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THE TUNA LONGLINE FISHERY AND ITS FISHING GROUNDS
by

Hiroshi Nakamura

Introduction

The Japanese tuna fishery, which formerly had for its fishing grounds almost the
whole western Pacific and a part of the Indian Ocean, wherein its small vessels roamed at will,
was reduced by the Pacific war to such a nearly complete state of destruction that little was left
to remind one of its former condition.

On the one hand it was forced to accept restrictions which can only be called mortal
in the form of an iron chain of limitations upon its fishing areas, and on the other hand it lost a
large number of fishing vessels and the excellent advanced bases in Okinawa, Formosa, the
Ogasawara Islands, and the mandated South Sea islands. With even the materials necessary for
fishing difficult to obtain, the problems faced by this fishery were certainly not easy ones.

When we look at the course taken by this fishery from the end of the war to the
present day, we see that despite the many difficulties and obstacles mentioned above the tonnage
of its fishing vessels has already in a comparatively short period recovered to a level close to
that of before the war. This fact demonstrates the unstinted efforts of the people engaged in this
fishery, efforts which are truly worthy of admiration. However, considering this situation cold-
ly, we must also admit that the rapid tempo of recovery in this fishery reflects the confusion in
Japanese fisheries circles after the war and the fact that this fishery became the object of
investment as a measure to relieve the depression in other industries. Consequently, it can
hardly be said that this fishery has undergone a substantially healthy recovery, In fact, it has a
character which can hardly be considered under the heading of rapid progress. Now, 4 years
after the war, the tuna industry cannot be said to be as promising as was hoped at the beginning
of its new start, but it appears rather to be fraught with many problems and hardships.

The cause of these problems and hardships is probably the same as that of the
hardships which beset the Japanese fishing industry as a whole, that is the restriction on fishing
grounds. In part too it should probably be considered due to the overall abnormality of the
Japanese fisheries in recent years caused by so-called oceanographic abnormalities,

Because the waters opened to Japan's fisheries are largely those off her Pacific
coast, a good deal of objectivity can probably be detected in the fact that the tuna fishery has been
temporarily in the spotlight and has come in for a great deal of attention., When we come to the
question of how much of a scientific nature there was in the manner in which this attention was
given to the fishery, we cannot unfortunately give any answer, The sad fact is that we have hard-
ly any scientific knowledge which could have been considered in connection with this fishery,
Expressed concretely, what we mean by knowledge of a scientific nature would be such things as
how many vessels should be permitted to operate in the waters allowed to us, in view of the size
of the resources, and how much they could be expected to produce, With regard to such ques-
tions, is there not at present almost no one who could give an accurate analysis ?

The tuna, along with the snapper and the carp, is among the fish with which the
Japanese are best acquainted, its name being known even to 3-year-old children, However,
scientific knowledge concerning these fishes is extremely poor and this fishery can be thought to
be the most primitive in character which we have,

The reasons why the tuna fishery is productively at an extremely low ebb are set
forth in this book in the section on the characteristics of the tuna fishery, but to put it briefly,
it is because this fishery is largely lacking in planability or stability, The reasons for this are
that, because the range of distribution of the fishes which are the object of the fishery is

1



extremely broad and these fishes perform migrations on a large scale, not only can the essential
nature of the resource not be easily grasped, but the investigation of the paths of the migra-
tions and the factors controlling them are accompanied by remarkable difficulties and require
great expenditures: for which reason we can hardly be said to have any knowledge concerning
these phenomena,

Up to the end of the war the writer spent over 10 years in Formosa, where he was
mainly occupied in the study of the ecology of these fishes. After the war he was ordered to
undertake the study of the resources of the tuna fishery at this research station, in which work
he is presently employed, In order to determine research policies corresponding to the new
conditions, the author has attempted to bring together data from tuna fishing experiments and
fishing ground surveys carried on by fishery research agencies throughout the whole country
during more than 10 years past. The object has been to see if it were possible by means of
these data to get some knowledge concerning the migrational patterns and the stock and thereby
to make some contribution to the stabilization of the tuna fishery, What has been accomplished
in regard to these problems is, however, very little,

In the beginning the intention was only to write concerning the data referred to
above, but the decision was made to cover in outline fishing gear, fishing methods, and other
general matters concerning the tuna fishery. Consequently, the work is in part a repetition of
some of the material in the author's book, The Tuna and Their Fisheries, published by the
Takeuchi Book Store,

The tuna fishery is at present in a somewhat congested condition, but unlike other
fisheries its fishing grounds are extraordinarily broad and are for the most part on the high seas
away from territorial waters, What sort of treatment Japan's tuna fishery will receive in the
future when the peace treaty is concluded, I do not know in the least, However, if the general
international concept of the high seas continues to be guaranteed in the future, the time will
surely come when this fishery will be permitted to operate freely, Until that day I hope to con-
tinue studying the essential character of the resource insofar as I am able, and attempting to
contribute to the establishment of a planned, stabilized tuna fishery without any diminution of
the resource, Corrections and contributions of data from the readers are requested.

I have dared to undertake the writing of this report, despite my lack of talent, in
the hopes that my little knowledge and feeble effort might be of some use. A direct motive has
been the urging of the director of this station, Dr. Morisaburo Tauchi, from whom I have re-
ceived various assistance. I wish here to express my deep thanks to him, (JTanuary 2, 1948)

P.S,

During the writing of this manuscript a great revolution in fisheries research
agencies has taken place, the former Fisheries Experiment Station of the Ministry of
Agriculture and Forestry has been abolished, and the regional fisheries laboratories have been
established, The writer has been appointed director of the Nankai Regional Fisheries Research
Laboratory. Consequently, this report, which was to hawve been published by the Fisheries
Experiment Station of the Ministry of Agriculture and Forestry, has been changed to a report of
the Southern Regional Fisheries Research Laboratory.

March 30, 1950)
I, Types of Fisheries and Their General Description

There are three major types of fisheries for the tunas and spearfishes, The first is
the net fishery, the second the hook and line fishery, and the third is the harpoon fishery,



A, Net Fisheries

There are two types of net fisheries having the tunas as their object. The first is
that called the set-net or trap fishery, where the net is permanently fixed at a definite location,
The second includes fisheries using movable nets, not fixed in one place, and it comprises
round haul nets, drift nets, and gill nets,

1, Stationary net fisheries

An example is the large set-net, This type of net is held at one location by the use
of anchors and floats and sinkers, so it is necessary that the place where the net is set up be not
very deep. As it is naturally impossible to move the net at will, unless it is set up across paths
travelled by the fish, it will be difficult for it to attain its objective of catching fish,

These two conditions place basic limitations on the establishment of this type of
fishery, Places which fulfill these conditions are not to be found everywhere but are naturally
extremely limited.

Places which meet the above two requirements, that is, locations suitable for the
set-net fishery, are either on coasts where the water is comparatively deep close to shore,
where the effect of run-off from the land is small, and where the coast faces directly on areas
of warm current, or they are at places having such topography as the tips of capes or penin-
sulas at the mouth of large bays. However, even if these conditions are perfectly met, if the
current and tides in the area are very strong, it will be impossible to set up the gear and the
location will, of course, be unsuitable as a fishing ground.

Thus this type of gear does not have the positive character of chasing and catching the
fish, but rather waits for the fish to come of its own accord into the net. Consequently, because
of changes in oceanographic conditions and abnormalities in the weather, even though a net of
the same construction is set up in exactly the same place, the catch will be good or bad from
year to year and fluctuations in the catch will be difficult to avoid. The catch of such gear is not
limited to the tunas, but other fish such as yellowtail and skipjack large enough to enter the net
will all be taken by this type of fishery.

As this net is on a large scale it requires a considerable amount of capital to
establish one, It may be thought that large sums of money can be earned in the course of one
night with this type of gear, but when poor fishing continues for sometime and there is damage
from rough weather, it is often found that one fine morning the whole property has been lost,

As the figure shows (Translator's note: figure omitted), the net consists of two
parts, the lead and the heart, The lead cuts off the path of the fish and acts to direct them into
the heart.

When a tuna comes swimming along and encounters the lead, he is frightened by the
net and tries to escape, follows the net out to sea, and at last enters the heart of the trap.
When fish enter the heart of the trap, a lookout who is on watch signals at an appropriate time
to the tender boat. The boat is standing by the mouth of the heart and when the signal is re-
ceived the men in the boat quickly close the opening of the heart so that the fish cannot escape.
They then gradually haul the net in such fashion that the fish are driven into the bunt from which
they are brought into the boat by means of gaff hooks.

There are among the tunas, as is set forth in a later section, several species. The
different species each have their different habits. The bigeye tuna, the albacore, and the
yellowfin tuna do not often approach coasts suitable for the use of large set-nets and therefore
they are hardly taken by this type of fishery. Immature yellowfin, however, do tend to enter
coastal waters and at their immature stages they are often taken. The black tuna and some of
the spearfishes characteristically enter coastal water areas and therefore the catch of the set-net
is principally these species.



It is not known when or by whom the set-net was invented and put into actual use,
However, it is certain that the invention and application of this gear took place an extremely
long time ago. The tuna trap shown in the figure is extracted from the Nippon Suisan Saihoshi—
and the outline of its construction is as follows.

"A large net in the county of Kochika in the province of Rikuzen is designed chiefly
to take tuna, however, as it is a fixed fishing gear snappers, yellowtail, sardine, skipjack, tuna,
and sharks all enter it.... The fishing ground is at the point of a cape where trees grow luxuri-
antly and where the coast line forms a rounded bay, It is located over 400 ken (200 yards) from
shore in waters 25 - 26 fathoms deep and is set up in such a way as to embrace the mouth of the
bay. The local tradition concerning the origin of this net ascribes its invention to one Sabur8
Torimi of the Abe clan, who taught the method to the fisher-folk, Under the old Sendai feudal
lords, the net was insured by a grant of money from the local ruler for the repair of the net
when it was damaged by stormy weather."

The catch of tunas by fixed gear according to statistics of the Ministry of Agriculture
and Forestry for 1941 amounted to a total of 9,258, 324 pounds. According to the same statis-
tics, regions in which the catch amounted to over 10, 000 kan (82, 700 pounds) were as shown in
the following table, From 1942 on the migrations of black tuna into Japanese coastal waters
dropped off markedly, and for this reason the catch of tunas by fixed gear has diminished to
almost nothing,

Table 1. ~--Catch by fixed gear in various
regions (in pounds)

Region Catch Region Catch
Hokkaido 2,050, 629 Fukui 182,279
Iwate 2,919, 781 Shizuoka 135,430
Akita 1,087, 505 Tottori 619, 357
Miyagi 558, 605 Ehime 149, 844
Toyama 144, 799 Kochi 162,911
Ishikawa 156, 055 Nagasaki 138, 307

Notes: (1) According to Ministry of Agriculture and Forestry
statistics for 1941,
{(2) Only those prefectures having a catch over 10,000
kan (82, 700 pounds) are shown,

2. Drift-net fishery

In this fishery, unlike the trap fishery, the nets are loaded into the fishing boat and
carried to the place where they are to be used, Consequently, it has the characteristic of
mobility, and can be said to be of a more positive character than the trap fishery.

In catching small birds a so-called "mist net' is used, and the drift-net may be
thought of as a mist net used in the sea, In short, the net is stretched across the path of the
fish, and waits for passing fish to be caught in it.

Tuna generally swim in the direction of flow of the current, and therefore the net
must be set roughly at right angles to the current, Furthermore, as the depth of the net is quite

1/ Published by the Fisheries Bureau of the Ministry of Agriculture and Commerce in 1910. The
author has supplied suitable diacritical marks to assist in the reading of the Chinese-style
text of the description.



insignificant in comparison with the depth of the sea, it goes without saying that it can take only
those fish which swim at the very surface, Consequently unless this gear is used at a place and
at a time where the tunas swim in the surface layer, it will not attain its objective of catching
fish, Also, the tunas naturally have the power of sight, and when they encounter a net, they will
try to escape, so this gear is useless unless employed at night, when the meshes of the net can-

not be seen,

The factors which control the vertical distribution of the tunas are thought to be
principally such things as light, temperature, and water pressure. As far as light is concerned,
fishes in general share the characteristic of inhabiting deeper levels during the day than during
the night, This characteristic appears also in the tunas, and is particularly marked in the case
of the bigeye tuna,

With respect to temperature, the majority of tuna species are basically warm-water
fishes, preferring to inhabit sea areas having warm waters, They are thought to be extremely
sensitive to changes in temperature, but this means only that the limits of the temperature at
which they will live are clearly marked, and does not mean that the range of temperatures which
they can withstand is narrow. It is thought that the range of temperatures which they can endure
is rather broad. It is known in the waters of the low latitudes they generally swim at fairly deep
levels. In such areas temperatures at which the tunas can live are found at the surface, at the
100-meter level, and in some cases even deeper. From an examination of a considerable
amount of data, it appears that in the waters of the low latitudes, the tunas are generally most
abundant in the vicinity of the 100-meter level, Compared with the temperatures which are
thought to be most favorable for the occurrence of tuna in Japanese waters, the water tempera-
tures at the 100-meter level in tropical seas are rather high, This fact is thought to show that
in some circumstances the effect of water temperature on vertical distribution is not very great,
indicating that the action of light is more important, The above-expressed opinion that the
density of distribution is greatest in the vicinity of the 100- meter level is not actually based on
any study of the density of distribution, but rather on the circumstances under which catches are
made in the longline fishery, and therefore it may naturally be thought that the strength of the
light rays may be a factor in making the fish easier to catch, However, at present it is im-
possible to conclude whether light or temperature is the most important factor in determining the
vertical distribution of the tunas.

As far as water pressure is concerned, the adaptability of the tunas to changes in
this factor is thought to be extraordinarily great, In tropical waters, for example in the Celebes
Sea, they occur in considerable density as deep as well over 100 meters, and they also occur
practically on the surface. In short, it is thought that they can withstand water pressures rang-
ing from about 1 to well over 10 atmospheres.

Other fishes are known which can withstand considerable changes in water pressure
where the changes occur gradually, but ordinarily they cannot withstand sudden changes. The
tunas, however, are thought to have remarkable resistance against sudden changes in water
pressure. For example, if we look at the behavior of tunas when they are hooked, we see that
they sometimes make one deep dive, going so deep that the glass ball which is used as a float is
crushed by the water pressure, As was noted above, in tropical sea areas the identical species
is distributed at markedly greater depths than it is in waters of higher latitudes, and is thought
to be able to withstand more violent changes in external pressure, for which reason it can be
concluded that the effects of external pressure are not very important in determining the vertical
distribution of the tunas.

It has already been stated that temperature and light are the main causes of the
vertical movement of the fish. In Japanese waters, off Hokkaido and the northeastern coast of
Honshu, a warm current forms a shallow layer on the surface, below which runs the cold current
of the Oyashio. In waters presenting oceanographic conditions of this sort, the tunas naturally
are distributed only in the surface layer, affording favorable conditions for the drift-net
fishery.



A boat which has arrived on the fishing ground sets nets in the evening. As was
stated earlier, the net is set at a right angle to the flow of the current. Buoys are attached to
the net, as shown in the figure, and a line called the mxakuzuna (*pulse-line') is fastened to
the boat, which turns its bow upcurrent and drifts, waiting for the fish to strike the net. The
myakuzuna not only performs the function of connecting the boat and net, but it also transmits
to the boat the impact when the tunas strike the net, The hauling in of the net and the taking of
the fish are generally begun at dawn, but when the catch is large the nets may be hauled several
times during the night.

This fishery has completely decayed in recent years, and there are no boats engaged
in it at present.

(Translator's note: figure 2, a rough sketch of a drift-net, is omitted.)

3. Round haul net fisheries

This type of fishery can be said to have an even more positive character than the
drift-net fishery., In fact it can be said to be the most positive of all the tuna fisheries. There
is one method which has been in use in Japan since ancient times, and another, the American-
type purse seine, which has been imported from America in recent years. Concerning the old
method, the following description has been abridged from the Nippon Suisan Saihoshi.

Ordinarily from three to five boats form a team, with 10 to 15 fishermen on each
boat. Arriving on the fishing grounds these boats separate and quickly surround an area of the
sea with their nets, cutting off the escape of the tunas and finally driving them into the bunt of
the net,

The American-type purse seine has already been in use for over 20 years in
America and its use is increasing from year to year, the catch by this method having gradually
approached and in some regions surpassed that from the pole and line fishery. The catch appears
to be mainly young tunas and skipjack.

This fishing method was imported into Japan after the end of the second World War.
In 1948 the Suisan Kenkyu Kai, in cooperation with the Tokyo Fisheries Company, tested this
fishing method with the Shiroyuri Maru (100 tons). During the trial period of about 1 month a
total of about 80 tons of skipjack and tunas (about 21, 000 kan) were taken, attesting the feasibi-
lity of this fishing method. In 1949 five purse seiners fished and took about 744, 300 pounds,
The principal catch was skipjack and young bigeyed tuna,

The construction of the gear varies depending upon the type of boat, but figure 3
shows one type in use (Translator's note: figure omitted). The following table lists the mate~
rials employed.

The materials used in the net shown in figure 3 are listed in the following table.
(knotless net was used).

When a school of fish is sighted, the net is set 8o as to cut across the line in which
they are moving, it is hauled around the school, the lead line is pursed up, and the fish are
captured, These operations are almost entirely carried out by the use of machinery, making the
operation extremely efficient.

The fishing grounds up to the present have been almost completely limited to the
waters off northeastern Japan. As this area presents oceanographic conditions which make the
tunas and skipjack swim in the surface layers, it is well suited to this fishery. The question of
whether or not this fishery can be established in the warm currents of the south, where ocea-
nographic conditions are different, can only be clarified by future experimentation,



Table 2. --Materials required for an American-style
purse seine

Type Unit weight
Size Mesh Depth 100 meshes,
Item {thread) | (sun)* [{[meshes) | Quantity 600 ft. Total weight ‘

kan* kan*

20-count cotton 90 4 100 600 x: 2 33, 600 367, 200

" 70 3,5 100 600 x 7 23, 800 999, 600

" 120 6,5 59 60€ x 1 40, 800 244, 800

Total 1,611, 600

20-count cotton (spares 20%) 320, 000

" (for repair 5%) 80, 000

" (for sewing 3%) 50, 000

Total 2,061, 600

Rope 4, 000 pounds

Wire rope 1, 000 kg
Lead 2,000 kg
Rubber 300 kg
Coal tar 6, 000 kg

1,627, 263 pounds.

Note: This table and figure 3 are both taken from the Suisan Kenkyu Kaiho No, 2,
November 1949.

(Translator's note: *¥1 sun = 1.2 inches

**] kan = 8, 27 pounds)

The amount of the catch by the drift-net fishery is not known, but according to

The mainstay of the tuna fisheries at present are the hook and line fisheries.
example, we consult the statistics of the Ministry of Agriculture and Forestry for 1941, we find
that the total catch of the net fisheries was about 10, 751, 000 pounds, while the catch by the
hook and line fisheries, as shown in the following table, was about 6 times as great.

B. Hook and Line Fisheries

Table 3.-- Tunacatch by the hook and line fisheries
(Ministry of Agriculture and Forestry
statistics, 1941)

Type of Fishery Amﬂ%&x?&s?“‘:h
Longline fishery 51, 524, 606

Pole and line fishery 12,867,797

Total 64, 392, 403

Ministry of Agriculture and Forestry statistics for 1941 the catch by round haul nets was
This was about 1/6 as much as the catch by set-nets for the same year.

If, for



The above table gives only the tuna catch, but the longline fishery took in addition
13,298,061 pounds of spearfishes, giving a combined total for tunas and spearfishes of
77, 690, 464 pounds. In addition it is estimated that the shark catch by the longline fishery
amounts to around 45, 485, 000 pounds, so if all of these are included, the catch will be a little
less than 124, 050, 000 pounds.

The hook and line fisheries are, as shown in table 3, divided into the longline fishery
and the single line fishery, the latter being further divided into trolling and pole and line fisher-
ies,

1. Trolling

In trolling a number of lines are paid out from the fishing boat with artificial lures or
baited hooks attached to their ends, The boat runs back and forth pulling these lines and cap-
tures tunas, bonitos, and spearfishes., The use of hooks with artificial lures is like the use of
flies in fishing in streams. Various forms of artificial lures are used, depending upon the type
of fish sought and the locality. (Translator's note: figure 4, a sketch of a trolling jig, is
omitted. )

This is a fishery which is carried on widely, not only in Japan but also in Europe,
America, Indonesia, and Micronesia, and everywhere upon exactly the same principles. The
contrivances used in this type of fishing in America are more refined than those employed in
Japan, Two or three feet ahead of the lure they attach what is called a “teaser." When the gear
is trolled, the teaser appears to be a small animal being pursued by the lure, which is in turn
seized by the tuna or skipjack. This is a very rationalized system and is probably advantageous
because of the greater visual stimulus to the fish, but it is not known whether or not it improves
the catch because there are no data from comparative experiments, It is recorded that the
natives in the New Guinea area catch fish by using a kite made of nipa palm leaves to the tail of
which a fish hook is attached,

Throughout Japan the trolling fisheries are just small scale coastal fisheries using
small boats. The main items in the catch are skipjack, Auxis, Sarda, young tuna, dolphin, and
cybiids. However, it is reported that in the times when black tuna occurred in very large
numbers on the fishing grounds around Tanegashima and off Hokkaido, a rather large amount of
black tuna was taken by this method., Aside from these vessels that specialize in trolling, the
longline vessels in most cases troll one or two lines on their way to and from the fishing grounds.

2. Pole and line fisheries

In these fisheries poles are used to catch fish by hand., The tunas taken by these
fisheries are mainly albacore and the young of other species, However, as will be described
later, under some circumstances fairly large fish are also taken,

The number of fishermen varies with the size of the boat, but it runs from 10 to 30
or more, The boats have live-wells in which sardines are kept to be used as live bait, When
the boats arrive on the fishing ground and a school of tuna is sighted, bait is scattered to con-
centrate the fish, which are then caught using either artificial lures or baited hooks.

The fishing method is exactly like that used in taking skipjack. When the schools
consist of large tuna, two fishermen sometimes work together as a team. As figure 5 shows
(Translator's note: figure omitted), the lines from two poles are joined together and attached to
a single hook. As this means that the number of hooks is cut in half it might be thought in-
efficient, but since even slightly large tuna cannot be easily brought into the boat by the
strength of one man, this use of two-man teams actually results in greater efficiency, By this
method even large fish of about 30 kg weight can be lifted into the boat with one swing,




In America, as has already been stated, purse seining and pole and line fishing are
the main methods employed in catching tuna, there being no longline fishery, It appears that
plans are already being made for the advance of this fishery into the former South Seas Mandate
area, and studies are being made of the distribution of bait and of tunas and skipjack,

Compared to the tuna longline fishery, this method has the advantage on the score of
the exertion required of the individual fisherman, howeve r, the essential weakness of this fish-
ing method lies in the fact that it always requires live bait, According to the above-mentioned
report of American explorations in the waters of the former South Seas Mandate, the establish-
ment of this fishery in that region appears doubtful because of the bait problem, However, as
everyone knows, the waters of that region are an excellent fishing ground for the longline
fishery., The value of those fishing grounds will be discussed in a later section.

3. Drift line (nagashiyoma) fishery

This fishery has been carried on in the past, but it is not known whether it is at
present, A brief account of it is given here because its concept contains some very interesting
features. It is callednagashiyomain the Nagasaki area and nagashinawa in the Izu region.

The fishing gear consists of a barrel, line, and hook., The barrel performs a
double function as a float and a reel, with the line wound around it. A hook is attached to the tip
of the line exactly as in the case of the longline, which will be described later, with a wire leader
and a sekiyama. For bait sardines and squid are mainly used, and the gear is chiefly employed
with the object of catching albacore (Translator's note: figure 6, depicting this gear, is omitted.)

When the hook has been baited, the line is paid out to a suitable length and allowed to
hang down into the sea, the remainder of the line being then secured either to the barrel or upon
itself with a thin string so that no more will unreel off the barrel. The string used for stopping
the line must be neither too strong nor too weak, When a tuna takes the hook and begins to
fight, it is necessary that the string be strong enough to set the hook thoroughly in the fish's
mouth, When the hooked tuna attempts to dive deep, the string must be of such strength that it
will break from the combined force of the buoyancy of the barrel and the pull of the fish,

When a tuna is hooked, the string breaks and the barrel spins violently, paying out
the line, The fishing boat, which is standing by, immediately is rowed to the barrel and the line
is pulled in by hand., The spinning of this barrel is described in old books as being just like a
mill wheel,

Ordinarily one boat operates about 8 tubs, which are set in a line at suitable
intervals, This is thought to have been the origin of the longline, which will be described later,
but the relationship is not well known.

When the tunas are hooked, they tend to dive violently and deep. If the tub with its
great buoyancy were acting directly as a float, there would be danger of the line's parting. On
the other hand, if a float of small buoyancy were employed, there would be danger of its being
pulled unde r by the fish, The idea of fastening the line to the barrel with suitable string, having
this string broken by the pull of the tuna, and having the barrel revolve and pay out the line is
the same in principle as the modern reel.

The catch of the hook and line fishery was mentioned earlier, the amount exceeding
the catch by all net fisheries for the same year, Prefectures with a catch of over 10, 000 kan
(82, 700 pounds) and the amount of their catch are given in the following table,

Large catches are shown for Miyazaki, Kagoshima, Shizuoka, and Okinawa prefec-
tures. This pattern corresponds at many points with the skipjack landings, showing the re-
latedness of these two fisheries,



Table 4, --Tuna catch by hook and line figsheries in
various localities (1941, Ministry of
Agriculture and Forestry statistics)

Catch Catch

Locality (pounds) Locality (pounds)
Miyagi 1, 045, 957 Fukushima | 250, 689
IChiba 119, 105 Tokyo 156, 683

anagawa 160, 769 Shizuoka 2, 640, 495
Mie 1,077,912 Wakayama 505, 371
Tokushima 198, 166 Kochi 197, 405
Nagasaki 134,942 Miyazaki 4,024, 959

agoshima 1, 387,590 Okinawa 874, 280

4. Longline fishery

The longline fishery is the most important of the tuna fisheries, both in terms of the
scale on which it is prosecuted and in terms of the catch.

The gear is built around one trunk line to which float lines (ukinawa or abanawa) and
branch lines are fastened. In the old days hemp was used as material for the lines, but at
present cotton is generally employed. The gear used in the spear-fishery of Kagoshima Prefec- -
ture employs lines of about 7 momme weight, but ordinarily 9 momme or 10 momme line is
employed. This designation shows the weight in momme of five shaku of line (1 momme = 0, 1325
ounce, 1 shaku = 1 foot),

The thickness of the line used has gradually increased in recent years, the main
reason being the increase in the size of fishing boats with the increase in the number of units of
gear used as another reason, At the end of the branch line a sekiyama is attached with a swivel,
Formerly the sekiyama was made of a heart of high-grade Noshid hemp wound with cotton line,
but at present this is hardly used at all, the ordinarily employed sekiyama being made of nine
strands of No, 28 steel wire wrapped with cotton, A wire leader is attached to the end of the
sekiyama, This leader is usually nine strands of No. 27 steel wire, but some fishermen claim
that seven strands of No, 25 wire is best, The hook is attached to the end of the leader wire.

A glass ball 30 cm in diameter, with walls 8 mm thick, wrapped in netting, is
attached to the float line as a float, Sometimes billets of paulownia wood about 3 inches in diam-
eter are used as floats. In recent years iron or aluminum ball floats have come into use. The
floats combine the functions of supporting the line, signaling the presence of fish on the line, and
identification. The float functions and the marker functions are the most important, Ordinarily
a flag of cloth or of palm fiber is attached to a bamboo pole to mark the float, At night in order
not to lose sight of the line, light buoys are attached here and there, Formerly carbide lamps
were used for this purpose, but at present battery-powered lights are generally used. As the
disappearance of the line means a very serious loss, recently such plans as the attachment of a
device to the float to tranamit electrical waves which could be received by the fishing boat have »
been devised and will probably be put into actual use in the near future,

The construction of the lines varies depending on the type of fish sought, the
locality, or the individual fisherman, but the basic form is invariable. In any case there is a
single main line with a number of branch lines and float lines made 8o as to hang the hook at a
suitable depth,
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Gear is ordinarily counted in terms of baskets or of skates, Formerly each section
of line was put away separately in a basket, but these are hardly used at all at present because of
their bulk, The unit of gear is a hold-over from this former practice.

The length of the main line of one basket is subject to various changes, but those in
use at present are generally of about 300 meters. To this usually one float line is attached.
The float line's length is not fixed but can be suitably adjust ed depending on the fishing ground.
The branch lines in common use at present have a cotton part of about 15 meters, and sekiyama
and wire leaders of 3 to 5 meters each. This, however, is not invariable but differs with
oceanographic conditions and the species of fish that is sought. A particularly mar.ced example
of variation is found in the gear used for black tuna in Miyazaki Prefecture, in which each basket
has only one branch line, a rather long one. In gear designed to take spearfishes and albacore
generally the branch lines are short and numerous, there sometimes being more than 10 branch
lines in one basket, In recent years, however, even albacore lines show a trend toward longer
branch lines and a smaller number per basket. The reasons are thought to be related both to the
supply of material and to catch rates,

The number of units of gear employed at one time varies with the size of the vessel,
in recent years it has increased rapidly so that the large boats are actually using 300 to 350
baskets, Assuming that each basket has 5 hooks, the number of hooks fished each time ranges
from 1,500 to 1, 750, If the length of the main line is, for example, 300 meters, the total length
of the gear will be 90 to 100 kilometers. In actuality the main lines are not stretched taut but
sag about 60 percent. The use of such large quantities of gear is principally for the purpose of
increasing the catch per day, but it can also be thought to increase the chance of the line's en-
countering schools of fish, However, as considerable strain is put on the material, this cannot
help shortening the life of the line,

If the scale of operations outlined above is compared with the trolling and pole and
line fishe ries, it should be clear that the longline fishery is in quite a different category as far
as the size of the undertaking is concerned.

Both large and small vessels are engaged in this fishery. Before the war vessels in
the 200-ton class were being constructed. Sincethe war there are some boats in the 200-ton
class, but the majority of them have followed the standards for the 45, 75, 90, and 135-ton
classes, The present fleet numbers 1, 236 boats, with a total tonnage of 101, 260, 26 tons and
total horsepower of 192,233.6. The following table gives a breakdown.

This fishery has grown up in very close association with the skipjack pole and line
fishery. In the past the boats engaged in the skipjack fishery during the surmmer have shifted to
this fishery during the winter, however, in recent years there has been a tendency for the
number of fishing boats specializing in this fishery to increase and about 25 percent of the boats
listed above are full-time tuna longliners.

As the large vessels ordinarily require 60 days or longer per voyage, they can make
about 4-1/2 to 5 cruises per year. Hitherto the catch has generally been preserved by means of
ice, but recently there has been a tendency toward a gradual increase in the number of vessels
equipped with refrigeration machinery,

Having completed the loading of provisions, drinking water, fuel, fishing gear, bait,

and ice, and with all preparations complete, the vessel leaves its base and heads for the fishing
grounds, As soon as it arrives on the scheduled grounds, the work commences.
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Table 5. --Present fleet of skipjack and tuna boats

(as of Sept. 20, 1949)

Size <50 ton 50-100 ton 100-150 ton 150-200 ton 200 ton <

Numbe r of
vessels 377 572 135 148 4

Percentage 30.5 46.3 10.9 13.4 0.4

Note: Frorn Suisan Jih8, April 1950,

Setting of the lines ordinarily begins before dawn. The lines are thrown from the
deck at the stern while the vessel is underway, The joining of the trunk lines, transportation
and attachment of bait, the attachment of floats and light buoys, etc., are performed rapidly by
a skillful division of labor. When the setting of the scheduled number of baskets of line has been
completed, the vessels begin patrolling back along the line, The floats are kept under observa-
tion and if there is any catch on the line the figh are brought into the boat. When the number of
units of gear set was small, the vessels patrolled the lines several times and ordinarily began
hauling lines around sunset. However, at present, when the number of baskets of gear set at one
time is extremely large, the time needed for hauling lines is long and there is no opportunity to
patrol the lines carefully.

A line-hauler is used to haul the lines. In some cases the line-hauler is powered by
electricity, but in other cases it is turned by a belt operated directly off the boat's engine, The
machine is of simple construction with two rollers turning in opposite directions. In order to
prevent slippage of the line, the rollers are covered with rubber.

The speed at which the line-hauler is run and the speed of the vessel must be adjusted
in various ways depending on the condition of the line. The line-haulers in use at present can
ordinarily handle 400 to 800 feet per minute. Although the machine does wind in the line, it is
not a case of simply hauling the line into the boat by force. When there are fish on the hooks,
they must be brought into the boat, and if the line is tangled, the tangles have to be cleared so
that the gear will be ready for use the following morning. Consequently it takes over 10 hours to
get the line in and it not rarely happens that the work is carried over to the following day.

This work is also carried on by a very systematic division of labor.

Working in this fashion from before dawn to midnight with almost no time to rest,
living in a small boat with no comforts or recreation, and repeating the same operation 20 or 30
times, the exertions of the men employed in this fishery are by no means commonplace.

Squid, saury, mackerel, and sardines are most commonly employed as bait.
Trichiurus has also been used with good results and herring are sometimes used. The fact that
live bait is not necessary as it is in the pole and line fishery is an extremely strong point of this
fishing method. This fact makes it possible to operate over long periods of time and to develop
fishing grounds at great distances., Bait is brought from the base in ice or frozen, At times even
salted bait is used. In former times when the number of units of gear fished was smaller, some
boats eked out their supply of bait by catching squid on the fishing grounds after hauling the lines,
Boats based in Formosa used to employ as bait chiefly milkfish (Chanos chanos), which were
raised in ponds. As this fish is cultured widely throughout the southern areas, it offered the
possibility of large scale utilization as longline bait in cases where we were able to have bases in

12



the south where bait fish are scarce., Besides the milkfish, the ginkagami (Mene maculata) was
used, particularly where spearfishes were the objective of the fishery.

Considerable attention is given to the selection of bait because of the idea that the
type of bait will cause variation in the species making up the catch and in the success of the fish-
ing, However, in actuality the effect that the type of bait has on fishing success is not well under-
stood and it cannot be thought that it makes such a very great difference. For example, in the data
from investigations of yellowfin grounds in southern waters it is difficult to perceive any note-
worthy differences in the catch rate whether squid, frozen sardine, frozen herring, or salted
sardines were used. Furthermore, when we examine the stomach contents of tunas and spear-
fishes, we find that they are quite heterogeneous, the foods which are most abundant in the area
of catch or those which are thought to be comparatively easy to capture being predominant. It is
considered that these facts indicate that these fishes have a low degree of preference or selectivi-
ty with regard to their food.

The suitability of a bait, though of course it varies with the species, is determined by
whether it keeps well on the hook, whether it is of a handy size, and whether it will easily catch
the eye of the tuna. The matter of the keeping qualities of the bait, of course, means the state
of its preservation, As far as ability to catch the eye of the fish is concerned, the optimum con-
dition is probably a bait which is alive and moving about.

It is not known when the longline fishery began nor who started it, It is said however
that it has been carried on since quite ancient times, The author has not yet had an opportunity
to investigate its history and consequently knows none of the details about it,

The fact that the tunas have borne a deep relationship to the inhabitants of the
Japanese archipelago since very ancient times is clearly shown by the fact that tuna bones are
often discovered in shell mounds.

We have no way of knowing by what method the tunas were taken in those times., It
is very hard to believe, however, that in that period when dug-out canoes were used the people
were carrying on a very large scale fishery, It is imagined that the fish were taken by simple
hooks, perhaps by some sort of fixed gear along the coast, or by harpooning., As far as the hook
and line fisheries are concerned they probably developed on a gradually increasing scale from
pole and line or hand line gear to trolling and drift lines, the tuna longline finally being devised as
a development from the drift line or the bottom longline.

It has heen recorded that longlines of the same type of construction ag those in use at
present were fished in the Boso area well over 200 years ago and that they had considerable suc-
cess even at that time. The tradition in the Izu region is that the gear was originated by one
Fujii in the Kaei Era (1848-53), In any case, considering the size of the fishing boats of that time,
it seems certain that the fishery was on a small scale and that the fishing grounds were limited to
coastal waters.

From the beginning of the Meiji period (1868) to about the 40th year of the Meiji Era
(1907), when engines first began to be employed in fishing boats, the.course of development of
the fishery as given in the Awa Suisan Shi was generally as follows.

The tuna longline boats used in the Boso region before the Meiji period were rarely
of greater than 6-foot beam. In the early years of Meiji the boats increased somewhat in size,
but even so the maximum was about 6-foot 3 to 4 inches beam. The standard gear in use before
the Meiji period had a trunk line of 300 fathoms with 15 branch lines per skate. The amount of
gear employed by a boat at one time appears to have been about 5 skates. This would be about
75 hooks. As the years passed the size of the vessels and the number of crew members gradu-
ally increased.
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Around the 14th and 15th years of the Meiji Era (1881-82) shipbuilding techniques
progressed greatly, the size of the vessels gradually increased, and the fishermen began to
spend 2 to 3 days at sea on each trip, As the size of the vessels increased, the area of opera-
tions also gradually extended.

In the early years of the Meiji period the area of operations did not exceed the
distance of 25 miles from the coast, by the 15th year it had been extended to 38 miles, by the 20th
year to 50 miles and thereafter until around the 40th year of the Meiji era (1907), it was extended
at approximately the rate of 1 ri (2.5 miles) per year until the fishing boats from the B384 (Chiba
Prefecture) area were active from waters off Ch&shi to the coastal waters of the Izu archipelago.

Thus the fishing grounds were extended from year to year, with the small sail- and
oar-propelled fishing boats of that time, This extension of the fishing grounds was accompanied
by an increase in losses of vessels and a great increase in the number of fishermen lost. For
this reason in the Tomisaki area this gear was called the '"widow line'", This strange name is
an expression of the extremely tragic situation in which a large number of young men were lost
in this fishery, leaving behind numerous widows. (The foregoing is abstracted from the Awa
Suisan Shi.)

In this manner the fishery has advanced step by step, however, the tempo of that
advance was by no means fast and in the process a great many lives were lost. In the latter
years of the Meiji Era internal combustion engines came to be used as propulsive power in fish-
ing boats, and this brought about a great change which might be called the industrial revolution
in this fishery.

It is said that the first man to consider and try the use of a fishing vessel powered by
an internal combustion engine was Mr, Bunshichi Maruo of Shizuoka Prefecture, He was not a
fisherman but rather was engaged in ocean fre'ight carrying, but in the course of his voyages he
had often encountered large schools of skipjack and conceived the idea of attempting to operate
a skipjack fishing vessel powered by an engine, Mr, Maruo installed a 5-horsepower engine in
a 20-ton Western-style sailing vessel and began fishing for skipjack out of the port of Shimizu,
That was in Meiji 36 (1903},

Mr, Maruo's experiment unfortunately ended unsuccessfully, but it provided the
motive for the construction of a powered vessel, the Fuji Maru, in 1906 as the Shizuoka Prefec-
ture experimental fishing vessel,

When the Fuji Maru began its work it was the focus of attention in skipjack fishing
circles, and as the results of its operations were extremely successful, it provided a strong
stimulus to the industry., In view of the success of this vessel, the Shizuoka Prefectural author-
ities adopted an extremely appropriate and positive subsidization policy with the result that in
1909, only 3 years after the construction of the Fuji Maru, there were actually 150 powered
vessels in the Prefecture,

Next the Isuzu Maru was constructed as an experimental vessel by Mie Prefecture,
This vessel, too, enjoyed good success and the industrial revolution in this fishery spread
throughout the country with the rapidity of a prairie fire,

At that time fishing boats were generally of about 20 tons and 20 horsepower, but
thereafter they gradually increased in size until steel vessels of 200 tons and 400 horsepower
were built for skipjack and tuna fishing,

At the time when power boats first came into use the fishing grounds were limited to
coastal waters, but with the increase in size of the vessels, the navigational techniques of the
fishermen were greatly improved, and the radius of operations extended from year to year. In
the late years of the TaishS Era (1912-25) boats were fishing from the waters off northeastern
Honshu to the Ogasawara and Okinawa islands, and in the early years of the Showa Era (1926- )
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the so-called Nojimasaki fishing grounds for albacore in the central Pacific were developed, At
about the same period fishing vessels from prefectures in western Japan such as Kagoshima,
Kochi, Wakayama, and Mie, led by their prefectural research and exploratory fishing vessels,
began to fish in the distant South China Sea, Sulu Sea, and Celebes Sea. After 1936 it gradually
became clear that the waters of the former Japanese mandat ed South Sea islands were excellent
yellowfin fishing grounds and large boats based at the port of Misaki in Kanagawa Prefecture
began to compete with each other in fishing that region, This condition continued up to the be-
ginning of the war, with the Misaki fleet fishing tuna grounds within an operating radius of about
2, 000 miles.

There was also a large number of fishing boats based in Formosa and in the South Sea
islands. Those based in Formosa numbered 700 vessels, with a total tonnage of 6,000 tons, and
they fished grounds in the waters east of Formosa, in the South China Sea, the Sulu Sea, the
Celebes Sea, and the East Philippine Sea, their operating radius extending about 1, 000 miles from
the port of Takao.,

The above figures give the operating radius for single vessel operations, but in
mothership-type tuna fishing carried on experimentally from Takao before the war the range was
further extended to take in the Banda, Flores, and Timor seas, and the Indian Ocean coast of
the Greater and Lesser Sunda archipelagos,

The foregoing are the ranges within which comme rcial vessels actually fished, but
many research vessels and the training ships of the Fisheries Institute surveyed in addition to
the areas mentioned above the coastal waters of New Guinea and the Solomons to the south, the
coastal waters of Sumatra, the Andaman, and Nicobar islands to the west, and even went as far as
the Maldive Archipelago in the middle of the Indian Ocean, Thus the waters in which Japanese
actually set their tuna longlines in one way or another cover an extremely broad area from 70 E.
longitude to 165° W. longitude and from 15° S. latitude to 45° N. latitude, If to this we add the
waters fished by Japanese emigrants in Hawaii and California, it is probably no exaggeration to
say that all of the warm seas from the central Indian Ocean east across the whole Pacific have
been developed by Japanese or by Americans of Japanese origin. There is probably room for
reconsideration and reason for criticism concerning the question of whether or not the measures,
methods, and spirit with which this development was undertaken were all that they might have
been, but leaving aside that problem, development of these fishing grounds can be expected to
make no small contribution to the prosperity of the human race in the future, From this point of
view it is truly a great accomplishment which deserves to be writ large on the pages of the
world's fisheries history,

As was stated earlier, the tuna longline fishery made a great revolutionary step
forward through the application of internal combustion engines to fishing boats. The adoption of
the line-hauler, too, was another extremely significant force for the development of this fishery,

It is recorded that the line-hauler was imported from England and first came into
uge in 1911, The length of the main line of one skate of gear is about 300 meters. As from
several score to 300 to 350 skates may be used at one time, it would be absolutely impossible to
raise the gear in a short time by the use of manpower. The adoption of the line-hauler can be
said to have supplied the solution to this problem of time and labor. In other words the utili-
zation of the internal combustion engine increased the operating radius of the fishing boat and the
adoption of the line-hauler remarkably improved the efficiency of the work.

Thus the utilization of machine power was a force which operated for the rapid

development of this fishery, and the progress of that development in terms of catch is shown by
the following table,
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Table 6, --Landings in Japan (from Ministry of
Agriculture and Forestry statistics
for the tuna longline fishery)

Catch
Year (pounds) Index
1925 28,578, 622 52
1929 49,092, 209 81
1930 54, 874, 940 100
1934 54, 062, 098 99
1935 47,903, 702 87
1936 617, 316, 014 123
1937 61,071, 345 111
1938 69, 543, 315 127
1939 94,637,530 172
1940 717, 750, 694 142
1941 51,524, 606 94
Note: 1. The index number takes 1930 as 100,
2. The reasons for the decline in 1934 and 1935
are unknown,
3. The sharp drop in the catch in 1941 is assumed

The above figures represent only the catch of tunas, but in addition there were
3,000, 000 to 4, 000, 000 pounds of spearfishes and an unknown but large amount of sharks.
for the situation outside of Japan proper, in Formosa the Government-General began investiga-
tions in 1913 and continued collecting statistics regularly thereafter.

is shown in the following tabl

to be due to a decrease in the number of
vessels fishing because of the war.

€,

Table 7,-~-Tuna longline catch in Formosa
(Formosan Fishery Statistics, 1936)

Tunas Spearfishes Total
Year (pounds) (pounds) {pounds)
1932 | 6,669,136 7,156, 967 13,826, 104
1933 | 6,708, 371 7,078,450 13,786,821
1934 | 7,069, 623 9,817, 720 16, 887, 346
1935 | 6,699,488 9,327,267 16,422, 755
1936 |11, 120,212 8, 694, 086 19, 814, 298

Note: (1) Converted from kin to pounds at the rate of 1

(2) Figures in this table are not actual values but

kin = 1, 32 pounds,

deduced values, however, their accuracy is

rather high,
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As I do not have at hand statistics for the years from 1937 on I cannot show the
situation in recent years, however, the catch in 1940 appears to have been around 37, 215, 000
pounds. As will be described later, the catch at Formosan bases had a very high proportion
of spearfishes, in many cases over half, In addition the catch of sharks by longlines was around
4,000, 000 to 4,500, 000 pounds.

With the beginning of investigations by the former South Seas Government-General,
the waters of the so-called Inner South Seas area were gradually revealed as superior fishing
grounds, From around 1936 on this area was fished by large boats based at the port of Misaki
in Kanagawa Prefecture in addition to the boats based within the South Seas. The following
table shows the operations and catch of Misaki-based boats.

Table 8. --Number of vessels operating
in waters of the South Seas
Government-General and their
catch (Ministry of Agriculture
and Forestry statistics)

Boats Catch Catch per Boat
Year | (cruises) (pounds) {pounds)
1936 84 4, 335, 688 51,613
1937 128 8,496,515 66, 375
1938 191 7,991,483 41, 846
1939 84 5,699,403 67,847

Note: (1) The above figures are the total for
tunas and spearfishes but do not
include sharks,

(2) About 75 percent of the catch was
yellowfin,

With this extension of the fishing grounds the actual number of fishing days grad-
ually decreased in relation to the number of days required for a cruise, In other words, the
number of days required to go to and from the fishing grounds increased until it was equal to
or greater than the number of days during which fishing was actually carried on, In single
vessel operations this sort of situation arises naturally, and in such a situation the overhead
expenses naturally rise, Furthermore, as the China Incident gradually became more serious
the supply of materials required for the fishery became very uncertain due to preparations for
the Pacific war. In particular the strengthening of controls on fuel and strong demands for its
conservation made it very difficult for vessels to operate singly in the southern region. The
so-called mothership-type tuna fishery was conceived as a device to overcome these difficulties.
Within Japan proper its chief proponent was the Kaiyo Gyogyo Kyokai, which began a campaign
to interest all parties concerned,

The plan proposed by the Kaiyo Gyogyd Kyokai, as can be seen from the following
summary, combined the mothership-type operation with advance base facilities and therefore
can hardly be called a pure mothership-type operation, However, the plan is presented here
for the reader's reference because in these postwar days the necessity of mothership-type
tuna fishing is again being strongly urged. Under the completely changed conditions of the
present day it need hardly be said that the part of the plan relating to base facilities is out of
the question,
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Plan for the development of the tuna fishery in the South Sea islands (From Kaiyd
Gyogyd, Volume 5, 1940):

The tunas are distributed over an extremely wide range in the South; the stability
of their fishing grounds has been in general established by various investigations undertaken in
the past. However, because of the distance of these grounds from Japan and the fact that they
lie within the tropics, the only exploitation of the area has been the fishing done in the South
China Sea, the Sulu Sea, and the Celebes Sea by boats based in Formosa, Boats from Japan have
generally operated in the Pacific Ocean grounds in the vicinity of 180° longitude.

With the recent strengthening of the controls on fuel oil and ogher materials essential
to the fishery, the vessels operating in the North Pacific have made a 90 turn and have sought
fishing grounds in the southern Caroline Islands. Good results were obtained and an increasing
number of vessels have continued to fish in this area. In 1938 a total of 39 large vessels made
145 cruises to take a catch valued at 1, 560, 831 yen. At the same time the researches of the
South Seas Government-General Fisheries Experiment Station and surveys carried on by the
Nanko Fisheries Company have shown the value of these grounds and the South Sea island
grounds have quite suddenly become the center of the tuna fishery,

However, the present type of single vessel operation from Japan still has some dis-
advantages. As we fortunately have suitable advance bases in the area, it should be profitable
to call together the large fishing vessels now operating singly, form them into an organized
fleet, and assign to that fleet refrigerated cargo vessels which would carry the catch to Japan,
{The rest of the plan is omitted,)

It was planned to use as motherships diesel-powered vessels ‘of 500 tons, each
mothership to transport the catch and supply necessary materials for six fishing vessels, It
is imagined that the comparison between the income and expenditure of this type of operation
and single vessel operation would be as shown in the following table,

Table 9, --Comparative income and expend-
itures of single vessel and
mothership-type operations
(plan of the Kaiyd Gyogyd Kyokai)

Single vessel Fleet Difference
Item {yen) {yen) {yen)
Income 3, 600, 000 5,400,000] 1,800,000
[Expenditures 2,639,880 3,860,760 1,220,880
Profit 96,120 | 1,539,240 579, 120

Note: (1) Catch per fishing boat per trip 82, 700
pounds,
(2) Calculated at the price of 1 yen per ha.__n
(8.27 pounds),
(3) The foregoing table is for 6 fleets, a total
of 36 fishing boats.
(4) From Kaiyd Gyogyo, Volume 5, 1940,

As was made clear above this plan is not for a pure mothership-~type fishery, as it
envisages the establishment of an advance base, and the reduction of the overhead expenses of
single vessel operations by having the so-called mothership transport the catch and the opera-
ting materials for a number of fishing boats. In actuality this scheme never got beyond the
planning stage and was never put into operation,
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Mothership-type tuna fishing was tested by the late Technician Mokuichi Shimoda in
1932 and 1933, Earlier, beginning in 1930, the Fisheries Institute training vessel Hakuyd Maru
had practiced tuna longline fishing in various regions of the South, As the exercises of the
Hakuy3 Maru could be considered a sort of mothership-type operation, the mothership experi-
ments of Technician Shimoda were probably inspired by the Hakuyd Maru's results,

Technician Shimoda's mothership-type tuna fishing was a system in which the 1, 537-
ton Haruna Maru was employed as a mothership with two 9. 6-meter, 45-horsepower boats and
six 7.8-meter, 6-horsepower boats as catchers. The catcher boats were carried aboard the
mothership, lowered each time they fished, and brought back aboard when the fishing was
finished. As the mothership had refrigeration equipment and canning machinery and the catch
was processed aboard the ship, it might be more appropriately called a combination floating
cannery and mothership rather than a pure mothership-type vessel,

With this system the Haruna Maru operated experimentally off the Indian Ocean coast
of Sumatra, around the Nicobar Islands, and in the vicinity of Timor. On the basis of its re-
sults it was concluded that mothership-type tuna fishing offered good possibilities,

However, to cite the weak points of the Haruna Maru's system,

1. A little rough weather makes it difficult to lower and bring aboard the fishing
boats,

2. As the fishing boats are small, their activity is greatly limited by the weather,

3. Even in calm weather the fishing boats must always operate within sight of the
mothership because they are unable to navigate on their own account,

4. No scouting vessels were employed as they are in the case of a whaling mother-
ship,

Even in the so-called doldrums of low latitude seas the northern and southern mon-
soons sometimes blow with considerable force. Furthermore, sudden winds accompanied by
fierce squalls often spring up making the use of portable catcher boats dangerous and interfering
greatly with their operation,

While the practicability of mothership-type tuna fishing was being argued in Japan,
an early start was made in Formosa, At the end of 1940 the Tobu Suisan Company, a subsi-
diary of the Nippon Suisan Company, with the assistance of the Formosa Government-General,
planned such an operation and began to put the plan into execution at the beginning of 1941.

The T3bu Suisan Company employed as motherships the Oi Maru and the Kitakami
Maru, both of 500 tons, based at Takao. Six catcher boats were assigned to them, As these
were fishing vessels of the 60 to 80+4on class, they were of course capable of navigating for
themselves, One of the two motherships was on the fishing grounds at all times, directing the
fishing fleet and freezing the catch aboard in the form of fillets, A mothership would remain
with the catchers on the fishing grounds for about one month, during which time the other
mothership was carrying the catch to the base, and loading provisions, fuel, bait, and other
necessary materials to be carried to the fishing grounds. On arriving on the fishing grounds,
this ship would take over direction of the fleet and the other mothership would head for the base.

When it was attempted to put this system into actual practice, it became painfully
obvious that the catcher boats were too small, If they were unable to utilize the lee of an island,
the transfer of catch and supplies at sea presented various difficulties and obstacles. The
welfare of the catcher boat crews operating at sea over long periods also was probably a major
problem,
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Several operations were carried on by this method, the fishing being done in the
East Philippine Sea, the Celebes Sea, the Banda Sea, the Flores Sea, and the Indian Ocean area.
The results were disappointing at first because of unfamiliarity with the fishing grounds but they
gradually improved, However, as this enterprise was subsidized by the government and was
subject to the influence of the controlled economy of China Incident days, it differed considerably
in character from an enterprise in a free economy, and though the results may be of value for
reference they cannot be applied in their entirety to present conditions.

At about the same time the Hayashikane Sh3ten Company planned the same sort of an
enterprise using a Formosan base, but this plan was not put into effect and the TSbu Suisan
Company also ceased its operations just before the outbreak of the Pacific War,

The tuna longline fishery, like other high seas fisheries, was forced to cease func-
tioning during the latter half of the war, During that period more than half of the fishing boats
were lost, At the end of the war the rebuilding of the fishery was viewed pessimistically, but
recovery has proceeded at a surprisingly fast rate and today, 4 years after the end of the war,
the number of vessels engaged in the fishery is nearly as high as it was before the war, As
reasons for this rapid recovery we may cite the fact that the skipjack and tuna fisheries require
less material than other fisheries and therefore were easy to enter in the postwar period of
scarcities, the fact that postwar Japanese financial circles took a great interest in fisheries,
and the fact that much of the area open to fishing by SCAP was skipjack and tuna grounds while
there was little room for the expansion of other fisheries,

We cannot, however, be satisfied with the superficial type of recovery indicated by
an increase in the number of fishing vessels. Whatever future developments may bring, we
must face directly as a present problem the extremely difficult business conditions in this
fishery. In the turbid whirlpool which defeat in the war made of the Japanese fishing industry it
is impossible that this fishery alone should attain prosperity while almost all other industries
are in difficulties. It may also be thought that this fishery is involved in the general depression
in the fishing industry brought about by abnormal oceanographic conditions of recent years,
Another factor inhibiting the prosperity of this fishery can be thought to be its lack of planability
resulting from its primitive character, However, as the most fundamental factor we must
probably take up the problem of fishing grounds. It seems necessary to examine thoroughly the
character as fishing grounds of the areas which have been opened to us, It is no exaggeration to
say that of the areas in which the Japanese have been permitted to fish, the only ones which
have much value as tuna grounds are the albacore grounds of the north central Pacific during
the season from November to March and the subtropical spearfish grounds, where the season is
May and June,

Concerning such questions as when the day will come when Japan can play an inde-
pendent role on the international scene and what waters may be opened to Japan at that time I
have no answer at all, I only know that the tuna fishery cannot continue as it is at present, It
is said that a peace treaty is to be given to us, and that we cannot now ask for anything, How-
ever, if it may be permitted to hope, I should wish that all restrictions which might be the cause
of useless dispute might be withdrawn from the tuna fisheries, whose grounds are entirely on the
high seas, I do not, however, hope for an unconditional withdrawal., A fair agreement for the
maintenance of the resource should be made among the countries surrounding the Pacific and
Indian oceans and suitable control should be carried on under that agreement. What we should do
here in Japan is to strive to become an influential member of the international fisheries organi-
zation, the founding of which can be foreseen to come about naturally in the future, by attempting
the improvement of the personnel employed in the tuna fishery, by thoroughly respecting any
international agreement, and by having persons in the industry and fisheries researchers unite
in a basic study of the resource,
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C. Harpoon Fishery

The spearfishes are the principal objective of this fishery. However, besides the
spearfishes, tunas, sharks, rays, porpoises, sunfish, turtles, and indeed anything of use or value
which appears on the surface of the sea may be harpooned in this extremely primitive but heroic
fishery,

It is of great interest that a fishery exactly like this one is carried on in the Medi-
terranean Sea around the island of Sicily. The harpoon fishery of the Mediterranean Sea is very
old, its origin being said to go back several centuries before the Christian era. In this region
the objective of the fishery is principally the broadbill swordfish, On the fishing boats, a
crowsnest is rigged at the top of a tall mast from which a look-out surveys the surrounding
waters, When a broadbill is seen swimming on the surface, the bozt is headed toward it and the
harpoon is thrown as the fish comes within range. It appears that natives of southern regions
catch fish with bows and arrows, but I know of no details concerning this fishing method.

There are no complete records of the history of the harpoon fishery in Japan so its
details are not clear, but in view of the character of this fishery it is not difficult to imagine that
it must have a long history,

The gear consists of a harpoon head, shaft, harpoon line, and leader or sekiyama.
As the figure shows (Translator's note: figure 7 is omitted.), a steel shaft is fitted to the tip of
an oak pole of 12-15 (usually 15) feet.: Sometimes there is a single iron rod but ordinarily there
are 3 prongs, On the tip of each of theprongs a harpoon head is fitted,

The harpoon head is of steel and is about 4 inches long. A sharp triangular blade is
fixed to its tip, A rod is attached at the center of the wing-like part of the blade which slopes
back from the point, and the posterior part of this rod is hollowed out and expanded so that the
end of the shaft will fit into it. The back edge of the socket is bent out into an oblique projection.
A leader of high quality hemp is attached to the neck of the harpoon head and is connected to the
harpoon line with sekiyama,

The boats used in this fishery have a simple observation platform above the bridge,
and here a lookout stands and keeps constant watch on the surrounding water. Boats which engage
in this fishery only part-time do not usually have such a lookout platform. At the bow there is
a platform called the pulpit, and it is here that the harpooner stands, On boats which specialize
in this type of fishing, the pulpit is large and can accommodate 2 harpooners at a time,

Spearfishes have the habit of swimming with the upper lobe of the caudal fin pro-
truding from the surface of the water, Sometimes a portion of the dorsal fin also protrudes from
the water, Fish swimming in this manner can be seen at all times, but it is said that they are
particularly numerous in cases where the wind and the current are running in opposite directions
causing waves on the surface. It appears that this phenomenon is also often seen during spawning
when the fish are chasing each other.

In Japanese coastal waters the fishing season is from April to September. The Hyiiga
Nada, and the waters off Kishi{i, Izu, and the B335 Peninsula are famous fishing grounds. The
coastal waters of eastern and northeastern Formosa are also famous as a fishing ground for this
fishery with 14-15, 000 spearfishes of various species being taken. The fishing season is from
October to April, during the northeast monsoon, White marlin are most numerous, making up
40-50 percent of the total catch,

When the lookout sights a spearfish, the boats give chase at full speed. Arriving
within range, the harpooner in the pulpit throws the harpoon. If a hit is scored, the harpoon
head comes off the shaft and remains in the body of the spearfish, which is then hauled in by
hand by means of the harpoon line,
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II. Characteristics of the Tuna Longline Fishery

It is probably no great mistake to consider that the character of a fishery is deter-
mined by the character of the resource which is its object, and that the character of the re-
source is determined by the species which compose it and their environmental conditions, Con-
sequently, if it is possible to reveal and grasp the biological characteristics of the species which
is the object of the fishery and the environmental factors which control the occurrence, proga-
gation, and migration of that species, the character of the fishery can thereby be analyzed,

As was stated earlier, there are a number of different fisheries which have the tunas
as their objective, but among them the longline fishery is the most important both in terms of the
scale on which it is prosecuted and in terms of the catch. I shall, therefore, take up the longline
fishery as a representative of the tuna fisheries and shall give some consideration to its charac-
ter, The number of species of tunas, spearfishes, and sharks which are the principal catch of
the tuna longline fishery is, as will be detailed later, rather great, The majority of them are,
from the biolggicalopoint of view, distributed throughout the open sea from the Equator to the
vicinity of 35 - 40" N, latitude., The distribution in the Southern Hemisphere is not yet well
known, but it appears that the species are distributed to latitudes about as high as those at which
they occur in the Northern Hemisphere, The species have this extremely extensive range of
occurrence, however, the density of their occurrence is not the same everywhere within this
range, being subject to great fluctuations seasonally and presenting differences in the location
of the center of distribution of the various species, In other words, in different regions of the
sea the composition of the catch is different, and seasonal changes give rise to other variations.

Put in very broad terms, the differences in the density of occurrence of the majority
of the species making up the resource of the tuna fishery appear to be mainly related to latitude.
This probably indicates that among the environmental factors which control the distribution of
these fishes, temperature is a great limiting condition. The foregoing, of course, only states
a general tendency and there are cases in which some species show a marked trend toward
variations in an east-west direction. In other cases it is thought that the density of distribution
is affected by topographical conditions, In still other cases, changes in the density of distribu-
tion from one region to another appear to accompany growth, However, an extremely broad
range of occurrence, a high degree of mobility of the fish, and migrations extending over broad
-areas of the sea are common characteristics of these species which make up the resource of the
tuna fishery, giving them a very different character from the resources of the coastal fisheries
or the bottom fisheries.

The information which we have been able to gather concerning the spawning and
growth of these fishes is as yet extremely poor. Among the fishes taken by the tuna fishery,
the sharks are viviparous and therefore are already possessed of fairly strong powers of sur-
vival at the time they leave their mothers' body. The tunas and spearfishes are oviparous and
for sometime after hatching they have extremely poor powers of resistance, In the case of the
sharks, if we know the number of times they produce young in one year and the number of young
produced at one time, it is possible to clarify the question of their reproductive potential com-
paratively easily. In the case of the oviparous tunas and spearfishes, however, even though we
may be able to calculate the number of eggs contained in a matured ovary, we cannot easily as-
certain the proportion of those eggs that are fertilized and hatched. Furthermore, judging from
the fact that the larval and juvenile fish are extremely weak, it is not difficult to imagine that
attrition during the early stages of their life is at a rather high rate. In actuality it is by no
means rare to find tunas and spearfishes of 10 to 40 cm, in length among the stomach contents
of adult fishes of the same species. From our present knowledge of several species, it appears
that the number of eggs spawned at one time by these species may range from several hundred
thousand to several million, but it is difficult to believe that very many of these eggs grow into
mature individuals, and the attrition accompanying growth is probably rather drastic,

In the viviparous fishes like the sharks variations in reproductive potential from
year to year are probably comparatively small, We do not know much as yet about the number

of times the young are produced each year, but the number of young sharks produced each time
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varies greatly with the species, being always two in the case of thresher shatks, less than 10 in
the case of mako sharks, and from 10 to 40 in the case of great blue sharks, In the case of the
oviparous tunas and spearfishes, it can be imagined that the effect of environmental conditions
is very great and that fluctuations in reproductive power from year to year are marked. In
other words, the number of eggs spawned is enormous and therefore even slight variations in
environmental factors will be reflected on a large scale in the total stock through their action on
fertilization, hatching, and growth,

The spawning habits of the tunas and spearfishes are not yet well known, but the
degree of maturity of various individuals in a single school is extremely variable, the distribu-
tion of sexually mature individuals is extremely extensive, and it appears that the occurrence of
juvenile fish is also remarkably broad but very sparse so that they cannot be collected in large
numbers, Furthermore, juvenile fish of various sizes can be taken in the same area at the same
season, and it is thought that all of these phenomena indicate that it is the habit of these fishes to
spawn over a wide area throughout a rather long period of time,

When we consider the oceanographic characteristics of the low latitude seas which are
the spawning grounds of these fishes, we see that the content of nutrient salts in the sea water is
small and that it varies little throughout the year. This means that the quantitative distribution
of plankton is small and that its seasonal variation is also small, Accordingly, it may be
thought that the food for juvenile tunas and spearfishes is not very abundant and that the seasonal
changes in its quantity are not very pronounced. Such characteristics are markedly different
from those of the waters of high latitudea., In the seas of high latitudes we find seasons of con-
spicuous proliferation of plankton accompanying changes in temperature, In coastal waters
nutrient salts are constantly supplied from the land by rivers and by other agents, However, in
the very middle of the ocean there is no source of supply for these nutrient salts, Consequently,
in the seas of the low latitudes where these fishes spawn and pass their juvenile stages, the con-
ditions are like those in overworked soil with an insufficient supply of fertilizer. It is thought
that the reason that the spawning of tunas and spearfishes in such waters extends over such a
broad area and such a long period of time is that this is the most reasonable way of attaining the
objective of maintaining the species. In short, spawning over a broad area and throughout a long
period is in better agreement with the environmental conditions in the seas in which these fishes
spawn, from the point of view of the maintenance of the race, than would be spawning in a com-
paratively restricted area and a short period of time, as is the case with fishes of the high lati~
tudes,

No connected study of the food habits of the tunas and spearfishes has been made and
they are not well understood, There is no room for doubt that their food in the juvenile stages
consists of various kinds of plankton. The natural food of the adult is indeed heterogenous, and
it is very doubtful whether they exercise a great deal of selection with regard to their food, It
is thought rather that they eat whatever is most abundant in the area where they occur or what-
ever is comparatively easy to catch. The spearfishes and sharks eat mainly large fish and
squid, The tunas eat, in addition various kinds of large plankton, The plankton feeding character
seems to be most pronounced in the albacore., At some places and seasons Alepisaurus, deepsea
fishes, and fishes such as Bentenia, which are thought of as rare species, are very commonly
found in their stomachs,

If we take all of these factors into consideration, we may think that the resource of
the tuna longline fishery is propagated and maintained throughout an extremely broad expanse of
ocean. If we consider this resource in terms of the sea which supports it, the density of distri-
bution expressed as fish per unit of area can naturally be thought to be rather low in comparison
with the resources of the coastal fisheries or of the fisheries in northern waters, However, as
regards the absolute quantity of the resource, we cannot conclude that they are necessarily in-
ferior to other fisheries resources, if we consider the area of the seas in which they occur.
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The fact that the density of distribution of the resource is low in terms of fish per
unit of area is not an advantageous condition from the standpoint of the fishery, If the tunas and
spearfishes led a sedentary existence with a low density of distribution, they would be difficult
to catch and they would have an entirely different significance as the objectives of a fishery.
However, they do not live in this way, but rather form schools and migrate and the fishery is .
established by utilizing this migratory character, Furthermore, the location and nature of the
fishing grounds and fishing seasons are naturally determined by these migrations. Unfortunately,
our knowledge concerning this migratory character is as yet extremely inadequate, and we cannot
utilize this characteristic fully, this being the greatest reason for the lack of stability in the tuna
longline fishery, The number of species which make up the resource of the tuna fishery is rather
large. We have not yet reached any solution to the problem of whether each of these species is a
single stock or whether there are a number of independent stocks in the Pacific and Indian oceans.

There are some people who think that each of these species which is distributed
throughout the whole Pacific Ocean is a single stock and that at some time in their lives all of
the fish of each species migrate into Japanese waters, The migrations into Japanese waters
occur each year at about the same season and are made up of fish of about the same size each
year, Considering only these facts, it may be thought that this theory is correct. However,
when we consider the extent of the Pacific Ocean, there are some facts which give rise to doubts
concerning the above opinion and we know of some phenomena which can be thought to indicate the
existence of distinct races.

The solutions to all of these problems must await future research, but they are prob-
lems which must be solved in order to determine the character of the resource.

Dr., Tauchi-E/ has studied the effects of fishery on the stock ag? has reported that the
catch rate for the tunas in Japanese waters ranges from 10.to 55 percent—', varying with the
species and among various age groups within a species, In every case he gives rather high
values, However, as was mentioned earlier, there is doubt as to whether or not all of the tunas
necessarily at some time in their life migrate into Japanese waters, and therefore even though .
Dr. Tauchi's values may correctly show the catch rate in Japanese waters, it is naturally doubt-
ful whether the tunas of the whole Pacific are being caught at catch rates like those cited above.

If we consider the relationship between fishing effort and catch in the past, based on
statistics of the Ministry of Agriculture and Forestry, the Colonial Office, and the Formosa
Fisheries Experiment Station, we cannot perceive any very clear correlation, It appears that a
tendency toward an increase in the catch with an increase in fishing effort can be detected, but
we can see conspicuous fluctuations in the amounts of the catch from year to year,

Statistics showing fishing effort are almost entirely limited to the number of vessels
engaged in the fishery and their total tonnage and therefore the fishing effort is shown by de-
duced values which do not make very good data, Figure 8 shows the total catch, the number of
vessels engaged, and the total tonnage of the vessels for the period from 1930 to 1940, The
graph shows index figures with 1930 as 100, It can be seen from the figure that the increase in
the size of the fishing vessels from 1934 on was very conspicuous,

E/ Tauchi, Morisaburo. 1940, Bull. Jap. Soc. Sci. Fish., Vol, 9, No. 4, pp. 133-135, 136-
138, 139-141. )
3/ Catch rates here mean the proportion of the stock represented by the total catch,
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It is considered
that both increases and de-
creases in the number of
operating vessels and changes

200 in the size of the vessels show
1 ' | ! v ! ' et increases or decreases in the
fishing effort, It is not, how-
— ever, reasonable to consider
these simply as increases or
decreases in the fishing
effort applied to the same re-
— source, The reason for this
is that in many cases an in-
crease in the size of the
vessel means an extension of
— the operating area to more
4 distant fishing grounds and
with the change in fishing
grounds there is a great pos-
1 sibility that different kinds
I (OSSN (Y Y NN S SN N of fish will be taken. Fur-
1930 1935 1940 thermore, it may also be
thought that a shift to more
YEAR distant fishing grounds will
result in a reduced namber
of operations in the course
of a year so that in some
cases at least larger vessels
do not mean an increase in
fishing effort, Consequently this comparison of the total catch of the tunas with the number of
boats and their total tonnage does not enable us to discuss the correlation between fishing effort
and the stock,
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Figure 8, --Catch in relation to number of boats
and total tonnage of vessels,

These factors must nevertheless be thoroughly considered, In figure 8 we can see
fluctuations of about 10 percent in the number of vessels, and from 1934 on the total tonnage in-
creased sharply, Wide variations from year to year in the total catch can be seen, but through
these variations is shown a tendency for the catch to rise, It should be noted that the catch shown
here is a total of tunas and spearfishes and does not show any particular species. At any rate,
even though some degree of correlation can be detected between the total catch and fishing effort,
it may be thought that there are some other factors operating outside this correlation to bring
about fluctuations in the catch. The most important of these factors are thought to be changes in
the migrational pattern accompanying changes in oceanographic conditions and variations in the
recruitment to the stock caused by changes in environmental factors, In any case there is some-
thing which operates independently of fishing effort to control the variations in the catch, and if
the effect of fishing effort on the increase or decrease of the stock can be ignored, it cannot be
thought that this condition implies overfishing.

Overfishing means that the catch exceeds the natural increase of the stock. Deciding
whether or not a particular stock is being overfished is an extremely difficult problem, As far
as the resources of the tuna longline fishery are concerned, up to this stage in their development
no one has put forward any definite views as to whether or not they are being overfished,

The danger that the fisheries resource may be overexploited arises from the relation-

ship between the reproductive potential and area of distribution of the resource and the effective-
ness of the fishing. In fishes which have a high reproductive potential, there is comparatively
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little danger of overfishing, The same is true of fishes which have an extremely broad range

of occurrence, However, where the fishing is extremely efficient and effective, it may naturally
be thought that there is danger of its outweighing such considerations as the reproductive
potential,

Except in some special cases, net fishing has not become established in the tuna
fisheries, The longline fishery is the nucleus of the fishery, The great majority of the fish
taken by longlines are already mature, The fishing implement is a hook, and the manner of its
use traces across the open sea a broken rather than a solid line, Consequently, there is almost
no danger of cleaning up a school of fish with one set, as happens in net fisheries., It is more
reasonable rather, at least under present conditions, to think of it as a kind of thinning out, As
yet no one has expressed a definite opinion as to whether or not the resources of the tuna longline
fishery are being overfished, This can be thought to mean that there are no data with which to
arrive at a definite opinion,

To sum up the foregoing, it is considered that the resources of the tuna longline
fishery are bf such character that there is little danger of their being overfished, judging both
from the conditions under which they are propagated and maintained and from the type of gear
and the fishing method ueed., In short, the effect of man's effort on the resource is really very
slight when compared with the effect of natural conditions, This means, on the other hand, that
this fishery is lacking in planability and stability and this is the reason why it is one of the most
primitive in character of all fisheries.

III. General Outline of Fishing Grounds and Fishing Seasons

The longline fishery for tuna has developed in very close association with the pole
and line live-bait fighery for skipjack. The majority of the boats in this fishery fish for skip-
jack approximately half of the year, including the summer season, and engage in the longline
fishery during approximately half the year, including the winter season. This manner of opera-
tion, in general, is connected with the prospects for profit to the operators. As was stated
earlier, the vessels which engage only in this fishery, taking no part in skipjack fishing at any
time of the year, now amount to 25 percent of all skipjack and tuna vessels. Furthermore, in
areas where the geographical distribution of the fishes makes longline fishing profitable, the
boats engage in longlining even during the summer season. The longline fishery for spearfishes
on the grounds west of Kyashii i8 an example, although in recent years the catch has dropped to
nothing and the fishery has been abandoned, and the fishery for black tuna off northeastern Honshi
and Hokkaid8 is a good example as the fishing season is chiefly during the summer.

The tunas and spearfishes are basically warm-water fishes, A short account of their
species will be given in the next chapter, but the number of species is rather large and they differ
among themselves as regards the areas around which their distributions center, and they differ
too in the seasons and routes by which they migrate into Japanese waters,

The black tuna is the most resistant to low temperature of all the tunas, migrating as
far as Hokkaido and the coast of Sakhalin, where it is found in waters as cold as 5~ C. This is,
however, rather exceptional, and in Japanese waters this species is taken in the greatest numbers
in water having temperatures of 14 - 15 C, to 20 C, As far as is known at present the warm-
est woaters in which this species occurs are off the Philippines, where temperatures reach 26°
to 29 C, This is the southern limit of their distribution in the North Pacific Ocean. This
species has the characteristic of penetrating into coastal waters and occurs in the Japan Sea.
There are records of their having been taken by fixed gear from Kyiishil to southern Hokkaido
and on the Japan Sea coast of Sakhalin,

The albacore is said to occur in areas having water temperatures of 17° to 26° or
27° C. The northern and southern limits of its distribution extend from the Equator to past 40
N. latitude, In Japanese waters they are most abundant in areas where the water temperature
is around 20° C. and generally occur only in offshore waters, seldom appearing in the coastal
areas,
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For a tuna the bigeye has a peculiar pattern of distribution, It shows little change in
density with changes in latitude, but appears to be evenly and sparsely distributed all over its
range. Like the alhacore it does not appear to enter the coastal waters and tends to become more
numerous as one goes offshore. It is said that the level at which it swims differs from day to
night and that it shows a conspicuous tendency to swim at deep levels during the day and to appear
at the surface during the night,

Among the tunas the yellowfin is the one which most belongs to the waters of the low
latitudes, its density of distribution being high in an area centered along the Equator. At some
seasons it appears also in the waters of rather high latitudes, but these seasons are short. In
general it lives offshore, but it also enters enclosed bodies of water, It is taken, although rarely,
in the Japan Sea. As a young fish, when it is called kimeji, it enters the coastal waters and is
not rarely taken in fixed gear,

Differences in the distribution of the various species of spearfishes can also be de-
tected. Excepting the broadbill, it appears that the other species on the whole prefer higher
tempgratures than do the tunas, and the greater part of the catch is made in water temperatures
of 20" - 28 C. Except for the broadbill, all the other species in general appear to have more or
less of a tendency to be more abundant in coastal water areas, so that the catch seems to be
greater in the vicinity of islands. The broadbill has a wide range of distribution, and in Japanese
waters its catch pattern to some extent resembles that of the albacore. However, it is scarce in
the very far offshore areas frequented by the albacore, In the white marlin and the sailfish the
the coastal character is particularly strong and they are most abundant from the 100 fathom line
of the continental shelf to Taiwan and the shores of the Philippines., The striped marlin is most
abundant in the subtropical central Pacific and its distribution extends to the vicinity of 40 N,
latitude, The black marlin is abundant in the Equatorial Countercurrent and the North Equatorial
Current, It migrates to the north, but its range of distribution appears to be more restricted to
warm seas than that of the striped marlin,

As stated above, the distributional pattern of these species appears to vary mainly
from north to south, This phenomenon is thought to indicate that temperature bears an important
relationship to the distribution of these fishes. Nevertheless, the range of temperatures which
these fish can withstand is, as indicated above, rather broad. In the past these fish were taken
as representative of the so-called stenothermal fishes, however, they can be thought of as not
necessarily stenothermal but as rather eurythermal.

As has already been said, temperature bears a very important relationship to the
distribution and migration of these fishes, However, the range of temperature change which they
can endure is rather great and in sea areas which are within that range there is a possibility
solely from the standpoint of temperature of the occurrence of these fishes. Water temperatures
which limit the possibility of occurrence of these species can become a controlling factor as re-
gards fishing grounds and fishing seasons, but in waters where the temperatures are favorable
for their occurrence at all times we can hardly think that temperature has a controlling influence
on the establishment of fishing seasons and fishing grounds. It goes without saying that the re-
sources of the oceans are in the last analysis controlled by the chemical characteristics of their
waters and the energy of the sun., But it need hardly be said that these fishes, which are living
things, have the instinct for self-preservation and the instinct for the preservation of the species,
and they act in accordance with these objectives, Studies in this field have advanced so extremely
little that we unfortunately have no data on which to base a discussion of the relationship between
the distribution and migrations of the tunas and their ecology and physiology. ’

When it comes to the problem of fishing grounds, the biological distribution and the
potentiality of distribution are naturally different, In order that a body of water may have sig-
nificance as a fishing ground, it is essential that fishing operations be actually carried on in those
waters and that the catch be at least such as to pay the expenses of the fishermen,
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As has already been said several times, although the centers of distribution of these
fishes vary somewhat, they are essentially warm-water animals and consequently most of them
occur at all times in the waters of the low latitudes, In the case of the black tuna, the albacore,
and the broadbill it appears that the center of their distribution lies in rather high latitudes, In
any case, none of these species leads a sedentary life within a narrow area of the sea, but they
all move through extremely broad reaches of the ocean, The fishing grounds and fishing seasons
change in response to these movements,

Looking at the situation in Japanese waters, we see that from spring to summer the
Japan Current (Kuroshio) increases in strength, so that warm sea water is brought far to the
northward, at the same time all of the seas of the northern hemisphere grow warmer, and the
tunas and spearfishes gradually move toward the north, The reverse occurs from autumn to
winter, when the temperatures in the northern hemisphere gradually fall, accompanied by a re-
turn to the south on the part of the fish., The outlines of these movements will be set forth below,
but in recent years the patterns of migration have undergone much change, the black tuna, for
example, scarcely appearing in the coastal waters of Japan and no mass migrations of this
species being seen at all.

In the waters of Hokkaid3 the black tuna generally appears in July, At about that time
the area 20 - 40 miles south southwest of Erimozaki becomes a good fishing ground, By Septem-
ber the schools are usually densely congregated within 30 to 40 miles of the coast from south of
Kushiro to Erimozaki, In October all of the offshore waters between Erimozaki and Ezanmisaki
are fishing grounds, but from this month on the fish finally begin to disappear from this area.
Thus the fishing season on the Hokkaidd coastal ground is from July to October, but in recent
years there has been hardly any catch, The longline catches in this area are almost entirely
composed of black tuna, other tunas and spearfishes being almost completely absent from the
catch and only a few sharks being taken.,

In the offshore waters from Iwate Prefecture to Fukushima Prefecture, the so-called
Sanriku region, the fishing season is longer than in the Hokkaido coastal areas. In some years
black tuna are taken as early as April, but the season of greatest catch is the 3 months from
June to August. Thereafter the fish gradually disappear, but around November they again begin
to be caught and scattered catches are made until around January, The fish taken from June to
August are called "“ascending fish, ' while those taken after November are called''descending' or
returning fish," In these waters striped marlin are taken in fairly large numbers during the
summer and broadbill are numerous in the winter, In some years bigeye tuna are also abundant,
Furthermore, during two seasons, in the summer and winter. an extremely large number of
rakudazame (Isurus nasus) are taken by the so-called mokanawa longline fishery,

Off the east coast from Ibaraki Prefecture to Chiba Prefecture, black tuna, bigeye
tuna, albacore, and broadbill begin to be taken around November and catches continue to be made
until around April of the following year. In the summer the composition of the catch changes, the
striped marlin and black marlin increase, and at the same time quite a few yellowfin are taken,

Farther to the southwest in the waters from the Izu Peninsula to the Izu Shichitd
islands black tuna begin to be taken around November, the season at which they are caught most
abundantly being from January to February, In some years scattered catches are also made in
April and May, Bigeye tuna are also taken at about the same time, but their fishing season be-
gins about a month earlier and lasts about a month longer than that for the black tuna, It appears
that albacore begin to be taken in some numbers on the longlines around March to May, In early
years the yellowfin begin to appear around April and are taken in greater or lesser amounts until
November. Striped marlin occur almost throughout the year, but they are most abundant from
June to September and are mainly taken with the harpoon. The fishing season for black marlin
appears to begin about 1 month later than that for striped marlin, The broadbill are most abun-
dant in the winter, the season being centered around January and February, with the center of
their fishing grounds lying to the east of the Shichito islands.
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Farther west in the waters off the Kii Peninsula the yellowfin and bigeye tuna are
rather abundant and albacore are taken in some numbers from September to November. From
December on the yellowfin and bigeye gradually begin to decline, while on the other hand the al-
bacore catch gradually increases, The albacore fishery is quite active from December to March,
The catch situation for the spearfishes is not greatly different from that in the Izu Shichitd region
except that in this area broadbill are hardly taken at all, Black tuna are caught sporadically from
December to March, A little to the southward on the so-called Kinan Reef fishing grounds cen-
tered around 28° to 30 N., 135° E., the albacore fishing is very active in the period from Jan-
uary to March, and at the same time bigeye tuna are fairly abundant and spearfishes and yellow-
fin are also mixed in the catch to some extent.

Farther to the west in the waters off Tosa (southern Shikoku) yellowfin are taken in
rather large numbers from October to December, while the bigeye catch shows more or less of
a tendency to increase in January and February, In March and April the albacore catch is large,
the fishing grounds lying rather close along the shore,

The so-called Satsunan area (south of Kyushu) has been a famous black tuna ground
since ancient times., As was stated earlier, in recent years there has been hardly any migration
of black tuna into this region and consequently there has been no catch, At present the only catch
is some bigeye tuna wc}’uch are taken in the wmter. The good fishing grounds for black tuna in
general were from 30 - 32° N, latitude, 130% 132° E. longitude, Formerly, when the black
tuna fishery was flourishing, the catch gradually increased from about the middle of December
and reached its peak from January to the latter part of February, in some years extending to the
first part of March., At this season the port of Aburatsu in Miyazaki Prefecture was bustling with
a large number of boats from other prefectures, After the first or middle part of March the
catch declined rather abruptly and ordinarily the fishing was completely ended by the latter part
of April or the early part of May., As will be related in a later section (V. Fishing Grounds,

11, Nankai Sea Area), the black tuna catch in this area declined abruptly after 1940 and from
1945 on there has been no catch at all, Different people give different explanations for this phe-
nomenon, but it should be noted well that it parallels perfectly the decline in the catch of sar-
dines, No quick decision can be made as to whether it is a falling off of the catch caused by a
cyclical decline in the black tuna stock accompanying changes in oceanographic conditions, or
whether the fishing grounds have deteriorated because the black tuna changed the course of their
food-seeking migration after the sardines ceased to congregate for spawning in this region,
Yellowfin are usually slightly more abundant around October and the bigeye show approximately
the same pattern, but these species do not present such a clearly defined fishing season as did
the black tuna., The albacore catch in this region is extremely small,

The waters to the west of this region from the west coast of Kylshd to Saishiitd
(Quelpart Island) are famous as a fishing ground for the spearfishes, Around March to May some
of the black tuna which enter the Japan Sea with the Tsushima Current are also taken there, The
spearfish season begins in July to September in the Saishuto {Quelpart Island) area and the
fishery gradually moves southward with the progress of the season, The positions of the fishing
grounds generally lie along the 100-fathom line of the continental shelf, Almost all of the tuna
taken in the Japan Sea are black tuna. There are extremely rare reports of yellowfin being taken
there, The Tsushima Current, which branches off from the main Kuroshio south of Kydshi,
passes through the Tsushima Strait and then flows north along the Japanese coast, while on the
continental side there is a southward flowing cold current, For this reason the fishing grounds
for the black tuna are naturally limited to the Japan coast and they are only extremely rarely
taken along the Korean or Siberian coasts. During the summer the schools gradually move
northward and in years when the warm current is very strong they sometimes pass along the
west coast of Hokkaido to be taken on the coasts of Sakhalin. In the Japan Sea area there is no
longline fishery at all, the tuna being taken entirely with fixed gear.
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The central part of the Pacific Ocean eastward from 150° E, longitude and south from
40° to about 26° N. latitude is famous as an albacore ground. In this area most of the catch is
made in the northern portion around October, but the center of the flahlngcgrounds gradually
moves southward until in the latter part of March it is at around 26 to 28 N. The fishing sea-
son in this region ends from around the end of March to the early part of April. The vgnous
fishing grounds centered respectively at 160° E, longitude, 175 E,. longitude, and 175 W. longi-
tude all differ more or less in their characteristics, but data are scarce and a thorough analysis
is impossible, Besides albacore, bigeye tuna are taken rather plentifully, particularly around
December. Striped marlin and broadbill are also taken in some numbers, and throughout the
seasons gcattered catches of black tuna and yellowfin are made.

In the coastal waters of the Ogasawara chain some fish are caught throughout the
year. Chief among the tunas taken are the yellowfin and the bigeye tuna, The black tuna is also
taken, although very rarely, in the northern part of this sea region around May and June, The
albacore catch increases somewhat from March to May. Skipjack boats which operate in this
area take albacore on pole and line at about that season. The season of greatest abundance for
yellowfin is from May to July and there is another increase in the catch around November, A
tendency for the rise and decline in the bigeye catch to be about 1 to 2 months later than that for
the yellowfin can be discerned. The most important fish in this region are the spearfishes.
Among them the striped marlin catch in general rises and declines at about the same times as
the yellowfin, but the increase in the yellowfin catch in November is not paralleled by a similar
increase in the striped marlin catch, The rise and fall of the black tuna catch roughly parallels
that of the bigeye. Broadbill are rather abundant in the northeastern portion of this sea area,
the season being centered around February, In addition there is also a very large shark catch
which is chiefly great blue shark.,

In the Okinawa region, too, fishing proceeds throughout the year. In this region
schools of black tuna appear everywhere from April to June, These schools are thought to differ
in age from the previously mentioned schools of the Satsunan Sea area, Yellowfin are rather
abundant along the eastern boundary of the Kuroshio and spearfishes are plentiful from the west-
ern boundary of the current to the 100-fathom line of the East China Sea, The spearfish catch
begins to increase gradually around March and the fishing grounds gradually move northward.

At the beginning of the season white marlin are most numerous, followed by striped marlin,
after which comes the season for black marlin and sailfish, On the whole the seasonal changes
in the catch of these fishes closely resemble the pattern seen in coastal waters of the Ogasawara
Islands.

Spearfishes are extremely abundant east of Formosa where the harpoon fishery is
very active from October to April, that is, during the season of northeasterly winds, The fish-
ing grounds are within 30 miles of the coast, At the same season in the same areas there is a
flourishing longline fishery for sharks, mainly species of Carcharhinus and hammerheads.
From April to June the black tuna migrate into these waters and at the same season sailfish are
abundant,

In the South China Sea the most numerous species is the yellowfin, its fishing season
being the season of northeasterly winds, From March to the early part of June albacore fishing
is active from the Bashi Strait to the northeastern part of this sea area. Black marlin and sail-
fish become abundant from June to August, Albacore are rather plentiful around March in the
northeastern part of the sea area.

Black marlin and yellowfin tuna are densely distributed in the waters 60 to 200 miles
east of the Philippines during the season of southwesterly winds, the former being more abundant
in the north while the latter is more numerous in the southern part of the area. Fishing for
black tuna is very active from March to June in waters comparatively close to the coast of north-
eastern Luzon,
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In the Sulu Sea yellowfin are most numerous followed by the spearfishes, and fishing
proceeds throughout the year. The Celebes Sea is also an excellent fishing ground with yellowfin
tuna most numerous, followed by the spearfishes, of which the chief is the white marlin. The
fish are caught there throughout the year, but the peak of the season is during the season of
southwesterly winds, the fishing situation appearing to resemble that of the southernportion of
the East Philippine Sea.

In the low latitudes of the Pacific, in the grounds centered along the Equator, yellow-
fin are very abundant, forming about 75 percent of the catch (excepting sharks). Bigeye tuna are
about 10 percent and spearfishes about 15 percent, Sj}olme albacore are taken, but there are ab-
solutely no records of black tuna being caught there.—" Seasonal changes in the fishing situation
are slight, but in general catch rates are better during the season of southwesterlies than during
the season of northeasterly winds, Proceeding northward from the vicinity of the Equator the
cagch rates for yellowfin fall off sharply, the catch rate curve dippin% to a low in the vicinity of
10" N, The spearfishes are most abundant in an area centered on 20 N. latitude.

The preceding is an outline of the fishing seasons and fishing grounds in the western
part of the Pacific Ocean north of the Equator, In general the density of distribution of these
fishes in this area increases during the summer., However, the albacore and broadbill are more
abundant during the winter, From a geographical point of view, the yellowfin are very densely
distributed in the Equatorial Countercurrent, spearfishes are most abundant in the North Equa-~
torial Current, and albacore are most plentiful to the north of the subtropical convergence.
Broadbill are also more numerous north of the subtropical convergence, but there the principal
zone of distribution is narrow in an east-west direction. Bigeye tuna are caught in roughly
equal abundance all over the whole area. The black tuna appears to occur chiefly in the area of
the Kuroshio,

IV. Fishes Taken by Tuna Longline Fishery

The tunas are among the fishes with which the Japanese are best acquainted, but
this is only true of tuna which has been made into sliced raw fish or served on top of rice balls,
There are actually few people who know what the fish look like, and even fewer who can tell one
species from another, Still fewer people know where and by what methods such fish are taken.

As indicated by the number of names cited in the preceding chapter, the number of
species is fairly large, They all migrate extensively in the open sea and their capture is attend-
ed by extremely hard labor on the part of the fishermen, who sail the broad sea in small vessels
and do battle with the elements.

As has been stated previously, the greatest among the tuna fisheries is the longline
fishery. The principal objects of this fishery are of course the various species of tuna, but at
some times and places the spearfishes also have an extremely important significance., Although
they do not have the economic value of the other fishes, the sharks are also important in the
catch of this fishery. The following is a brief account of the habits and form of these fishes,

i/ The capture of a few individuals was reported from mothership-type operations carried on
from June to September 1950,
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A, Tunas

These fishes all belong to the family Thunnidae, and are very closely related to the
mackerels and bonitos.

The body is almost perfectly spindle-shaped and is adapted to swimming at high
speed. The root of the tail (caudal peduncle) is extraordinarily slender and is broader than it
is deep. This form is well-adapted to a violent, side to side motion of the tail fin, The tail fin
is large and strong. As the majority of these fishes are essentially warm-water fish, they are
most numerous in warm seas, and they characteristically make large-scale migrations along
warm currents. A very great number of species has been reported from the seas of the world,
but in actuality it is doubtful whether the number of species is so large. Even though the species
may be numerous, they do not after all have any great concern for us, so only the five species
which occur in Japanese waters will be described here.

1. Black tuna, Thunnus orientalis (Schlegel)

Bluefin tuna (America).

Depending on the locality and the size of the fish, this species has many names, such
as, maguro, kuromaguro, kuroshibi, mejimaguro, yokowa, kakinotane. This is the largest
species in the family Thunnidae, attaining a length of 2,5 meters and a weight of 300 to 350 kilo-
grams.

The species is characterized by short pectoral fins, the tips of which do not reach to
below the middle of the first dorsal fin. They can easily be distinguished from the other species
by this character alone. The back is a light black and the sides are greyish white, The finlets
(the disconnected small fins) behind the dorsal and anal fins are yellowish on the back and silvery
white on the belly., There are very similar fish on the American side of the Pacific and in the
Australian area and by some scholars they are considered to be the same species, but it is said
that the dorsal finlets are blue, a characteristic which is indicated by the name bluefin.

The flesh is dark red with something of a blackish tinge. The flesh of the belly con-
tains a great deal of fat, causing its color to vary in different parts from the white-spotted
so-called '""middle belly meat'" to the almost pure white '""great belly meat." This part of the
flesh is prized as material for sliced raw fish and rice balls garnished with fish, This species
is delicious during the winter, but fish taken in the summer are poor eating, except for the small
specimens. This is related to the spawning season of these fish, the fish being fat and well~
flavored before spawning but lean and tasteless immediately after spawning. It is said that they
spawn in Japanese waters around June and July., The fish taken during the summer from the
waters off northeastern Japan and the coast of Hokkaid3 are fish that have already spawned.
These are called Sendai tuna and are regarded as inferior fish,

This species can withstand low temperatures better than any of the other tunas, and
because it has the characteristic of coming comparatively close into shore, it is taken with sta-
tionary gear. As far as is known at present, the southern limit of its distribution is in the vi-
cinity of 15~ N, latitude on the east coast of the island of Luzon, It is not clear whether it occurs
farther to the south, but it is thought that its range probably extends south of the Equator. Until
recent years gt was believed that the southern limit of the distribution of this species was in the
vicinity of 30" N, latitude, however, this fish began to be taken in Formosa in 1935 and before
the war its annual producotion there reached a value of 1,500, 000 yen. The northern limit of
distribution is around 45 N, latitude. In the western Pacific during the winter there are some
catches of this species over an extensive area from east to west in the vicinity of 30" N, latitude.
Before the war splendid catches were made in January and February to the south of Kylishi, but
this fishery has completely died out in recent years. The schools which appear to the south of
Kyushi moved to the northeast as it grew warmer, and a part of them followed the Tsushima
Current into the Sea of Japan.
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These fish are frequently seen to leap into the air. When they are hooked they make
one deep dive with tremendous strength, and it not rarely happens that they break the branch
line or drag a glass ball float of 30 centimeters diameter so deep that it is crushed by water
pressure.

2. Albacore, Germo germo (La.cép;de)

This fish is called both binnaga and bincho and in western Japan it is generally called
tonbo or tonboshibi. It is small for a tuna, specimens of about 100 centimeters long and 30 kilo-
grams in weight being considered large,

A peculiar characteristic of this species is the long pectoral fins, the tips of which
reach back beyond the base of the second dorsal. The back is blue-black in color and the belly
is silvery-white,

The color of the flesh is pale pink, almost white, and the flesh is extremely soft,
making it rather unsuitable for consumption as sliced raw fish. When it is cooked, it does not
become hard as the other tunas do, and as the flavor is said to resemble chicken, it is highly
prized by Americans, who call it the '"chicken of the sea,'' Before the war this species was ex-
ported in large quantities canned in oil, The center of this canning industry was in Shizuoka
Prefecture. Besides this canned fish, rather large quantities of fresh fish were exported as raw
material for canning, Even today after the war, the demand from America appears to be rather
great.

This is a very widely distributed species, ranging from the Equator to about 450 N.
and S, latitudes. The center of their distribution in the North Pacific, however, appears to be
between 30° and 40° N. latitude, They are abundant in Japanese waters and are taken in large
numbers by skipjack boats fishing with live bait in the summer, From December to March, they
are taken over an extremely broad area centered around 30 N, latitude, principally by longlinesg.

Some scholars think that the albacore of Japanese waters, of the Southern Hemis-
phere, of the Indian Ocean, and of the Atlantic Ocean are all the same species, In view of their
distribution, this opinion may be thought reasonable, but the ultimate decision remains to be
made in the future,

3. Bigeye tuna, Parathunnus sibi (Temminck and Schlegel) = Parathunnus mebachi (Kishinouye)

This fish is also called bachi, darumashibi, and mebachi, Among the tunas it is the
next largest to the black tuna, attaining a length of about 2 meters and a weight of about 150
kilograms,

Characteristics peculiar to this tuna are the stout body, the short tail portion (from
the vent back), and the large head and eyes. The name darumashibi applies chiefly to immature
fish, the thick, chunky body probably being reminiscent of a statue of Daruma. The pectoral
fins are long, their tips reaching to a point roughly below the insertion of the second dorsal. The
back is bluish black and the belly is white,

The flesh has a rather pale but beautiful red color, When it is served as sliced raw
fish, the flavor is not considered particularly good, but it is at its best in the spring and autumn.
The fact that the flesh is somewhat soft is considered a defect. Besides being eaten fresh, it is
utilized along with yellowfin for canning.

The species has not yet been reported from the Sea of Japan, but it has a very wide
distribution, It is an interesting fact that this species has no clearly apparent focus to its dis-
tribution, being taken in about equal abundance everywhere from 0° to 40 N. The trends of the
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catch rates are not correlated with latitude, but they appear to improve toward the center of the
Pacific, In the overall picture the bigeye is taken at a rate of about 0,5 fish per hundred hooks,
The species appears to be most abundant in Japanese waters from September to December. It
generally prefers to live at deep levels, however, it is not yet known with certainty exactly what
depth it prefers, As it has the habit of coming into the surface levels at night, it is sometimes
taken in drift nets and it is said that this occurs particularly often on moonlight nights, These
fish tend to be somewhat more abundant in tropical seas, and in both the Pacific Ocean and Indian
Ocean areas they are taken in the proportion of about 10 percent of the yellowfin catch.

4. Yellowfin tuna, Neothunnus macropterus {(Temminck and Schlegel)

This fish is also called gesunaga, hirenaga, kibire, and itoshibi, In the southern
Kyiishii area when the word shibiis used, this species is meant, Jordan distinguished the yellow-
fin and the itoshibi, giving to the latter the scientific name Neothunnus itosibi, but this is thought
to have been clearly a mistaken interpretation of the characteristic morphological changes which
accompany growth in this fish, ‘

Yellowfin are generally somewhat smaller than bigeye tuna, attaining a length of
about 2 meters and a weight of around 70 kilograms,

A characteristic of this fish is the length of the caudal portion, that is the part of the
fish behind the vent. In mature fish the second dorsal and anal fins are remarkably elongated.
The names hirenaga and itosibi are expressive of this peculiarity, These fins and the finlets
which follow them are of a bright yellow color. The names kihada and kibire are based on this
characteristic., The pectoral fins are rather long, reaching to a point slightly back of the inser-
tion of the second dorsal,

The color of the flesh is a rather pale red which looks extraordinarily bright to the
eye. In western Japan this figsh is generally more highly regarded than the black tuna, When
eaten raw the flavor is rather faint, but it is particularly delicious during the summer, Besides
being consumed fresh, it is exported canned in oil and the scrap meat produced by the canning
operation is made into stew, The young fish are frequently 