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Cn the Stock of Thuyupus orientelis (Temminck & Schlegel)

Synopsis in English

A study on the stock of Thynnus orjentalis (Temminck & Schlegel), in which
the catch records for each bocy-weight class were utilized as baces, showed that
survival rate ia .30 for young fish, mel}, but .75 for the adults, vhile fishing
rate is .55 for the youngs bat .10 for the adults, [end of English synopsis]

According to Kimura(l) on the fishing crounds of Shigedera in the north-
eastern corner of Suruga Bay juvenlle black tuna are Tirst taken in the large
set nsts around July and August. At the end of that year and the beginning of
the next year they are 2 - 4 kg in weight, and during the peak season in April,
May, and June they weigh about 5 kg. In the spring of their third year they a t-
tain a weight of about 10 kg, and around March and April they leave the fishing
grounds. Consequently fish in their third year and older may be regarded as en-
gaged in the great migrations of the species,

Aikawa and KatE(z) have determined the ages of the black tuna from the ver-
tebrae and have established the ages for each length-weight class, As they have
pointe? out, their results disagree to some extent with those obtained by
Kimara(l). One point which is difficult to explain is their finding that sixth-
year fish were not taken on the Shigedera grounds during the five years from 1924
to 1928, Nevertheless, in the present paper the discussion of the stock of the
black tuna will be based tentatively on the findings of Atkawa and Katg,

The number of fish of each year class taven on. the Shigedera grounds during
the nine years from 1?24 to 1932 has been calculated according to the findings
of Kimura and 1shii(3 (Table 1), If we seek the survival rate from these
figures, we get .74.*If, on the basis of Kawana's(4) data (Table 2), we calculate
the survival rate for the periods 1922-1925 and 1926-1932, we get ,70 and .66
respectively, ##

According to Alkawa and Kaﬁs(z), in the landings at Numazu large fish pre=-
dominate in the spring while fish of the year and second~year fish predominate
in the autumn, Fish of the year, which are taken during roughly half of the year,
comprise 49% of the catch, and second-year fish, which ere taken the sear round,
make up 47%, The third-year fish, which appear for only a short time in the
spring, form only 4% of the catch If we calculate the survival rates for young
fish from theese data) we get .23 for fish of the year and .34 for second-year
fish, A similar calculation made by substituting age groups for length-wmeight
groups in Aikaws and Kato's data on the landings of black tuna at Aburatsu in the
spring of 1937 (Table 3) gives a survival rate of .57,

The Fisheries Experiment Station(5) reports by weight classes the number of
black tuna taken by yellowtsil nets and tuna nets along the coast end by pole
fishing, long lines, trolling, drift nets, and harpooning in the offshore waters,
A study of this data for the three years 1937, 1938, and 1939 (Table 4) gives
the survival ratesttof .90 for small and medium tuna and .78 for medium and
large tuna, If we assume further that the nat'ral mortality rate is the same
for all fish of the second year and older, we deduce from the ratio of adult to
young fish that the fishing rate for the young is .57 and that for the adults is
N0, This leaves us »ith a natural mortality rate of .20, Of 50 small black
tuna released on the Japan Sea side of Hokkaid® in August and September, 1932,



é
only 6 were recaptured giving s fishing rate of 50 or ,12, However, .06 is the
proportion of the turz belongiug to the stock which is taken in one year while
.12 is the proportion of the tuna which come in to the Japan Sea 3ide which is
taken in one year, and therefore it is hard to meke any clocé comparison, but it
is thought that both of these values are not too far off,

Because with species 1like the bleck tuna, which have a wide range of migra-
tion, the course and time of migration probably differ with age, it may happen
that older fish are comparatively plentiful or scarce over a rather long period
of time, 2nd it may bs difficult to loarn the composition of the atock by study-.
ing the catch from a limited area., Furthermore a short-term study of the catch
from a rather broad area can hardly escape being affected by yeér-to-year varis-
tions in sceanographical conditions, HNevertheless, since there is difference
botween the survival rates obtained from data from various sources, it is prob-
ably permiseible to make general deductions conceraing the stock on the basis of
these data. It is therefore probsbly not too fer wrong to conaider that the
rates of survival are on the order of .30 for young fish and .75 for adult fish,
and that the catch rate 1s on the order of .55 for young fish and .10 for adult
fieh, ‘

(notes]

(1)Kimure, Kinosuke : Growth Rates of Black Tuna and Yellowfin Tuna 28 Revealed
in the Catch from the Shigedera Fishing Grounds. Bull, Jap. Soc., Sci, Fish.,
1 (1). May 1932,

(2) Afxawa, Hiroaki and Masuo Kat3 : Age Determination of Fishea (Preliminsry Re-
port Ne.l). Bull. Jap. Soc, Sci. Fish., 7 (2). July 1938,

(3)Kimura, Rinosuke and Kazuml Ishii : Fishing Conditions in the Northeastern
Part of Suruga Bay (Part 1), On tho Bldck Tuna and its Young. Bull, Jap. Soc.
Sci., Fish., 1 (5). January 1933,

(4)Kawana, Takeshi : On the Relationship Between the Tuna Fishery and Oceano-
graphical Conditions. Report of Fisheries Investigations (31), March 1934.

(5)Pisheries fxperiment Station : Appendix to Oceanographic Charts, Fixed
Figheries; Pelagic Fisheries, '

#Accerding to Aikawa and Kato's data, fish in the 40-100 kg group include
21.0 ~ 21’0 2 .05 of the fburfh-year class, all of the fifth-year clngs, and
%g%-f—%% s .73 of the sixth-year class, The fish weighing over 100 kg include
1~ .72 a .27 of the sixth-year clasas and all fish of the seventh-year and older

clagses, Thereforgc if p 1s the rate of survival, the ratio between large and

27p%, p2.
medium fish is - This gives 210 _ .91 and therefore p = .655.
.05+p+.73p? 340

If we assume that there are no third-yesr young tuna included among the small
adult tuna weighing less than 40 kg, since these fish include 1 - .05 = .95 of
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Tebie 1
Landings of Young and Adult Black Tuna from the Shigedera Grounds in Shizuoka
Prefecture

Total For Seven Years 1924-32
fish ef the year 14,000 fish
young{¢ first-year fish 150,000
second~year fich 2,600

snall (under 40 kg) 235
adults{ medium (40-100 kg) 340
large (over 100 kg) 310

" Table 2
Black Tuna Catch at Kuashiro in Hokkaidd
Average 1922-25
small (under 16 kan) 4.29 thousand fish
medium (10-15 kan) 1,72

large (over 15 kan) 6.72

Average 1926-32
small (under 10 kan) 52.80 thoueand fish
medium (10-20 kap) 21.49
large (over 20 ken) 31.89

[T8: 1 kan = 8,27 1bs.]



Table 3

Tuna Landed at Aburatsu Between the Latter Part of January and the

Fond of May, 1937

W

Year Class Reight Number of Fish
Fifth 11.0 - 19 5 kan 2%
Sixth 19.5 - 29.3 3674
Seventh 29.3 - 38.6 2,061
Eighth 38.6 - 49.4 2,380
Ninth 49.4 = 61.3 2,129
Tenth 61,3 - 80,0 %48
Eleventh 80.0 - 2

z 2082
5,457

«565

Table 4

) +ou8+
survival rate s 2,% ¥2,129+948

Catch of Black Tuna in Japsnese Coastal and Offshore Maters

Pacific Coastal

Pacific Offshore

373,163 fish

young (under 3 kan) 586,259 fish 885,978 fieh
small (3-10-kan) 5,470 1,74
adults< medium (10-40 kan) 10,749 737 89,188
| Ilarge (over 40 kan) 5,781 4232




the fourth-year ciass, the ratio between small and medium fish is 2223R+.700 *9; z ’.

This jives %%-: 1.45 so p = .83, Averaging these figures p = .74.

##In the same way the ratio between large (over 15 kan) and medium (15-10 kan)

«53p+_p%
fish is l-p . This gives 3,9 which means that p = ,70. The ratio be-

tween 1&2?21335:- 20 lan) and medium (20-10 kan) fish is '95p’+"L3=-3 . or 1.8
' .19+¢p+.05p*
which gives the value p = .655,

+ Fish taken in their first year are represented by f,, those which become
second-year fish by p,, those taken in their ssecond year by f;, those which sur-
vive into the third year by ps, and those taken in their third year by f.. If
the proportion of each of these byear classes which is captured is related to the
length of time during which the fish are present on the fishing grounds, we get
fo:£,3f,= §31:4, Therefore the proportions of fish of the year, second-year fish,
and third-year fish which are taken are #:p.:ipopi. . This gives 49:47:4 so _
B= %x % 2 ..1.8 and p, = fyx 4 = .34. Therefore the percentage which live an - A
additional year, that is the survival rate, is (.48)"= .23 for fish of the year

and .34 for second-year fish.

Since emall adult tuna weigh 3-10 kan they include 8372210 = .78 of the
third-year fish, and ,}%%3}% = .81 of the fourth-year fish. Medium fish weigh
10-40 kan and include 1-.81 z,19 of the fourth-year class, all of the fifth-;,
sixth-, and seventh-year classes, and ﬁ%ﬁ%-:-g = .13 of the eighth-year claSS.
Large fish weigh over 40 kap and include 1 - .13 : .87 of the eighth-year class
and all fish of the ninth-year class and older, Accordingly if p represents the
survival rate thon smallimedium:large = ."/'8'l~.81pz.19pf~p’+p"l-p"'+.13p"’.:'.8'7p“--f:,:g‘ﬁ .
In both the Japan Sea and the Pacific the ratio between medium and small fish is
1,61 80 p = ,90, and the ratio of large and medium is .87 so p = .78.

If the catch rate for young tuna is represented by £/ and the catch rate of
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adult tuna by £, and the young tuna inclade fish cf the year, all of the second-
yoar class, and.l - ,78 = .22 of the third-year class vhile the adult tuma group
_includes ,78 of the third-year class and all of the older year classes, then the

ratio between adult tuna and young tuna is

.78x.1..81.34+.43xo34x1- 7 2 £ .61
T 2 ® i be

Since- this gives ,064 for the whole srea, § 9.5. If we use & to represent an
identical natural mortality rate for all fish above the second-year class, then

(1-5) (1-2) 334, (1-8) (1-£)=.75. Accordingly f2.060,f's.57, and§=.20,

On the Stock of the Yellowfin Tuna 8 macropterus
(Temminck & Schlegel

Synopsis [in English)}

Based on the catch records given for eaeh body=-length and hod;)r-night
classes, the stock of Neothunnus macropterys (Temminck et Schlegel) was studied.
If the natural mortality rate is assumed to be .20, the survival rate is known
to be .75 for young fish but .57 for the adults while ‘the fishing rate to be
.06 for the youngs but .29 for the adults. [end of English synopsis)

The ages deduced by Kimura(l) from §pe length distritution in the catch
and those determined by Alkawa and Kato on the basis of the circull appear-
ing on the vertebrae are not in agreement. In this paper 1 have followed the
conclusions of the latter, and have studied the stock by deducing the ages of
the fish from their length and weight.

According to Kimura and 1sh11(3) ameng approximately 2,980 small yellowfin
tuna and about 630 large yellowfin tuna taken on the Shigedera fishing grounds
during the nine-year period from 1924 to 1932 fouwrth-year fish predominated
among those welghing 12 kg or wore followed by ?o enth and eighth-year fish in
that order. (Table 1, calcula;?esl from Kimra's(l graph of weigzht di.stribution).
According to Alkawa and KatS'a{2) table of the weights of yellowfin landed at
the Numasu market in 1937, which includes 1,214 fish uynder 12 kg and 1,292 fieh
over 12 kg, fourtheyear fish predominated among those we%gh:lng more than 12
kg (Table 2). However, among fish taken east of Formosal4) on longlines sixth-
year fish were most numerous followed by seventh-year fish (Table 3)., Near
the S uﬂ ‘ﬁa islands quite a few small yellowfin are taken mixed in with skip-
jack ) but among those taken farther off shore sixth-year fish pre-
dominate (’.t'able L), In both cases the number of young yallowfin taken is small,

Collating these facts it appears that third-year fish lsave the islands
and bays and take up a migratory life, that fourth-year fish are comperatively



Tahle 1

Yellowfin Tuna Taken on the Suigedera Grounds (Juveniles Omitted)

———— o —

Age eight | Number of Fish
3 8.6 = 14.0 kg 6.0
4 14.0 - 21010 6807
5 2101& - 30.0 17.3
6 30,0 = 44,0 14.0
7 “00 - 57.5 23.0
8 5705 - 75-0 20.5
- 9 75.0 - -A‘i
total 151,0
Table 2
!ellowffin Tuna Landed at the Numasu Market in 1937
mm e e s
Age Weight Number of Fish
v} « 40 kap 124.5
1 0100 - 1015 82505
2 1015 - 2030 163.0
3 2030 - 3.70 23100 Notex 130 Of the thi.rd-
4 3.7 = 5.7 981.0 year fish were
5 5.7 - 8.0 70.5 over 12 kgo
6 8Q0 -11.7 43.5
7 11.7 "15.3 50.0
8 15.3 -20,5. 17,0
[total ~ 2,506.0
Table 3
» . 'Ye]lowfin Tuna Taken East of Taiwsn
‘Age ‘Length ‘Number of Fish Weight Number of Fish -
0 - 38 cm -—_— - 1,5 kg —_
1l 38 - 54 — 1.5 = 4.3 1l
2 54 he 70 1l 403 - 8.6 1
3 70 -~ 85 1 8.6 =14,0 —
4 85 - 10 1. 1.0 -21.4 1
5 100 - 115 3 21010 '3000 3
6 115 - 130 39.5 30.0 -1.4.0 4005
7 130 -~ 145 26 " b0 «57.5 24
8 _]_»45 - 1& .1.2 57;5 "'75.0 _&i_—
_ total 73.0 i total 73.0




coastal in character, that sixth-year fish are corparatively pelaglic, and that
in their seventh and eighth years the fish again migrate into the coastal waters,
Consequently a good deal of caution is necessary in deducing the composition of
the stock from the data gathered.at various fishing grounds.

Since it is thought that fish in their first and second years remain close
to islands and in bays, the ratio of firsteyear to second-year fish will prob-
ably give the survival rate for each locality. For the waters adjacent to
Numazu this 1s 3830 2,198, After they enter their third year the fish enter

24,
upon a migratory existence and there is prob-

abiy no great age differential in the subsequent survival rates. However, there
are differences between the ages of the fish which occur in coastal waters and

those found in pelagic waters and this gives rise to differences in the age come
position §r the catch, The survival rate for sixth-, seventh-, and eighthe-year

fish is £ +% =.716 for the waters adjacent to Numasu, and
x s ‘:_ sy = 416 for the waters east of Taiwan, The former is a
coastal fishing ground while the latter is a pelagic d so the average .566

for the two can be said to be the survival rate for gixth-year to eighth-year

fish, On the Shigedera fishing grounds the survival rate for fish of the fourth
year and older 1s ég‘;%%é‘8$§2‘8§§g‘8$%55§%I"5 8 529, which indicates that the

excessively small number of fifth-year fish in the vaters adjacent to Numasu
probably represented a condition restricted to the year 1937. Consequently it
will probably be satisfactory to consider the survival rate of the fish after
they have entered upon a migratory life as ,57.

On the Pacific coast of the American contiment and from Southern California
to the Lquator a considerable quantity of yeX¥lowfin is taken along with ekipjack,
On the northern grounds migratory schopls<are fished during a three-month sea-
son in August, September, and October;” but on the southern grounds the fishing
continues throughout the year, It is thought that the schools fished are mainly
migratory schools of young fish., These yellowfin of the Fastern Pacifie, like
those of our Jestern Pacific waters, are probably related to the small yellow=
fin which reside permanently around the various islands which are scattered .
over a wide area north and south of the Equator, but since we do not have enough
data to pursue these questions any further at present it is recommended that we
proceed on the assumption that the yellowfin tuna of the eastern and western
Pacific should be treated as separate stocks,

As was mentioned above, in the South Seas young yellowfin occur mixed with
skipjack, but we have no exact knowledge of their numbers, In the course of his:
investigations Kimura found that in the Ogasawaras a fairly large quantity of
small yellowfin is taken along with the larger fish, however, detailed knowvledge
18 lacking regarding the numbers of small and large yellowfin taken at other
places so a thorough treatment of this question will have to be left until a ,
later date. That we wish to postulate here is that among the stock of fish which
coms into the waters adjacent to Numaszu the proportion of small and large yel-
lowfin is about equal and that there is no great difference in the rate of catch
for the two size groups., Assuming this to be the case, it appears from the
amount landed at the Numasu market that the survival rate of young yellowfin ir
the stock as a whole is ,75, If we assume that the natural mortality rate for
yellowfin is the same as for the black tune [Thupnus orientslis], we get a
fishing rate of .06 for the young fish and .29 for the mature fish.*

8



Tanle 4

Yellowfin Tuna Taken in the Waters of the South Sea Islsands

Age ! Rumber of Fish

* 5
1.0
14.5
137.0
9.0

total 162.0

RIowmPdw

[footnotes] _
(I)Kinmra, Kinosuke : Growth Rates of Black Tuna and Yellowfir Tuna as Revealed
in the Catch from the Shigedera Fishing Grounds., Dull, Jep. Soc. Sei. Fish,,

(2)atkawa, Hiroaki and Masuo KatG : Age Determination of Fishes (Preliminary Re-
port No.1l). Bull, Jap. Soc. Sei. Fish., 7 (2). July 1938,

(3)ximura, Xinosuke and Kazumi Ishid : Fishing Conditions in the Northeastern
Part of Suruga Bay (Part 2), On Yellowfin Tuna, Spearfish, Yellowtail, Amber-
jack, and Mackerel Scad, Bull. Jap. Soc., Sci. Fish., 2 (25 July 1933,

(4)Kanamura, Masami and Kakuji Imeizumi : Fxperimental Tuna Longline Fishing
East of Taiwan. Report of Experimsntal Fishing by the Shonan Maru in 1936,

(5)1xebe, Kenzd : On the Age of Yellowfin Tuna from Palau ¥aters. South Sea
Fishery News, 3 (10). December 1939,

(6)Ikebe Kenzo : Weights and Ages of Tuna from Palau faters., South Sea Fishery
News, 4 (1), February 1940.

(7) Ikebe, KensS : Measurements of Yellowfin Tuns from South of the Marshall |
Islands, South Sea Fishery News, 4 (2). ‘March 1940,

*0Of the total number of fish of the year S,, those which come. into the waters
‘adjacent to Numasu are represented by r,. The rate of catch 1n. those waters is
f¢ and the rate of survival is p/, but for the stock as a whole the rate of
catch is £, and the rate of survival is p,. Of the fish in their third ycar and
v older which have entered upon a nigratory 1life, the part which comes into Nu_masﬁ
waters is represented by r and their rate of catch in those waters by £, but
for the stock as a whole the rate catch is £, As shown above, we get the

values p’ z .20, p = .57, £i1, S, (.5+p;+p;’+%-g%p’3)-.-'1,zoo‘; (the rate of catech

9



of %.fo' is given here for fish of the year because, although second-year and third-
jear fish are both taken from Hay to December, fish of thne yaar are taken only

after August); yr SoPo> (1—%%"’»—2-) 1,300, Accordinzl.l P., b r‘g%- x

2 3

W 43,
1- ‘M*l-o 57

The young yellowfin in the waters adjacent to Numazu come up through the Ogasa~

waras together with the mature fish and are carried from the south by the same
ocean currents which bring the migretory aéhools, and for “hese reasons it is
probably approximately correct to consider that r i r. Since the catch in Numasu
waters is made with fixed nets, it is probably also safe to assume that £/ i £,
Consequently if %:i e 1 then p,= .75. The natural mortality rates for both

4

young and adult yellowfin do not differ greatly and are thought to be of the
same order as those for the black tuna. Therefore if $z .20, the rate of catch
for the young fish is f,2 1 - :.'-;-g = .062 and that for adult fish is

le':-g%=.287o

On the Stock of the Albacore, ____m_ng germo (Lacépbde)
Synopsis [in English)

Stock of Germo germo (Lacépdde) was studied on the basis of catch records
classifiad according to the body-length and body-weight. Survival rate was es-
timated to be about ,66, while fishing rate &s about .18, [end of English

synopsis)

The California albacore, which had been showing a tendency to decrease in
abundance since 1916, had by 1926 fallen into & condition in which it might be
said that there was ost no catch at all, and that condition has persisted
to the present day.( In the past the albacore catch on the coasts of Japan has
‘been very small, but under the stimulus of the demend from California positive
efforts have been made to increase the catch and the fishing grounds have been
extended farther and farther out to sea in the search for the schools. Along
with these developments, however, certain ill omens have appeared in the fish-
ing situation. The comparatively large albacore which migrate in close to the
coasts in the sumrmer have gradually diminished in numbers and the fishery has
barely been able to keep going by increasing the catch of the mediumesised al-
bacore which migrate into the offshore waters in the winter,{(2) This may per-
haps be due to a change in the course of migration of the albacore, which are
the most truly pelagic of all the tunas, but in case this decline may possibly
be due to overfishing, it is a problem which requires a great deal of attentien,
The present study was undertaken because of my desire to gain some knowledge
concerning these points,

10



Uho(B) investigated the ccmposition of the tuna catch taken by pole fishe
ing in the waters east of Cape Nojima and found that in May and June of 1935
the catch was 6o fourth-year fish, 86% fifth-year fish, and 8f sixth-year fish
while in June of 1936 it was 16% fourth-year fish, 70% fifth-year fish, and
14% sixth-year fish, ¥hen the weight groups of the albacore taken east of Cape
Nojima from January to May, 1936, and the length groups ?f those taken on the
same grounds in the same period of 1937 by the Fumi Maru 4) are converted into
age groups by the method of Aikawa and Katd 4), fifth-year fish are most
numerous followed by fourth-year, thirdeyear, and sixtheyear fish in that order
(Table 1). A consideration of t?ag part of the reports of investigations of
the Flsheries Experiment Station!3) in which the catch is indicated by sizes
of fish shows that the proportion of large fish is greater in the Northeastern
Area than on the distant offshore grounds (Table 2), The proportion of small
fiash was greater on both grounds in 1937 than it was in 1936, however, it is
thought that there still appears to be room for the development of fishing
grounds for large fish in the distant offshore areas,

¥here two or more of the size categories of small, medium, and large are
combined in the table of albacore catch by siges compiled by the Japanese Tuna
Canners Association,(6) they have been broken down and distributed proportionally
‘by numbers of fish into small, medium, and large size groups (Table 3). If we
compute the survival rate* from these data, we get .54 for 1934, .84 for 1935,
«56 for 1936, and .6/ for 1937, an average for the four years of .66. The con-
siderable varlation in the survival rate value from year to.year is probably
due to the fact that the age composition of the fish which migrate into the
present limited fishing grounds cannot be regarded as the age composition of
the stock, This indicates that the above-meniioned irregularities which have
recently appeared in the fishing situation cannot be said to be necesssrily due
exclusively to overfishing. This i3 all the more apparent when we consider that
the survival rate is proportionetely large and that accordingly the fishing
rate is proportionately small,%*

(hotes]

(1)Bureau of Commarcial Fisheries: The commerciaml fish catch of Californie for.
the year 1935, Fish Bulletin (49), 1937,

(2)Hasegnwa, K.: On the Report of the Summer Albacore Investigation. Collected
Lectures on the Canning of Tunas in 0il, February 1938,

(3)Cro, Michio: The Composition of the Catch of Tuna Taken by Pole Fishing in
the Waters East of Cape Nojima, (Preliminary Report No,I). Bull, Jap. Soc.
Sci, Fish, Vol.4, No,5. January 1936; (Preliminary Report No,II), Vol.5,
No./. November 1936,

(4)Aixawa, Hiroaki and Mzsuo Kato: Age Determination of Fishes (Preliminary Re-
port No.l). Bull., Jap, Soc. Sci. Fish, Vo0l.7, No.2, July 1938,

(5)Part published in Reports of Oceanographical Investigations (58)-(61), (63).

(6)Japan Tuna Canners Association: Report of Activities for 1937 (Sixth Yearly
Report). 1938,
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Table 1

Albacore Catches by the Puji Maru on Grounds East of Cape Nojima
January to May, 1936

Age Weight Rumber of Pish (Estimated) Per Cent
0 et 027 m —— ————
1l 27= ,61 7.5 2.0
2 . 1‘1.07 6.5 1.7
3 1007"1068 48.0 ]2.6
4 1,68-2,45 114.0 30.0
5 2,45=3,52 176,0 46.1
6 30 52"4082 29.0 7.6
7 4.82-6,4 — —
8 604 - —— ———

Total 381.0 100.0

Jamuary to May, 1937

Age Length Number of Fish (Fstimated) Per Cent
0 - 35 cn 43 800
1 35« 46 11 2.1
2 46= 55 19 3.6
4 64~ 73 136 25.4
5 73- 82 161 30.2
7 91-100 L, 2.6
8 100- - e

Total 534 100.0
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*The "large" category comprises fish of 5 kan weight and over {1 kan -
8.27 pounds ] so according to Aikawa and Katd (4) 1t inclndes %&éa:_ia%z < .99
of the seventh-year fish and all of those of the eighth year 3;3 ;lggr. The
medium fish are from 3 to 5 kan in weight and include 1 - .89 = .11 of the
seventh-year fish, all of the sixth-year fish, and %-2%-:—}%% = .49 of the
fifth-year fish., Small fich comprise 1 - ,49 = .51 of the fifth-year fish and
all fish in their fourth year or younger, If the survival rate is represented

8904 2>
by p, the ratio between large and medium fish 1a *oF ' ioe . This formula

«49+p+.11p*
gives a figure of .57 for 1934, 3.55 for 1935, .64 for 1936, and .97 for 1937
or an average of 1.05 for the four years, The corresponding survival rates are
«5hy o8hy 456, .64, and 656 respectively,

**Among other tunas the natural mortality rate for the black tuna has been
calculated at ,20 (see preceding article in this journal)., The albacore
probably does not differ widely in this respect, so if ws assume a natural
mortality rate of .20, we get a catch rate of 1 - if%gb- = .18, The catch
rate for the black tuna is .10, but the catch rate for the young fish shows the
high figure of .55, PFor the yellowfin tuna the catch rate .for the young fish is
.06 while that for the mature fieh is .29, (See the two preceding articles in

this journal.)
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