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Preface

In the past this Station has published reports of, among
other things, the progress of its work on the relationship
between sea conditions and skipjack fishing grounds in the
Northeastern Sea Area., The plan in the present case is to
select from these reports only the material of a basic charac-
ter and, adding to it data abstracted from the reports of the
National Fisheries Experiment Station, to present it as a
sumary for the use of the fishermen of this prefecture. It
is hoped that this peaper may be of some use to persons actually
engaged in the skipjack fishery.

This opportunity is also taken to express the hope that
all persons in the industry will ungrudgingly proffer the data
which they have obtained, not only in this fishery alone but in
all departments of the industry, in order to assist the Station
in projects of this sort and to work for the improvement and
development of Miyagi fisheries,

(1) Surface water temperatures and the distribution
of skipjack-fishing grounds in the Northeastern
Sea Area

According to studies made in the Northeastern Sea Area since
1929~

a, Suitable temperatures are 20° - 24° C. Within this
range, the greatest number of schools appeared at
220 . 230,

b. As the areas of suitable water temperatures shift,
the skipjack fishing grounds within them shift. (See
the chart of the movements of the center of gravity
of the fishing grounds).
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CHART OF SHIFTS IN THE CENTER OF THE SKIPJACK GROUNDS
ARABIC NUMERALS INDICATE MONTHS ‘
I,1, T INDICATE FIRST, SECOND, AND THIRD 10 DAYS OF EACH MONTH.
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CHART OF SHIFTS OF THE CENTER OF THE SKIPJACK GROUNDS IN 1937
ARABIC NUMERALS REPRESENT MONTHS
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I, T, AND IIT REPRESENT THE FIRST, SECOND, AND THIRD 10 DAYS OF EACH MONTH.
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Translator's notes

This sketch map has been added to-

to this set of translations in order o enable the
reader to identify the areas discussed in the papers.
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ERRATA AND ADDENDA

For "shipjack" read “skipjack"

The insert should be labeled as follows:

For "vetebral' read "vertebral®
For "north and west" read "southwest"

The symbol for number of poles is a lower-case L,
not the figure one.

For "N

For "Here is a constant." read "a here is a
constant."



These facts which have come to be known can bé shown in
more detail as follows:

Surface Water Temperatures on Skipjack Grounds

June July
1-9 10-19 | 20-30 1-9 10~19 [ 20-30
Temperature range [189-23°(19°-240{19°-25° | 199-26°|20°-26°|20°-26°
rithin which fish
were caught
Range of guitable |200-220)200.220]210-230 || 220-230|220-230|220-23°
temperatures
Eost favorable
ater temperature 21° 21° 22° 22° 220 . 22°
A;ﬁ b
August September
1-9 | 10-19 | 20=-30 1-9 10-19 | 20-30
Pemperature range |200-26°|200-260{199-260 {f 180-25°]180°-2501180-2},°
ithin which fish
pere caught
e of suitable |229-23°{220-240(220-24° || 220-23°|220~2 3°|219-22°
jtemperatures '
ﬁpst favorable 22° 23° 23° 22° 220 22°
ater temperature |
%m:
, QOctober
1-9 10-19 | 20-30
Temperature range |16°-23°|18%-21°(18°-21°
ithin which fish
ere caught
Range of suitable |20°-21°]18°-21°{189-21°
temperatures
Most favorable 210 209  20°
Iiater temperature i




As the foregoing table shows:

a, The range of water temperatures within which -
fish were taken was 18° = 269,

bo The most favorable water temperature changes with
the season (during the fishing season of June -
November) from a lower to a higher and then back again
to a lower temperature,

Therefore in the choice of fishing grounds it is essential
to take the 20° isotherm as the center off the B3s5 Peninsula
(Chiba Prefecture) up to May - June, and the 22° isotherm off -
Tokiwa and Sanriku (northeastern Japan) from July to September,
or in other words to seek the most fawrable temperature for
the season, as given in the preceding table, This should be .
clearly apparent from the fact that over LO percent of the total
catch was taken from fishing grounds with these temperatures.
(In the middle of summer there are also sometimes fishing
grounds:on which 24° is the most favorable temperature. These
will be discussed later.) Of course, in making this choice it
should be within a‘warm-current area where the water color is
2 - 3, the transparency about 20 meters, and the specific
gravity about 1,025.°' Particular attention should always be
paid to the pattern of the northward movement of the 20°
isotherm.

X X X X X X

(2) Lines of diséontinuity and the distribution of
skipjack fishing grounds within the areas of
favorable water temperatures in the Northeastern

Sea Area

Even in such areas of favorable water temperatures, the .
actual distribution of the skipjack fishing grounds is by no
mears uniform, and there is a tendency for them to be concen-
trated unevenly here and there. Furthermore, there are great
differences in the density of the schools even though the water
temperatures may be the same. What sort of oceanographic -
factors may give rise to this phenomenon? It is believed that
in this connection the following factors cannot be overlooked:

a, As stated earlier, the main fishing grounds are always
distributed within the area of favorable water tempera-
tures having surface water of 20° - 24°; with their
center at the 22° isotherm, but in view of the fact
that the schools of fish assemble where there are many
irregularities in the isotherms and where the isotherms



are close together, or in other words at marked
current boundaries (lines of discontinuity), it

may be thought that these current boundaries are

the greatest factor in causing the unequal concen-
tration of the schools, Especially in the case of
the main fishing grounds of midsummer, there is a
tendency for them to be located in the area of the
most conspicuous boundaries between the cold current
system and the northern-most extension of the 22°
isotherm (where the cold and warm current systems
approach each other and the gradient of the water
temperature is the steepest), within which area they
tend to appear at the tips of the warm water masses
or on their west sides (the east sides of the cold
water masses). (See the map of the distribution of
the main skipjack fishing grounds and the surface
water temperatures.)

Note: This' corresponds with the rule concerning the
fishing situation insisted upon by the late Mr., Kitahara,
"The schools of fish are numerous along the line where two
currents impinge on each other,! '

Sometimes in August a second major fishing ground, distinct
from those described above, is found in an area of high tempera-
tures and conspicuous current boundariss centering on the 24°
surface isotherm; and in such years the catch is heavy.

b, Next we can cite the factor of a rich and plentiful
supply of plankton along these current boundaries
accompanied by a concentration of skipjack in search
of food., However, it is believed that the main factor
causing the concentration of schools at the current
boundaries must be chance gatherings of schools which
cannot escape from the areas in which they find them-
selves betause of vortical movements where warm water
penetrates the cold water. Thus it can be inferred
that the more marked the impact of the currents along
the boundary, the denser will be the concentration of
the schools., (See the cross section of water tempera-
tures off Kinkazan and the chart of the positions of
the skipjack fishing grounds.)

Note: (a) The "current boundaries" mentioned here are

the boundaries where different water systems (such as the waters
of the two great systems of the Kuroshio and the Oyashio) meet

and mingle (zones of convergence). ]



150° |60°E

/'60

—20°

QI SKIPJAGK GROUNDS @ AREA OF GREATEST
TEMPERATURE GRADIENT

MAIN SKIPJACK GROUNDS AND SURFACE WATER TEMPERATURE, AUGUST 1935




(b) The most clearly marked current boundaries
can be seen in the areas where the zne of 20° - 21° water
regresenting the front of the warm current and the zone of
15 - 16° water representing the front of the cold current
approach each other most clcssly,

(c) The fishermen already know from experience
that the best fishing grounds are found along these current
boundaries where the water temperature, salinity, water color,
and transparency differ.

X X X X X

(3) Types and density of skipjack schools and their
biting qualities in the Northeastern Sea Area

a, In this area schools accompanying sharks and unasso-
ciated schools occupy the most important place; both
in terms of the number of occurrences of schools and
in the total number of fish taken. Schools associated
with birds, with whales;, and with floating logs follow
in that order of importance.

Note: In the Zunan Sea Area schools associated with birds
and schools sedentary along shore or on shoals are the most
important, followed by unassociated schools. The remainder are
a few schools associated with driftwood and with sharks. In
the Satsunan Sea Area schools associated with birds are most
numerous followed by sedentary schools and schools associated
with driftwood, A small number of other schools are associated

with sharks.

b, The catch from individual schools is greatest in the
case of schools associated with sharks, followed by
those associated with driftwood and with whales, The
remainder are unassociated schools and schools asso-
ciated with birds; in that order.

Note.~-In the Zunan Sea Area bird-associated, sedentary,
and unassociated schools supply the bulk of the catch. In the
Satsunan Sea Area, likewise, bird-associated and sedentary
schools are most important followed by schools accompanying

driftwood.
¢, Except for schools associated with birds, Fith all
other types of schools there are generally more appear-

ances of dense schools than of sparse ones; and their
density is higher than that of schools in other sea

areas.
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Note: Ia both the Zun:

ana Setsuaan s« arsas the ivoaber
of occurrences ¢f sparse schiols =xceeds thar f de

nse schools,

Note: (&) This sort of distribution rezults from the
fact that the distributicn of the objecte with which “he schools
are associated varies dependirz on the &arsez and cceanographic
conditicns. It must be that as the skipjack schocls move into
various sea areas they zssocizte tharselves cuccessively with
different objects,

(t) It is thought that the particular abundaice of
dense schools in the Northeastern Sea Area is due ito the presence
of current boundaries where the watar of the cold current system
tries to block the extension of the waters of Lha warm 2wrent
system,

(c) However, the greatsr number of dense schools
and the greater number of fish talen in this ssa area in mid-
summer in comparison with cthar sea areas is general throughout
the area,

d. The next characteristic of this sss arsa 1o be ltaken
up is the fact that the skipjack schicols vite far
better than they do in the Zunan and Ogasawara sea
areas. It is a generally lmown fact ithat the schools
bite poorly in sea areas where thers is tos much
natural food. Where plankten consisting of diatoms
and noctiluca is toc abundant, the schoocls tite poorly,
but in areas whsre the diatoms are comparatively scarce
and the plankton consists chiefly of flagellzstes and
radioclarians the fish sometimes bite well.,

X X X K9 X

(L) Sources of the skipjack schools of the Northsastern
Sea Area

a., Among the schools from which skipjack are teken by the
hook and line fishery in the Northeastern Sea Area
fish of 45 - 55 cm body length are exbremel;” numsrous
and as far as age 1s ccncerned fish in their fourth
year are abundant., There zre twe differsnt groups,
migratory schools of fat fish (condition factor over
20) and sedentary schools of lean fish (condition
factor under 20).

Notes: (a) The term "sadentary schacls" (island-bound
skipjack) is aoplied to those fish whosa way_ of life is closely
bound to small islands and shecals, The sedantary schools are
caught in the greatest numbers as they move along the Cgasawara

IRy



and Izu chains on the way to the Northeastern Sea Area,
where they are also fished.,

(b) The migratory schools are fished not only
in the Ogasawara and Izu areas but also in the seas to the
southwest of those islands. Their distribution is broad and
unselective,

b, There are thus two groups of schools of different
origins coming into the Northeast Sea Area, and con-
sequently it would appear that variations in the
catch in this area are closely linked with the numbers
of fish of these groups which migrate into the area,.
And, considering the points (1) that the migratory
schools provide 80 percent of the total skipjack
catch of the Northeastern Sea Area and (2) that medium
sized skipjack (4 to 8 pounds) make up 70 to 80 percent of
both the total number of fish taken and the number
of appearances of schools, it is thought that most
of the skipjack schools in the area are medium-sized
migratory schools and that the numbers in which they
migrate into the area have a great effect on the
catch,

Notes: (a) Fish under 26 cm body length are first-year
fish, Those 26 - 3 cm are second-year fish, Those 3 - 43
are third-year fish., Those 43 =~ 5} are fourth year fish, Fish
longer than 54 cm are in their fifth year or older.

(b) Considering the catch in the Northeastern Sea
Area from the point of view of the sizes of fish taken, the
order of importance is medium, large, and small;, but in the
Zunan and Satsunan Sea Areas the order is small; medium, and
large, In general; small skipjack are few in the north and
numerous in the south,

(¢) In the Northeastern Sea Area the catch for
1936 was the greatest in the last ten years in number of fish
taken, but the fishing situation was abnormal with the main
part of the catch consisting of small fish of around 2.5 pounds

(under L pounds).

‘ - Weight (gr) x 1000
(d) Condition factor Iaagfﬁ—{%ﬁgj—-—f-

X X X X X
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(5) Autum low pressure areas and sea conditions and the
skipjack fishing grounds of the Northeastern Sea Area

When the autum winds begin to blow and the season of the
"descending" skipjack starts, the speed with which the center
of gravity of the fishing grounds shifts to the southward is
rapid directly after the passage of a low, but otherwise it
shifts slowly, Every time an autumn low passes over this sea
area the upper and lower layers of water are either mixed
together by the stirring action of the wind, or countercurreants
are caused by air cooling, or cold water from the lower levels
is brought up by gyrals -- at any rate, this mixing action
results in a sudden decrease in the temperature differential
of the upper and lower layers., In this way the water tempera-
ture of the fishing grounds is made to drop abruptly in steps
of 1° - 2°, and with this change the area of the fishing
grounds shrinks and the fishing season draws to a close.  The
year 1932 provided the most severe example of the coming of
these autumn lows shortening the fishing season and cutting
down the total catch., This southward retreat of the favorable
water temperatures and the corresponding development of the
cold currents (flowing southwest) bring the southward movement
of the saury.

X X X X X

(6) Data for the prediction of the abundance or scarcity
of skipjack in the Northeastern Sea Area

a. There is a tendency for the catch rates in the North-
eastern Sea Area to be poor in years when the winter
and spring temperatures are low and good in years
when temperatures are high.

Note: In the Zunan and Satsunan sea areas catch rates
tend to be good in years with low winter and spring tempera-
tures, and poor in years with high temperatures.

b, The trend of the catch in the Northeastern Sea Area
does not necessarily coincide with the rise and
decline of the catch in the Satsunan and Zunan bkea

areas,

Note: The yearly variations in the catches of the Satsunan
and the Zunan areas resemble each other,

¢o In the Northeastern Sea Area the abundance or scarcitj

for the season can to a certain extent be estimated
from the amount of fish taken up to the end of Jume,

13



and an even better evaluation can be made from the
amount taken through July (20 to 50 percent of the
year's catch),

d. In the Northeastern Sea Area, in years when the water
temperatures are high during the winter and summer up
wmtil July, the bulk of the catch is taken in July,
but in years when the temperatures are low, the main
catch is made in August and September., If tempera-
tures are low during September and October, the fishing
season ends early, and 1f the temperatures are high during
these months, the season 3 prolonged.

8, In years when the temperatures are low in the North-
eastern Sea Area, the skipjack schools remain for long
and school densely in the southern sea areas; but the
number of fish that move into the northern areas is
comparatively small.

f. The trend for the fishing season in Miyagi Prefecture
to reach its peak later and to end earlier in successive
years is paralleled by a drop in the water temperatures
at Enoshima as averaged by five-year periods,
(Table of water temperatures and dates of the fishing
season in Miyagi Prefecture)

Note: (a) In the Northeastern Sea Area in years of
abnormally low water temperatures (1931 and 1934), the main
summer fishing grounds are located to the south, not moving
north of the waters off Kinkazan, and they are far offshore.
In such years fishing in the northern sea areas is poor, but
in the southern sea areas it is comparatively good because the
schools remain there for a long time. '

(b) In years of abnormally high water temperatures
(1933 and 1937), the fishing grounds reached their farthest
north position (42° N, latitude), and the fishing was better
in the northern than in ths southern sea areas, In such years
first catches come early, the end of the fishing seasom is
delayed; and the fishing season is generally prolonged, pro-
ducing a large catch for the ysear,

(¢c) Past years of high and low August surface
water temperatures were as follows:

1930 high (approaching 1933)

1931 low (approaching 1934)

1932 high

1933 abnormally high

193l abnormally low (period of low temperatures
continuing much longer than in 193)

1
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1935 low

1936 average

1937 abnormally high

1938 high {periocd of high temperatures
continuing longer into the autumn
than in average years)

Note: In August of past years, the farthest north limit
of the warm water zons of 20° to 22° temperatures reached its
farthest north position in 1933 and in 1937, and was at its
most southerly position in 193,

16
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LT

(7) Skipjack Landings at Five Ports in Miyagl Prefecture (%)
(Ishinomaki, Shiogama, Onagawa, Watanoha, Kesennuma)

Year
Month

1929 1930 1931 1932 1933 1934 1935 1936 1937
May 0,03 0,10 0.04 0.06 0.10 0 0,02 0] 7.80
June 3,00 4,60 7.30 6.30 3.40 4,90 1.10 1.10 4.30
July 23,80 47,50 37.70 38.60 39.10 26,30 19.50 25,60 33,00
August 43,10 22,00 27.10 31.70 25,90 41.50 39.20 36,10 27.70
September 18,50 21.00 23,20 21.30 29,10 23,00 28,70 29.10 18.10
October 1.34 4040 418 1.60 2,30 3.80 11.10 7,70 7,70
November ¢] 0.02 0.08 0 0,001 0.04 0.10 0 0,07
Total
number
of fish 757905348 | 9,779,498 | 12,137,977 | 6,322,290 |12,047,403 | 8,130,625 | 8,952,218 23,713,140 | 17,765,5
Notes: (1) 1936 occupies the first place in terms of number of fish, but most of the catch was small (under 4 pounds

averaging around 2.5 pounds.
(2) According to a proverb "When there are many small skipjack, the next year will bring a big eatch."



(8) On the migrations of the skipjack schools

The following is an outline of the ideas of Technician Uda
of the Central Fisheries Experimca® Station concerning the
migrations of the skipjack as revealed by the shifts in the
month of greatest catch (see the following table ) in the waters
extending from the Satsunan Sea Area to the Northeastern Sea

Area.

ao

b,

Co

Schools of small skipjack (under L pounds in weight)
The main group starts out from the Satsunan Sea Area
in May, passes through the waters off southern Japan,
and arrives in the Zunan Sea Area chiefly in June
and July., These fish advance into the Northeastern
Sea Area in August and September., There is in addi-
tion a second group of small skipjack which starts
out from the Zunan Sea Area at about t he same time
that the other group originates in the Satsunan Sea
Area, This latter group arrives in the Northeastern
Sea Area in May and Juns,

Schools of medium-sized skipjack (weight from L to 8
pounds)

There is a main group which originates in the Satsunan
region in March, shifting the center of its group of
schools to the Nankaidd Sea Area in April, and to the
Zunan and Northeastern Sea Areas around July. There
is thought to be a vaguely defined second group of
medium-sized skipjack which originates in the Zunan
Sea Area in April and reaches the Northeastern Sea
Area in May., It appears that the catch of medium-
sized skipjack in the Satsunan Sea Area around
September is dwe to a return f part of this latter
group to the southwest,

Schools of large skipjack (weight over 8 pounds)

These schools appear centered in the Satsunan Sea Area
in May, and thereafter move north, appearing in the
Zunan Sea Area in July and in the Northeastern Sea
Area in July and August., (A part of this group remains
in the Satsunan Sea Area, and the peak catch in that
area is also in July.,) A second peak in the catch in
the Zunan Sea Area in May indicates that there is a
second source of large skipjack in that sea area,

(Of course, there must be many small skipjack wich
become medium skipjack and medium skipjack which
become large skipjack by growth during the courss of
the migration, This should particularly be taken into
account in sea areas where there is an abundant supply
of natural food).,

18



To sum up the foregoing, each of the schools which passes
through the Satsunan and Zunan sea areas to come into the North-
eastern Sea Area belongs to a group of schools which moves from
south to north in spring and early summer, and returns to the
south again in late summer and early autumn, These fish are
thought to belong to two great migratory groups which have their
origins in the Satsunan and Zunan areas and which are, for the
most part, made up of medium-sized skipjack.

In addition to these widely migrating schools there are
thought to be others, made up for the most part of large and
small skipjack, which remain in the southern sea areas as local
groups of schools, making small migrations centered around
islands and shoals. In other words, it is believed that the
schools which make long migrations to the north and those which
make short migrations in the south meet in the vicinity of the
Zunan Sea Area, the former being composed chiefly of medium-
sized skipjack while the latter is made up principally of large
and small fish,

The skipjack which migrate into the Northeastern Sea Area
are chiefly those in the prime of maturity, and it is thought
that the pursuit of feed is the main objective of their migra-
tion to the north, (This in view of the fact that the spamning
grounds and the nursery grounds for the juvenile fish are in
the warm-water areas of the south,) The route of their migra-
tion, judging from the movements of the fishing grounds, bears
a close relationship to the extension of the warm current and
its branches, It is believed that the center of the fishing
grounds moves in the direction of the locus of the most.curved
portion of the isotherms of the warm current system. Even in
the case of "descending skipjack" the path of the migration
is probably determined chiefly by the patterns of withdrawal
of the branches of the warm current and extension of the cold
currents to the south, From this point of view it seems
appropriate to believe that there are two routes for the
descending skipjack, one close to shore and the other farther
out to,sea, This is in fact the case,

It is believed that there are no skipjack which remain
throughout the year in the waters off the Sanriku region.
This is indicated by the fact that the high-temperature water
areas with temperatures of 20° or higher, where skipjack
fishing grounds occur in the summer off the Sanriku regien,
change for the most part in the winter to cold-water areas
having temperatures of less than 5°, Such a change in hydro-
graphic conditions would probably be difficult for a warm-
water fish like the skipjack to endure, and it is presumed to
be unsuitable for spawning and the growth of juvenile fish.
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Furthermore, this view is strengthened by the fact that in
actuality skipjack schools are not seen in this sea area
during winter, nor are they caught there (they are taken
rarely on the longlines of the winter tuna fishery in the
warm-water area far to the east, but are hardly to be seen
off Sanriku).

(Table of the month in which the peak of the catch of
each size of skipjack occurs Eumber of fish and number
of times in percentages/)

Notes: On the skipjack which are taken in the winter
longline fishery for tuna, The skipjack which are taken in
small numbers together with albacore by vessels of this
prefecture from late winter to early spring: (a) are taken
from November to the first part of April of the following
year, being most commonly taken from Dedember to March, and
being particularly numerous in March; (b) fishing grounds are
the same as those for albacore (a report on albacore will be
published at a later date); (c) catches are made at surface
temperatures of 179 to 229, a 5° spread; the most favorable
temperatures are 18° to 19°, the same as for albacore; (d) the
fish are all of large size, occasionally attaining a weight
of 1,0 pounds. Such fish are taken at this season on longline
gear east of Cape Nojima at depths of less than 50 fathoms
under the same oceanographic conditions in which albacore are
taken, but such questions as which stock thase "year-round
skipjack" belong to and why they pass the year in northern
waters must wait upon data to be gathered in the future. The
fact is simply recorded here for future reference.

This paper is based to a large degree on the published
researches of Technician Uda of the national fisheries experi-
ment station; and is also based on the ideas of Technician °
Aikawa of the same station. I take this opportunity of express-
ing my thanks to these two persons.

(Technician Takeo Sasaki)
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From the Bulletin of the Japanese Society of Scientific
Fisheries; Vol. 11, No. 5-6;, pp., 179-183, March 193,

On the Stock of Skipjack

by
Morisaburo Tauchi
(Fisheries Institute)

From the results obtained by Uda and Tsukushil/in studying
by month and by area the composition of the catch in terms of
large, medium, and small fish, it can be thought that the siip-
Jack that are taken in the waters adjacent to Japan migrate
from south to north through the spring and summer and retreat
southward in the autumn; that they consist of two strains, one
originating in the Satsunan-area and one in the Zunan area; and
that in the Hokkaido-Sanriku Sea Area there are probably only
migrating schools; with no permanently resident schools, while
in the Zunan and Satsunan sea areas there are, besides these
north-south migrating schools, sedentary local schools which
make only small migrations. OkamotoZ/, studying the body-
weight composition of the catch by months and sreas, inferred
that in the areas of the Satsunan and QOgasawara islands the
schools composed chiefly of young fish under 2,9 pounds or of
mature fish over L.6 pounds remain as sedentary fish, and that
the medium sized fish of 2,9 to L.6 pounds, which can be
regarded as being of roughly the same age group (fourth~year
fish), are those that around May and June come from somewhere
and appear densely congregated off Shikoku, in the Kumano Nada,
and off Zunan, and then from July to October move into the
Northeastern Sea Area. Aikawal ; studying the condition factor
of skipjack schoolsy, found that in the Ryuky® Sea Area the
schools with a condition factor under 20 Tremain in the vicinity
of islands and shoals, while the schools with a condition factor

| l/ Uda, Michitaka and Jiro Tsukushi: Local Variations in the
Composition of Skipjack Schools. Bull, Jap. Soc. Sci Fish
3 (W), 1934,

2/ Okamoto, Gorozo: On the Weight Composition of the Skipjack
. Schools of the Northeastern Sea Area. Bull. Jap, Soc. Sci.
Fish 9 (3), 1940. (Translated in FWS Special Scientific
Report Fisheries No. 51 - Japanese Skipjack Studies),

Y pixawa, Hiroakis A Study of the Skipjack Schools. Bull.
Jap. Soc. Sci. Mish, 6 (1), 1937,
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of over 20 show no selectivity in their distribution, and that
in the Northeastern Sea Area, too, the schools with a factor

of under 20 are taken in the greatest numbers along the Ogasawara
chain and the Zunan archipelago, although they are also taken on
the Sanriku coast. He found further that in the schools of fourth—
year fish having a condition factor over 20, the average body-
length and the average condition factor in the two areas are in
approximate agreement, and the variations from year to year in
the average body-lengths in the schools of fourth-year fish having
a condition factor of over 20 are in agreement for the two areas,
however, in the case of those under 20 they are not in bgreement.
Taking these facts into consideration, he concluded that in the
Northeastern Sea Area the schools with a condition factor of over
20 are of the Rylkylu sirain, and those under 20 are of the Ogasa-
wara strain, and that on the average for 1934, 1935, and 1936 the
Rytukyld strain were 80 percent and the Ogasawara strain were 20
percent of the catch, According to the views of the persons
cited above, among the skipjack schools that migrate into the
Northeastern Sea Area, those from the Ogasawara and Zunan Sea
Areas are comparatively few, and the major part of them either
come north from the Satsunan Sea Area, or else are fish which
have moved north after first coming from somewhere to congregate:
densely off Shikoku; in the Kumano Nada, and off Zunan., However,
these points need to be gone into a bit further.

If we try to summarize body-weight composition by fishing

ounds, as studied by Kim / from the skipjack catch, we see
%"t-,able 1) that the composition varies considerably from one
ground to another; but in general small fish are numerows around
the islands off Japan proper, while large ones are more numerous
around the islands to the south of Japan., Furthermore, medium-.
sized fish are especially scarce in the Satsunan area and
especially plentiful in the northeast, and it appears at first
glance as if they moved north from Satsunan to the North-
eastern area, but if we compare the age composition inferred for
the Satsunan fishing grounds from the graph of body-length a&is-
tribution given by Aikawa3d/ with the age gomposition for the
Northeastern grounds obtained by Okamoto2/ (table 2), one can
think that probably a part of age-group, IV and almost all of age
group III and below migrate along the Kuroshio to the waters
off northeastern Japan, It is hard to determine, however,
whether they come first to Satsunan and then move north from
there to the northeast through the waters off Japan proper, or
whether only a part of them go to Satsunan while the main body
of them go into Kinan, moving north from there through the
waters off Japan proper, with a part of them turning south along
the way but with most of them continuing on to the waters off

northeastern Japan,

4 Kimura, Kinosuke: The Skipjack Fishing Situation. Papers
on the Fishing Situation for the Important Species of Japan,
Part I. Lectures cn Fish, Tech., and Eng., Vol. L; 19L1.
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Table 2, Age composition by fishing grounds

Fishing Ground Period Agen
I II (III Iv v Vi

Sateman 1193 - 36 .00, [.10; |, |.36, 17 | .00,

Northeastern 1935 003 oAl |75 |.10 — -—

#Note: Fish with 1, 2, 3, .... annuli are given as I, II, IIT...

According to Udad/, the number of fish taken on a single
pole during one hour depends on how well the fish bite and on
the density of the school, and these in turn differ according
to what the school is associatéd with, The distribution of the
things with which skipjack schools may be associated varies by
type (1), and therafore even though we assume that a school ,
moves to the Northeast from Satsunan, its character as an object
of fishing effort will differ with the difference in fishing
ground. Furthermore, the catch.per pole per day of fishing
depsnds on the size of the schools and the density of their
distribution, and therefore, on the general density of fish;
as an index of the density of fish the number of fish taken
per pole per day of fishing, divided by the number taken by
one pole in . one hour, may be used, The total of fish in a
sea area is the product of the surface of the area, the density
of fish, and the duration of the fishing season. If the total
is divided by the average length of the period from the time
the schools come into the area until they leave it, that is,
the period of their stay, the total number of fish which migrate
into the sea area during one fishing season can be obtained,

As a measure of the average duration of the stay there should
be no objection to taking the maximum value of the number of
days elapsing between release and recapture in tagging .

experiments.

Therefore, if we get the number of fish caught per pole
per hour from the reports of surveys of skipjack grounds by

research vesse% -published in the Reports of Oceanographic
Investigationaj s and the number of fish caught per pole per

2/ vyda, Michitaka: The Shosls of "Katwro" and Their Angling.
Bull. Jap. Soc. Sci. Fish, 2 (3), 1933, (See p.68)

% Parts published in (58) - (67)
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day of fishing from the Reports of Investigations of the
Fishing Situation by Special Reporting Vessels, and the

maximum number of elapsed days from the records of recaptures
published in the same Reportsl/, and estimate the area of the
fishing grounds by counting the number of 1° squares in which
catches were made as shown on the charts of the fishing grounds
appended to the oceanographic charts published by the Central
Fisheries Experiment Station, and infer the number of months

of the fishing season from the numher of fish landed per 10-day
period as given in Kimura®s studyd/;, and then attempt to compare
by the method described above the number of fish that migrate
into the va?'ous fishing grounds (table 3), it can be thought,
as Okamoto2/ imagined, that the majority of the fish of age-
group III come directly to Kinan without passing through the
Satsunan area and from there move north to the Northeastern
Sea Area through the waters off Japan proper,

Now if we assume that the above hypothesis is correct; in
the age compusition on the southern fishing grounds the fish
of age-group III should show a gradual decrease in the late
spring and a gradual ;increase in the late autumn. However,
according to Aikawa3/ (table L), the body-weight of fish of
age—group III is 1.60 - 3.45 kg; if we try to bring in the
results of his measurements of the annuli in the vertebrae
(table 5); since it appears that the annuli develop from winter
to summer, it can be considered that the body-weight of fish of
age-group III is 3.7 pounds in early spring and 7.l pounds in
late autumn, while the weight of fish of age-group IV is around
8,27 pounds early in the spring. For this reason, in the
composition by large, medium, and small sizes, traces of a
recurrence of age-group III can be expected in late autumn but
not in early spring. On the Palau fishing grounds studied by
Kimural_‘/ s in the peak fishing seasons of spring and autumn,

“there is clearly discernible in the age composition (table 6)
a gradual increase of the medium-sized fish of age-group III.
in late autumn, ‘ .

If we assume in this way that after the skipjack have
spent their juvenile period in the region of the South Sea
Islands they make thdir great migration north along the Kuroshio,
part of them as fish of age-groups II and IV but the majority
of them as age-group III, and that thereafter they remain in
southern waters, it goes without saying that we must go by the
composition on the South Sea fishing grounds in calculating the
survival rate, which is one of the important characteristics

Y/ Parts published in (54), (57), (59), (61), and (63).
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Table L,

Body length and weight by ages

Age Body length Body weight#
cm kg
O —ao 26 o= 0 3)4
I 2 6‘&‘ ° 3&“’ o 75
II 3&‘”’43 ° ?5"'10 &
III L 3-54 1.60-3.45
v S8 3.45-5, 7L

#Note: Inferred from the body length by
using the length-weight curve.

Table 5, Radius (r mm) of each annulus in the vertebral
centrum and total diameter (T mm) in August

Age rl rz r3 ‘ I“I; T
I [2,60 — - — 3,70 (1
II 2051 3076 ) amon m—as Eo@ 7
III 2.59 3.96 5.38 - 6.21 (8
w |2.60 3.95 5.48 7,20 8.02 (4
Average|2.57 (20) | 3.88 (19) | 5.kl (12) | 7.20 (L) —

Note: ( ) is the number measured



of the skipjack stock.
the ratio of large and small fish for the Try
by the same method as was previously8/ foll

Table 6,
the Palau fishing groun

Size composition by months on

Month Large Medium Small
Apl"il 0328 025,4 0)418 l
May 0 318 019)4 o h88
June «2L0 0378 - 382
October -1108 023 0380
November 0380 o0k o6
December 033L ohol 0262

Figures for April, May, and|June are

Note:
; the average for 1935-=39; thd

)se for

October, November, and December are

the average for 193-1938,

If we seek the survij

tuna, yellowfin tuna, and: albacore, they co:

respectively.
gized fish are those of age-group III and th

ral rates# from

pk and Palau grounds
d with the black
out as .58 and .50

On the other hand,; in late autumn the only medium-~

large fish are of

»

Since medium-sized fish are 1.88 = 3.75 kg, they include

3.L5 = 1.88 .85 of age group III and -E-E;g—}%?%g = .13 of
age—group IV. The large-sized fish are those over 3.75 kg,

so 1l - .13 = .87 of age-group IV and all
up are included. Go‘gsequently, taking °

of age-groups V and -
as the survival rate,

8T p #
large . IL-L , and since this value is 1.45 at Truk

medium .85 £ 13
and 1,04 at Palau, the values of I~ will
respectively,

Tauchi, Morisaburos

be 058,4 and osohg

On the Stock of Black Tuna, Bull. Jap.

Soc. Sci. Fish. 9 (L), 19403 On the Stock of Yellowfin Tuna,

loc. cit.; On the Stock of Albacore, loc

in FWS Special Scientific Report - Fisheries No.

Papers on the Stocks of Tuna in Japanese

29

, cit., (Translated
16 - Three
Waters.)




age-groups IV and above, so if we seek the survival rate from the
comp?sition at Palau during the autumn peak season by the method
prenously?_/ used for the yellowtail, it comes out o Slyo i

For those species of the tunas which have roughly the same
range of distribution and which resemble each other in making
large seasonal migrations, for which estimates have hitherto been
made, the survival rate is ,75 for the b% ck tuna, .57 for the
yellowfin tuna, and .66 for the albacore s but if we take into
consilf7ration the fact that the highest age-group in the catch
is VI3/ for the skipjack, while it is X for the black tuna, IX
for the yellowfin, and VIII for the albacore s We can probably say
that the valune obtained above as the survival rate for the skipJjack
is fairly reliable,

Effective clues for the deduction of the catch rate are found
in the records of tagging experiments., With the skipjack, 318
fish were released from 193 to 1939 in the Satsunan areay, 10 in
the Kinan area; and 162 in the Izu archipelago of which 7, 1,
and 2 respectively were recaptured within 20 days and close to
the point of release, while of 92 fish released in the Ogasawara
area two were recaptured 53 and 58 days later in the Northeastern
region. In the same period, 1,310 fish were released in the
Northeast, but not one of them was recapturedl/. Accordingly,
the proportions recaptured are .022 for Satsunan, ,100 for Kinan,
o012 for Zunan, and .001lL for Ogasawara-Northeast., Since not one
of the fish released in the Northeastern Sea Area was captured,
it can be seen that the nearer the fish are to the northern
extremity of their migration, the stronger is the effect of the
handling in connection with capture and tagging. It is thought,
therefore, that it is inappropriate to use the rate of recapture
to establish the catch rate for Ogasawara-Northeast, Then if we

divide the number of fish taken by the number:that migrate into
the area to get for each fishing ground a numerical value in A

W If we take P as the survival rate, then % = 1%

i 637h = 2 _.—-1°19 = 05)4 °
and this is 3 = 1,19 so P 715 3

o

-9j Tauchi, Morisaburé: On the Stock of Yellowtail, Bull, Jap.
Soc, Sci. Fisho 9 (L), 19LO. v

}y The records of taggings are in Reports of Oceanographic
(

(55, (57), (58), (59), (€L}, (63), (65),
gezgig::tgﬁgs(?i{ reczg%urg al)"e in (54), (57)s (59), (61), (63).
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direct proportion to the catch ratio and calculate the catch
rate for Japanese waters on the basis of the proportion of
recaptures on the grounds south of Ogasawara, we get .10 - .30,

The above value does not seem t00 unsuitable as a catch rate
for shipjack in view of the rates of .10 for blag tuna and .29
for yellowfin that have been deduced previously.

To summarize the above: (1) After the skipjack have spent
their juvenile period in the region of the South Sea Islands,
they make a great migration beginning in early summer along the
Kuroshio through the waters off Japan proper; part of them as
fish of age-groups II and IV but most of them as age-group III,
After reaching the waters off Northeastern Japan, they turm. .
back south with the autumn and thereafter appear to remain in
southern waters; (2) their survival rate can be considered to be
about .54 and their catch kate between ,10 -~ ..

##¢ Acoording to Kimura l_*/ the average numbers of fish caught
1937-39 were 5,440,000 in Satsunan; 6,590,000 in Kinan,
5,440,000 in Tzu-Ogasawara, and 29,060 000 in the Northeast,

80 the proportions for the fishing grounds Satsuna.nsnnan:
Izu-OgasawarasNortheast are gh_h7 659 E906 2 2415145,

o

But the proportion caught on the ﬁ.shing groxmds from Ogasawara
south is ,134 so that from the waters adjacent to Japan,

including the Northeast, is .13, x% £ ,30, If an inferemnce

is dramm on the basis of the Satsunan and Izu-Ogasawara areas,
leaving out Kinan, where so few fish were released, .03L4 x

2 £ ,10. Consequently, if we assume that the skipjack in

the waters adjacent to Japan move northward from Satsunan to ’.
the Northeast, it means that the catch rate in the waters
adjacent to Japan proper is .10 - .30,



From the Bulletin of the Japanese Society of Scientific Fisheries
Vol, 65\ No, 19 PP 13""219 May 19370 ’

(English title and synopsis)

Notes on the Shoal of Bonito (Skipjack, Katsuwonus pelamis) along
the Pacifie Coast of Japan

By Hiroald Aikawa

SYNQPSIS

(1) Age of bonito was determined cn the basis of the
vert:‘::'? bones just like that of chub-mackerel, The body
leng of bonito well correlates with the length (T) of the
centrum of the vertebral bone (fig, 1), The rings (rg formed on
the surface of thé centrum can be considered as the year rings.
The first ring measures 2.5 mm. in radius, the second one 3,9
mn,, the third one 5.4 mm., and the fourth one 7.2 mm, When
the body length is 26 am., the length of the centrum (T) becomes
equal to the radius of the first ring (r;) and thus the ring may
be completed, Therefore, the bonito less than 26 cm. in body
length may belong to O-=year group. According to the similar
assumption; I-year group ranges in body length from 27 cm to 34
cmo, II-year group from 35 cm, to 43 em.;, and II-year group from
Ly em. to 53 cm. IV-year group may be larger than 54 cm.
(2) Most of the bonito caught by angling are mainly composed
of ITI~ and IV-year groups in the Liu-Xiu region, and III-year
group occupies £0% of all and IV-year group LO%. While bonito
shoal is simply composed of III-year group in the Tohoku region.
It is also remembered that bonito caught by longlines is far
larger in size than that by angling and usually belongs to
V-year group or far older one., (3) There are two different
shoals of bonito in these regions, The one is the migratory
shoal and the other the resident shoal, The resident shoal is
generally larger in the mean value and in the modal value of body
length than the migratory group either in III-year group or in
IV~year group. The migratory group is simply composed of
IIT-~year group in the Tohoku region; while the resident group
comprises to some extent IV-year group. The mi 3tory group is
higher than 20 in the quality-indicator (10, W/L°), while the
resident group less than 2C. In the Iiu-Kiu region, the

4 Kagoshima Prefecture Fisheries Experlmenf. Station: Reports
of Cooperative Studies of the Skipjack Fishery; 358, 1935,
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CENTRUM (T) AND THE BODY LENGTH OF THE SKIPJACK (1). r, - ARE
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WHICH EACH ANNULUS WAS COM%LETED. (B) SKETCH SHOWING r AND T.
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resident group is fished principally in the area around the
small isles and over the shallow banks. The resident group is
also related with small isles of *:: Bonin Chain, although it
can migrate north-eastwards into the open sea of the Tohoku
fegion, On the cther hand, the migratory groups are fished in
any portion in both regions., (L4) The migratory shoal of III-year
group in the Tohoku region is probably originated from the migra-
tory shoal of III-year group in the Liu-Kiu region, because

shoal of similar character to those in both regions can be fished
in the Seinan region. The migratory shoal of III-year group can
be called the Liu=Kiu group both in Seinan and Tohoku regions,
While, the resident groups in both regions show no similarity in
any respect to each other. In addition, no resident shoal is
fished in the Seinan region between these two regions, According
to the distribution of the fishing positions, the resident shoal
seems to migrate into the Tohoku regions from the southern sea
through the Bonin Chain., Therefore the resident shoal can be
considered as the Bonin group in the Tohoku region., The migra-
tory shoal occupies &0% of total catch and the resident shoal

L40Z in the Liu-Kiu region. In the Tohoku region, the Liu-Kiu
group occupies 80% of total catch and the Bonin group only 20%.
(5) The fluctuation in the yield of these regions seems to be
influenced by the changes in the age composition in the Liu-Kiu
region, and also in the ratio of the resident group (the Bonin
group in the Tohoku region) to the migratory group (the Liu-Kiu
group in the Tohoku region),

(end of English synopsis)

8ince 193, the Central Pisheries Experiment Station has
been carrying on a study of the skipjack catch in congunction
with the fisheries experiment stations of the various prefectures.
In order to study the causes of fluctuations in the catch, it is
necessary to assemble statistical data and also to learn the
biological characteristics of the fish; such as life history,
migrationsy, age composition of the schools, and the types of
schools, As preparation for the catch study the age of the
skipjack was determined using vertebrae and the age composition
of the catch was found, 'and deductions were made as to what
kind of biological groups compose the skipjack population of
the Pacific coast of Japan,

The Skipjack Schools of the Ryukyu Sea Area

1, Bogx-le th distribution. The skipjack of this sea
area are divided fnfo Three categories by size, large, medium,
and small. In the catch of the Hyuga Maru, the Shoyo Maru, and
the Zunan Maru, which fished in this area in l93h? there was a
mixture of large, medium, and small-sized fish, with large and

small fish plentiful while medium-sized fish were few (table 1).
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Table 1. Proportions of large, medium, and small
- skipjack in ths catch (1934).

of

Fishing grounds Large Medium Small Nmfi;g °

' % z T -
northern shoal 27.1 15,9 57..0 12,900
northern offshore 21,5 8.5 70,0 9,300 |
southern shoal 47,2 9.4 L3.4 109660
southern offshore 84,5 9.3 6,2 34,300
whole Ryukyu area 58.5 10,4 - 3.1 67,100

The proportions varied geographically, small fish being more
numerous than large ones om the fishing grounds north of Gidnawa
and the opposite situation prevailing on the séuthern grounds
with large skipjack more plentiful. According to the report o
of Kagoshima Prefecture Fisheries Experiment Station for 1935}2 s
the average proportions. of the three siges in the catch for the
six years from 1928 to 1933 were 18% large, 29% medium, and 52%
small, These differ:from the proportions in the 193, catch, but
this is thought to be due to the fact that the distinction
between the three size categories is not drawn on any definite
standard rather than to a change in the composition, If we look
_at the distribution (fig, 2). of body lengths of the skipjack
that are taken, we can perceive a small size group with its mode
at 16 cm, and a large size group having its mode at 63 cm.

20 %gg of sld.gjack., It is difficult to use the scales and
otoli ths for determining the age of skipjack. There are rings
formed on the centra of the vertebras, The number of these rings
is extremely great, some are broad and some are narrow, some are
perfectly and others imperfectly formed;, and they are densely or
sparsely distributed. Now some areas can be recognized through
the density or sparseness of the distribution; and on the bounda-
ries of each area where the rings are densely disiributed there

are thick and perfectly formed representative rings. Using the
firat to fifth vertebrae, measurements were made on the surface

of the cross section of the distance from the center of the centrum

1-/ Kagoshima Prefecture Fisheries Experiment Station: Reports of
Cooperative Studies of the Skipjack Fishery; 358, 1935.
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to each representative ring, that is,; the radius (r) of the
annulus; and of the distance from the center to the outer edge
of the centrum, that is, the total length (T) of the centrum .
(table 2), There is room for individual error in ‘the selection
of the representative annuli, but the fact that this error is
very small is clear from a consideratiom of the standard devia-
tion of the radius of each ring, as shown in table 2, There is,
as shown in figure 1, a definite correlation between the body
length (/) of the skipjack and the total length 6f the centrum
(T) at the time, Consequently every ring can be tentatively
taken as'an annulus. Each ring is completed when the total
length T is equal to r. In other words, it can be thought that
when T, = r,, the body length is 1,5 and at this time the
skipjack has completed n years since hatching, Skipjack complete
the first ring (ry) at a body length of 26 am., the second (r,)
at 34 cm., the third (r3) at L3 em., -and the fourth (ry) at cm, .
Skipjack with a body length of less than 26 cm, are first year
fish (O~year group), those from 26-34 cm., are second-year fish
(I-year group), 3i-ii3 cm, are third-year fish (II-year group), .
43=54 cm. gre fourth-year fish (III-year group), and those over
5y em. ar fifth-year (IV-year group). In the catch from the
pole and line fishery there are noifish under 30 cm, nor over
80 cm., and the main part of the catch is from slightly over
L3*cm, to slightly over 67 cm, The group of small fish with its
mode at L6 cm. is between 40~50 cm. and clearly consists of fourth-
year fish, and the large-sized group between 55-70 cm, are fifth-
year fish, On the average in the three years 1934-1936 fourth-
ar fish and fifth-year fish were taken in the proportion of
Kg.% and 61.1% respectively (table 3), which is in approximate
agreement with the ratios of large and small skipjack in the
catch as given in table 1. The medium-sized skipjack include fish
which must belong ' to either the fourth-year or the fifth-year ,
class, From year to year there is more or less of a change in the
average body length and the mode of the fomrth-year and fifth-year
fish (table L4). Furthermore, there are differences in the age
composition in different years (table 3). Since this is considered
to be one of the ifportant causes of fluctuations in ‘the amount of
the catch, hereafter accurate observations must be made of the .
course of changes in the age composition in addition to accurate
investigations of the amount of the catch.

7 Large skipjack are occasionally taken on tuna longlines in the
winter. A skipjack taken in the middle of December 1936, L3
miles SE/MAE of Nojima Saki (water temperature 19,1°C) at a
depth of 30 fathoms had a body length of 81.3 cm. (total lemngth
88.5 cm.) and a body weight of 14.5 kg. Since it was possible
to measure up to the 6th ring, it is presumed to have been a

seventh=year fish.
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3. The condition factor in skipjack. The condition factor
is the so-called "qualily in&iaia‘t'aﬂ‘p'%l'd"wm)o Kimurad/ has’
used it to find one of the characteristics of sardine populations,
The condition factors of the skipjack schools of the Ryukyu Sea
Area are broadly distributed between 13-35 (fig. 3) and the
differences due to age are slight (table 5), If we divide the
schools into those in which the average condition factor, or at
least the mode; is under 20 (shown with black circles in all
figures) and those in which it is over 20 (shown with white circles
in the figures), and then consider the @istribution of the posi=
tions at which catches were made of each (fig, L), the lean fish
below 20 are taken in large numbers around the small islets and
shoals (banks) stretching from Yakushima and Tanegashima to

Amamd Oshima in the north, and to the south many of them are
taken on the shoal grounds between Miyakojima and Kumeshima, but
they are generally scarce throughout the offshore fishing grounds
northwest of Okinawa, The fat fish, however, are taken at all
grounds at the same rate, The proportion of catches made from
each group in a three-=year total was 21 times for the lean group
to 19 times for the fat group on the northern shoal grounds, and
11 times for the lean group to L5 times for the fat group on the
central offshore grounds, where the number of catches from the
lean group was conspicuously lower, On the southern shoal grounds
the proportion of catches from the lean group again increases
with 32 catches of lean fish to 20 catches of fat fish., There is
no departure from the trend for each fishing ground in any year
‘(table 6). This indicates that the lean schools are somehow
closely related to islets and shoals, The skipjack schools of
the Ryukyu Sea Area are divided ecologically into the two cate-
gories of migratory schools and sedentary schools. In the migra-
tory schools fat schools make up 63%f, and in sedentary schools the
lean schools make up 68% of the whole (table 6). Accordingly it
can be said that the migtatory schools are those that have a
condition factor of over 20 and have no selectivity within the -
range of their migrations, while the sedentary schools are those
that have a condition factor of less than 20 and reside permanently
chiefly in the waters adjacent to islets and shoals, As two oy
three characteristics which should be addeds (1) With the migra-
tory schools, in the total landings for one fishing season the
fifth-year fish are more numerous than the fourth-year fish, bmt
with the sedentary schools the opposite is true, (2) In the
migratory schools the condition factor of the fifth-year fish

is lower than that of the fourth-year fish, but in the sedentary
schools it is higher. (3) Both the average and the mode of the
body length are greater for the migratory schools than for the
sedentary schools (table 7) (sic). However, the difference in

3/ Kimura, Kinosuke: Bull. Jap, Soc. Sci. Fish 3 (6),1935
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FIG. 3 DISTRIBUTIONS OF CONDITION FACTORS OF MIGRATORY AND SEDENTARY
SCHOOLS (RYUKYU SEA AREA, 1934). WHITE DOTS FOR MIGRATORY SCHOOLS,

BLACK DOTS FOR SEDENTARY SCHOOLS. THE BROKEN LINE SHOWS THE
DISTRIBUTION OF THE CONDITION FACTOR FOR ALL SCHOOLS. HORIZONTAL

AXIS IS THE CONDITION FACTOR, VERTICAL AXIS IS THE NUMBER OF FISH.

FIG. 4 DISTRIBUTION OF POSITIONS AT WHICH MIGRATORY SCHOOLS (WHITE DOTS)
AND SEDENTARY SCHOOLS (BLACK DOTS) WERE FISHED. (RYUKYU SEA

AREA, 1934 -1935)
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Table 5, Changes with body length in the condition factor of the
two groups in the Ryukyu and Northeastern sea areas (1936)

Body “Ryukyu Area Northeastern Area Difference in
Age l?nggh Ryukyu Migratory condition factor
cm Migratory Sedentary| stock Ogasawara
schools schools Ryulkyu  Northeasterr
II 3% 22,1 20.5 30,8 — 1.6 —
37 22,7 19,3 32,8 20,8 3.4 12,0
38 2290 1801‘ 28.).5, . 1809 396 ’ 9.5
39 21,6 18,6 27.1 19.7 3.0 Y
4O 21,8 19.3 26,6 19,0 2.5 7.6
L1 23.1 19.3 23.6 19.2 3.8 Lok
L2 22,4 20,0 234 17.6 2.4 5.8
L3 22.7 2067 23.3 17,9 2,0 AN
IIT nn 22.1 19.2 23,0 18,1 2.9 Sel
L5 21,9 20,0 2hoh 17.3 1.9 T.1
L6 22,0 18.6 23.5 18.2 3.4 5.3
L7 20.4 19.1 22,5 17.6 1.3 Lo8
48 21.1 18,0 23,2 17.9 3.1 5¢3
L9 2hob 17.0 22,7 18.1 Tok Lo 6
50 24.3 19.9 2L.0 19,1 Lol o9
51 27.4 18,0 23,0 18,3 9.4 Leo7
52 28,3 18,8 2.1 18,2 9.5 509
53 2Lo 6 19.0 24,0 18,0 56 6.0
v Ein 26,5 19,9 N 17.1 5.6 7.3
55 26,4 19.9 23.2 18.4L 6.5 L8
56 23,0 18,3 23,5 17.%5 LeT 6.0
57 2L.1 18,2 23,3 18,5 5.9 Lol
58 23.3 16.6 22.5 19,5 5.7 3.0
59 23.9 17.1 2503 17.5 6.8 7.8
€0 23.1 19.7 2L.8 17.1 3.k 7.6
61 23,1 19.1 2605 18.5 4.0 8.0
62 22,2 20,5 21.3 16.L 1.7 R
63 22.3 19,1 17.6 3.2
6l 21,8 18,7 17,1 3.1
65 23.1 18,9 16,7 Lo2
66 22,2 19.2 13.2 3.0
67 23.0 19,2 16.0 —
68 - 23.1 18.9 15,0 L2
69 21.8 1L.3 745
. 70 22,9 18,3 20,0 L6
v 71 20.7 22.9 —e -
72 22.6 16,0 22,2 6.6
73 24,1 21.0 3.1
7h 21.2 21,5 27,0 0.3
75 25.4 18.4 7.0
76 21,0 17.7 3.3
77 2249 19,3 3.6
Lth=year fish 23.0 207 2N 18,5 2.3 5.0
S5th-year fish 24,0 22,0 24,0 18,0 1oLy 8.0
Average 22,9 19,3 2Ll 18,0 3¢5 5.6
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7. The sources of the skipjack of the Northeastern Sea Area,
Looking at the distribution of the positions of catches of migratory
and sedentary schools (fig. 7), it can be seen that the sedentary
schools are fished in the greatest numbers along the Ogasawara and
Zunan archipelagoes, and they are z,.~ %taken in lesser numbers off
Sanriku. In contrast to this, the migratory schools are fished
not only in the Zunan and Ogasawara islands, but also in the South-
western sea‘area to the west; and, like the migratory schools of
the Ryukyu Sea Area; the r ange of their distribution is nd select-
ive, The sedentary schools of the Northeastern Sea Area swim
from the Ogasawara chain to the Zunan islands and then migrate on
farther to the waters off Sanrikuy, and therefore they should be
called the Ogasawara stock. They are not as bound to islets and
shoals as the' sedentary schools of the Ryukyu Sea Area. In contrast
to these, the migratory schools move into the Northeastern Sea Area
from the Ryukyu Sea Area by way of the Southwestern Sea Area, and
therefore can be called the Ryukyu stock, It is deduced from the
fact that a school of fourth-year fish of the migratory type was
fished by the Fusa Maru in the vicinity of Douglas Shoal on
May 1, 1936, that migration is no' restricted to the routes follow-
ing the coast of Honshu, but that the fish also migrate through
the offshore waters to the south, The migratory. fourth-year fish
of the Ryukyu Sea Area and the migratory fourth-year fish of the
Northeastern Sea Area resemble each othasr very closely in the
trend of change of the average and mode of their body lengths
(table 9). What are thought to be facts that enable us to
deduce that the schools of fcurth-year migratory fish of the
Ryukyu Sea Area do migrate away ares (1) The proportion of
migratory fourth-year fish in the catch becomes lower as one goes
toward the more northern fishing grounds (tabls 1); (2) In years
when migratory schools are plentiful the amount of the catch in
the Ryukyu Sea Area diminishes (1935). These phenomena are
thought to be ascribable to the fact that fourth-year fish do not
remain permanently on the fishing grounds. The skipjack schools
that are fished in the Southwestern Sea Area are migratory fourth-
year fish, and their age composition and condition factor resemble
those of the migratory fourth=year fish of the Ryukyu and North-
eastern Sea Areas (table 10). No connection can be found between
the sedentary schools of the Northeastern Sea Area, that is, the
Ogasawara stock, and the sedentary schools of the Ryukyu Sea greao
Schools of fifth-year fish are scarce in the Ogasawara stock in
the Northeastern Sea Area, but it is thought that in the Ogasawara
archipelago and farther south fifth-year fish are much more
numerous. The skipjack taken by the Fuji Maru in tge middle of
Mag, 1935, in the waters adjacent to Marcus I. (153° S59'E,
214,° 11'N) were sedentary fifth-year fish w?th an average body
woight of 4.5 kg, body length of 6,3 cm /Sic. Probably 63 cm./,

‘and condition factor of 17-18.

Thus there are two distinct stocks that come into the
Northeastern Sea Area. Fluctuations in the catch are probably
closely related to the volume of migration ofueach group. ?uzure
investigations should pay considerable attention to this point.
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Table 10. Comparison of the characteristics of schools of migratory
fourth~year fish from three sea areas (June 1936)
Ryukyu Southwestern Northeastern
Length |Fish w £ Fish w f Fish w £
3l 1 1.0 25,9 1 1,5 35.0
35
36 3 1,0 22.1
37 6 1.1 22,2 111 1.1 22.4 2 1.8 35,2
38 7 1.2 22.1 : 5 1.3 24.0
k) b 1.3 21.6 22 l.h  24.0
Lo N 1.4 21,8 14, l.h 21,8 11 1.6 25,1
i 19 1.6 24,0 2 1.7 247 55 1.5 22,1
L2 0 1.7  22.7 1 1.8 24.3 &9 1.6 22.2
43 L 1.8 22.6 140 1.9 23.5 88 1.7 22,2
Lk 6 1.9 22,2 2 2,1 24,6 52 1.8 21.4
Ls 8 2.0 21,9 50 2,0 -22.3
L6 7 2.1 21,9 1- 2.3 24,0 3 2,2 21,8
L7 2 2.5 21,9 2 2.4 23,2 16 2,0 19.9
48 5 2.4 23,1 10 2.5 23.2
L9 3 2.6 21.5 9 2.7 22,1 9 2.7 22.9
50 3 2.7 22.1 8 3.1 25.2
51 1 3.0 22,6 8 3.0 22.3
52 1 3.2 22,8 L 3.3 23.2
53 1 308 2505 5 306 2)407
Av, 8L 1.8 22.4 L63 1.6 22,4 LL9 1.9 22,9
L L2.9 L 3,06 L. L.36
(IN. w probably represents weight in kg; f = condition factor.

L appears to be the average length of the fish.)
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In the averages for 1934-1935 the Ryukyu stock was 80% and the
Ogasawara stock was 20%.
Ryukyu stock plays an important rcle i the fluctuations of
the skipjack catch of the Northeastern Sea Area (table 11).
The foregoing represents an attempt to make two or three
deductions concerning the age composition, types of schools,
and provenance of the skipjack schools on the Pacific coast
of Japan, however, there are still many points which require
examination and therefore it is thought that future investi-

gations will amplify and correct these hypotheses.

Accordingly it is thought that the

Table 1l. Percentage of skipjack schools of each
stock fished in the Northeastern Sea Area
~ Number of Iish caught » (5
Year m Sg::gl';m by research vessels fish caught
_ ‘ (in 100ts) (in 1,000's)
193 60.8% |  29.2% 807 na
1935 87.6 12,4 851 5382
193% | 82.5 | 17,5 97 &5 3
Totals | 79.6 20,4 L755

#This is the catch to the end of June 1936
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From the Bulletin of the Japanese Society of Scientific Fisleries,
Vol., 3, No. L, pp. 196=202, Novemrer 193k.

Local Variations in the Composition of Skipjack
(Katsuwonus pelamis) Schools

by
Michitaka Uda and Jir8 Tsukushi

(Central Fisheries Experiment Station)

/English title and syncpsis/

Local variations in the Composition of Various Shoals of "KatuwoW,
Euthynnus vagans (Lesson), in Several Sea-districts of Japan

Mititaka Uda and Zird Tukusi

SYNOPSIS

A study of the fisheries of "Katuwo®, Euthynnus vagans
(Lesson), in several sea districts adjacent to gapan in 3,

leads to Some interesting results concerning their shoaling

. conditions -- associated objects such as birds, sharks, whales,
drifting timbers or what not; whether they are attached to banks

or not; denseness or crowding; degree of biting; index of angling;
and the size of individuals, which is classified into large (over
3,75 kgo wt.) /B 1bs./ medium (1,88 to 3.75 kg._wt.) /b to 8 Ibs./,
and small (less than 1.88 kg. wt.) /under L 1bs./, sizes —— in
relation to the frequencies cf thair appearances and the size of

catches,

From the study, for each sea-district, cf the months, in which
the maximum percentage catch of fishes of each size-group, above mer-
tioned, is attained in the fishing season, the following results
of discussions on the migration of "Katuwo" will be given: (1) The
shoals, consisted mainly of fishes of medium size, migrated in
1933 from .the southern to the northern sea-district from spring
to summer, accompanied, in consequence, by the movement of their
fishing grounds. (2) On the other hand; it can be noticed that
the local groups found around the banks in southern sea-districts
consisted of comparatively high percentage of fishes of large and
small sizes in addition to those of medium size,

The composition of various shoals of "Katuwo®™ in each sea-

district has some respectiwe peculiarity. In the northern sea-
district the shecals are mainly associated with sharks or without
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anything and crowded densely in aumber, while in the southern,
they are mainly asscciated with %irds or are atbecnad te bhaunks
and crowded tiinly. ‘The lesding sheals varies from norinsra
to southern sea-districts in succession from those associated
with sharks, to what nnt, those associaisd with whales, birds
or drifting timberz znd tc those attached to banks,

(end of Bnglish synopsis)

In the investigation of the fishing situation of migratory
fishes like the skipjack and buna, all soris of basic studies
with regard to ihe ecolcgy of the schools are thovght to be
essentiall/, The present paper represents the resuiis of a
small investigation based cn the latsst data concerming the
composition of skipjack schools. The data ars taken from the
reports of the fisheries expsriment stations of the various
prefectures and metropolitan distriets which participated ir
the Cooperative Skipjack Fishery Investigations for 1933
(Taihoku, Okinawa, Kumamoto, Kagoshima, Wakaysna, lfia, f%chi,
Kanagawa, TOkyd, Ivaragi, Fukushima, Miyagi, and Iwate)2/,

Large, medium, and small fish., Here fish with a bogdy
weight greater than § 1bs, are calied large, those between
L and 8 lbs, are c¢eiled medium, and those under L lbs. are
called small. The sea areas are divided into the Hokkai-
Sanriku Sea Area (north of a line drawn SE from Nojimazaki),
Zunan Sea Area (east of a line drawn due south from Omaezaki,
and extending to the limits of the Hokkai-Sanriku Sea Arsa),
the Nankaido Sea Area (east of a line drawn due south from
Hisaki to the limits of the Zunan Arsa), and the Satsunan Sea
Arez (east of a line joining Nomasaki and Fukikaku to the
limits of the Nankaido Sea Area).

Table 1 shows the numbers and gercentages of skipjack of
each size taken in each area and in sach month, and from it the
following can be statads (1) In the Hokkei-Sanriku Sea Area

the number of medium skipjack taken (85 percent of the whole)
and the number of their appearances (75 percent of the whole)

are overwhelmingly predominant, and they make up the most
important element in the composition of the schools in this area.

377 K. Kishinouys: Contributions tc the comparative study of
the so-called scombroid fishes. Jour, Coll. Agric. Imp.
Univ, Tokyo, 8(3)s, pp. 293-L475 is a valuable contribution
in this field, '

E/ The detailed data have been omitted from tihis paper.

Consult the reports of operations by the agencies concerned
for the year 1933.
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Table 1b.--Numbers and percentages (in parentheses) of fish taken from schools of
large, medium, and small skipjack in each month in each sea area.

Month Satsunan Nankaidd Zunan Hokkai-Sanrik

Large Medium Small Largs Medium Small Large Medium Small Large Medium

March 575 1,050 95 - - - -~ - —— - | -
(23) (61) (6) (==) (==) (==) (-=) (--) (==) (=-) (==)

April 1,137 651 | 4,400 0 1,502 185 -- 4373 570 - -
(18) (11) (71) (0) (89) (11) (==) (8¢) (12) (==) (-=)

May 5,062 372 | 14,805 0 0 625 65 964, 1,100 50 | 42,780
I 725 @ | 73) (0) © | (100) (2) (45) (52 (0) (29)
ana 1,075 1, | 7,845 -- - - 103 4,210 7,518 | 5,500 | 36,747
(12) (0) (g8) (==) (==) (==) (1) (35) (84) (11) (77)
July 3,405 317 | 5,651 - e - 334 7,763 14,138 | 9,394 [124,652

_ (38) 3| TGl (=) (=) | (== (2) (35) (63) 7 (51

August 1,412 360 | 1,708 -= . —- 0 1,050 242 | 5,529 | 31,428
{48) (11) (43) —e) {==) {==) (0} (21) (19) (13) (r78)

Soptember 1,044 8,903 -e . -= - 0 285 90 | 1,785
(11) (89) (o) (==) (==) (==) (c) (76) (24) (7)

Cetsher 67 21 754 - - -= 0 603 590 -- --
) (3) (90) (==) (==) (==) (0) (51) (42) (==) (==}

Totals 13,973 11,482 | 34,858 - 1,502 810 552 19,248 24,247 §n2,298 253,103
{23} (19) (52) (0) (65) (35) (1) (44,) (55) (8) {85)




(2) Schools of mediwn skipjack occur in a hirher ratio as one
goes toward the more northern arsas and in e lower ratio as

one goes toward the sea areas to the north and west of Japan.
(In the Zunan Sea Aresa they make up LU percent of the total
catch and 5l percent of the totzl frequenc:, while in the
Catsunan Sea Area they account for about 20 percent of total
catch and total frequency). The schocls of large and small
skipjack, on the cther hand, decrease both absclutely in numbaers
and frequency and in their percentages as one goes farther
north, but in the southern and southwestern sez areas they show
comparstively high ratios. (3) The number ci fish and the
number of appearances for medium skipjack as compared to large
and small skipjack show their maximum proportions in the
Hokkai-Sanrika Sea Area during the summer months of May -
Auvgust, which corresponds to the time when their proportions
are at their minimum in the southwestern ssa areas., (4) In
September the number of medium skipjack in proportion.to large .
and small skipjack in the Hokkai-Sanriku Sea Area suddenly
decreases, while on the other hand, it_shows a relatively high
ratio in the (Zunan) Satsunan Sea Areed/. (5) In the Satsunan
Sea Area the total catch is highest in May, and it is then that
the large and small fish, which make up 80 percent of the total
number of fish caught, are taken in the greatest numbers, while
the other 20 percent of medium fish are most numerous in Septem~
ber and March, that is, at the beginning and end of the season.
The situation in the Nankaidd Sea Area camnot be clearly known
because of the paucity of data, but some catches are mads in
April and May, and in them medium and small skipjack are taken
in about the same proportions, In the Zunan Sea Area, on the
whole, June znd July are the peak of the fishing season, with
July in particular giving the year's maximum catches of all
three sizes — large, medium, and small, The proportions of
medium and. small fish are roughly the same, but in point of
numbers the small fish are more than 10 percent more numerous.
In the Hokkai-vanriku Sea Area the catch reaches its maximum
in July, and as much as 91 percent is made up of medium skip-
jack. If the average catch for each fishing ground is stated
in terms of sizes of fish, the order is small, medium, large
for the Satsunan and Zunan sea areas, while for the Hokkai-
Sanriku Ses Area it is medium, large, smally clearly showing
that small skipjack are scarce in the nerth and abundant in
the south, .

Next if we investigate the percentages of the numbers of
fish caught and the number of cabches made in each sea area in
each month throughout the whole fishing season in terms of

~2/ Michitaka Uda: OSeasonal changes in the body weights of
yellowtail, small yellowfin, cybiids, and skipjack. Bull,
Jap. Soc. Sci. Fish, 1 (3), p. 128 1932,
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Table 2.--Percentages of numbers of large, medium, and small skipjack in the catch for each
month during the whole season (percentages of times caught in parentheses)

Month Satsunan Nankaidc , Zunan =\‘ Hokkai-San
ont Large | Medium Small Largs Medium Small Large | Medium Small || Larza Madium
Il

March 4 9 0 - - == - - -- = -
(2) (10) (3) (==) (==) (==) (==) | (==) (-=) | (-=) (==)

April 8 6 13 - 100 23 - 23 2 = -
(¢ (29) (14) {(==) | (100) (25) (==) | 27) (10) ff (=) (==)

May 36 3 43 - ~e 77 12 J 5 0 17
(34) | (10) (32) (==) (==) (75) (11) | (1) (18) (4) (19)

June 8 0 22 = = e 13 22 31 z 15
(16) (6) (21) (==) {==) {==) (33) (16) (1) | (17 (25)

July 26 3 16 - e == 70 40 58 42 49
(12) (3) (21) {==) (==) {==) {56) {29) (35) § (37) (33)

August 19 3 4 == e o= —= 5 1 25 12
{12) (10) (6) {==) (==) i==) (=-) (11) (10) (21) (14)

September 7 76 ¢ == == - se 2 0 g 7
(#) (29 (0) (==) {==) (=) {==) 4} (3) | (21) (9)

October 0 0 2 =e == -e == 2 2 = ==
(2) (3) (3) (==) {-=) (==) (==) (2) (2) f (==) (==)

Totals 171 1.00 120 == 100 100 101 100 104 100 100
(10o) | (100) 100) (-=) (100) (100) (100) | (100) (100) § (100) (100)




small, medium, and large Iish, ws get tabie 2, Table 3 shoms
the months cf maxiirum catch for each sea area for sach size

of fish, taken from the data given in table 2. A few cbserva-
tions based on these two tables concerning the skipjack's
migrations are presented below, Small skipjack appezr in the
Satsunan and Nankaido sea areas in April and reach their
maximum abundance in May, but in the Zunan Ses Arsa the peak

is in June and July. In the Hokkai-Sanriku Sea Ares the
somewhat obscure sacond maximum which can be seen in Septem-
ber may perhaps be thought to bs dus tc the northward move-
ment of schools of small skipjack of the same strain, Hewever,
in order to explain the appearance of the first peak in May -
June in the Hokkai-Sanriku Sea Area, it is prcbably necsssary
tc imagire the northward movement of a second group of small
skipjack whose origin centers around the Zunan islands and
reefs at roughly the same time that the small skipjack of the
Satsunan area appear. Next, with regard to the medium-sized
skipjack, it is thought that the schools which originate in the
Satsunan Sea Area around March and April shift the center of
their group of schocls to the Nankaidd Sea Area in April and to
the Zunan and Hokkai-Sanriku sea arsas arocuad July., Anothar
peak in September in tha Satsunan Sea Area is thcught te¢ be due
to the reappearance of downbound skipjack from the Hokkai--
Sanriku Sea Area. Furthermore, it may be wondered whether the
peak which can be seen, though somewhat obscurely, in April and
May in the Zunan and Hokkai-Sanriku ses 8sreas may not be due

to a second group of medium skipjack originating in the Zunan
Sea Area and moving north from thera. As for the large skipjack,
the first maximum is the Satsunan Sea Arezs in May, That moves
north to the Zunan Sea Arsa in July and is thought to form the
peak which shows in the Hokkai-Sanriku Sea Ares in July and
August, but a second peak in the Satsunan Ses Area in May sug-
gests a second origin cf schools of large skipjack in this sea
area., Of course, it is presumed that the number of small skip-
jack which grow intc medium skipjack, and the nurber of medium
skipjack that grow into large skipjack during the migration must
be great, and this must be particularly taken into consideration
in waters where the supply of natural foods is zbundant, but
because of the paucity of data with regard toc this point, it
has been cmitted from the foregoing discussion. The point that
should “e noted in the migration theory oropounded above is
tat it envisicns two sirains for large, medium, and small
skipjack alike, one originating in the Satsunan Sea Area, and
the other in the Zunan Sea Area., Of course, it hes teen taken
into consideration that the schools of skipjack that move
north to the Hokkai-Sanriku Sea Area in the summer retreat
southward again in the fall, It is prcbably correct to
considar that in the Hokkai-Sanriku Sea Area there is no year-
round occurrence of skipjack but a seasonal migration, because
the high temperature water masses of 20° C. and above that are
present on the fishing grounds off Sanriku in the summer change
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to low-temperature areasé/ of lass than 5° C. in the winter and
it is presumed that warm-water fishes such as Lhe skipjack
would find it difficult to endure such violent oceanographic
changes, which are thought to Le specially ursuitable for their
spawning and for the growth of the larval fisnh; also because
actually the fish catch ceases in the winter and no fish are
seen (it happens rarely that one is hooked on tuna longlines
during the winter in warm-water masses far off tc the east);

and because the catch of large and small fish is markedly smaller
than that of medium fish, Howsver, in the Satsunan and Zunan
sea areas throughout the whole fiching season some schools of
medium-sized skipjack are fished along with the schcols of large
and small fish that concentrate in the vicinity of islands and
reefs and for this reason we know of the existence of other
schools which are comparatively sedentary and make only small
migrations in addition to the north-south wigrating schools
described above,.

The foregoing discussion iz based on only‘the data for ons
year so there are many points which reguire much further study
and examination in the future. Particularly the distribution
of large, medium, and small sizes, various degrees of maturity,
and various degrees of fatness and leanness must be investigated
in detail, and the actual paths of the migratory movements of
the schools must be ascertained by tagging as many skipjack as
possible,

Skipjack schools and the objects with which they are
associated. A study 1like the one previcusiy rsportedy/ was
carried out in 1933 throughout the whole fishing season and
over the whole fishing area, Table l, shows the number of
appearances of each type of school and the number of fish
caught in sach month, In the Hokkai-Sanriku sea area the
greatest number of appearancas is that for unaccompanied schools
followed by schools asscciated with sharks, birds, whales, and
logs in that order. For the total number of fish taken the
order was shark--associated, unassociated, whale-associated,
bird-associated, and driftwood-associated., Combining the two
categories we find that shark-associated and unassociated schools
are far more numerocus than the other types. In contrast to this,
in the Zunan Sea Area there are chiefly bird-associated and
sedentary schools, follcwed by unassociated schools, the extremely
small number remaining being driltwood-associated and shark-
associated in that order. In the Satsunan Sea Area bird-assoclated
schools are by far the most numerous followed by sedentary and

5/ Michitaka Uda: Sea conditions ir the waters adjacent to Japan
in each month averaged over a nurber cof ysars. Fisheries.
Experiment Station Reports Nos., 1, 2, 3.

5/ Michitaka Uda: The shoals of "katuwo® and their angling.
Bull. Jap. Soc. Sci. Fish, 2 (3), 1933. (See g, 68 ).
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driftwood-associated schocls, with a gmall rsmeinder being
shark-associated, The number of fish wsien for saca schocl
sighted (table L) in the Hokkef-Zanrikuy Sea Area is preatest

for shark-sssociated schools fullowed %y driftwicd-and whsle=
associated schools. In ths Zunan Sea frez ins cateh is greatest
from bird-associzted; ssdentary, and unassociatad schools; like-
wise in the Satsunan Sea Area the higgest caiches coms firom
bird-as®o ciated and driftwood-assccialed schoole, followed by
those associated with sharks, If; in order t¢ =es in greater
detail the difference beiween ncrthern and scuthern grounds, we
lcok at the total number and percantages of aprearances for

sach 1° of latitude, as shewn in tsble 5, we see that shark-
associated schocls are located farthest ncrih with unassociated,
whale-associated, bird-zssociated (driltwood-aszociated), ang
sedentary schools ranging in that order from north to south.2
This distribution results from the fact that the objects with
which the schools are asscciated differ among themselves in
their distribution because of oceamcgraphic conditions, and it
is thought that as the skipjack schools move into ths various
sea areas they successively associate themselves with different

objects,

Table 6 gives the results of an investigation of the
density of the schools and hcw well the fish bitaé/o In the
Hokkai-Sanriku Sea Arez all types of schools exempt those
associated with btirds appear mcre often &s M"dense® than as
"sparse." On the cther hand, in tixs Zunan 2nd Satsunan sea
areas the muber of sparse schocls appearing was gresater for

all types. In other words, in the Hokkai-Sanriku Sea Area

the proportion of dense schocls was markedly greater than in
other areas, and consequently the index cf demsity calculated
from it is also higher, With regard to biting qualities, it
appears that in the Zunan and Satsunan sea arsas sadentary

and bird-associated scheols bite comparatively well, while in

the Hokkai-Sanriku sea area shark-and bird-associatad schools
bite comparatively well, The problem of the density of schools
and their biting qualities has many poinks which must be clari~-
fied by future investigations., OSince it appears that the spawn-
ing and nursery grounds of the skipjack are in the southern
areas, it may be wondered whether the migration inte the Hokkai-
Sanriku Sea Area is not mads with ths cbjective of hunting food,
The greater number of times that the schools take the bail
pcorly as compared to the Satsunan Sea Area, despite the greater
propertion of dense schosls, may possibly be due {c the abundance
of natural food in the north, The greater numbsr of danse schools
in this sea area is probably dus tc special ocsanographic condi-
tions in that there are conspicuous current boundaries resulting
from water of the ¢old current system barring the advance of the
water of the warm currsent system,

4 The order »f the indices of dansity and Yiting shown in table
6 differs from that given in referencaé?i in the present
study the statistics covered a larger numbsr of schools,
however, decision on this point is reserved o th2 futurs,
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Table La.--Number of appearances of various types of skipjack schools,
number of fish taken, ana number of fish taken per time

fished in the Hokkai~Sanriku Sez Area,

Nunber of appearances of schools of each fype

Objects with which associated

Yonth .
of._-- Shark Nothing Whale Bird | Driftwood
March -— — - — —_—
April - - - — -
May 2 11 9 16 -
June 3 2l 10 19 —_—
July kY 25 9 2 2
August iU 18 — - -
September 9 % 1 1 -—
October —— o e - —
Totals 58 87 29 38 2
Number of fish taken from schools of each type

. Objects with which associated ‘

lonth Shark Nothing Whele Bird Driftwood
March — - - - -
April _— —_ - - —
May 10,607 1,764 10,571 7,252 -
July 70,325 Ll 452 12,860 150 3,025
August 15,43 24,551 — - -
Septenber 1,190 7,727 1,000 Shl e
October s - —_— — —
Totals 114,297 105,475 39,653 15,999 3,025

Number of fish taken per time fished from each type of school

. Objects with which associated

Nonth Shark Nothing Whale Bird . | Driftwood
March —_ - - — -
April —— — o - -
May 53 0L 193142 19175 h?é e
June 1,267 592 1,522 L22 —
July 2,944 1,778 1,429 75 1,513
August 1,103 1,364 - - —
September 1,577 856 1,000 Skl —_
October o — — - —
Averages 1,973 1,215 1,366 421 1,513
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Table Lb,—Number of arpearsncss of various typas of skipjack schools,
number of fish taken, and numbsr of fish taken per tims
fished in the Zunan Sea Area

Number of appesrances of schools of each tjype

Objects with which asscciated
Nonth Shark Nothing Bird Land Driftwood
March — awoe e e e
April — 12 10 e ==
May 1l 4 . — 1
June = 1 5 Y e
July s - 1k i3 o
August e - 3 7 =
September e - 2 2 -
October s e 3 o —
Totals 1 17 37 27 1
Number of Iish taken from schocls of sach type
Objects with which associated
¥onth Shark Nothing Bird Tand Dri ttwcod
March = e - e e
April -~ Lsk7h 1,316 o s
May 65 715 e == Lgh
June e 4,030 6,023 1,681 e
July — — 999§2 129233 —
August e - €69 595 -
September — o= 138 137 e
OCtOber b e 1 9 ?93 ey o
Totals &5 9,217 19,977 14,796 LSk

Number of fish taken par tims fishad frcm each type of school

Month Objects with which associated - L
s Shark Notaing sed Land Driftwood

March ——an - . . —
ril - 373 i3 e -~
May = 75 S — L94
June —— L0 1,206 356 -
July - — 713 B ——
August — - 223 85 —
September == e 9% &l o
October e e 537 - s
Averages &5 552 BL0 548 pRIN

™~
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Table lce==Number of appearances of various types of skipjack schools,
number of fish taken, and number of fish taken per tims

fished in the Satsunan Sea Area.

Number of appearances of schools of each type

Month Object§ with which associated :
Shark Bird Land Driftwood
March - 4 — —
April — 1 2 —
May 1l 8 2 —
June - — 3 1l
July —_— L L -
Avgust —_ L -_— —
Sep tember - — — -
Cctober - 1 — 1
Totdl s 1, 22 11 2
Number of fish taken from schools of each type
Objects with which associated
Month
Shark Bird Land Driftwood
March - 813 — e
April -— 34, 1,184 —
May Lé2 5,827 477 —
June — — L82 320
July o 2,656 715 —
Avgust - 2,692 - — —
September e — e -
Cctober - & - L5
Totals Lé2 12,3L 2,858 1,065

Number of fish taken per time fished from each type of school

Objects with which associated .
Month Shark Bird Tond Driftwood
March —_— 203 — ' —
April - 364 592 -
May L62 728 238 —
June —— - 131 320
July —_— an 179 —_—
August — 673 - -
September — —_— — —_—
October _— 62 - 7h5
Averages L6 559 259 523

63



°(N o#mv BaJy BSS UBUMYZ SYY JO YINOs wodJ ©lRp Moys sessrjiuszed

0 00T 0 0 0 0 T == T == - -= ==
0 00T 0 0 0 0 T -= T == == == ==
0 0 0 0 00T 0 T == - == == T ==
0 3¢ et ¢ 0 0 ! == i G = == ==
0 914 LE 0 L 0 9T == 6 g == T ==
o 0% 0/, 0 0 0 ot == £ L == o ==
o) &€ 19 o 0 0 €T == g 8 - -= -=
0 0¢ 05 o 0 0 2 == T 1 == == -=
0 0 G 0 00T 0 T -- == == == T ==
0 o e g 16 L Gt == == (3)er ¢ (LT)8T {1)e
g 0 87 91 T4 G 61 (1) == (75 g €Y 1
0 0 Ge o¢ oY ST oe == == g ¥ 3 £

0 0 62 £e 62 6T 2S == == GL A ¢t 0T
0 0 9T 0 A4 Y 61 == - £ == 3 2

2 0 0 0 19 1€ €1 T - == — 2 K4

9 0 1T TT Yy 82 8r T -= P 2z 5 g

0 0 8 91 re rr Gz == -- g 4 8 1T
0 0 0 0 oL o€ € == == - == 91 L
- 0 0 L oY €9 GT = -- == T 9 8

pocul ITaq[ATejuepss| spatqg TeUH ULBTd HIwys Te10L | POOAYJITIQ|ALBIUSPSS| SPITY aTIYM upeTd YIBUG

1

ad4q yore Aq gaousawedde JO §8581U0AS]

S00AY AG STOOUSE JO sedusdeedds JO Joqumy

(€€6T) s®BoIB BOS UBUNY DUB NYTIUBS~TBINOH oY} U oPNYI[}8[ JO ol Udee ut
Butaesdds sTooyos yovfdyxis Jo seddy snotaea Jo sefequedisd pue sxequmy--°§ oTqe]



79

Table 5.--Numbers and percentages of various types of skipjack schools appearing
in each 1° of latitude in the Hokkai-Sanriku and Zunan sea areas (1933)

Number of appsarances of schools hy types Percentages of appearances by e
Latitude Shark Plain Whale Birds !Sedentary|Driftwood | Total Shark Plaln Whale Birds |[Sedenta
41° < 42°N ) 6 1 . - - 15 53 40 7 0 0
40 = 41 7 16 = - e == 23 30 70 0 0 0
39 = 40 11 8 A 2 o= =o 25 &4 32 16 8 0
32 - 139 5 2 2 2 -= 1 18 2 L4 11 11 0
37 = 38 4 a - e e 1 13 31 61 0 0 0]
36 = 37 8 2 == 3 - o= 12 A2 4R 0 16 0
35 = 35 10 15 12 15 == == 52 19 29 23 29 0
34 =35 3 e 4 & == == 20 15 40 20 25 0
33 = 34 1 5(3) 3 G{4) == (1) 19 5 26 16 42 0
32 =33 2(1) 18(17) 3 12(4) == == 35 7 51 8 34 0
31 = 3 = 1 e == == = 1 o] 100 0 0 C
30 = 31 e = == 1 i == 2 o] 4] 0 50 50
29 = 30 P = == 8 5 == 13 0 0 o] 61 39
28« 29 - e = - - - - - - - _— -
27 = 28 - - - 7 3 - 10 0 C o 70 0
26 = 27 -o 1 - 6 9 == 16 0] 7 0 37 56
25 = 26 - - ae 5 7 - 12 0 C 0 42 58
24 = 25 == == == == - - == == = == o ==
22 =24 == o= == == =e == = = == == == e
22 - 23 - 1 —= - . - 1 0 100 0 0 0
21 = 22 == == s = == == = o= == = == e
20 -21 - o - - -e - - . - - - -
13 =20 == == oo == 1 - 1 0 C 0 0 100
18 =19 e == == o= 1 == 1 0 0 0 0 100

Figures in parentheses show

data from south of the Zunan Sea Area (34° N).
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From the 1933 investigations it appears thai the skipjack
schools of the Hokkai-Sarriku Sea Area have characteristics
differing from those of the =outhern sea areus as regards the
size of the fish and the otjects with which they arse associated,
and further that the water temperatures suitable for catching
them are markedly lower than in the south and heve comparatively
limited values (22-23° 0)17: all of which seems to mark it off
as an area in which the schools are clearly of a different
composition, however, it is thougnt that the schools themselves
come from the Zunan Sea Area and the arsas to the south and

west (including Satsunan) in the spring and summer and return
south in the fall,

Finally I wish to thank Dr. Morisaburdo Tauchi, professor
in the Fisheries Institute, for his valuable instruction con- -
cerning the theory of skipjack migrations presented in this
paper, and Technician Itarc .Takayamz of the Imperial Pisheries
Experiment Ctation for making the data available, N

Summary

(1) According to the investigstions of 1923, the majority
of the skipjack schools fished in the Hokksi-Danriku Sea Arsa
are medium-sized skipjack, while in the southern sea areas
schools of large and swall fish make up a comparatively
important part of the catch, The proportion of medium skip-
jack to large and small fish is least in the southern areas
at the same period (May, June, July) when it is greatest in the
Hokkai-Sanriku Sea Area.

(2) Investigating the month of highast catch in sach sea
area by large, medium, and small sizes, the migrations of the
skipjack schocls were discusscd separately by sizes. Groups
of skipjack schools wiich migratse frem south to north in the
spring and summer and retreat southward again in the fzll were
hypothesized and it was thought that they must be compcsed of
schools of at least two strains, one originating in the Satsunan
area and one in the Zunan area. TFurther, it is thought that
there are probably only migratory schools, with no permanently
resident schools, in the Hokkal-Sanriku Sea Area, but for the
Zunan and Satsunan sea areas we must believe that there are, in
addition to the north-south migrating schools, other local
schools which make small localized migrations.

Y Tekayama, Ikeda, and Andd: A study of the skipjack fishing
situation in 1930, Jour. Imp. Fizh. Exp*. Sta. No. 5, 1934,
33-34,
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(3) In the Hokkai-Sanri m Sea Ar

p)
e
£« _)(‘

jack qcnOfﬂs are

mainly associated with shsrks or not caCGI&'Ed wi <

and both tha number of denss schocls and thz index of dens**“

are rezmarkably high, but in the Zunan znd Seisunsn sea areas

they are chiefly bird-associated or sedentary schools, ard spa.i s
-

schools are more numerous than demse ones. A Lcok at ths distri-
bution shows that the chark-associated schosls occur the farthest
north followed by unassociated, Whaﬁena'nouﬁbusag vird=(drifiwcod-)
associated, and sedentary schools in thet order, The resulis of

a certain amount of investigation cf the biitilanz qualitiass of
scheeols as well as their density and assoc1at1~ns havs alsc been

presented,

September 19, 193,



From the Bulletin of the Japanese Sccisty of Scientific Fisheries,
Vol., 2, Nc. 3, pp. 107-111l. September 1933,

Types of Skipjack Schools and Their Fishing Qualities
By

Michitaka Uda
(risheries Experiment Station)

[English title and abstract/

The Shoals of #Katuwo" and their Angling.

SYNOPSIS

The shoal of "Katuwo! /Euthynmus vagans (Lessonl? is often
found associated with either sea-btirds, drifting btimbers, whales,
sharks, or what not, The association with sea-~birds or whales
is almost characteristic to the shozls of this fish found in the
districts south to Prov. Bosy:i, whereas the shoals associated
with sharks are mostly distributed in the northern districts,

Such difference of the distribution corresponds to that of oceano-
graphical conditions, particularly of salinity (Figs. 1, 2 and
Tab. 1).

The denseness of crowd and the degree of biting are represented

quantitatively with the index-numbers k and ¢ respectively (Tabs, 2
and 3), Viz., k = mm o1l where m and n are the number of records

of dense and thin crowds respectively, and
q = 392 # zpl £ Py # 005}3“"1 £ OolP“’z s

P2 £p1 Ao £ 1 £ by
where Pps Pys Pos P=1 and p-, ars the number c¢f racords of very
good, good, medium, poor and very pcor biting reSpecg%velyo The
index~number of fishing value of a shoal defined by: s Where
Nt, 1 and t are the total numbsr of fishes angles,'tﬁz number of
rods used and the duraticn of angiing respectively, varies with
the product kq (Tab., 6). But, since N' is not exactly proportional
to t (Tab. 5), the above-mentioned index number is only an
approximate one.

The relation between the degree cf biting of "Katuwo!" and the
quantity of the contents of their stomach (Tab. i) ssems to be
explained by teking the time required for digestion into account.

/Bd of English sbstract/
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This paper is a studiss woich T have mads of
i Zz ade on tha
33 Hary of the Fukushime
vioene In clessifying types
d the grocedure of the

2ent Stationd/ and of Mr,

Prefecture Fisherias Exmerimont Sta
of skipjack schcolg, X Lave fcllcws
Fukushima Prgfecture Fisherics
Shin Suzuldz/,

Types of Schools and See Cunditicas,

A comparison of the dstribtuticn of Iishing grounds
and the distribution of salinities (tzble 1) shows that in lav
and June southeast of the province of Boshu /Thiba Prefscturef),
in a warm current aresz of high sal 7 (€ 2> 25,70} the main

1ind
types of schools encounterad ars thosa assonfated with whales

or with flocks of uirds, while in July, August, and September,
in the waters of comparatively low saliinity to the north
(6'15<:25°?O), the only sciwols seen are those assocciated with
sharks or those not asscciated with anything., Surface water
temperatures c¢n the fishing grcunds are everywhsre roughly the
same (21° to 23° C.), but the differential in temperature
between the surface and *he 25-meter level shows approximately
the same distribuiion as the salinity, both of them being thought
to indicate a difference in current system (fig., 1). Of course
the fishing season in the south is in May and June, while in the
north it is in July, August, and Sepiember. It may be thought
that this is the reason for the greater vertical difference in
water temperzgure in the north, however; in this sea area,; the
regular yearly studies alsc reveal a greater vertical difference
in temperature the farther noril ons goes.Z This relationship
between current cystems and types of skipjack schools can be
seen from the rascords of investigalions carried out by the
Chiba Prefecture Fishgries ZExperiment Station over a period of
thres years (fig. 2)2 .

Taking *the waters off BOshi as 2 beundary, it is not clear
why there is a difference in the types ol skipjack schools
found to the north and t¢ the south, It may be wondered whether
this difference is not due to differences in the distridbution
of the objects with wiich the schocls are assoclated, this
distribution being affected by oceanographic conditionsd/,
rather than to differences in the character of the skipjack
schools themselves, Suguki defines the unaccompanied schools
as those which appear at the surface in areas where there are
no other objects or signs of life, and bird schools as those
which cannot be detected except by sighting flocks cf sea
birds, The sharks are whale sharks, around which the skipjack
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schools congregate in fear of spasrfish, Amcue whalas
accompanied by skipjack schools, ths sei'whalegia most

common followed by the fin whale, Tloating logs are mainly

of tropical origin, having =icked ae their accompanying
schools while drifting past the shoal fishing grounds,
Consequently, accordiag to Suzuki, such schcgls accompanying
drift logs are sighted in grestest purbers in the main current
of the Kuroshio beiwseern the Satsunsn Tishing grounds and Zunan,
such schools being rare within 200 miles of the ccast. north
of Tokiwa.% ’

Thus, skipjack schools associated with birds, with whales,
or with floating logs generally appear in grea*tesit numbers in
waters of the main Kuroshio system, waile scheols accompanying
sharks appear for the most part in warm water masses of the
Northeastern Sea Area where the Kuroshio and Oyashio current
systems impinge upon each other. Schrols accompanying whales
are said to be hard to find in the southem ncriion of the
Kuroshio. Consegiently, the distribuition of salinity and dis-
tribution of tyses of skipjack schools are probably correlated.

Index to the Density of Scheols,

As the schools associate with birds; trees, whales, or
sharks for quite different reasons - Gquite fortuitously in the
case of the birds, in search of rich feed in the case of drift
logs, and to escape pradators in the case of whalss and sharks -
and the cbjects with which the schocls are asscciated differ in
their size and rate of movement, it may be thought natural that
& fferences in density and size should also arise among these
various types of scheols., The folleowing is an attempt to
express the degrase of density numerically. Fist of all, for
each type of school the number of times of appearance of dense
schools is indicated by m, the number of times of appearance
of sparse schools by n, the concentration in space of inlelqual
fish in the case of dense schools is repressnted by the density -
index 1, and in the case of sperse schools by x (1~¥ 0)3 There-
fore, the index of average densitv of a schocl of fish is

yws DLl -nXx
m - n
By means of this formula k is calculated using observed values
for m and n and postulziing twe values O and 0.1 for x (table 2).
In the case of unaccompanied schools k is 1, for schools accom—.
panying whales and sharks it is abcut 0.8, for schools accompany-
ing birds it is 0.1 or 0.2,

» Nakayamaé/ also expresses generally the same idea,



Table 2,~-Density znd density indices

Type of Times recorded Denzity index (k)

School Dense (m) | Sparse (n)| x = 0,1 x =0
Bird 1 8 002 0011
Whale L 1 0.82 0.80
Shark 2l 8 .78 0,75
Unaccompanied 11 e 1.C 1,0

Table 3.--Biting qualities and biting quality indicss fer
skipjack schools

Times reccorded
Type of Good Fairly |{Average Poor Very Biting
school Po good p1| pg p= poer . index
P=2 (2)
Bird - 3 = 6 o= 1.00
Whale z 2 1 - 2,10
Shark 2 2 2 25 1 0,77
Unaccompanied 3 1 - 7 - 1.3




Table Y4.--Stomacl: contents and biting quaiities

Stomach contents Frequency

Type Amount Good FZiZéy Averagze Poor
Sea-trout full 3 4
Chirocentrids fairly full 1 1 2
Chirocentrids stuffed 3
Chirocentrids
and sea~trout some 1l
Spratelloides sp.| half full 1
Chirocentrids
and others a iittle 1 1 P4
Chirocentrids a little 2
Nothing nothing 1 1
Not recorded 2 2 1 27

(Note) Bait used was sardine or anchovy
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Index to Biting Quslitiss of S:hools,

The following is an attesp® to show numericelly the biting
qualities of skipjack schools, If the bitirg quzlities of 2
school recorded as good, fairly good, average, poor, and very
poor, ere indicated respectively by yp, ¥1s Y¥ps Y15 and y-o,
and the number of times of occurrence for each category is
expressed as p2; 21s Pos P=~1 and s the index of cverage
biting qualities for one type of school can ke shown by the
formula g = %.:_E.g_ o Nowwhen yp = 3, y5 = 2, Yo =1, ¥.q =0,5,
and y.p, = 0.1, if we iry calculating q (table 3), we get 2,1 for
schools accompanying whales, 1,3 for unaccompanisd schiocis, 160
for schools accompanisd by birds, and 0.8 for schools accoupanying
sharks., An unexpected relationship can be seen between the biting
qualities of schools and the stomach contents of the fish (table
L). Fish which have eaten their i1l and fish with empty stomachs
may either bite well or pcorly, but fisnh between these two
extremes tend to bite mere poorily the less they have in their
stomachs. It is thought that once the {ishh has filled ils stomach,
its eppetite declines with the progress of digesiion, the appetite
becoming strong again once &1l the food has teen digested and
continuing wntil the absorption of nourishment again commences.

If this idea is correct, the appeéarance of the above-noted
correlation would be natural.

Index of the Valus of Schools,

As an approximation, assuming that the fishing efficiency
of all fishermen is equal, it can be considered that the total
number of fish tsken N' will be proporticnal to the number of
poles 1 and the dura:ion of fishing t /ihis assumption does not
strictly conform to the facts (table 5)/. Trerefors, the catch
per pole per honr__TTis taken as an index of the value of a
school, and is calleéd the school value index. We can consider
that the catch per pole per hour is generally proportional to
the index of average density of the school i and to the index
of biting qualities g, Thus -

Nt Nt .
I ok Ofepe- = akq Here is a constant.

The fact that the products of k aqd q given in tables 2 and
3 are propcrtional tc the values of , calculated from

observed values for X', 1, and t (table 6) shows that this
jdea is in general correct, As the above formula will not
stand if x = 0.5 in calculating the value of k, x is considered

to be about C,1.




Table 5,--Number of fish taken and duration of angling for )
schools accompanying sharks

Duration of Number of Fish per pole
angling (t) fish taken Fish per hour per hour
5 hrs, 1,&12 about 283 fish |about 11 fish
2=} hrs. 1,269 423 17
1 hr.~1 hr. 20 min. 515 Lis2 18
less than 30 min, 72 > U v 6
k4
Table 6.—~Index of value of schools
~ Type Observed Calculated c§1cglated
of N'/(1% 50.5 X kq,%* 1.8 X kq,*
SCh°°1 /( ) (x = 0015 (x = 000)
Bird 8 10 6
Whale 87 87 87
L ]
Shark 26 30 k1l
Unaccompanied 49 €6 67 ; -

* 50,5 and 51.8 are the numbers used to multiply in order to make
the N'/(1t) and values for whale-accompanying schools agree.
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Surmary

A study has been made of the distribution of objects with
which_skipjack schools are asscciated in the southern portion
of the Northeastern Sea Area and the northeastern portion of the
Zunan Sea Area, and it has been found that there is a marked
difference in the distribution oi these otjects corresponding
to a sharp change in oceanographical conditions in ths waters
east of Boshil, It has also been found that salinities may be
taken as an indirect indicator of the boundaries of the distri-
bution of these objects, The density and biting qualities cf
schools have been shown numerically by means of indices, and
the characteristics of each type of schocl have been shown., An
index of value for schools has been postuiated and has been
found to be roughly proportional to the products of the density
and biting quality irdices. Interesting facis have also been
demonstrated concerning the relationship between biting quali-
ties and stomach content and the relationship tetween duration
of fishing and number of fish taker,

This paper is tased chiefly cn the detailed recorcs of
observation by the Fukushima Prefecture Fisherie s Experiment
Station, and I wish ‘o express my thanks to the personnel of
the Station who made these data available, Thanks are also
due to Dr. Torahikc Terada and Dr. Morisaburo Tauchi for various
comments on the results of this study.
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