2,25 | 2.50 | 2.75 | 3,00 | Mean,

54 30 10 3 7 1 1 1 1 1 0.24

The proportion of days' fishing in which no albacore were taken
at all is 50 percent, Compared with similar data for waters east of the
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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, oy
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 11ne of
150 E long1tude but there are still scattered catches there. At 0° 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 behef
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 -160 E.

o S S ]
85~95cm 95~105 105 BLE | Nymber indicates fish measured.
8 20 11 5.8 kan
FEBRUARY
General

The most conspicuous tendency at this season is for all of the
fishing grounds simultaneously to diminish in extent, In the South Sea
areas the signs of a falling off in abundance are strongly marked, and
we can no longer see any areas with catch rates above 1,0, However,
in the Kinan Sea Area the catch rates are generally higher than in the
preceding months, and the western portion of the grounds extends farther
until it reaches the vicinity of the Satsunan Islands, The Okinotorishima
fishing ground shows a conspicuous expansion to the southwest, reaching
into the sea areas east of Luzon, but the number of vessels operating
there has diminished, As a result, the principal fishing grounds now
extend east and west in a single line continuously from the Kinan ground
to the North Pacific ground. However, the landings from these fishing
grounds continue, as in the preceding months, to be very high, and this
month corresponds to the latter part of the peak season.
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1, North Pacific Ground

Figure la and b shows the general distribution ¢f isotherms on
this fishing ground based ondatasupplied by commercialfishing vessels
(only the data for the period of February 10-15 are used), Figure la
uses da.ta. for 1950, and figure 1b data for 1952, All of the isotherms
are 2° to 3° farther south than they wei-e in January, The 19 °C. isotherm
has moved farther south than the 20°C, isotherm, andthe 18°C. isotherm
has moved south more than the 19°C. isotherm, with the result that these
isotherms are closer together and the change in temperature from north
to sguth is more abrupt. However, inoboth 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,

a, 1950 Consequently, in the
/56 L T8 general view, the North
Pacific Current is flowing
/. » _ to the eastward through sea
' klg areas farther south than
AR AN CES#EL  those in which it flowed in
< ENE ] B the preceding month, Look-
BT e | 1 ing at the areas east of 150 °E, ,
b, 1952 in 1950 the 19 C and 20 C
! (SPE 16 [T ‘ isotherms are south of 30°N. .
A IDNE - while the 18°C. isotherm
i Tk runs east and west crossing
- o back and forth over the line
§es s H Y- of 30°N, In 1952 the south-~
ward movement was some-
Figure 1, --Distribution of surface water what slower than in 1950,
temperatures in the North Pacific, and the 18° and 19°C. iso-
therms are approximately
on the latitude of 30°N., while the 20°C.
isotherm runs somewhat south of 30 N,
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In the area around 140°E, to 150°E,,
where the Kuroshm turns to the eastward, in
M both years the 18 C isotherm extends out
tm) 50 120° 180° farther tothe 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, reachingtothe westward of 140°E,

200
300

Figure 2, -~Vertical tem-
perature section dueeast
of Cape Inubo (1936),
From Semi-ann, Rpts.

Oceanog. Observations. Figure 2 shows the results of sectional

observations due east from Cape Inubo in 1936,
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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,

100
200
300
400
500
600
00
200
300
400
500
(1)
100
200
300
400
500

Compared with January, the soouthern
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,

so0
100
200
300
490
00,
600
ms:
200
ano
400
s00

In February it is nearly at a standstill,
and in March it is completely stopped, with
R its southern edge at exactly the same position
,fm that it occupied in February, while in April
s e N 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

1]

100
200
300
400
500
600

m L Q0 * north-south extent of the fishing grounds is
Figure 3, --Vertical tem- extraordinarily narrow; east of 150°E., it is
perature section 300 less than 300 miles, In the sea areas along
miles southeast of Cape the Japanese coast there are still fishing
Nojima (1937). grounds developed fairly far north, East of

150 E, the isotherms are from 1° to 2%ar-
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 eoast of 15°0°E. longitude, and ther% is quite a broad space between
the 17 and 20 isotherms, East of 150 E, the fishing grounds are about
1" farther south than 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 tabée 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 extremely complex,

Table 1, -=-Monthly changes in the catch rates in
each 5 degrees of longitude

B o H |140°E| 145 | 150 | 155 | 160 | 165 17}0 17)5

! ! l ! t l
Latitude. | Month.[145 | 150 | 155 160 | 165 170 | 175 | 180

Jan. |3.17 |4.18 3,69 |3.50 | 3.38 | 2.78 | 4.40 | 4.77

2 1350 |4.44 3.71|3.00 3,50 |3.90 |3.53|3.73
Feb.
28~30 .

Mo, | 211 |2.56 [3.16 | 3.05 | 3.25 [3.50 | 3.08 | 3.21
4

Any, |2-63|2.41| 1.2 5.98 | 1.61

Ja}l 4.02 | 4.79 | 3.53 | 3.73 | 7.84 | 5.06 | 4.88 | 5.25

Feo |8.86|8.08|5.23|4.27 | 6.17 | 6.27 | 7.08 | 6,00

3
Mor, |2-11]2.56 | 5.72 | 5.62 | 2.56 | 5.11 | 2.31 | 3.21

4
Apr. | 2.77|5.15(2.72 | 6.25 | 3.91 | 3.89 | 6.15

30~32

v Agreement in the monthly cha.nges in the ca.tch rates 3' apparent
as between the areas of 140 E to 145°E, and 145 E to 150 ' E., and
again as between 170 °E. to 175°E. and 175°E. to 180 however, nosuch
analogies appear in the area centered around 160°E In general the north-
south extent of the fishing grounds is extraordinarily narrow, and it is
thought that within this sphere the southward-moving albacore are com-
pressed to the maximum, giving rise to the high catch rates,

Differences from year to year in the catch rates are rather well
marked, As can be seen in table 2, the catch rates were higher in 1949
and 1952 than in 1950 and 1951, being particularly high in 1952, The
annual ups and downs of the catch rate appear to be characteristic for
the fishing ground as a whole, and in 1949 and 1952 catch rates were gen-
erally high everywhere between 140°E, and 1800, while in 1950 and 1951
they were generally low, This is thought to indicate that the North Pacific
fishing ground is, as a whole, under a single regime,
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Table 2. ~--February albacore
catch rates by longitude and

In the case of skipjack, big

catches are made on cycles of alter-

nate years and 4 years, but in the

year
|~ % 1010 | 1050 | 1051 | 1952
140°~150°E | 4.04 | 2.38 | 2.67 | 4.01
150°~160°E | 4.10 | 3.02 | 3.28 | 5,60
160°~170°E | 4.04 | 2.15 |(5.95) | 7.52
170°~180°E 3.83 | 6.87 |10.03

Note: Data at 1600-170°E. for

1951 are from only one station,

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 clgsest to tge coast, o
Although in average years the area of 30 N, to 35" N,, 140 E. to 145 E.,

shows very high catch rates (particularly for small- and medium-~sized
albacore), in 1951 the catch rates were extremely low because of the
intermediate zone's closing in very near to the coast,
it was located somewhat farther west than in 1949,

In 1950 and 1952

Table 3.--February albacore catch rates, averaged for squares of
1 degree of latitude and longitude, by years, in the North Pacific

1949--2

& B
N
|gk
E

140°
141°

141
142

142
143

143 1144
144| 145

145 146

l
146| 147

147| 148' 149| 150| 151
)

t 1l il
148, 149, 150 151| 152

152
153

153
154

154
l
155

155!
l
136,

156
!
157

157
!
158

158
!
159

159
l
160

35 ~ 36
34 ~ 35
33 ~ 34
32 ~ 33
31 ~ 32
30 ~ 31
29 ~ 30
28 ~ 29
27 ~ 28
26 ~ 27

0,98

3,107,22

5,92
5.8
3.25

3.41
6.74
11.436,61
1.234.11

3.50

5.81

13.96
8. 85|
6.86
4.81

3.04

7.67
6.49

2.06,0. 53]

0.17

1,08
2.993.01
5.67121 58

4.152,95

2.12}4,35
1.593.67
2.04(1.70

0.08]

0.590.89

2.48
7.58
5.01/0.42

4.563.203.20
6.48/6.87.3.77(2.86/2. 00 3,79
0.41/1.86]1,91)  |7.813.27
0.4J 2.72
0.31/0.50)

2.61
2.55]

4,27
2. 55|
3.04

1.92
1.14

7.30

4,97

13.04
8.8
7.21
4.72
4.92

[ 3
E 1
k
N .

160
161

161
!
162

162
!
163

163| 164
l
164 165

166 167

165 166!
ARNENE

167 168 169 1)70 1711
! l
168 169 170 171 172

172
173

173
l
174

174
175

175
l
176

176
l
177

178

178
179

1179
180

35 ~ 36
34 ~ 35
33 ~ 34
32 ~33
31 ~ 32
30 ~ 31
29 ~ 30
28 ~ 29
27 ~ 28
26 ~ 27

1.825,98

7.372.75
3.893.71

1.35

6.80|

6.06

5.04

4,953.616.97
3. 33!2. 782,80,

”
2.99

3.60
3.842.81
2.01
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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--2
% x1400 141] 142} 1434 144 145 146] 147 148 149 150| 151} 15% 153| 154 155 156/ 157 158 159

oo E Lt e be et r o fa el 2
fE 141°) 142 143 144 145 146] 147] 148 142‘ 150 151] 152 153 154 153 156 157 158 159 160

35 ~ 36 0.750.75

34 ~ 35 |1.30[L.27

33 ~ 34 [0.69/5.38{9.96/0. 0.440.1?1 )

32 ~ 33 [0.605.994.972. 0.90

31 ~ 32 [7.673.819.180. 3.77 3.00)

30 ~ 31 [5.85]7.283.34]1. 3.9112.03 1.4 2.894.76

29 ~ 30 4.31/1.922. 4.742.102.412.4501.521. 78] |2.174.09

28 ~ 20 |1.81]1.472.992. 3.031.06  [2.163.03  |2.98/2.94]2.823.90)

27 ~ 28 | 00.370.392, 1.984.27]  [2.892.894.60  |4.84

25 ~ 27 [0.04 0[0.48

Iaﬁ gEglﬁlOo 1261 1{52 1263 1{54 1{55 1166 1?67’ 1{38 1{59 1170 1'71 1172 1{3 1274 1175 176 1'77 1278 1{9
Nﬁ 161°| 162 163 164 165 166 167 ]68" 169 170| 171} 172 17% 174) 175 176 177, 178 179) 180,
35 ~ 36
34 ~ 35
33~ 34
32 ~ 33
31 ~ 32 0.72 2.98 6.56/9.02(1,11
30 ~ 31 2.19 2,082, 79 5,413, 47| 2.53(5.70/2,17(3.26/|4.56,4.07/4.29
29 ~ 30 |1.89 1,49 2.8&1.932.765.104.041.072.50 2.65/7.42)8.13/5.75 3.0&3.21
28 ~ 29 3.71{1.29[3.85/1.643, 85| 2.09/3,52/4.293.09 2,51/0,44
27 ~ 28
26 ~ 27 0.10; 0

1951 --2
2 K 147°| 141 142| 143| 144| 145 146] 147] 148] 149 150 151| 152| 153 154) 155! 156/ 157| 158| 159

@l (11T zwzzp‘zzzz;zzzzl
N 141°) 142 143) 144) 145 145 147) 143 149 150 151 152 153 154, 155 156/ 157 158 159 160
35~36 2,600 0! 0 0.11
31 ~ 35 |0.220,9914.17| 0 0
33 ~ 34 |1,16/0.530.44,0,530.3 O 0
32 ~ 33 |0,85/0.80/0.50/0,890. 09 0.08
31 ~ 32 {0.77/0,71(0.854.73 1.803,98 6.60
30 ~ 31 [1.892,502,483,54 3.164.37L3.747.09 3.596,582.42/4.51(5.31
29 ~ 30 4.38%.786.41 4.834.58 10.54 3.41 2.17|2,61|2.101.78/2.364.68
28 ~ 29 3.9013,71/4.2314.684.79 g.&5.440.783.903.38 2.3313,96|1.56
27 ~ 28 0.51)2. 20 2.8713.118. 941543 2.995,28 5.74/2.36)

26 ~ 27
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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)

BEE' 160] 161/ 162 163| 164] 165 166 167 168| 169 170 171] 172| 173| 174] 175 17| 177 178 179
kzezzz»zzzlzzzzzzlzzh
N 161 162| 163 164| 165 166/ 167 168| 169| 170| 171} 172 173{ 174, 175/ 176/ 177| 178 179| 180,
35 ~ 36
34 ~ 35
33 ~ A4
32 ~ 33 8.78
31 ~ 32 5.9917.95/9.34
30 ~ 31 5,95 8.01 3.95/4.17/6,77,
29 ~ 30
28 ~ 29
27 ~ 28
26 ~ 27
1952--2
gE3140° 141 142 143 144/ 145/ 145/ 147 14j 149] 150( 151/ 152| 153| 154| 155| 156/ 157 158 159
N& 14110 1142 1?43| 1144 114.‘1 1246 {47 1(48 II4 ' 1z50 1151 1l52 1153 1154 165/ 156/ 157 158 1l59 1l60
35 ~ 36
34 ~ 35 [1,45 9.93/5,.25 0.20 7.10
33 ~ 34 |1.443.627.280,86/1.670.35
32 ~ 33 [8,823,44/5,275.91!1.390.200.69
31 ~ 32 [2,045.389.249,082.39 0 .13 11.35
30 ~ 31 [3.937.405.826,695.95 0.934.620.719.752,984.543,169.69|11.01/10.72 8. 30,6, 28,7, 20
29 ~ 30 (4,.544,9214.954.582.26/0.89 5.805 33/4.467.18/3,973, 2055, 386,59/5.323.51|4,29,5.18(5. 99
28 ~ 29 (3.91/4,045.15 8.503.49(1,03 2.66(3.45(1.92
27 ~ 28 (3.1012.86 0.63
26 ~ 27
E;E 160 161} 162 163| 164 165 166/ 167 168! 169| 170| 171| 172| 173 174} 175| 176; 177 178/ 17
[ 1l61 1162 1163! 1'64 1165 1266 1167 1%8 1169‘ ]l70 1?71 1'72 1’73 1l74 1175 1l76 Jl77 1,78 1179 1180
N 4 ! | (el
35 ~ 36
34 ~ 35
3B~ 3
32 ~ 33 16.85
3l ~ 32 7.7510.278.6711.50/9.07 16.15
30 ~ 31 [7.768.71 5.95/3, 74{14.469,30/5.221. 25 9.2133.71 5.92 8.93 13.15/13.50 11.(”4
29 ~ 30 [8.398.29 2.999,797,288.18 8.46/8.07 4.17
28 ~ 29
27 ~ 28
25 ~ 27
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In all years the location of the intermediate zone was somewhat
more to the west than 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 toyear
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 d1d
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 var1at1on of fishing conditions in unit sea areas
between 140°E, and 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
infishing conditions, while thereis a tendencyfor the variabilitytoincrease
toward the northern edge.

Table 4, --Frequency of coefficients of variation (C.V.) of catch rates
in unit areas, divided by 2 degrees of latitude, between 140° and 150°E,

ZR%B %) 10| 20| 30| 40| 50( 60! 70 80| 90' 100/ 110 120! 130] 140] 150 160 170 180| 190] 200
szzezzzzzuzzzezzzzftzz
Lat.ﬁ 10 | 20 30| 40| 50, 60| 70| 80| 90 | 100, 110 120) 130] 140| 150} 160 170 180, 190 200| 210
28 ~ 30 2i4l7]7|11nj2/2|1] 1 { o
30 ~ 32 211127 2 47(4; 51| 2| 1| 2 1 [
32 ~ 34 11(5(3] 2 |4/a| 4l 4] 1] 4 4‘ 3 [ 1

Note: Averages are 42.(;1% for 28°-30°N, , 66,7% for 300-32°N. , and
93,1% for 32 =34 N,

The variability of catch rates in unit sea areas for the waters east
of 150°E, is as shown in table 5; the variability is very slight and hardly
any difference between the northern and southern parts of the area can be
detected. In this area the north-south compression of the fishing grounds
is extreme and the albacore are accumnulated within a narrow range, which
is thought to give rise to the stabilized fishing conditions,

The average weight of the fish landed from this sea area is shown
in table 6, As in the preceding month, the fish are bigger along the south-
ern edge of the ground and are smaller the farther north one goes, The
size also decreases toward the Japanese coast and increases offshore to
the east. As compared with January, however, with one exception, the
size of the fish is a good deal smaller,
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Table 5. --Frequency of coefficients of variation of catch rates in
unit areas east of 150 E, longitude

w/
4 B | s g |, L Ky
 gitude, " Lot | 0~10010~2020~30/30~40(40~50/50~6060~7070~ 80RO~ 90 1lp.
] 98 ~ 30°N 3l s s 6| 2| 21 1] 1 40.6
150°0~160°E | 54 _ 39 1 3| 1 1 1] 1 4.3
98 ~ 30 2 2| 3| s 1 1 31.4
o °

160°~170°E | 55 __ 39 1 3 1| 2 33.6
o 28 ~ 30 11 1 1] 5 0.7
1/0°~180°E | 3y _ 39 3| 1] 3] 2| 2| 1 36.7

Table 6, --Average weight (in kan = 8,27 lbs.)
of albacore landed from the North Pacific
ground in March, Figures in ( ) are ratio
to February

140~150°E| 150~160°E| 160~170°E| 170~180"E
2830°N 3,9 4.29 4.85 5.39
B~N |G | @ @)
32~34°N i
U-se'N | G
36~38° N 1.65

2. Kinan Ground

Figure 5 presents the results of sectional observations made to
the south-southeast of Cape Ashizuri in 1936, There is a good deal of
difference in the water temperatures at intermediate levels as between
the main stream of the Kuroshio and the gyre area; in 1936 there was a
conspicuous boundary in the vicinity of 31°N,, and south of it, in the gyre
area, the difference between temperatures of the upper and lower levels
was slight., A similar small difference in the temperatures at upper and
lower levels within the gyre area was found as a result of sectional obser-
vations south of Cape Shionomisaki in January. The distribution of the
surface isotherms is shown in figure 6, where it is indicated that the water
temperature at the surface was about 1° lower than in January.

The cases with the highest catch rates are in the gyre region,
where there is little difference between the water temperatures at the
upper and lower levels, and in the sea areas adjacent to it on the south
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Figure 5,--Vertical temperature section south-
southeast of Cape Ashizuri (1936, from Semi-
ann, Rpts., of Oceanog. Obs.)

January as far as 27°N. Within the area of the main
———-February flow of the Kuroshio, although there are occa-
‘S\T (f/:, sional outstanding values indicated, in general
ST ‘—'y/J iﬂg the catch rates have become low,
9. % 9=\ W2
_,@/ ,\' Q( \ ] {" No southward movement can be detected
~1384 ; " ~NA N as compared with the positions of the fishing
L NS A ; grounds in January, However, there is a fur-
P o j ’ .| ther expansion to the west, and the grounds

y{ 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
Figure 6, --Distribution of 130 °E. and 140°E. ) (In March it drops some-~
isotherms in Kinan area. 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 catchrates
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 longigude, 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 composition of the albacore landed 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 smaller the fish are, and
the farther east we go the larger they are, and this trend on the North
Pacgfic 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 l-degree squares by years,
Kinan area,

1949 1950
BB 1301311320133 134 135| 196| 137 138 139] | B 130] 131] 132 133 134] 135 136| 137] 138 129
k‘i’:zuzrzlzzim"lzzztzzztz:
1\ 181[132)133/134| 135| 136] 137) 138] 139) 140f BRBEN | 131) 132 133 134] 135 136) 137 138 139 140

34~-35 34~35)

33~34 3324 0.
32~33 32~33 1.341.81 o.:a
31~32 o.eot.ss 31~32 3.31)1.5100.875.08 4.1
30~31 .18 30~31 3.8114,494.92

20~30 4 893, 18]1.58/4.004.38] | 20~30 3,554.2213.944.793.354.17
2829 6.663.86(3,493.004.43 | 28~29 1.733.968. 45,

27~28 b.12|  B.12 27~28

26~27 1.0 12.29 | 26~27

25~.26 25~26 0.0

24~25 24~25| 0.08

1951 1952

Lgﬁ.‘g 1301181]i32]133| 134| 135| 136] 137 138| 1 Lﬁ.g 130] 131 132|' 133! 134/ 135 1185 137i 1§ 1139
e btotbaasl s 1136 L fag| 159 .NS &l f 1133i 1134 s el 157] 128 1 | 149
34~35 3435 0.90
33~34 0.77] | 33~34 RE
39~33 17 3.34] [ 32~33 0
3132 3.066.67 31~32 2.182,33 3.
30~31 2.658.985.322.084.85 [ 30~31) 0 | 0 |2.938.402.96).89 4.214.7
29~304.95 1.352.624.644.53'9.22'7. 29~300.631i).09|2.455.744.512.952.83.4.864.42|4.7l
28~29 1.96/8.0814.4365.666.414.42) | 28~29  11.093.198.026.62/4.183,742.832.794.
27~28 7.906.42 27~28 3.68 l2.
2627 26~ 0.

2526 0| o 0.85 252 0.42

2425 24~25




Table 8. --Monthly changes in (3) There is also agreement

mean weight of albacore on in the tendency for the size of the fish
various grounds (in kan) to diminish withthe passage of the season,
N 1
Mox).?hly.ﬁg E"fonfllm:' 140? 150:' 100:' 170': (4) The proportion of large,
Lat, 140°E|150° E|160°E1T0°E[180°E}  myedjum, and small albacore in the
28~30°N | 3.7[1] 4.7| 5.4 catch, as shown in figure 7, shows
30~32 23| 47| 3.4| 47| the same trend as in the sea areas

82~34 3.0 | 2.6} 2.8) 3.3 47) eagt of the archipelagoes.
(Jan,)| 34~36 2.4 2.3

36~33 2.0

The size composition of the

28~30 3.3 | 4.0} 4.3 4.9) 5.4 alphacore taken in this area closely
2 ngi ?'g 3.2 3.9 resembles that between 140 E and
(Feb.)| 34~36 2.0 150 E. Med1um-s1zed e.lbacore are
36~38 1.6 overwhelmingly predominant, but as

the season advances there is anincrease

in the groups of smaller fish, It will be

28~30 2.4 3,0] 3.3| 2.7} 4.3
30~32 2.4 3.5

* 130—-140 F

© 160 =150 - and 1500E. (The area of 140°E. to

* 150 —180

3 3234 2.5 | 2.0 noted that in the first part of the fishing
(Mar,)| 34~36 season in January the majority of the
36~38 fish are medium-sized albacore, At
this season, the proportion of small
” albacore in the catch in the Kinan %ea
100 - : Area is less than it is between 140 E,

150°E, is the part of the North Pacific
fishing ground with the smallest aver-
age size of fish,) Nevertheless, the
average weight of the £1sh here is eyen
smaller than it is at 140° E. to 150 E.,
and the population has the smallest
; number of large albacore of any fish-

/ ing ground north of the Subtropical
— - Convergence, In March there is a
Month' 2z 3 1 2 5 1 2 38 great increase in the proportion of
small albacore until their percentage
is the highest of any of the fishing
grounds north of the Subtropical
Convergence. The pattern is for the
albacore schoolsowhich appgared in
November at 140 E, to 150 E, to
move westward as well as south, and
proceed southwestward along the coast of Honshu, It is thought that the
southwestern extremity of this population first appears in this sea area,
and that this is the reason why the proportion of large and small albacore
is small and the population which appears here is composed almost entirely
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Figure 7, --Percentages of small,
medium, and laérge glbacore in
the catch at 28 =30 N,, 130 -
160°E, Left panel - over 85
cm, Center panel - 65-85cm,
Right panel - below 65 cm,



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 Mariana
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-
sider able 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, Thisophenomengn 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,

connected with the relationships of the population,

Consequently, it is
believed that this rapid development of the fishing grounds is not aproblem

Table 9, --Length frequencg' {in numbers of f1sh) of albacore taken
in February at 130 -140 E, and at 140°-150°E.

£ B
Date,

bt
Locality,

51

53

55

57

59

61

65567%69

I

71

73

81

83

1949

26~ 30°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150°E

1950

26~ 30°N
130~140°E
26~ 30°N
140~150° E
30~ 34°N
140~150°E

1951

26~ 30°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150°E

1952

26~ 30°N
130~140°E
30~ 34°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150° E

13

17

L TR

12

32

24

118
13

63
49

131

23

115

12

89

257

21

312
23

72
71
30

256

35

373
48
18

134
61
19

224

84

224
T

23

198

10,

157

143

8 | |
B eigleg o .

11

201

141

123

94

30
74
120

34

63
138
145

69
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Date,

B’
Locality,

87

91

93

101

103,

105

107,

109

111

113

119

1949

26~ 30°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150°E

41
38
18

1950

26~ 30°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150°E

1951

26~ 30°N
130~140° E
26~ 30°N
140~150° E
30~ 34°N
140~150°E

80
18

17
92
57

1952

26~ 30°N
130~140°E
30~ 34°N
130~140°E
26~ 30°N
140~150°E
30~ 34°N
140~150°E

47

46,

131

ole 18 o

29
10

~3

126,

w.—-’r:

} —
= w o

58

[

20,

12

—

49

22

—

10

15

12

15

bt
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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 main 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 same level and
the fishing grounds have expanded over a greater area, or whether thefish
have already begun to diminish in numbers and the schools have begun to
disperse with a resultant expansion of the fishing grounds, The size com-
position is shown by the following small table.

Bg'l:y Lex;igthj 75~85cm | 85~+95cm | 95~-105cm |»105cm,

i psiz25-
Fish 1 31 83 8

measured

The average weight is 5.45 kan 1717. 5 lbs.__/ somewhat smaller
than in the period of November to January.

Considerable numbers of large albacore also appear from time to
time in the waters of the Ryukyu archipelago. It is not clear whether this
group originates in the albacore on the Okinotorishima ground or, as will
be explained later, whether they have come from north of the Subtropical
€onvergence to join the population on the south side of the Convergence.

(2) Other Grounds Between 10°N. and 25°N,

In the South China Sea, as inthe preceding months, some occurrence
of albacore is noted, although it is sparse. From the areas south of the
Kinan fishing ground and the North Pacific fishing ground to the vicinity
of 10 N, we find no catch rates as high as 1,0, with the exception of the
Okinotorishima ground, but there is thought to be a broad occurrence here
of large albacore. On the grounds from the area northeast of the Marshall
Islands to Hawaii the albacore catch rates appear to be somewhat lower

than in January.

The size composition is as shown in table 8 and reveals the highest
average weight of any sea area in the northwest Pacific,
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Table 10, --Size composition (numbers of fish) of
albacore taken in middle latitude waters

=
5 | ¥ HCED
# 85~ 95cm | 95~-105cm | D105cm Bl |-
Locality l ‘ Mean(kan)
bl
10~12°N.,170~180° E, 10 T(R) 6.46
14~16°N.,14f)~150° E. 1 34 45 6.68

(3) Grounds of Tropical Seas

In general the catch rates are lower than they were in January.
In the Palau area the catch rate is down below that of the preceding month,
but many areas with catch rates above 0.2 are noted where the albacore
schools seen from November to January are lingering on. In March the
catch rates become extraordinarily low, and it is thought that February
is the season at which the Palau population is in the process of disappearing.
We have no data on the size of fish in the Palau group, but believe that they
a.re of a.bout the same size as in the preceding month, In the area of 0° to
4 N, . 140 E. to 150 E. , the average weight of the albacore is 6 kan /50
lbs. "/ which is smaller than the fish of the mid-latitude areas.

MARCH

General .

Indications of the decline of the fishing grounds are conspicuous
and all grounds look to be in their final stage of the fishing season. There
are no longer any noteworthy catches in the South Sea areas. Around Okino-
torishima, cases of catch rates of 2.0 or more are still seen, but the catch
rates appear to have fallen around the edges of that fish ground. On the
fishing grounds north of the Subtropical Convergence (North Pacific ground
and Kinan ground) absolutely no southward movement of the southernedges
is seen, indicating that the southward movement has already stopped. On
the other hand, the northernmost portions of the fishing grounds are conspi-
cuously fading out, and either there is no operation at all north of 32 N, or
the catch rates are extraordinarily low. Between 140° E, and 150 E. in
February there was a continuous row of areas of high catch rates extending
to the vicinity of 35 °N. , but in March this drops off conspicuously. As a .
result, the fishing grounds have a breadth from north to south of about 200
miles and extend from 130°E. to 170°W. The overall average catch rate
for the areas east of the Ogasawara and Izu archipelagoes, which was 3,98 .
in February, is 2,42 in March, while in the areas to the west of the islands
the 2,73 catch rate of February is down to 2, 31 in March, indicating that
the end of the fishing season is approaching. One noteworthy thing, however,
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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
Subtr0p1cal Convergence) has stopped its southward movement between
140° E. and 155 E,, a part of this group at this season continues to move
south and breaks through the Convergence into the sea areas to its south,
80 that we f1nd°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., 80
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,

l. 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 groundo At this season the position
of the Subtro%mal 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 and 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,

The intrusion of the Kuroshio between 140°E, and 150°E, shows a
decline in strength as compa.red w1th 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

o~
16 .5/ |‘5 '\0 strength of the Kuroshio is at its lowest
“' L s ebb, and this condition can be clearly
y x @\/f ) seen by comparing the results of obser-
i Dins. 7
H

vations due east of Cape Inubo, shown
00’ 30" in figure 2, and the data on sectional
observations southeast of Cape Nojima,
section 300 miles due east of shown in figure 3 f'or February, 'with

Cape Inubo, 1936. the. m.onths 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,

60’ 100

Figure 2, --Vertical temperature

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 cannot 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 Japanthan
in February (fig. 1). Particuarly in 1951, the intermediate zone obtrudes
into the sea areas just along the east side of Japan, with areas of high
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 from that of February. The tendency for fishing
conditions along the southern edges of the fishing grounds to be quite stable
and with little variation, but with the variability increasingoto 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 32N, 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, 3

ﬁﬁ-:.k 140 1{1 u2 1{43 L 1l45 1146 1147 1{48 Le9 1{50 151] 152 1{;3 154 155 154 157) 168 159
ﬁ.N‘ﬁ 141) 142) 143{ 144) 145| 146| 147| 148) 149] 150 151 152] 15:ﬁ 154 155| 158 157 158 150l 150
33~3¢ | 0| 0l.72h.61k.67 0
32 ~ 33 [4.210.420.34  [0.6701.22
31 ~ 32
30~ 31 .74 2.81[3.40 0.83 189 |5.67
29 ~ 30 [5.72}3.27 4.11  [5.7312.6912. 00 6.544.301.65  |4.39)4.99
28 ~ 29 |5.50[2.392, 29 : 6.4944.30
27 ~ 28 [5.98 0 4.46/5.430.80,  [0.50 " 13.92/5.991.82
% ~ 27 [7.79 0 0.13  |1.54 1.36
25 ~ 26 |5.15 0.27 0.27  10.27 0
24 ~ 25 ol o 156 2.222.501.09 0.430.35
% B 160 161 162 163164’ 165) 166 167 168 169
P EE 11| 162 13 54| tes| 166 157 18| 160 70
CN i
33 ~ 34
32 ~ 33
31 ~ 32
30~ 31 2.00 4.08
20 ~ 30 [2.91'3.66/2.794.74)3.35
28 ~ 29
27 ~ 28
% ~ 27
~ 2
24 ~ 25
1950, 3
L %E&F 140 141 112‘ 143 144] 145 145( 147] 1)48‘ 149 150 151) 152 159/ 154 159/ 156 157 158 169
i Sl ez 1243, Yidl $s| as 1147| e 149! ol 151 1)52, 1153| e 155, 156| 157) 158] 159| 160
33 ~ 34 [0.220.24) 0 [t.450.43
32 ~ 33 |2.207.4501.07)0.520.11] [0.76 0| [0.11
31 ~ 32 [0.84 |1.080.80{0.91/0.5600.510.64]
30 ~ 31 [1,97[1.052.82)3.203.71[2.18 0.61 3.06
20 ~ 30 |4.18]3.21]4.74[3.322.87(2.41]1.603.16/1.965.77  13.152.86 2.96[3.31(3.12(2.73/4.00
28 ~ 29 [3.13  [2.74/4.23 0.272.000  |2.612.032.32i2,172.26 1.92
27 ~ 28 0.54 0 0.16(2.65,1.49/3.100.06
26 ~ 27 0 0
25 ~ 26 ol of o 0 0
24 ~ 25 0 0.32}0.06{0,05
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Table 1, --Albacore fishing conditions (catch rates) by unit areas on
1 degree of latitude and longitude for March, 1949-52 (cont'd)

1950, 3 (cont'd)

@EE 1}60 1161 1;52 1)63 1?64 1}55 1?66 1257 1168 .1169 1170 1171 1172 1)73 1{4’ 1175 176 1)77 1}73 -1179
,Nﬁ 161) 167] 163 164| 165 166 167 163 164 170} 171} 172| 173] 174] 175 176 1177 178/ 179) 180
33 ~ 34
32 ~ 33
31 ~ 32
30 ~ 31 2,293.771  0.09]  [0.804.25(5.15|3.36)
29 ~ 30 2.15(3.45/4.423.872. 74!1,51/1,923,35/2.50/1.25/1.65| 2, 85!
28 ~ 29 2.7q1.751 3.942.68  [3.64| |0.51/2.68/1.01/4,48 0.29
27 ~ 28 0.44 8,94
26 ~ 27 0 0 0.14/0.160,71/0,06)
25~2 | 0| 0 0.14/ 0 ol o 0.03)

24 ~25 | 0 0.07 0

141] 142) 143] 144] 145| 146| 147] 148] 149| 159} 151| 152} 153| 154] 155| 156/ 157 158 159

til ! Ll l t !
142{ 143 1a4] 145| 146 147) 148) 149) 150/ 151 152| 153 154| 155 156/ 157 158 159 160,

33 ~ 34 [0.2100.33 0.52
32 ~ 33 10.230.710.82]1.14 1.20
31 ~ 32 10.20, 0 {1.000.272,20 4.41!3.80
30 ~ 31 |4.806.734.94 [5.95 5.01/6.80/11.2 4.355.10
29 ~ 30 |5.00(5.7214.663.90(3.31|4.9612,63(6.227, 968,07 3.14
28 ~ 29 2.29(5.01/2.523.290,67 4.27/6.37|1.07] 0.40
27 ~ 28 0.43  |2.23(3.760.63 0
2%~27 | o]l o lo.o8 3.18

24 ~ 25 0.23

G 160! 161| 162| 163| 164| 165| 166] 167| 168| 169} 170{ 171 172 173] 174 ]75‘ 176) 177) 178! 179

B z ! ! z v 1y vl z
#%N 161| 162 163] 164| 165| 166| 167| 168) 169| 170| 171| 172| 173) 174{ 175{ 176| 177) 178/ 179 180

32 ~ 31
31 ~ 30
30 ~ 29
29 ~ 28
28 ~ 27
27 ~ 2 |
26 ~ 25
25 ~ 24
24 ~ 23

33 ~ 32 | |
|
l
'
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Table 1, --Albacore fishing conditions (catch rates) by unit areas on
1 degree of latitude and longitude for March, 1949-52 (cont'd)

1952, 3
g B 1{10 1;11 1142 1{3 1144’ 1{15 1{16‘ 1147 1?8 1149] 150] 151] 152 153 154 155 156| 157 153] 150
l IR
ﬁiNE | 141] 142 143] 144] 145] 145] 147] 148| 149| 150, 131] 152 153 154 155 156 167] 153) 159 o
33 ~ 34 r
32 ~ 33
31 ~ 32 5,07
30 ~ 31 [3.16/4.01/10.641,94 4.60|11.058.2117.57/5.70)
20 ~ 30 [7.425.1217.:54.71 6.466.41/3.575,20/3.58 3.86  [1.41/4.48/4.93

3.4112.43 3.84/1.21

160, 161] 162! 163 164| 165 1{56 167] 168 169 170| 171; 172 173 174 1175 176 177 1178 17s1

R NN RARNEARARNE! U]
161 162 1263 1z64 1les 1166 167] 168 169! 170/ 171) 172 173; 174| 175 176| 177] 178/ 179] 180
8.99 4.48 3,81
4,184,20(3.20|3.202,41 3.48| 4,93
4.47 4.74 2.52r
0.07 0.13
0,24,

Table 2,~-Albacore catch rates, by
years, in the North Pacific ground

B E
ER Longi. 140~150° E | 150~160°E |160~170° E | 170~180°E
The year.
1949 3.71 3.65 3.36
1950 2.10 2.54 2.50 2,81
1951 3.94 3.03
1952 5.79 5.45 4.1 3.84
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Table 3. --Coefficients of From December on there is a gradual
variance of catch on the narrowing of the north-south extent of the fish-
North Pacific ground ing grounds, and the form that it takes is a

fading-out of the northern edge of the grounds.

Lat % . . What this means is that the areas where the
B | 28~80°N | 30~32°N e )
ﬁngi. fishing is unstable gradually cease to be fished.
140~150° E 49.7 56.5 It is thought that this is because the schools
150~160°E 42.1 37.5 which are being pushed south from the northern
160~170° E — - areas have declined in numbers and, as aresult,
170~180°E 46.3 56.4 all that is left is the accumulation of schools in

the fishing grounds along the southern edge.

Table 4, --Length composition (%) of albacore landed from the North
Pacific ground. Mean weights are in kan = 8,27 lbs,

B B | 2 K& [JEB® [45~55 55 | 65| 75 | 85| 95 P05 | AR | KRR L(%)
] Fish ! ) [ { 1 r Mean Ratio of mean weight
Lat, Longi, [measured.l (cm) ) 65| 75| 85195 105 (Il k1 weight. | of March to February,
140~150°E | 3481 | 1126 M4 124 4 3.02 76
28~30°N [{150~160° E 196 1|24 3_9 22 | 10 4 3.33 78
160~170°E 142 612065 6| 2 2,65 55
170~180°E 468 2264520 6 2,64 79
140~150°E 306 5/47143| 5 2.38 93
30~32°N |170~180°E | 222 15(42]30| 9| 4| 3.5 9
180~170"W 78 3(30(39]|18]| 12 4.35
32~34° N [140~150"E 54 4 |15|57(25 1 96 103

Note: Underlined figures are the most numerous length classes,

Size of fish

In general, the tendency for the fish to be larger in the east than
in the west and smaller in the north than in the south continues, The fish
are smaller than in the preceding month, a trend which is particularly
outstanding in the fishing grounds of the southern edge.

Table 5, --Monthly changes Table 5 shows a comparison of the
in mean weight (in kan)in changes from month to month in the average
the North Pacific at 30 - we1ght of the f1sh as between the area of
32 N. 140 E, to 150 E., where the fish are small-

est, and the area of 170 E to 1800, where

A 5l
IgE Monthly.| 128 |15 | 27 they are largest., (Since there is also a
“[Longi. Dec. | Jan. | Feb. |Mar. | gifference in size from north to south, the
140~150°E 3.8 2.3 42.6 2.4 comparigon is baged on landings from areas
170~180°E 4.7 |3.9 |3.5 along 30 N to 32 N. )
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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
close of the season in the area of 170 E to 180° , where the fish are on
the average 1argest 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 relat1onsh1p between the sizes of the fish taken in Decgmber
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 forrnatlon 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 begm 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 r_ﬁay 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 concentratedcatches
of small albacore were made., Their size was very small, the average
weights being 2.6 kan /21 5 1bs. / at station 1 and 2,0 kan /16 5 1bs. /
at stations 9 and 10. At all other stations, the catch was mainly large
albacore, with the average body wejght in all cases above 4 kan /33 1bs. /.
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,
and 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

. =4 v

zo B A ggsiﬁftﬁg Waﬁr temperatiﬁré. *gﬁﬁg}?g %ater temperatuf: Ia-?oo%o:d % I‘%ﬁég

3 Date. ™ *' | om | 50 | 75 |00 [S5% " | om | 50 | 75 | 100 | 150 [’ ool
29° 37N 29° S5U'N

13,18 174° O5'E {17.9517.5 117 .4 174° 06'E(17.8 17,6 [17.6 (16,3 [i5.1 4.33 ™1
29° 271 29° 45!

2 19 | 174° 52¢ 20,1 |18.5518,2517.7 | 174° 57" {19.9 [18.65 1.72 96.6
29° 29 29° 33

3 20 | 174° 46/ [19.4 |18.9 [17.6 |17.3 | 174 °25' [18.4 {17.6 [17.4 {17 5 [15.9 2,86 96.7]
29° 36/ 29° 82!

4 21 174° 31U |18.2 |17,95017 8517.6 | 174° 24' |18.7 37 75/17,85(17.05/15.85 0.52 M,
29° 19 29° 30 ]

5 221 174° 49 (18,4 |17,85(17.9 |17.5 | 174° 15" [19.1 0.48 90,
29° 07 29° 26/

6 23 | 174° 427 |19.4 17.€ |17,55 174° 32' |18.4517.2516,9516.7 |16.35) 0.92 97.4
29° 30 29° 46!

7 24 | 174° 19 17,.75(16.95\16. 75| 174° 10! [18.7517.5517.3516,70,15.70 1,96/ 90.2
30° 10 30° 09

8 25 | 174° 10" (19,6 |18.65(17.9 |17.25 (74° 26/ 17.65(17.1 (16,6 0.09)
30° 03! 29° 44/

9 26 | 171° 55 |18.0 (17.1517,15/16,25/ 171° 58' 117,1517.2517.25/17.0 |16.1 2.29 72.8
30° 2¢ 30° 26/

10 27 | 172° 02' [17.1 |17.4516.85/16.2 | 172° 06 17.8517,1517,1 {17.1 |16.75 3.92 72,8
29° 00/ 28° 48/

11 29| 168° 31’ |19,8 |18,65/18.1 |17.65] 168° 54' {19.6 [18.1 [17.6 [17.35[17.95 3.76 9.3
28> 53 29° 1t

12 30 168> 26! [19.7 [19.55(19,5 |19,0 | 168° 39 16.65/16,35 3,78 96.0
29° 0%

13 31| 168° 55/ 17.65]17.35; 1,60

According to the following table, areas where the majority of the
fish were under 75 cm, were all north of 30 N. Fish in the size range
of 75 to 95 cm., for the period Ja.nuary to March, made up the majority
of the catch between 28°N, and 30° N. and thus were farther south than
the fish below 75 cm. in length,
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Table 7., --Percentages of small
medium, and large albacore in
the North Pacific catch at 140°-
150°E. by month and by latitude

Fish under 75 cm.

B E WA TATA T 2 37
Lat. Oct. | Nov.| Dec, | Jan, | Feb, | Mar,

36~38°N| 1|39 | 48 | 75 | 98
34~36°N 2 | 56 | 58
32~34°N 0| 1|3 (747
30~32°N 5| 50 | 34 | 52
28~30° N| 8| 4| 28
26~28° N| 0] o
24~26°N 0

Fish 75 to 95 cm,

M ® (10F| 1B | 12A 18|28 3R
Lat. | Oct. | Nov, | Dec, | Jan, | Feb. { Mar,
36~38°N| 99 | 6l | 51 [ 34 | 2
34~36° N 71 44 35
32~34°N 97 81 57 26 24
30~32°N 8 | 50 | 65 | 48
2B~30°N 51 | 18 | 68
26~-28° N 21 5
24~-26°N 4

Eish over 95 cm,

G 1105'115]12}3 TH{Z A |3 A ]
Lat. Oct. | Nov. | Dec, | Jan, | Feb, | Mar,
36~38°N 0 0 0 1 0
34~36°N 2 1 6
32~34°N 3 9 4 0 0
30~32°N 10 0 0 0
28~430°N 46 18 5
26~-28°N 9 | %
24~26°N 95

Note: Underlining shows where
more than half of the fishwere
in that length group,

Data are lacking for March
from south of 28°N. , Bo it is not known
to what extent the fish of 75 to 95 cm.
have moved south., South of 28°N. in
January and February, however, alba-
core above 95 cm, inlength predominate
overwhelmingly, and in April and May
also in this area fish above 95 cm.
make up almost all of the catch, so it
seems likely that not many of the medium-
sized albacore come southof 28°N, Con-
sidering these various points together,
it is thought that the smaller the fish,
the farther north the position at which
the various size classes of albacore stop
their southward progress, Albacore
above 95 cm, in length are thought to
pass south of the Subtropical Convergence,
but more will be said about this later,

The depth at which albacore are
caught is thought to be related to various
factors such as oceanographic conditions
and weather conditions (for example, the
amount of light in the water), but not
much is known because of the inadequacy
of the data, According to the data pre-
sented below, the efficiency is highest
on the branch lines which reach the
greatestdepths. We find exceptionally
cases in which there is almost no diff-
erence in the number of fish taken by
the deepest hooks (145 to 150 m,) and
those next deepest (120 to 125 m. ), but
in the Sagami Maru's case hooks num-
ber 3 and number 5 are at almost the
same depth, Catching efficiency appears
to drop considerably on the shallowestim
hooks (85 to 95 m.). The data are given
in tables 8 and 9,

Table 8. ~--Depth of capture of albacore. (a) Results of Sagami Maru's

investigation, March 1950, at 280-30°N.. 170 =175 E.

No. of hook,

&ﬁi%’1’2r314|5i5’7 Note: See table 6 for water

Dezpth estimated.

# & 28 B (m) ’ 9) ’ 125‘ 145 15()’ 145[ 125; 90 temperatures and size of

3H18H 18th Mar, 3 6 4 5
#» 19H 19th. » 2 4 5 7 3
# 208 20th, 7 2 4 10 11 14

fish, Hooks 1 and 7 are
5 | 1 shallowest, 4 deepest, Actual
4 numbers of fish caught,




Table 8b-(1). - -Results of No, 3 Nissho Table 8b-(2). --Results of oceano-

Maru's 1nvest1gat1%ns March 1953, graphic observations by No. 3
at 28 -30 N., 145 -160 E. Nisgsho Maru
H R | Ry R Om] 10m | 25m
Date, Catch of No,| 1 | 2| 8| 4| 5 4w @ %1 - iﬁL‘ﬁ - inpa E
bm | R #11 %
Z‘iz 2 1 1 H e (@l B E' 5 i 18
. 2 | mpmw | 1505 :
2.90 1 1 10| S5 |12 4083 [on86d ji418.70
2,22 1 1 2| 4 18 20 1
16.5 [2916.84 1291634
2.26 | 38+2 31815 6] 1 10} sE20' | 1930 l
2 | 22°10'N| 12 00
z‘?‘? g“ f : 1: i 2 18 | 158°51/E| 13 1012-9) | 712438 7\23.83
' 2| ZL4ON) 08 3005 o | olas24 | 02489
3.2 23+1 2 9 6 3 19| 150°09'E| 09 50 ‘
3.3 25 1| 9] 9| 6 2 | 22°5%N| 08 56
3.4 | 51 2 16|20 | 7] 4 20 | 150°16'E| 09 50P4-§ 42450 24|24'55
2 | 23°03/N| 08 05 ’
solwe )z sl A S e o
. 2 | 21BUN) 08 086 o | 1975 |1219.86
3.7 37+1 3 9 | 13 8 3 26 | 159°11./E| 09 40
3.8 | 62 7121 | 24| 4] 5 2 | 28°43/N| 06 16
3. 9 o841 2l 5| 0| 6| s 28| 161010 | 07 10|!8-Y 211855 [2818.44
3 034/
. 19 1] 3 29°34/N| 07 08
:3>, g 87+2 4| s ig 1?) tls L o028 08 2017 fIAIAAY EAUSAS
7 5 3| 202N 05 3615 | | ghgs0 | shast
3.13 4 12 5 1 2| 160°59 E| 06 30
3.14 30+1 4 8 8 7 3 3 | 29°99N
o 41790 | 417.
3.16 19 2 4 7 5 1 3| 159°44'E 1 17.76)
8.17 7 2 3 3 BN 1019.63 [10/19.63
3.18 19 5 16| 1 3 | sgodoin
3.19 | 54 1012|1411 6 5| 160°22'E 1018.95 11018.78
3 | 29°08'N
Total | 580412 | 50 | 150 | 212 | 120 | 47 6| 160°22'E 1219.42] [1219.56
3| 29°13/N
7 160°28/ E 15 18.70
. 3| 29°
Note: Estimated depths of hooks 8| ooy 41800, | 4n7.85
are 85 m, for 1 and 5, 120 m, :,; 30°22/N olis ol | ehst
for 2 and 4, and 145 m, for 3. , lzgoi;;’;
]_'i‘ranslator s note: Figures 11 | 155°28'E 31835 | 31846
after plus signs are probably 13? 29°§§N ihses |11lis.4s
2 | 155° :
numbers of shark-damaged fish, ./ . 29%,;3
13 ]54018,E 4 18.49 4 18-34
3 | 29°16'N
14 ]53052, E 5 18.84 5 18.62
3| 30°10'N
16 | 149°26'E 16{19.01] |16{17.01
T 3| 291
/Translator's note to table 8b-(2); 7| 9 iaE 1318.88 |1318.76
Columns from left to right are 3| B4oN 71930 1171938
. . 18 | 148°20/ -
month and date, position, time, 3 290(2)2,2
wire angle, water temperature, 19 | 148°29'E 81851 | 817.64

and chlorinity (blank), / —e
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Table 8b-(2). --Results of oceanographic observations by No. 3
Nissho Maru (cont'd)

Fjr sy 50m | 75m [100m 150m [200m ] 300m{400m [ 500m; 600m
o | R [ mﬂ...m & Imyﬁz x u,m; X HG K DGR K R A
| e 3 gr

R hm F | #E E Iﬂ = S 5 H
ol w i m e m Rk m ik B fle i om i R

\
85 S W5 05 l | BN
SES e 014le69 20118.35 141683 | | RN |
< B20 {g 20B2li6.18 [2315.78| [23115.35 32%14.80‘ 23‘|u.87j 30 989 30| 8.45) 30| 5.85
* - |
22°10/N |2 00} ' ! | | |
WgesUE (3 10| 72374 | 72343 | 72338 7621.03 7}17‘491 5115.58] 5 13.26‘ 5/ 7.79
21°46'N {08 30 ‘ N IR
150°09'E |06 50| 02482 2124.78 224,90} 32117 2119.91‘: 3 m.14% 3i13.41
22°63/N |[ng 56! | ! | | ' i I
150°16' E |19 sol2424:27 24]24.14 2423.90 24)20 42 1241878 1441775 441623 44/13.05
23°03/N108 05 ;
163°491E g ag122147 | 92091| 132041 IZO 28 12 18 19 26 16. 42 2615.14; 26(10.03
27°51'N|08 03]

28°43/N|06 16 l \
161°10 £ 107 10 | 4513.62
29°34'N |07 08] ! | ! . l
160°28' E log 20221845 {21850/ [2118.54) 2117.80, {2118.05 21i15'55 21)14.14] [2111.21
29°02/Ni05 3¢ -
160°59 E {06 30!

29°22'N 05 30

|
i \ i \
159°1;.1'El09 40 12019.73) 719.74 7.19.86 12}16.84 8[16.19' 8 14 19 J 810.01
l
|

21118.43  21,18.25! (27/18.26 28]18.29 4517.80 45,‘16.52]
!

15i15.25 1613.49
I

|
i
|

18.64 5‘18.50 11 18.53‘: 1117.33] (111748

150°44'E [pa g 411776| | 41776/ | 91780 | 91758 9‘16 85 | 41556 | 4)1382 | 412.39
28°48/N |03 47 .
160°08/E |09 3101883 [111853) | 718.17) | 71765 | 73654 151562 [1514.00 [1511.33

28°40'N
160°22'E
29°08/'N
160°22/E
20°13'N
160°28'E
20°50/N
159°52'E
30°22/N
159°24/E
20°42/N
155°28'E
29°46/N
155°26/E
29°26/N
154°18'E
29°16/'N
153°52'E
30°10'N
149°26' E
29°12/N
149°13'E
28°45/N
148°20E
29°09'N
48°29'E

18.44] (1017.98 121117.83 [21/16.77] |2116.65 [3515.72 [3514.72 [3512.57

|
|
| |
9 |
1 |
N

19.45] (1219.327 112/18.32 12|'17.45 12116.443 21546 {1213.72| {12111.49

iy

. i |
518.38 |25/18.06 2~!I7.37 25‘16.48 5515.87] 5515.26

| |

i
17.80| {817.78| | 817.62 [ 817.37 99‘16.79 19(15.70 19,14.32

} [

17.97| 161809 h2l17.96 h2i7.66 |121697 [215.78 j1214.41| [1211.48

| Ry

18.33] 318.17 8117.80, 817.37 8117.12 415.81 4114.20 411.81
| i
1838 [11/18.43) 126/18.02] ;2617.67 126 17 03 31116.09 13115.36 13115.90

|

517. 47' 2116.00 [21]15.58] |21/12.86)

|

18.97) 11618.97) |16]18.70) [1617.74' [1616.80. [1815. 95 1814.07) ]1812.02

18.58

18.220 | 4i18.20] J15/18.19; 11517.88

|

1829 |5

18.28] 1 6(18.20! { 618.02 6!17 5! 916 34l 91512 }912.74
|

l
18.68( (13:(8.22) [20017.78! 120[17.25 17.08

{
|
; b9 16. 33 2911531 12912.49
!

|
17.52 23/16.98 23;17.01 93 16.88

B 20 Jw oW Rov it W HW oW oW a0 GW P fW W W W E N Fw HNo T Zo S 58

19.44] 11711930 ]31/19.36 :31/18.86 [3118. 93; '
}
l

/Translator's note to table 8b-(2): Columns from left to right are
" month and date, position, time, wire angle, water temperature,
and chlorinity (blank). /
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(2) Kinan Ground

Along the northernpart of the fishing ground the f1shmg cond1t1ons
are dull, and the zone of high catch rates lies between 27°N. and 31°N,
The catch rates are highest mthe areas east of 136° E., with values of 3.0
to 6,0 indicated, West of 136 E., in most areas, the rate is below 3.0,
The oceanographic conditions do not differ muchfromthose 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.

# @ |[SEH thk B M R (% Length composition. | YK E | PHEKEOMAL
. Fish me- - . Ratio of mean weight
Latitude, [ocoreq 95~105 Mean weight.| ) ) B February.
26~28° N 201 1 59 39 1 3.34
28~30°N 1278 2 40 55 3 2,44 %%
32~34°N 3 2.50

It will be noted that in this area fish of the 75 to 95 cm, group
have penetrated quite far south, It is characteristic that the catch is
made up only of medium and small albacore, and that hardly any large
albacore are seen,

2, Grounds South of the Subtropical Convergence

(1} Okinotorishima Ground

At this season there are few vessels operating, so little is known
of conditions, but compared with the preceding month it is thought that
the catch rates are somewhat lower, Particularly around the periphery
of the fishing ground, and taking into account conditions in April, thedrop
is conspicuous., It is thought that the schools have probably moved away
somewhere else, but of this we have absolutely no knowledge. There are
still, however, catch rates of 3.0 or better indicated in the vicinity of
Okinotorishima, and it appears that the albacore in this sea area can by
no me ans be ignored. Judging from the size composition on the Kinan
fishing ground, the recruitment from that area of schools of large-sized
fish is thought to be extremely slight, It is thought that the schools that
were in this ground in the preceding month stay there, or else the ground
is replenished from some other area. We have no information on the size
composition of the fish, but they are thought to be probably large albacore
as in the preceding month,
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(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 and north of 10°N latitude from September to February
large albhcore are taken in some numbers everywhere, but the catch rates
rise above 1,0 onlyinextremelyrare 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 veryfew,
80 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 blgger the
fish are, The albacore which appear in March between 15°N. and 25 °N,
are, as shown in table 10, extremely large, and it is thought that these
albacore continue their southward movement after 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

*k B ® ‘
BL 95~105cm | 105~ 115cm115cmpl b | . 27 L%

iz B #

Fish measured. 0 151 7 6.82

Since the Subtropical Convergence in March is between 22 °N. and
24°N, , this means that the schools of albacore break through the conver-
gence and continue on south of it, These albacore are of no great impor-
tance as the objective of a fishery, but as a link between the albacore
distributed north and south of the Subtropical Convergence, and from the
standpoint that they are thought to have some connection with spawning,
they are believed to be important ecologically,

(3) South Seas Grounds
In general, the fishing is at an extremely low ebb, West of 140°E
there is almost no trace left of the Palau fish, and the albacore in the South

China Sea have also disappeared., East of 140 °E. there are still occasionally
cases of catch rates above 0,1,
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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 lbs, / (based on measurements of 10 fish) at 0° to 29N,, 150 E.
to 160 E., gnd 6.8 kan /56 1bs, /(based on me asurements of 8 fish) at
10°N. to 1% N., 170°W. to 1809, 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 time 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 com-
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 Subtropical
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 moving 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, latltude while the southern zone, also running
east and westf lies between 23°N, and 26°N, The position of the Sub-
tro%mal 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 hand, is thought to
consist of fishing grounds 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 catchin
the southern zone showgreat differences from the northern zone and the
North Pacific fishing grounds above it, indicating that the northern and
southern zones are of a completely different character, The principal
catch in the southern zone is striped marlin, and 1n 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 positione at thich 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, sodata
are few and the values shown for unit areas are not reliable, but from a
comparison with the catch rates 1noMarch (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 roates appears to be pushed from 30°N. southward
to the vicinity of 25 N, to 27 N.

Udaﬂl, 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 tothe
line of 150°E. and then turned north. However, when we consider the
movements of these albacore which have migrated south to the northside
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 torise simul-
taneously 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.)

4 I { 3l
BE | B | BERE, o o | o A |
28~30° N || 140~-150°E 952 0.3 | 5.8 |64.9|27.5 1.4 0.1 3.15
30~32°N | 140~150°E 1303 0,7|11.1|50.9]| 34,0 3.2 0.2 3.23
28~30°N | 160~170°E 65 46|29.2| 58,4 7.7 5.29

There is still room for investigation of the question of whether or
not this tendency is a phenomenon that is limited to the southern extremity
of the fishing ground. It still appears that the fish are larger off to the
eastward, Between 140 E, and 150°E. medium-sized albacore of about
3 l_<_a._n__/_-25 lbs_.j predominate overwhelmingly. Between 28°N. and 30°N.
the size composition shows practically no change from the preceding month,

£
1—-0-/ Uda, Michitaka and kﬁématsu Tokunaga., 1934, Relationship

between albacore fishing conditions and oceanographic conditions. Bull,
Jap. Soc, Sci. Fish., Vol. 5, No. 5.
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but between 30°N. and 32°N, the size has become larger, with an average
weight of 3,2 kan /26 1bs, / as compared with 2,4 kan /20 lbs. / in the pre-
ced1ngomonth This increase in the size of the fish taken 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

" The center of the fishing ground has clearly shifted to north of
30°N. , 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 and Ogasa-

wara archipelagoes, the waters north of 30°N.
Table 2, --Albacore catch continue to offer the most active fishing condi-
ra.tes og the Kinaén ground, tions (see table 2).
28°-32 N., 133 -140 E.

The composition of the schools is not

LQ& M°“t}ﬂy_ Msj :: known because of a lack of measurement data,

t. i : but the size of the fish is thought to be approxi-
28~30°N | 3.89 1.83 mately the same as that found in the area of
0~52°N | 2.82 | 5.03 28°N. to 32°N., 140°E. to 150°E.

2, Grounds South of the Subtropical Convergence
A. Grounds in the Area Between 10°N. and 25°N,
(1) Albacore East of the Line of the Izu and Bonin Islands
(Albacore of the Southern Zone)
In the section on the North Pacific fishing ground it was stated that
the albacore of the northern and southern zones differ markedly withregard

to fishing conditions and size composition, The size composition of albacore
taken in the southern zone is shown in table 3,

Table 3, --Size composition (actual The catch is composed
numbers) of albacore landed from entirely of large albacore andthus
the southern zone (mid-latitudes differs conspicuously from the size
east of the Bonin Is.). composition on the North Pacific

fishing ground, The catch rates

" % 95~105cm [>105cm 13 E ?&;?wtff are not veryhigh, with a continuous
| & B 3% o =7 6.97 * line of areas showing values of around
Ih measired. TR 0,1 to 0.5, This sort of ground

appears not only in the southern
zone, but seems to extend far
southward to the vicinity of 15 °N.
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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
qu1te clear 1n 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 followmg months is thought to be due to the scar-
city of data for the vicinity of 20°N. In actuality, judging froorn 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
importance 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-l-l/ has postulated that the albacore of the area from the
Ogasawaras to Uracas Island are a separate stock from those whichmigrate
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, 193§. 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 are 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 1,0 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 and decline of this fishing ground is
similar to that of the North Pacific fishing ground, but it remains inexist-
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 suchpoints
into consideration, it is thought that this area offers some conditions which
make albacore likely to stop there, and 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 Kinan 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 from 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 above 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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B. Grounds in Tropical Seas South of lOoN.

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 1bs./ 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 allthatis leftisthe 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
Japan, and thus the aspect of the albacore fishery is completely different
from what it was during the winter,

(1) North Pacific Ground and 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
from data of the Northeastern Regional Fisheries Research Laboratory)
shows, in Ap1611 the isotherms begin a general northward gxovement 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
water mass east of Cape Nojima, its most advanced po1nt reaching to 37 N
It will be noted that the northward movement of the 20°C. 1sot161erm is more
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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longline fishing ground for albacore.
In Aprilithas 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-
te%ed data frogn the sea areas between
28 N. and 35 N., and although these
data show occasional cases of catch
rates of 1, 0inthis area, the albacore
catchas a wholeis much less than in
the preceding month, Itisthoughtthat
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 isinclined
8 to think that at this season, because of
172 some change in ecological conditions,
the fish have just ceased to be available

Figure l.--Average distributionof (4 the longline fishery.

isotherms (from data of the Tohoku

Region, Fish. Research Lab.). 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,

N1
v

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
Kinan 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
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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.
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Figure 2, --Distribution of pole-and-~ June 1952, by 10-day
line albacore fishing grounds, May- periods,

June 1951, by 10-day periods,

Table 1, --Length composition (numbers of fish) of albacore taken
on pole and line in 1951, by grounds

%38 A. Ground A,

I ” B & R | 65~750m | 75~85cm | 85~95cm | 95~105cm [>10550 & | . 2 H &

Period, Fish measured, Mean weight,
ay10-19 696 28 458 203 1 4.6
" 20-31 4387 6 1528 2686 167 3.7
June 1-9 1385 1 450 918 16 3.7
" 10-19 619 | 1 146 443 29 3.9

ks B. Ground B.

%eriod%q‘; o % PR B 65~-75cm | 75~85 85~95 95~105 |>105L1 | ¥ 8 HE R

Fish measured, Mean weight,
June 19 | 2165 316 1545 303 1 . 2.9
" 10-19 518 52 305 161 3.1
" 20-30 1507 56 983 462 1 3.2

#4 C. Ground C,

Bl 2 B % = s Iy HE N
Tetiod ! | Fih oo B | 65~75cm | 75~85 | 85~95 | 95~105 |>105Mk .

June 20-30 1059 57 671 330 1 3.2
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(2) Grounds South of the Subtropical Convergence

Albacore fishing in these areas is extremely dull, with only a few
taken from time to time incidental to fishing for other species, Since no
important changes in the location of the albacore can 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-s8ized 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 showmg faJ.r catch rates in June west of Midway
Island in the vicinity of 33 N to 34 N., 170 E, to 180 ¥From June to
September the pos1t1on of the Subtr0p1cal Convel:agence runs through the
pou&ts of 31 N at 150° g., 29 N at 160° E,, 30N, at 170 E., 32° N, at
1807, 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 numbers 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 1bs, /resembhng 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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obtained 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 A Midway Island. According to their results, the catchrates_
were extremely low, and the fish were still about 3 to 4 kan /25 to 33 1bs, /
in weight, (The same vessel, fishing south of 30 °N. , that is, on the south
side of the Convergence, captured large albacore, but more will be said
about this later,)

To summarize the above, the movements of the albacore from June
to August are such that longline fishing is extremely dull, and althoughfair
catch rates appear in rare cases, the fishing is extremely unstable.

Judging from the fact that albacore pole-and-line fishing is flourish-
ing in Japanese waters in June, it is thought thatthe northward -moving
albacore schools are distributed slightly tothe northofthe 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 pokle-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 of40 N, and
although it is believed that in August the albacore reach even more 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 infish-
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 from the distribution of albacore in
this area from September on it is thought that approximately the same con-
dition is mamtamed 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
and 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 compoosition of albacore landed from waters
between 10 N, and 25 N, from May to June (actual numbers)

A E R R s s

Monthly, Fish measured, 85~95cm | 95~105cm | 105~115cm | 31155k h%ea?wgglﬁ
5 May. 206 9 63 125 4 6.75
6 June, 103 2 45 56 6.64
7 July. 74 2 25 45 6.80
8 Aug. 177 4 27 132 14 7.17

The albacore occurring in this sea area show a difference in size
between the sexes, The males are larger, an overwhelming proportion
of those over 105 cm, in length being males, The results of this study
are shown in table 2,

Table 2. --Length frequency of albacore by sex (in cm.)

90~95 | 95~100 | 100~105 | 105~110 [ 110~115 ] 115~120
#(5) male 0 1 12 25 16
(%) Femal 1 19 6 0 0
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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 males'
gonads weigh more than 200 grams 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 from 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 immature. Studies of the alba-
core taken by pole-and-line fishing in May and June show only immature
fish,

2. Waters north of IOON. 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 looksas 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 8ize 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 10 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 important 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, --Lgngth frequency of albacore taken in the tropical
Pacific, 0 -10"N.,, 140°-160°E. (actual numbers of fish)

‘I
A HMeR#& | ,_, ~ i~
Monthly. Fish measured, | 79~87cm i 87~-95cm || 95~-103cm | 103~11lcm | 11i~119cm
6 June. 3 r 1 2
7 July, 108 i 13 51 38 6
8 Aug. 250 | 15 58 110 66 1

As has already been noted, the larger albacore show a considerable

difference in size composition with sex,

The following causes can be thought

of for the difference in the size composition north and south of 10 N

1.
2,
3.

A difference in sex ratio.

The occurrence of albacore of different age groups.

Occurrence of albacore of completely different stocks.

There is a necessity for further study of these points in the future,
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