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On the Estimation of Favorable Temperature for Long-Line :'ishing of Tunny 

[English synopsi!l O.Ving to the lack of observations both of the accurate 
depth d and of temperature Q of the layer in which tunnies off the Pacific 
coasts-of Japan are angled with long-lines 9 the catch has customarily been 
discussedp reference being made only to the surface temperature Q0 o 

From July to Deco 1930~ off the North-eastern Japan, and from Deco 
1930 to March 1931 9 off south to Bosy(t several fishery research boats 
carried out the said observations for the tunny~ including l'hunnus thunnus 
Lo, Thunnus alalun~a (Gmelin)D Parathunnus sibi (To & So)» and Genno 
macropterus (To &o)o Their reports enabled the writer to examine the 
difference between the distributions of total catch N as well as of the 
frequency of catch f 9 referred to the temperature Q and these referred to 
goo -

Off the North-eastern Japan» both N and f show the mode at 19-20°0 of 
Q0 , while at 18-19°0 of Q (.l:"ig ol) o Evidently-the difference is due to the 
remarkable stratification of the water during summer timeo No definite 
explanation can be given to the appearance of a secondary mode at 13-15° 
of Q o Off south to Bosy&\ both the mode of f at 19-20°0 and of n (: !ft) 
at 17-19°0 are not changed in Q and 90 , 1howin~ that'the stratifTcation-in 
temperature is but slight during winter {Figo2)o 

Estimation, if not very accurate~ of Q without direct observation can 
yet be made by calculating preliminarily the value of Q -Q from other serial 
observations of temperature for each region and for eacg month, provided d 
iJ• knowno From the records of Q0 , submitted by a fishing company "~kai-­
Eny~ Kabushiki Kaisha," for Thunnus alalun~a (Gmelin) off south to Bos~ in 
1g30, Q was calculated in such a way as just stated,, with the result that 
the mode of! lies at about 18°0, !! having been ~aken as 50-lOOm or 100m 
(~igo3 a)o Remarkably enough9 the variation of Nin Q is much smaller than 
tha~ in G0 o A mode at the same temperature is s";en in the frequency distri­
bution of Q, at which the catch was maximum in ·every month (10igo 3 b)o 
Some other records were also treated similarly and again the-mode of Nat 
18°0 was obtainedo (ind of English synopsifil -

In discussing favorable temperatures for the capture of fishes such 
as the tuna and mackerel 9 which swim in the middle layers, we should seek 
to fiQd out the temperature of the water at the depths where the fish 
... imlJ o Hitherto» howeverll it has not been clear in many cases at what 
depth the fish were swimming and few obserntions have been made of any­
thing but surface water temperatures so all that could be said was that tuna 
e.re taken most frequently and in the greatest numbers where the surface 

l)Aikawa, Hiroaki8 Situation in the fisherie,! for Tunall Skipjackll and 
Saury on the Pacific Coastll Suisan Gakkai lioll Volu5 9 Noo4, ppo364-365, 
draws attention to thiso 

l 



water temperature is around 21°c Z), 3 )" Durinc; tr.e winter season in 
January, February, and lit.arch the differer.t depth:;:- (at lea.st down to 50m) 
have nearly the same tempera tu.re and the di.ffe::-em.e. 0e :ween .i:e tempera­
ture at the level wtere the fish are taken and that at the surface is 
slight, but through the spring and suramer in 1.a;y ,. June~ and July the 
water temperatures in the upper layer rise rapidly from month to month 
and their difference from the temperatures of the lower levels increases. 
As stratification becomes distinctD the water temperatures at the depth 
where the fish are caught and at the surface must become markedly dif­
ferent. The difference in temperatures is still fairly great in November, 
but in December it decreases rapidly and the two levels become almost 
homothermal. The object of the author in this paper has been to show the 
degree of error in the estimation of favorable temperatures for fishing 
based on such surface observations» the favorable fishing temperatures cor- · 
responding to the depths actually fished 9 and a method of estimating at 
will the approximate temperature of the middle layer when only surface 
observations have been taken. 

Depths at ~hich ~ longlines ~atch f:i.sho A scanning of £able l, 
based on data 3 from the Chiba Prefecture Fisheries Experiment Station, 
reveals that the estimated positions of the hooks lie within a rt:1.nge of 
30m at the shallowest to 170m at the deepest~ with most of them within the 
range of 50-lOOm. In northern waters Sv'lle hooks fish at the comparatively 
shallow_depths of 50-'/0m (as a matter o.f fact 9 in the coastal waters of 
Hokkaido and the southern Kuriles many,Juna leap on the surface and drift 
nets and, trolling lines are much used 6 s while the fartr~r south one goes 
the deeper are the levels at which fish are takeno Off Kechi and 'iyazaki 
prefectures they are at the comparatively deep levels of 80-170m 7 o) 

It appears also that the depth at which fi.sh a.re t.aken varies from 
month to month within the same sea areac For example, the season of the 

2) 

3) 

4) 

5) 

6) 

7) 

Takayama, Itaro and Seiji Ando~ An Observation on the Tuna Fishing 
Situation in 19300 J.'isheries Experiment Station Re~ort lfoo5(38) 19340 
Shizuoka Prefect',,ire Fisheries Experiment Station8 On the Albacore" 
(Study of 1931 on the data of the three years 1929~1930.andl93lo) also 
states that fish are caught most frequently at 21°C 9 thus differing 
greatly from the figure of 1s0 c published by the late Dr., Kishinouye 4). 
Kishinouye, K.: Contributions to the comparative study of the·so-oalled 
scombroid fishes. Jouro Coll. Agriculo Impo Univo '.rokyoi, 8(3L 293-475. 
Chiba Prefecture Fisheries Experiment Station Report (photostat) 0 Long­
lines Used by the liiost Successful i''ishing Vessels in Each Prefecture in 
1932. 11 

Kawana, Takeshi: The Tuna Fishing Situation and Oceanogre.phical Condi-
1;ions in Hokkaido C Lokkaido 1''isheries Experiment Station, Fisheries 
Survey Reportso Volo 31, 19340 
Maruke.wa, Hisatoshi: "Developing the Sea" p. 165 says that this is 
because the thermocline is deeper than it is in the south. 
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fishery for black tuna £.'I'hunnu~. orienta:~.i ... ~_.7:n the coastal waters of 1:iyuga 
begins in the middle of Decen~ber ,, At first longlJ..nes are used (fishing 
depth 76-l60m) ar,d tLe fish are taken ,.here t:Le sur·face temperati..re is 
22°c,, but in the middle of J~nuary a change is u1de co trolling gear and 
the surface tempera·cures are 18°.,19°Co Barly in i...arch che fish go deep, 
the trolling J.ines no lor..cer cat·:.:h fish., and longlines come into use again 
with the surface )ernperature at 2L5°C o In the middle of April the fishing 
comes to an end 8 , o .1,'here has not been e.s yet,, howeverj) any thorou::;h study 
of the depths at which the fish are taken~ and many items have not been 
clarifiedo 

Favorable temperatures for 5,atch1nr; ~ (a) ~~orthern part of the 
Northeastern Sea Areao I shall attempt to treat the data from the Sakigake 
kru, of Aomori Prefectures the Daito_~~ru, of ~iya~i Prefectures the Akita 
liJaru, of Akita Prefecture, and the Chokai i.,aru,9 of Yamngata Prefecture, 
all of which vessels took tempera-::ures at the upFer and lower levels during 
the cooperative tuna fishing experiments of 19300 fhese observations were 
made from Jur.e to Dece:r:iber 9 1930~ a season when the, difference between the 
temperatures at the upper and lower levels is great, and covered an area 
centering off Erirnosa.ki and extending between 141 ° - l44°E, 37°- 42°N. 
First of all» Fig,l a} 9 b) are graphs of the distribution of catches·and 
numbers of fish caught, (total of black tuna~ alt!lc:ore 9 big-eyed tuna., and 
yellowfin) plotted ai:;ainst surfaoe w,ter temperatures and r:i.g,ainst the 
temperature of the level at which +,}-,e fish wdre taken according to the 
above-mentioned fishing logs (30m for the Daito maru~ l8-36m for the :Akita 
Maru, 46-53m for the Chokai l,!a:n;_D recov•ds lRckinc for the Sakigakc Maru but 
assumed from Table l to be 50m)" ltrom these graphs it can be seen that in 
these waters the most fish were taken where the surfl'l.ce temperature was 
19°-20°c but at the 25-50m levelsv where the fish were caught, there are 
two modes at 13°-15°C and l8''-l9°C ,. lt is still difficult to tell for sure 
whether the former is an apparently favorable temperature based on schools 
especially concentrated by an upwelling of cold water from the lower level 
of the Oye.shio Current system or whether it is the temperature e.t which 
black tuna of a certe.in age-class swimo However,\\ the fact that in the 
coastal wate:cs of lzu and Sagami the large set nets take the most black 
tuna at tem.:Jer: :::~res of 14°-10'<: presents useful data for the future con­
sideration o. this questiono 

b) li'avorable te1.peratures on the winter grounds in Zunan waterso Fig • 
2 a). b) shows the re atlonship between the number of tuna taken and the 
number of catches made and the water temperatures at the surface and at 
100m (according to Table l 100m is ap,E_roximately the level· e.t which the 
fish were caught, except that the Kiyo 1'laru fished e.t 70m), the data being 
d.rawn from the records of the Kiyo lii.arup Kaiko ~ru, .Fuji Me.ru,·and IColio · 
Maru's operations during the winter mc:1ths of December~ January, February, 
.md March. when the temperatures at the upper and lower levels are con­
sidered to be comparatively uniformi, in the cooperative tuna fishing 

8) Summary of the Activities of the 1.iyazaki Prefecture Fisheries 
Experiment Station fer 193lo 19330 ppu 10-18, 
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experiments of 1930. It waa fou.."ld trorri these gr-epr,rs that d.urin6 the winter 
season the most fbh are tiak an. when the temperati;·•es at both the surface 
and at l0Om are 1e0 -lf,°Cp tne greatest number c.f' ,.,atch~s is ma.de a"C 
19°-20°c, and the iar~est ave:ragre catth per t::hne :rished is obtained at 
11°.19°c., A point to be nc1ted he:rer however, is that in the Zunan area 
the yearly average temperature at the l0<)m level :is at-c,ut. 20°c and the 
yearly average variation is a.bout 9°: v these values :.iein~ S!M.ller than 
the yearly averlilge of 22°c and the yearly variat:! on of' l3°C in the sur­
face temperatures. These temperatures are higher than t,hose found in the 
waters north of Kinkazan (yearly average belo,w 1C0 p yearly variation 10°-
120 C) and the yearly variation is le;js 9 )o A0.:.,or·rLti1t~ly 1, the belief that 
the level of favorable temperatures h limited to a narr·ow re.nr,e is not an 
error resulting from conoentraMon on the lOOrn le•rel as ~an be seen from 
the !'aot that there are rather large :seasonal va:r:,EH,icmi in the water 
temperatures at lOQno 

An experim.ent in correcting the :surface water· temnerature tC\ ~ tempera­
ture lavorablefor catching ffiho The data a:re drawn l'romcharts sub­
mitted to the Fisheries Experiment Sta ti.on by th\7 Tomi Enyo Coo showing 
the fishinp.: grounds~ numher of fish taken~ and su:rf'a,:;e temperatures for 
the albaoore catches for each montho Seeking to !'ind the distribution of 
the catch in relation to the surface temperature a mode was obtained at 
about 20°C, however~ it is thought that there will. be a marked variation 
durir.~ the season when the temperat,.2res oec:ome stratified~ as described 
above~ 10) These data oover only surf.,,1.119 temperatures,. and observations 
for the middle and lo~er levels are lackJng~ A~cordin,i: to Table l the 
depth at which fish are taken in th"3 Zunan area may be thought to be 
50-lt'.}'.)m or l0Om. In convertin.g the sur1'aca temperature to the temperature 
at the .f'ishinr:: level the mo~;t reasonable method ia probably to correct it 
by ,lsin~ the 1•esults of' vertical observatirms on the fishing ground in 
question for the month under consideration~ but 'this i::1 difficult 
under present conditions. While it is a method greatly lacking in 
n1ecision, what has been done has been to adopt the averace temperatures 
iJ. for each month at a point 100 mile:. southeast of No,'limasaki in Chiba . .., 
J·refect1.u·e as rerrresenta.tive of the vicinity of the center of this fishing 
ground. From these valuces ! .1,a1e subt:ra~ted Oo5°C in Janua.ry 0 ooc in 
F ... .. 0 i:;:0,-• , .. ,, \,. 'i ,'),., • • ,11 ,.,o .... i II c,0,-. , J i::O i "::,). u.aryp o·v I, J. •. , ·.,/:\1'.'C-.. , ,, , •. ln .1.pz. 9 ,:., t.. n ... ayp ,; V 1.n .unep s.1 C ll 
,;·i.1ly. &."ld l-'~1~n .;e~ember,_e.mi ha:i'e tnken this ,ts the temperature at the 
lOOm level. l · '!hs c:orr,.Hat.lon betwt':i,;l:'l th,;:., ~~fimp~.:.-at\i'!"e at J.OOm and the 

9) Uda. Mi chi takas Monthly 0cea.nor;raphic ~i h.in tir.1:-1 ,,f tne, Kuroshic• and 
Oyashio Currents in Averat::e Years o Fisheries ~~-periment Station Report 
Noo 3.1933. pp.100-102 0 

lO) U(a~ Michitakas An Observation on the Alba(:ore F'ishins Situation and 

11) 

'.M Oceanographic Conditions in the Zunan Are:10 Report of the Cymposium 
on Fisheries fl1ysics~ Noo 2.7 o July l 9;5lo 

In doing this the diffel'·ent;P.s from year to year and f'rom ple. ~e to place 
:1.n the curve or vertical d:\.st.:t:i b,1t.lor: of Yfflter terc.p<':,·atures from 0-l0Om 
w:t thin a partfoula.r ;;.ea 1!H'tia fo)P." ~ ::: ·,·eri '11::mth were i;:nored and the 
,j,.,,~linatfori. h'.1 th'-" tempe:-.s.tures et the sur!'ac.e and at the l0Qn level 
W!.?re a.ss wned t•.j be i11. lw·1 ~-·,, -t\r:•.ie.l a 
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distribution of the tuna catch is shown by the soEd line in Figo 3ao «hen 
this is compared with Fig o2ar the temperatures for the hme when the largest 
catches were made in each month are distributed around ~enters of remarkably 
uniform value, with the mode !!l.t a 1i ttle 0ver 1s0 c ,, Then taking 50-lOOm 
as the fishing level the surface temperatures were corrected to the tempera­
tures at these depths by subtractin6 0 o5°C in January~ o0 c in l<~ebruary, · 
0.5°C0 in March, l.5°C in April 9 lo5 C in 1l8.y 2"b°C in Junei 3.5°0 in July, 
and l C in December. The distribution of the. C!J.te,h in relation to the 
temperatures obtained in this manner for the bO--lOOm level is shown by the 
broken line in .Figo3a. Exactly as seen at 100m9 the most favorable tem­
perature is slightly over l8°Co Next~ changing the point of view, I plot­
ted the best catch for each month against the water temperatures during 11 
months covered by two fishing seasons from 1.Larch 1n9 to M&y 1930 as shown 
in Fig .3b, obtaining exactly the same results as m Fig o3a o Using the same 
method I converted the surface temperatures for the catches in the three­
year survey carried out by the S)1izuoka :Prefecture .l<'isheries Experiment 
Station in 1929, 1930, and 19313 and plotted them against the catch; the 
mode remained almost fixed at 11 little over 18°C throughout the seasono 

If_w1 look at the monthly tuna fishing situation as given in Takayama 
and Ando2 we see that catches at 18°=19°C have been most numerous in 
January, February, J,kl8.rch, April., the first half of May~ the latter half of 
Novemberj) and in December, but in k"'Y, June, and July, months when a good 
deal of fish is taken, ( the main fi~1,ing grounds being the central and 
southern portions of the Northeastern Sea Area) it. is understood that be­
cause of the rise in temperature of the surface waters the favorable fishing 
temperatures seen at the surface are apparent rather than real. 

Conclusiono Sui table temper-atures for catching tuna 9 which in the past 
h11ve been thought to cover a remarkably broad range judging only by the 
surf11ce temperatures, are restricted to an l4~expectedly narrow range when 
the depth at which the fish are caught is taken into account or when a 
correction is made for se11sonal rises in the surfa.ce temperature o The 
studies described above indicate that it is probably correct to consider 
that in the southern part of the Northeastern Area and in the Zunan)Area 
the favorable temperature for tuna fishing is generally 18°-1900.12 
There are, however, not a fn ex!Ullples of catches being made at r11ther 
rem11rkably low temper11tures in the Oyashio current ar:-.,a and sometimes at 
remarkably hi~h temperatures in the Satsunan and Ogasawara areas so these 
are11s are acl~ded from consideration hereo This paper, in brief, is 
intended to point out that in discussing the favorable temperature in 11ny 
sea area one should first of all take into account the temperatures at the 
depths at which fish are actually being takeno '£hi.a means that in scouting 
for tuna fishing grou..~ds in general it is not sufficient to take only 

surface observations (although this is fairly satisfactory in the winter) 
and ob~'-tion1 of the middle layers are necessary. In case only surface 

_obaeu:n.tionacan be made it is best to calculate an approximation by making ._ ··• . 

lZ) An attempt using similar methods to ascertain the favorable temper11-
tures for mackerel catches in the Japan Sea revealed that they were 
centered around ar'0roxj_rn.ately 14°-16°C. 
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Table l Tuna longlines used by the most, ru,:, 1:.essf, ... :. fishing boa.ts in each 
prefecture in 1932 ( Chi be. ? .r"fe::;.t..ue Fts·ner it,s Experim~nt Station) 

------------------------------------------------
Prefecture 

Hokkaido 

Aomori' 

kiyagi 

Chiba 

Kanagawa 

Shizuoka 

ldie 

Nakayama 

Ehime 

:!iuiyazaki 

Kochi 

Ogasawara 

Vessel 

Taihei liuaru 

Fukuei Maru 

Genei Maru 

Kanan ll..aru 

Fuse. Maru 

Ka.nshiro -ru 

Toyo Maru 

Juju J.iiaru 

Horai Maru 

Jingu .Maru 

Fishing Area. 

off Etc, rofu -
off Iwate 

off AOJrcr,i­
llokkaido 

oft A·:>m.o:r::. ~nd 
Hokkaido 

! Fishing Period Sekiyama + , rranoh Line + 
/ «ire 

Aur;ust-December 

J-..ly-December 

August-December 

16 ten• 
{5shaku)•• 

18 

17 

es.st. cf Kinkazan -· J November-March I 18 
off the Zu...~an Shctc 

off -!:he Bos'o area 

300-400 miles east 
of Choshi 

November-March I 10 

October-April 11 

off Cl{~-shi and Sanrikll October-l,;iarchl 17 

off Chiba Prefecture! November-.March I 12 

off the Boso area September-lilay 

off Kagoshima-Aomor'..j 0:rtober"-March 

14o5 

49 

No o2 'l'aisho Marul 2u0-2bCl miles south I December-iMiarch I 40 
of Abu.ratsu 

Daikok•i liiaru I 31°40' :!32°10r: - I ~rch-Ma.y I 32 
134°20: 

Iwo iiaru I Ogasawan waters / N,:wember-l!!l.te I 11 
,January 

• l ~ .,,, 1082 me~res 

** l shaku ~ 30o3 cm 

r: 

---



Table l (Cont'd) 

Float Line I Distance Between Floe.ts I Hook Depth 
(Maximum sag) (depth at which fish 

e.re caught) 

17 ken I 150 ken I 50-70m 
(13J 

15 I 300 I 50-70m 
(13) 

15 I 300 I 48-80m 
(21) 

25 I 220 I 65-l 7lm 
( 70) 

12 I 180 l 33-76m 
(28) 

22 I 200 I 50-150m 
(63) 

13 I 158 I 45-82m 
(24) 

24 I 330 I 55-130m. 
(50) 

20-25 I 200 I 53-l48m 
(63) 

19 I 240 I 77-l35m 
(38) 

15-20 I 300 I 97-l 70m 
(42) 

23 I 200 I 95=l43m 
(31) 

9 I 242 I 30-59m 
(19) 
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a correction by methods like those des:.ribed atov• Of course in doing this one 
must have in advance a general id~a of the depth ~. t which the fish a.re caught 
(the level at which the fish swin~J o Scr::e studie~: have already be_en ma,de. of the 
environmental factors whic.h affect the density,, ,~ow::entration, and biting 
qualities of the tuna schools within the zo:r..es of s1.iitable temperature, but 
there are still many points left for future study" l3)H)l5)" 

In conclusion l express my deep thanks to Dr l;obuyoshi Ogura, Dr. 
llcrisa.buro ?auchi~ Mro ldi1suyo Okada, ~ro Itaro Takayama~ Mro Kinosuk• 
Kimura, and Mr. korisaburo Sakai» who gave me valuable instruction and 
comments on this studyo 

(December 9, 1934) 

l 3) Shimoda, Mokuichi: A Survey of the Skipjack and Tuna Fisheries in the 

14) 

15) 

w~ters of British Borneo and the Netherlands East lndieso Suisei, April 
19300 

Ikeda, Nobuya: On Oceanographic Conditions on the Tuna Long lining Grounds 
and the Level at Which the Tuna Swim in the Outer South Seas o El_orokai 
SM,, No. 1. 1932. 
Suzuki, Shin: Tsuri ~a~~, Chapter 4o February 193lo 
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Fig. la Distribution of number of cat,:;hes (!,) and number of' fish 
caught (J!) in relation to surfac:e temperatures (80 ) on the 
tuna fishing grounds of the Northeastern .Area from June to 
December, 19.30. 
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which fish were taken (25-50m) on the tuna fishing grounds 
of the Northeastern Area f'rom June to December, 19.30. 
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The Catch of Tunny_ fhunnus O:rientaii.$ (.\", &. S,.) e:fF Kushiro, 
Hokkaido~ in Relation to"7TleTe~·ticaT1>TI~t\":·enc0 .i.n v'~Rter ":,r.1pe::-'ature 

Synonsis ,l_Tn Englia':~; 

From the thirteen year-s catch statistiGt: fro:rn 3.924 to ;36 and the 
records of ree;ular oceanographic observe.tians_. tltere is found a negative 
correlation between the catch per boat of j_a!"gE- tunny,, weighing above 20 
kwan (75 kgL and the difference in temperatur<:.1 at the surface and at 50 m 
d~tho 

(!Ind of ~nglish synopsi€1 

,,. ti. h . ·• ( l) ' t' t- d . h. b tw J.he au nor as previous.Ly i::ives 1ga· .. r::< t::,~➔ .r;;;.1a tions ip e een 
oceanographic conditions and the fishing for t·ma (;;;) off Kt.shire in 
liokkaidoD and has found that there is a negative co:rrelat.ion between the 
weight of fish cau,ht per boat per ::r,uise and the vertical difference in 
water temperature 3 Jo Since that time four year:sJ.' more data have been 
added ('l'able l) D and it has been decided to make P.I reexamination of the 
problem here o 

No;y lfhen we consider the ~o:r·r·eJ.ation betw1::1>o1n the number of large» · 
medium.P ~4 ) and small fishv which wen1 not: t:reated. i!l. the previous reportl) 
and the vertical difference in we.te, temperature (F:i.e;ure l)j) there is a 
close correlation for(tJe large fi.s:::, b1Jt for -t,he medium and small fish 
there is hardly anyo 5 According to 'l'abJ.e l the large (and mediwn also) 
clearly tend to decrease" This should be considered a diminution in the 

(l) 
Ka.wane.~ Takeshi z On the Corr·ela.tion Betw~er. Ttma ,fishing and 
Oceanographic Conditions r, Hokkaido' Fi.sherj_es E:icivH imtmt Sta tionj) 
Reports of Fisheries Investigations (31.'' :S:"1,, ppoi30o 

( 2 ) black tunav _kuroshibiD 'I'hun_n~-~ or ie_Ilt~g~_ ( Temminr.:k & Schlegel) o 

(3 ) The differenc.e be twee:~ ·:: he sud'a0B temperature and i;he temperature at 
50 meters J Average for lC ~-· 50 r,1aes cff' K.tshi..r c .. Augusto 

(4 ) Large fish a re over 20 ~ U ~fil.1 "' 8 .,2 7 pound.ii , medium between 10 
and 20 ~,s, and small under 10 kan, 

( 5 ) The coefficient of the correlaticn between the n•,;unber of large fish am 
the difference in water temperatures is :: "' 0 o4l ::b O ol8 o The coefficient 
for the total of wei.ght in kan of large" mediump and small fish ta.ken 
per cruise and the differen_ce",ln water temperature is r :;;. 00582 d: Ool23, 
so if instead of the number of lar.ge fish we ta.ke the number of kan or 
take only the especially large fish among the large group 8 it is~ought 
that we can obtain a far higher coefficient of correlationo However, 
we do not know the number of _l<al] weight for each of the groups of large, 
small, and medium fisho 

''1, -""'1 .. ~. 



stock of large tuna.., and in addition to this trend (SJ one should probably 
discuss the elimination of this long~term c,hange by the year-to=year 
variations due to oceanographic condition$ and so fortho 

This tendency can be shown approximately by the linear correlation 
y • ax / b between the number of fish taken per boa.t per cruise y and the 
year x o By the method of least squares we get a :;: 0 .,313 and b = 6 0365 
and can draw the solid line shown in Figure 2, 

The coefficient of correlation between the vertical difference in 
water temperatures and the deviation from this regression line is r = 
- Oo738::COo085.., and fairly reliable values can be obtainedo 

Furthermore, the catch of small fish per cruise is correlated with 
the surface water temperatur~ in August?, ~5 oO - 16 ,,5°C appearing to be 
the favorable temperatures (iigure 3)o \7, 

In preparing this paper I received much kind advice from Professor 
Okada of the Fisheries Experiment Stations and Assistant Technician 
Nakajima of the Hokkaido Fisheries Experiment Ste.ti on and la.r o Hisashi 
Saga. of the Kushiro Fish Market supplied me with materialso I wish to 
express here my deep thanks to these personso 

(S) This trend also appears to be :related to the broadened scope of the 
fishing grounds through the increase in vessels fishingD but there are 
no data on which to determine this point o 

( 7) According to the study by 1'11·0 Takeo Kida of th-, total number of fi1h 
(large, medium, and small) taken per cruise on the grounds off Kushiro 
in August 1936 9 there is a favorable surface temperature at 110c. 
Kida, Takeos On the Surface Nater Temperatures and the Summer Season 
Tuna Grounds Off Aushiro and U:rakawe. o Bullo Jap o Soc o Scio Fisho 
5 (2).., 1936, 85-900 

·.r ·~i 



·---- .... .... •&•J--....... -- - --•• - -.A.L-•• -.-..-.- - .... _ _. -- - ••~v-.. ,._...,..., _ _._v __ -- _,,_ ---- ___ .., ..... -- •&---•· ........ - ........... -------

Year 
Number of Number of Fish Caught Number of Fish Taken Per Trip Water Temperature Temperature 

Trips Large Medium Small Large Medium Small Surface 50 m- Difference 

~924 1,474 5,777 - 2i018 Jo9 - 1.4 17.6°c 5.2°c 12.4°c 

~925 1,882 11,339 4,057 1,015 6.0 2.2 4.8 17.1 6.2 10.9 

1926 2, 7.22 27,.119 7jl23 603 lOoO 2.6 0.2 12.2 5.4 608 

1927 
! 

5,361 23 .. 852 17,995 16,9?..2 4 ~ . .,, 3o4 3el 1e.o 2.6 15o4 

1928 6,369 15.11420 26,146 ~60299 2.4 4.1 7oJ 15.6 3o4 12o2 
. 

il929 10,804 73,474 27l)576 63.11158 7.0 206 5.9 14.6 608 7c,8 

""' ~ tl.930 10,,02a 33 .. 900 26,564 80964.8 Jo,4 2 " e.1 16o4 6.4 10.0 0 { 

1931 11,404 29,692 34j625 117;782 2.6 3.0 10.,3 ., I; ~..., 
.J..Jo: 5.4 lOcJ 

11932 8,725 19~786 10,396 399501 2o3 lo..: .40 !5 15.1 .308 , l ., 
..1.--Q_) 

1933 7,167 23,305 4 .. 664 509801 3o3 0 .-, . ; 7.0 lJo? Jo5 10o2 

[934 5,001 159110 2.,798 27,,329 .3 uO o.6 5o5 15.4 5.1 lOoJ 

11935 5:;724 15,193 109080 13 .. 781 2.7 1 .. 7 2.4 13ol 3ol lOoO 

~936 4,[04 13,052 3.11123 5,472 3.2 0.8 lo3 (l.3o4 3o0 10<>4 
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Homogeneity of the Groups of Black Tuna in the Satsunan Sea Area 

IJnglish title and synopsi!) 

Appearances"of the Groups of 'rbunous orientalis (To & s") in the Seas 
South of KyushQ 

SYNOPSIS 

Average catch per boat per voyage as well as the average body-weight 
of Thunnus orientalis (To & So) fished during every decade of the month• 
in the seas south of Kyushu was investigated with the daily records of 
the landings from long-line fishing-boats for tunny at the two ports 
AburatU; and Nang8 from Dec~ 1934 to June 1939 9 as basiso 

Generally speaking, larger fishes appearing early in the fishing 
season gradually give place to the smaller-sizedo Minor fluctuation■ 
in the average body-weight., however~ can be recognized as follows• --

Season: From mid-Deco Early and rnid= L:lid to late Late April., Towards 
to early Jano» Febn,, Iv.arch., mid-June 

Aver.weight: ca.55 .Kwan Cao 45" 
(206 kg), (169 kg)D 

Hauls: At the beginning With earlier 
of hauls., good hauls., 

' find of Inglish synopsij) 

ca o 52 " 
(195 kgL 

Cao 40 11 

(150 kg) 

Hith later Towards., 
good hauls., and 

cao47 • 
(176 kg) 

At the encl 
of hauls o 

_(l) 
Hiroaki Aikawa and ,-'-asuo Kato have used the vertebrae of the 

honmatro. Thunnus orientalis (Temminck & Schlegel) to determine its 
age. ve found the ranges of length and weight., the growth rate., and 
the condition factor for eaoh'age~ and from the records of the landing■ 
at Aburatsu in 1937 they hive shown that the tuna landed at Aburatsu 
consist mainly of three groups of eighth-y,ar~ ninth-year 9 and·ten1h-year 
fish. Of these eig_hth-year fish form 31%9 ninth-year fish 49%» and 
tenth-year fish 2Cffi of the whole catch o The percentage of eighth~year 
fish does not change markedly throughout tp.e whole fishing seuon, but 
the ninth-year fish are most numerous in the peak season., and the tenth­
year fish a re rather numerous only at the beginning of the seasono 

The present authors have made a study of the general trends and 
changes throughout the fiahing season in the tuna schools wh:immigrate 
:µi.to the Satsunan sea area. basing the work on the records of the number 
of vessels returning from fishing» the number of fish landed» and the 
weight (in kan Wo27 poundiJ) of fish landed as given in the daily reports 
of the tunalong-line fishing situation (a very £ew troll-caught fish 
are included) at the two ports of Aburatsu and Nango (Sakaematsu) from 
December, 1934., ·to June~ 1939 o 

(1) Aikawa» Hiroaki and fuaSUO Kato:, Bullo Japo Soco Scio Fisho 7(2), 1938~ 
,~ 
....,,; 
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The number of boats entering port,, the numbeir of fil!ih landed~ and the 
weight of landings, averaged by ten=d~.y period~, (I<'igu::"e 1) sr.cw; that the 
peak season is from the middle t-en days of ,fanuary to the fir-st ten days or 
April, and that during this re:r:od the fish in;; falls off somewhat from the 
last ten days of February to the first ten day!'! of 1J.al"r..h, The fact that in 
general the fishing situation parallels the abundanc;e c:i.r scarcity of' schools 
on the fishing grounds can be seen from the ave.rafe :r.urriber of fish landed. 
per boat per trip as plotted for each ten-day perio•i :)'igure 2., above) o · 

This means that the peak season is when the schools are plentiful, and that. 
during the period from the last ten days of February to the first ten days 
of March the schools temporarily decrease in numberso Because the number of 
boats fishing 11 very small, it is not certainv but it appears that from the 
middle ten days of May on the schools increaseo Howev~r~ if we look at the 
average body-weight plotted by ten-day periods (Figure 2~ lower), the period 

from the last ten days of .l<,ebruary to the first ten days of March repre1ent1 
a shift in the average body-weight from about 46 kan to about 52 kan., and the 
period from the last ten days of April to the middl~ ten days of May shows 
a shift of the average body-weight from about 40 to about 47 kano Thia can 
still be said event hough we try to !plit the ohangH i.n average body-weight 
into long-time changes throughout the !eason (t~ends) and short-term change■ 
(deviations) (Table lg Figure 2)o Then if y is taken as the average body-· 
weight for the ten-day period (in kan)» and xis the ordinate of the period, 
with the period in which the first:--Catch was ru.e.de as the base point 9 the 
trend for Aburatsu, with the middle ten days of December as the first period, 
is y • 54029 - Oo87xp and for Nangoi with the third ten days of December as 
the first period, it can be shown as y ~ 49050 - Oo32xo 

To summarize 6 in the black tuna which migrate into the Satsunan sea 
area from the middle tend e.ys of December to the first ten days of June of 
the following year, the general trend is !'rom schools of larger fish to · 
schools of smaller fisho If; however,. we examine this in further detail, 
we find in the early part of the season from the middle ten days of December 
to the first ten days of January a migration of a group of larger fish with 
an average weight of around 55 kano In the first half of the peak season,· 
which is centered around the fint and second ten=day periods or February, 
there is a large group of smaller fish·with an average weight of around 
45 kan, and in the second half of the peak season~ which is centered around 
thendddle and last ten-day periods of MarchD there is a large group of 
larger fish with an average weight of around 52 kano In the last ten day1 
of April for a time there is a group of smaller fish under 40 kan, and after 
that as the end of the season approaches a group of smaller fishof about 
47 ~ again appears o 

In conclusion we wish to express our heartfelt thanks to Dro Morisaburo 
Tauchi, Professor in the .L''isheries Ins ti tute 9 for taking the trouble to :-read 
the manuscript, and to the Fisheries Associations of Aburatsu and Nango, 
which spared no labor in compiling the daily reports on the fishing aitua.tiono 

1~-



Table 1 Average Number of Fish and Avercre Weight (!gm} of Fish Landed Per Boat Per 
...... ip in Each Ten-day Period 

I 

Month and Ten- Number of Fish Landed Aburatsu Nango 
day Period Aburatsu NanglS Av.Weight· Trend Deviation Av.Weight Trend Deviation 

Dec. II 4o52 - 56.42 54029 2ol.3 - - -
III .3.07 .3.04 54.12 5.3.42 0.70 5.3.24 49.50 .3-74 

Jan. I 5.23 5o27 52.14 52055 -0.41 50.66 49018 lo48 
II 6.59 6022 50.66 51.68 -lo02 50.08 48.86 1.22 

III 9o20 10.66 49.10 50.81 =1.71 49 • .32 48.54 0.78 

Feb. I 9.58 14.36 45.44. 49.,94 =4.50 45.60 48.22 =2.62 

II 7.10 11.8B 44.80 49.07 =4 •. 27 44.22 _4-7.90 .. 3.68 

lil 5.71 7.90 1+7.26 i •. Bo:20 =0. 911- 46.50 47.58 =1o08 . 
Mar. I )o'J7 7.4,..1 48.64 47.;J 1.31 49.80 47.26 '} ;:.: j 

{,,.,(j ✓-·+ .... 
'° II 11.41. 13.90 .so.04 46.M> 3.,5g 52.,32 4.6. 9.4 5.38 

III 13.54 17.6.3 51.,54 .4'.>.59 .5 .. 95 50.42 46.62 J.30 

April I 7.9.3 9o41 47042 /.;~. 72 2.70 45.86 46.JO -0.44 
II 8.,Jl '7.35 4.3., :54 ,~3. ?35 =0.,31. 4lo.'.34 45.95 =4.64 

III .3.31 4.71 39.54 4,2.98 =3o44 38062 45.66 ~~7o04 

May I 4.02 5.05 42.46 42.11 0 • .35 46.96 45,,34 =8.JS 
II 7.04 14.09 46.42 41.24 5.18 4609.3 45.02 1.98 

III 120 7.3 29.99 45.68 40 • .37 5 • .31 49070 44.70 4.50 
June I 5.61 42.00 35.03 ~9.50 -4.47 49070 44o.38 5 • .32 . 

II 1.00 32.50 3B.63 -6.13 - - --



...... ,> 
(:",; 

P."C ID 
llJ O 0 

'<l ""J p, 
ct- ct-

"C (IJ 
(I) ...... 
""J ::S CD ..... ::s 
0 CD c+ 
Odl> CD 

0 ""J 
t::r I-'• 

::s 
~_, OU 
0 
I 

" CD Z 
;::)., E 

t:l 
t..J,, i....J 

h !:::S a, 
C., ':I 

ll> 
IJ:I 0 
0 ...., 
p--

t-t, 
t--' l-'-
0 !!! ' ..... 0.. 
c;i, t--' 
'<! !l) 

p 
µ, 
I 

(0 r') ~ 

:~ t~~ ~~ 
;-::-, . !:3' P-i 

tY 
....... j---" 

C) p:· 
I ~J ~;. 

Pa p, '"1 
::".:= (D 
~ 0..1:,;;-

ll• 
'tl I-'- l::s 
(1) ::J 
'1 0 
I-'• HJ 
0 
p, 

400 

JOO 

200 

100 

0 

1000 
500 

100 

__ ~-..-- -- · ·- -- · · 1-- -·-r-t--·-

t -O-Aburatsu 

j_~4~F(r-l-·+-t~I ___ :~-:~-. --~~-- ~~t __ ,,__ -Nango ____ •·-----
/ 1 t•·-·J_____ -~ - '- I • + r----;;i,-;-.r- - -.1<.. - "l' ,.__ - - ·-·•·-. / .:(" ! . l -T : 1..__ ----~--~'- -- . "". --·r· ,t_:Ti --t- . i . -- ii·---- ....... 1 ...... r ---- JI 1' :. l I ~ --- - . t--

- • I , • ' r-- -r· • ' t I . L i -- ------... ·---+------·, 
L ... .J. -- ____ .J ___ ,L. ..... , ----·, -- -- -- - r-·- ' - - - - T' :=-: :: _ _f __ - • __ -- - , -• 

---- · ________ T _____ ·1 ---- ; -- 1 - - f---- -
1 

.. I f ; 

5QQ(j : --;. - \ --...,_ ... --.,..,..-'°'--·t· •~::~---J---t· -------·-----··1-- I. i 

r-
i 

·-· 

---
I 

' ~/ ... 
,/. ~,, 

50 
I 

10 l--
~ ' 

. , -:iff t = +r=-=t l -: -- ~~-:.... ___ -: -~_--J -· 1 =1 : t,;~i _:f_~_:~f~i-- =:.' .. 
I I :Az=c+= i-=--L=f -J ___ ~-.--~-~- --_Jt _t =i=:1:::::1 _·==:t=- : . ..::~t··:-:~: ; --- t:_ .. f !--+_"_ ~-- I -- - L j· --~ --- ---· ·· 1 --LL-I- -- --+ -; --< 5 1 
t I l ... _l, ______ i l - -------l-
I 

0 i-

5OOO0c 

100000 
'.mooo 
10000 

5000 

1000 
500 

100 

t·----- [. 1·--... 1· ------ 1 ·-----.. •--·--- · JI -----•-----
' --- •·· . . .. . . . . . . .. .. ::-l ~-.;:-:~.:;:~..;:':;:"- l_J~ 
t-- --- ........ --;:j,,... 'f - ' ----~ .~~ ,.._ - -· r-- - -:_-r - -· J. ,-·- - ·1- .. ·-·l··•-----.------1·------ .. --

-~- ---· .... --'--··.. . ... -·--- ........ ~ .... __ ---,, 

TI --r ,. .... ·~--- -·--- r· - _ . ..J --·--- ·1•-· ll . 
,l~i· - ... -~ -I· -- .·· ··~--:-~ -~ .. : t : ! - -. -~~--·- --- ----- I 

I .. . . I 
: ' I . --- , ....... . . I - . ··ts;t. __ J._ -r.:- - -- -·· . - I 

.... i···- ..... --t~-----o .. i f 
' ' t 

I -4--+----~-- I I I 

I II III I II III I II In I II In I II III I II III I II n 
Dec Jan Feb Mar Apr May June 

Figure 1 Five-year averages of n~sels entering port (four years for Aburatsu onli), numbers 
of ~isb landed, and weights of fish landed in each ten-day period. 

• 



h) 
I• 

g' t;' ~ 40 • & 1 1 1 . 1 • 1 1 
Pt 13 CD 
~Odf 

"d..,. ~~ 30 
di ts CD 
'i 'U 
..,_CDmts 8. Pt 'i ~ 20 I I I 

g.qi 

-t·1--r~-; 
, 

I I I I I I __ 1,._ - -+- I I . --··,re: I • I 

i~~ 1:I t--rt=±l r:f:tr[ l'lf+J-·YT'N I 
..... 
OI 
13" 

(.O l I ' L_.~:.;:~~-._, -:-:: --:~:.:r - _, l'\.l. ..r: I ,, ,,. .. v 'r.;-o-__ - -~ '°"'l- I "+--1' ? ;;I .. ~ -..-~--»~~~ I I --- : 

.t~ 50 - - •• - ~--.- ·--1 -~ --~-+-~-T- I --- I ~ ~ 40 L--1-,-- - I ---- 1 

~! JO -jt~t=-t=-~~--=· t·-f--t--t_J:=t=1=~~=T---I ___ --r- -~r-
'" "-<:I '~("\ - 0 l ~ ---,: ~ '·" ----.. . I"" ... -io l--1---,-- I ~ ·· ')(... .. ._ 

0 

, 
~m -~~~-, Ho.! -+---r-- I • ="• • ...._ "-- , -.. ~ t>· 10 · __ -«• • • :1,- I ll I:::! '-I'-'> "···x---..c - •••- - _..._c.- II III 

o •-o.._o-o__,,_.,_... I Jsme ~ C 7-- ' !lay 

I II ITI 
Dec 

I II Ill 
Jan 

I II III I II III I 
Feb Mar 

II III 
Apr 

Figure 2 Five-year av~ragee (four years for Aburatsu only) c~ number of fish landed per boat per tr1p 
tor each tenc-Jt~ period and average body weight.s for each periodo A = B is the line of tre11d 9 

A'= B' is the J.ine of deviationo If the average body weight for the lO~day period is y and 
the ordinate of' the 10-day period» based on the period in which the first catch was made, is xj 

A: y = 54029 - o.e.7x B: y = 49.50 ~ o.32x 
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