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Studies on measuring changes in the characters of the
fishing effort of the tuna longline fishery-I.
Concentrations of the fishing effort to particular
areas and species in the Japanese Atlantic fishery

Toshio SHIOHAMA

(Far Seas Fisheries Research Laboratory)

Synopsis

Mobility is an outstanding character of the fishing effort of the tuna longliae fishery: it
removes freely from one ocean to another or from one species to another. This character
scems to give an extreme difficulty in predicting where the fishing effort flows. If, therefore,
one is provided with information oa such a character, or for instance, information on the
trend in which the fishing effort has actually behaved since the beginning of the fishery, then
he could predict to som= extent its changes which might occur as the fishery is regulated by
the law. In the actual fishery, however, there are various classes of the vessel size or several
ways of the operation. These differences in the vessel size or the types of operation cause
the different area preference or species prefereace of the fishing effort. For instance, the fish-
ermen’s interest to particular tuna species is not the same in its degree between the fishery
based on the Japanese home ports aad that on the foreign ports, because the markets for
these two types of the fishery are different from each other. It may be said that information
on such differences in the concentration of the fishing effort will allow us to regulate the size
of fleets on different fishing bases and to control the fishing pressure directed at particular
tuna stocks. This information, therefore, will be of value in deciding what measures should
be adopted for the future management of the fishery. From this point of view and as the
first step, the present paper simply aims to establish the indices for the measurement of the
degree of fishermen's interest to particular areas and species and to apply them to the Japa-

nese tuna longline fishery in the Atlantic Ocean from 1956 to 1968.

* O 19714E7 B 3 AEE  mmpEkKEMIZEFTER 535



108 b S S
I. Procedures of measurement
1. Degree of fishermen’s interest to particular areas.
The degree of fishermen’s interest to a given area may be simply represented by the per-
centage of the fishing effort in that area to the total fishing effort exerted in the entire fish-

ing grounds. The degree of interest is here defined as follows:
Nk
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i; No. of unit areas (five-degree squares),
nk; No. of unit areas where the fishing effort (hooks) was actually exerted
in the k-th year.
hir; No. of hooks for the 7-th area in the k-th year.
The Pix values change from year to year. To help describe this change, in the present paper,
the average values of the P;: for five years from 1962 to 1966, during which the tuna longline
fishery covered nearly the whole areas of the distribution of tunas in the Atlantic Ocean, were

used as the standard with which to compare the yearly P values.
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k; Years from 1962 to 1966.
l:; No. of years in which data were collected.

The Iz to describe the fishermen’s interest is thus defined as follows:
Tt Bupf Py et smioe st 35530 5 5 A St i &)

2. Degree of fishermen’s interest to particular species.
The tuna longline gear fishes several species of tunas and billfishes simultaneously. To
assess the fishing effort actually directed at any particular species, therefore, the effective fac-
tors per unit of fishing effort should be calculated by tuna species to get the effective effort.

The factor € is given by the following formula (For instance, Tanaka 1957, 1960):

5{; Effective effort.
X; Total fishing effort.

To obtain the effective effort, the effective factors (7:;) for unit areas were calculated by the
quarters of the year and then four quarterly values of the effective effort were simply added
under the assumption that the availability of the fish to the longline gear is uniform through-

out the year. The procedures here followed the method by Suda and Kume (1967).

* This factor is designated as the “ Index of concentration” by Calkins (1961, 1963).



TS ARAMDREDRES HOBEWE(ENET 2 2 52 109

lij
l/lij21100-C¢jk/hfjk
rij= - o . R (5)
1/n Zl(l/lij AE }Oo'cijk/hijk-Ai)
i ok

rij; Effective factor for the i-th unit area in the j-th quarter of the year.
hijk; No. of hooks for the i-th unit area during the j-th quarter in the k-th
year.
Cijk; No. of fish caught for the i-th unit area during the j-th quarter in the
k-th year.
li5; No. of years in which data were obtained for the i-th unit area during
the j-th quarter.

A;i; Area correcting factor for the i-th unit area.
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f ; Effective effort

fij; Effective numbers of hooks for the 7-th unit area during the j-th
quarter.

rij; Effective factor for the i-th unit area during the j-th quarter.

II. Result
1. Fishermem’s interest to areas

From App. fig. 2 showing the distribution of the Iyt values from the above equation (3) as
broken down into three classes, the following matters may be mentioned:

In the first stage (1956-1961) or the period of the gradually increasing total effort, there
was a concentrated fishermen’s interest in the Equatorial belt of area. In the second stage
(1962-1965) or the period of the rapidly increasing total effort, the areas of their massive in-
terest were shifted to the middle or higher latitude regions away from the Equatorial area.
In the third stage (after 1966) or the period of the decreasing total effort, there was a mas-
sive interest directed especially at the regions of the highest latitude within the areas of the
fishery both in the northern and southern hemispheres.

9. Fishermen’s interest to particular tuna species.

App.fig. 3 shows the distribution of the effective factors (7:5) by species from the equa-
tion (5). The areas where the 7;; is greater than 1 for each unit area represent the effective
fishing grounds for respective species. The main fishing grounds are in the Equatorial areas
for the yellowfin, in the middle or higher latitudes for the albacore and between these two
areas for the bigeye tuna. This means that the yellowfin and bigeye tuna or the albacore and
bigeye tuna can be fished simultaneously and effectively, but never so the yellowfin and al-
bacore.

In Fig. 4 showing the yearly change of the factor € by tuna species from the equation (4),
the value € greater than 1 for particular species implies that the fishing effort during that
year was exXerted effectively in areas where that tuna is densely distributed during the year.

According to the figures, the fishing effort was concentrated exclusively on the yellowfin dur-



110 O S
ing the early stage of the fishery and shifted gradually to the albacore after that. During

the period of the decreasing total effort after 1966, the fishing effort was directed rather even-

ly at all of the yellowfin, albacore and bigeye tuna.
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Fig. 1. Annual changes in the total fishing effort by the
Japanese longline fisheries in the Atlantic Ocean.
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Fig. 2-1, Annual changes in P index and number of hooks for area of
10°N-5°S, 10°W-15°E (Both values in 1968 are 1.0)
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Fig. 2-2, Annual changss in P index and number of hoolis for ar=a of
5°-25°S, 50°-20°W (Both values in 1968 are 1.0)
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BRI e ORMBROARRIEHE O TH 2, BAXHMOMBEOZZEET 2051 > 1
O BEXTIE, TR0 2EREBLTO FEREELY AEER GO CLIEs, RErA0E
res>1 1183 & D ISBAHEXKIE £ 0RO RN LIS & RLTVD EHTED,
FAXEEYFHCDNTRA OFFHESREED 1 LD REOVHEAEX, WMEIdks ORFEOEEREO
HBURIEAE 2 2 &, BB TEZNREICEOEMSERIRICEDP L, #RETRGD, BRERTICHIcI T
T, MBEODHRFEAEEBRBDAI T ENBBO. LIchi- T, MBICHT 244 ORMESHDOERE %= Hig
LTH % ERBHEHENEEENS LB 55, (Fig. 3)
ANFTRFNFEE Y FHOPENBHEENSS EDENDE, COIDFNFLEANFRIZ, EVFHE XN
FORRMICHERL S “FUPNE” CEidb-Th, EvFHEFALHEACELNIC “TULNE” T &
FEAEI, Table 2 D1 BIP 21 F14, EVFHBIUANFICETENT F4DFRAES i
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O VICHERHOEMEEZRT, HBFCOVTIE Fig. 4 Kb RLTH B,
FEHSEHOBEHE () BT Tt~k > It 2P REE HBOERIC B TFTahic BEFHROKR T
FTEHTHE, LEn-T, EHFMCOVTHEESIOBFMES 1 L REFIBEEIBRIENILTZ
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Fig. 3. Relation between the effective rate of effort of albacore and that of
yellowfin, as calculated for the whole Atlantic.

DEFEOIHHFEDEH VRN R L B TINI T EiC!E b, Table 2-2 B XU Fig. 4 ickhid #104
KT INCEES D OERMERBREHO 1961 £RFNCE 1.7 DL EEBFICE D - b, TOREBFELAEL
IETF L, 19664EXIRICIE 1. 1 RIROMEICIE s T3, —F, v FHicatd 3B NOFHEITF 4L
3T 1961 ELIRTTIZ 0.52 DI F OB TEE 1T h 5 7203, 1962 4ELLRI4E 2 K LT 1964 &Eic 1.09 i
ELTW5E, £LT, £0%d X Sicik@mERd, 1966FEUBICII+ N Ficd T 28MEE KR Tc @2
FdHobNTNE Fi, A /NFicH T 2REEHOEHEEA2 &, 1956—60 Fih Tid 1> TED -
7oh3, 1961—66 FOMTIR FEA4»BVARELEHLO2Ob TOFHEMITIE Y LIGEWEERE TS, Th
SDERTTIC 1968 4E8 A=A T IT UL/ FAO O= /o BHFENMEEFE I/ v— 70 LA0H LS
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Table 2-1. The effective number of hooks by species and by year.
* Unit 104
~._ Year ’ ‘ ; i } . 1
R 1956 | 1957 | 1958 ! 1959 ‘ 1960 ‘ 1661 | 1962 | 1963 | 1954 i 1935 | 1966 | 1967 \ 1968
\_\‘J 7_1; R | o i ’ | N o I
Yellowfin 23 | 589 ‘ 1,7981 2,792 3,740 4, 538 7,108 7,855 9,823‘1‘4,130‘ 5,730; 3,620] 3,354
i | | | |
| i _ . I =
Albacore | 5 87 24 791 1,066 1,309 4,872| 4,607, 9,225 9,455, 8,270, 3,445) 4,234
i | | | t 1
i3 I ” e 2n Nl «r—ﬁ angal = oo « ons | bl al ¢ 4 | can
Bigeye | 10 273 675 1,302 1,905 3,374 6; \)8;‘ 5,802 o,SJurB,ZO-& :),lla‘ 3,3/3\ 3,366
| |
Table 2-2, The effective tate of effort by tuaa speciss, a3 ¢ the
whols Atlaantic.
1956 1957 1958 1959 1860 1961 @ 1952 ‘ 1963 ‘ 1964 | 1965 1966 | 1967 ‘ 1968
| 1 1
| ‘ R |
- . . PRl Ep— . - = | .
Yellowdn | 1.78 J 1.74 | 2.25 | 1.82 ‘ 1.8 | 1.70 1.39J 1.43 | 1.16 l 185 1.06‘ 1.16 | 1.11
{ | | | |
Albacore| 0.35 | 0.26 1 0.30 ‘ 0.52 1 0.51 | 0.49 | 0.89 ‘ 0.85 ‘ 1.09 | 0.97 1.54 | 1.11 | 1.40
! ‘ | 1 i
Bigeye 0.74 1 0.81 | 0.84 ‘ 0.85 1 0.92  1.27! 1.16, 0.96 | 0.82 . 1.25 10,951 1.081 1.11
| i | | i i
I —o—- Yellowiin funa
2.0 "
—x—— Bigeye funa
. ¥ Albacore
F o—_ \o\ -
- 9 (o} -
1.5 = \ _
/ |
\ \\/ |
N ;//“ .
Lok /& -
x/x \ -
X/)L—_
% -
0.5 | —o ﬂ
. / ]
\./Q i
I J
|é56 '5‘7 ‘B8 ‘89 '6‘0 6l '62 '63 ‘64 ‘65 '66 67 68
) Year
IFig. -4, Annual changes in the effective rate of effort by tuna species,

as calculated for the whole Atlantic.
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21D 1956—604ETI3 0.74—0.92 & 1 K DIEWV, LEH-T, COPBORESHBR+ I ~Eh LT
TEhTWwhko kiciis,

DB THIOMIEER T B O 28I (1962—65F) TIL, FFICHT 2 HEZEHI9614ED 1.70 5 1962 4£D
1.29 ~NEETFE 3 Edtc, ZORICBNTS Bl &EENTETLEMNS 19658 1.25 T TETFTLTVWS, T
OFRMTE v F AT 52113 1961 4ED 0.49 725 1962 4ED 0.89 ~EFEHLBY, FNLATHAONIEHED
SR &3 U CHRIEE LR AT, A NFICHT 2ERER 1961 4£0 1.27 »SFEE T LT
1964 4ED 0.80 T TR o72A8, 1965 FFICBVTHU 1.5 ~NEFHL - TWVS, LEeh-T, ColTiRia
ERANBEME N ZONTREEOE VBRI O © Y F HOSHEEDEWIBENTIRET T 2HEI 25
T&XlEWNZL B,

DB MEDRIAES HED DI (1966 L) 1013, FFLITwd 2 RER T OESHEED 1965 £0 1. 257
LISIC—BEBETFLTLIARICE 72Dt LT, BV HICHd 52013 1966 £ & 1968 EicAH 5N 3
IICHENFEOEL B STV D, T, ANFIEHTEENRL0SOVDECARETTAEMERLT
WB, LIcs->T, COUBOEIER HERKEBEE LTREAETFEICTARARIETEINLD, Ebbhs
ZREVFHOIBL O BEBEITIRIETRTH -7,

4. E #

FCARABOLIERICE > TR TINZHERHOF 4 OEB) 2B » S 720 TR, HWRE
EBFTUDUTESALIET HOMIDOHEDONRNLNTH D, €D, HE @ﬁkﬁ?é@ﬁ%ﬂ@mu
Eofsi (R3) LEERIOARENEME GU4L) ZHRELTZOF 4 DEFEIRE LTHI,

IDINHE £ ISIC T AELE (Pu) OIRAME BET 27001, I % DT 2NFEER LT
Fay b LiERiciniE, E40RISOFIMCAET 2H LOBERTEOESEES N, BEZOBRLLE
HIBOBRIKEIONTO S TCBEBILHEbENE, F/, BEESHIE (WD 0 b0 D EE S
(App.Fig. 101-4) &, L OWEESA7 (App.Fig.2-3, 6, 10, 13) #H~NTA B &, BEBOFBEEED
EERISr Y L CRTELOEAZREMIMICE I ENL LT s 1 b Z T 5 DICIFRETH 2 L HIcBbh
3. LT, BHEBEORKERGICHT 2IEAEICELTHA S »OERED EHZ S LT 5O HiNZ
L VWA C LT - T—IRER SN/t EDITES,

2) FAFEICHT HEERSOERE () & LD TAHRLD, ZoOMRIchid, BHYEcE BkER)
BHELTEAFICER LT, OROFIEEERMIC, Tl d - SOV poice Y
FHNEBITLTO S, T OMEAIZE MIBOMRIEIES ) ED R (19665 FEL2HK) iIKd 5> 2dh, T OfRE,
BRSSO ey FHICERT AEAZEAED DS, F10E, A NFEOBBEADIE Y TANALL ST
BLHIICIE 51,

3 HANERIC BT 2 MBI OEERE (ri) D1 XD KRSWVEERTHEMERE k4 0REDO FE
HIBE AIET &, FAFOTRRFREEZPLE LciEiich D, ©vF A TRIFNAFOEBROBANICF 4 &
BEAEBERLBOETHH LTINS, ANNTFOFEBBEIF F Ly F HOBERICERL TS, Licds
ST, EVFHEANFRE, ANFEEINLAERBICEC “FU0” CERb-Th, EVFALEENAL
ERECEZNC “FU07 TERIZEAER D,

5, B 0MEA

BEEERICY T 2 RS ORI OV TIE cRETEDREICE TS 140 ZDRIEHED Rk
NTHEERVEIRN, &I, BRET AV FARATHIRED RIER O BEERICET 2BLE
(Pi) RIAFEENTEEZBEICEEDONT NS, D7, Puicld~< 2/ oo ySeng ik ——2»
QctBNT—, BEOEE—MAE, MIEEORERE, BHOMiEs XORERESE — D, B
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1 HEERICE L TRESORTELOEAVOISAA%E Pu 7213 Ik TRLEZ, COHRETHE,
I BRESABDSLERICRAL 1962—66 EOMD Pu OFME (P icT 544D Pu OESHERT
HObINTNE, ECAHT, Iu DIl Pr DERDEVHICEL > THROENT 5, HlT, HBEELTE
WA, AROE CARALHEMIERHZBEICE < ARERAOFREHAZEZES LTREOHRE LTHH
filic s 284 L, EEOL I ICENBREOSGHEREICE - T “S LAH" BRHOHENOY, BRdIDX
18 “ELA” WEMAETELTHRIET 2 X518 -2 ific & 254 & TR, Le OMED BRSMHOEMEI
DIEYRIEEZCEBPFEINE, COXDICEEREEEZ 22 LICE -THOND L DHFD/ N2 —V %
BLT, BEOERETR IAELOMDZENTE S,

2) WS IOEHE (6) % b L 2BRT AMRSENE () MEtHRING, CORMEES DRI
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App. fig. 1, Distribution of the longline fishing effort invested in the

Atlantic Ocean.
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App. fig. 2 Distribution of the index of interest in the fishing effort

(Ii) for unit areas.
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effective rate of effort by tuna spac

g. 3. Distribution of ths
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App. fig. 3-2, Yellowfin (2nd Quarter)

App. fig. 3-1. Yellowfin (Ist Quarter)
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App. fig. 3-4, Yellowfin (4th Quarter)

App. fig. 3-3. Yellow{ia (8rd Quarter)
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App. fig. 3-6. Albacore (2nd Quarter)

App. fig. 3-5. Albacore (Ist Quarter)
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App. fig. 3-10. Bigeye (2nd Quarter)

App. fig. 3-9, Bigeye (Ist Quarter)
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App. fig. 3-12, Bigeye (4th Quarter)

App. fig. 3-11, Bigeye (8rd Quarter)



App. table 1-1. Corrected figures for the statistical tables already published by Shiohama et al. 1965
and Fisheries Agency 1965 and 1966.

Yf;;;th {Longfilc?;l;?;fitude Hooks | Bluefin |Albacore| Bigeye |Yellowfin|Swordfish ler';iatl:elin Bixlll:rlin Blnaucall{‘lin %gsll-ins Skipjack
1961—11 | 40—35W | 30—35S 9,800 245 811 7
1962— 1 | 25—20W | 15—20S 20,150 761 7 71 11 60 344 483
3| 0—5E | 0— 5N | 135,595 3 1,129 194 5, 268 39 2 A 38 102
4| 0—5E | 0—5S 25,021 90 65 630 23 33 25
0— 5E | 0— 5N | 360,760 1,067 560 14,702 123 1 240 1 498
5—10E | 0— 58S 14,035 107 6 327 6 6
5—10E | 0— 5N 24, 656 102 36 674 13 1 11 20
5— 0W | 0— 5N | 128,080 5 760 340 6,178 85 1 118 335
5| 30—25W | 5—10N | 134,139 78 152 799 3,182 95 322 111 37
25—20W | 5—I10N | 160,350 84 127 1,198 4,321 102 122 141 7 90
256—20W | 10—15N | 395,250 124 80 9,288 4,358 106 121 85 19
20—15W | 10—15N | 474,572 104 24 12,046 7,009 90 63 85 29 231
6 | 30—25W | 0— 5N 46, 600 1 173 151 1,319 35 69 34 136
30—25W | 5—10N | 179,155 2 664 844 6,291 136 60 90 212
25—20W | 5—10N | 143,370 63 239 1,541 2,854 39 7 74 263
25—20W | 10—15N 96, 990 1 9 570 1,432 24 19 29 66
20—15W | 10—15N 66, 395 8 1 172 942 18 1 14 136
7| 35—30W | 10—15N | 228,340 2 350 4,819 5,815 67 107 108 59
30—25W | 10—15N | 145,485 6 1,550 2,417 35 28 60 2 46
25—20W | 10—15N 18,815 79 353 3 3 4 18
25—20W | 15—20N 4,125 23 64 29 3 9
20—15W | 15—20N 2,375 2 40
1963— 1 | 30—25W | 15—20S 51,530 2,011 12 89 19 356 621 47
30—25W | 10—15S | 179,395 8,814 67 215 75 300 666 267 14
2| 30—25W | 15—20S | 221,604 117 4,550 61 309 135 367 1,749 11 202 5
25—20W | 10—15S 9,140 320 11 10 17 35 4
25—20W | 5—10S 26,510 1,268 142 32 40 142 60 23
20—15W | 5—10S 32,248 879 480 50 31 76 75 51
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App. table 1-2.

b

Rl ok

Areas in which the data were deleted from the statistical

tables already published Shiohama et al. 1965 and Fisheries

Agency 1965 and 1966.

Year-Month Longitude ’
1961 = 4 40—35W
40—35W
35—30W
5 40—35W
40—35W
6 40—35W
i 40—35W
8 40—35W
35—30W
10 45—40W
40—35W
11 40—35W
1962 — 1 25—20W
2 40—35W
3 0— 5E
45-—40W
App. table 2.

Latitude ‘] Year-Month [ Loxigimtude Latitude
= . 1 . .
25—30S ", 1962 — 3 | 40—35W 30—35S
20255 “ 40—35W 26—30S
25-30S | 40—35W 2025
25—30S | 35—30W 25—30S
20258 | 5 45—40W 20—25S
25—-30S | 40—35W 25—30S
25—308 | 40—35W 20—25S
20258 6 40—35W 25—30S
25—30S 40—35W 20—25S
30—35S 15—10W 10—15N
30—35S 1963 — 1 30—25W 10—15N
25308 30—25W 15—20N
15-20N | 2 30—25W 15—20N
25—30S 25—20W 5—10N

5-10N : 25—20W 10—15N
30355 20—15W 5—101

Corrected raising rates for estimating total numbers.

1961

1962

Type of operation

Independent boats ‘

in the Atlantic
Ocean

Independent boats
in the Atlantic
Ocean

Estimated total

Number of

Raising rate for -
estimates of total

number of trips trips sampled numbers
’ N [
258 200 1.29
305+ 25* 191 1.73

Data from Shiohama et al. 1965

* Number of fishing trips by vessels

with deck-loaded catcher boats.



