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Abstract

The study for relation between the tuna fishing condition and the oceano-
graphic environment are discussed on the basis of data obtained from tuna fish-
ing experiments in the western Tropical Pacific Ocean in June, 1990. The hook
depths of longline gear were measured with the depth meter and estimated by
Yoshihara’s method. The greater part of measured value of hook’s depths were
shallower than estimated one. The sinking rates of longline changed with re-
spect to the time and stations. Though the actual depth of hooks varied due to
many changing factors (e. g. an ocean current) & etc, the depths of capture of
tuna were determined from estimated value of hook’s depth. It was found that
a lot of yellowfin tuna was captured in the upper layer of the thermocline and
bigeye tuna near the center of the thermocline.
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Fig.1l. Map showing the stations of the tuna fishing experiment and the
oceanographic observation.
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I CHIEMIAE (Fig. 2, Table 1) (X, ##, 48, BT#, FE0-o%), FiCHKME
i Fv=, 9074 v —, $EHOnTn 5,

FLOAT SEA SURFACE BRANCH LINE
Q T ——T- SNAP HOOK
["e)
MAIN LINE
Ny E
FLOAT LINE & ©
pe)
<7
€ WE IGHTED SWEVEL
<
BRANCH LINE & & | SERVED LEADER
No. No, 5 L
£
ADER
o b WIRE LEADE
E
DEPTH METER _ © o HOOK
(a)
FLOAT SEA SURFACE

MAIN LINE

BRANCH L INE

Fig. 2. Schematic diagram shows a basket of the tuna longline gear.
(a): 5 hooks type (b)i 10 hooks type

Table 1. Construction of two types of the tuna longline gear used in fishing
experiment (per basket).

Name of part Material Length Number
Main line Mansen (#58 Dia 6.5mm) 605m 1 (10 hooks type)

” ” 330m 1 ( 5 hooks type)
Branch line Mansen (#9 Dia 5.2mm) 15m 10 or 5
Served leader M type (#28 3Xx3+3) 6m 10 or 5
Wire leader Steel wire (#28 3Xx3+3) 3m 10 or 5
Hook Steel 10 or 5
Float line Mansen (#58 Dia 6.5mm) 25m 1
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SRIOFAETIE, St.1 & St. 2131 &k H608kF THAM S FfFiT %, 618k 51208kF T
BARL0AAT 1T D 2 %%, St.3~St. 613 18kA 5918k THAIOART T & A7z, i
RIS RRICRZA L, 6 RREMT, MBI T HTHEAED L, HRISHEKE L B HEN T4 4 B
FAgE, FHRIOEERT L7z,

$ist OB FREHEDN 20, Ttttk BrisNRERT (MIEH3R BS—04%1 3 M, 10Y-A
RIS M) 2fEALL,

BS—04%4 BS—10Y-A &

i PR 250m 250m
i B 7K 800m 300m
i) 3 +1% +2%
FLERAK R V) B 1mm/min. 1mm/min.
SRRt 90RF T2WF
(1mm/min. £ Y T)
ZhE # 3.6kg 4 1.5kg
KPER %1 1.4kg #1 0.8kg
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Table 2. Shortening rates on each station.

Station No. 1 2 3 4 5 6

Shortening rate 0.62 0.66 0.60 0.58 0.60 0.50

HPICBVWTHEMRSBENRREBCOOLE LT, HHOIEEFEOEMELrFROR
(1951%) 5 1954*) 12X o TR 7 (Table 3),

Table 3. Calculated depths of hooks on the tuna longline gear.

Hook type 5 hooks type 10 hooks type

StHﬁgk No. I i i I i i v \'
1 100m 144m 166 m 100m 150m 196 m 235m 259m

2 98 140 160 99 147 191 227 249

3 101 151 199 240 266

4 101 152 200 242 269

5 101 151 199 240 266

6 102 155 205 252 285

Aver. val. 99 142 163 101 151 198 239 266

BRIFEOSIEHERE = hy+ hy + £ (V1 4 cot? @ — cot ) -eeerreemreessrnnsuenns (2)

B OEE = h,+hy+ £ (V1+cot’¢ —/ (1 —2j/n)?+cotg?) - (3)
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h, ' FHEOE X
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n 1 SKDIFH L B, HoME L AR o RIFR R
1O —WHHHI—EFFEMN L FEORHOES
¢ L FRBEENOBRE L KTEREDOAET, AR L)RD L,

—.

CORKRD S, FHEIEELS AT OHEE, 1EA98~100m, IHFH140~144m, OF
H3160~166m & 2 o 72, 10RMF T OHE, I HFEA99~102m, TFAT147~155m, MHFAS
191~205m, NVHFAT227~252m, VEDI249~285m T -7,

SEIOFETIIRBEOMEIZI2/ v Mty b L2, EEOMEIL RS EE S Y
FTLO—ETHRL, EMELZSL. TRLRY, 10KFITOBE, FHmEHI—FAZ W St. 2
E—BHNENSL. 6 DIFREZEIIT FEHET3m, DTHEHEH 8m, TMEHEHHH 14m, VEY
§H%25m, VEHEHI6mTH -7,
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Relationship between measured and calculated values of hook depths

CALCULATED VALUES OF HOOKS DEPTH (v)

(c)
a1 1
100 150 200 250 300

CALCULATED VALUES OF HOOKS DEPTH (u)

T T | 1
| 5t.5
i i
e
(e)
»l 1 | |
100 150 200 250 300

CALCULATED VALUES OF HOOKS DEPTH (m)

on the tuna longline gear.

5 hooks type

O : 1 hook
& 1 hook
At I hook

{m)

MEASURED VALUES OF HOOKS DEPTH

(m)

MEASURED VALUES OF HOOKS DEPTH

250

200

150

100

50

nN
[*d
o

n
o
o

-
o
o

100

(&4
o

10

[ J
2
A
v
|

CALCULATED VALUES OF HOOKS DEPTH

(e}

'
¥

St.d

(d)
pl | 1 |

Yoo
CALCULATED VALUES OF HOOKS DEPTH

150 200 250 300

(o}

St.8

()

» | L 1 !

“100
CALCULATED VALUER OF HGOKS DEPTK

hooks type
: I hook
: I hook
I hook
* IV hook
: V hook

150 200 250 300

(&)



W, B EEHAFERICBT A2 OICH T A KEENIFE - T 37

Table 4. Average value (X) of measured depths of hooks and standard
deviation (4 D) on the tuna longline gear.

Hook type 5 Hooks type 10 Hooks type
Hook No. I jif m I Jif m \% \%
St. No. XéD X 6D X 6D| X 6D X oD X 6D X 6D X 6D

1 44+12m 72+9m 83+2m 107+£3m 105+9m 169+15m 165+18m
2 98+7 976 816 117£18  142+15 157£17
3 99+2 126+9 162+13 17017 223+19
4 101+2 142+2 176+8 2266 262+12
5 91+4 126+12 134+8 166+9 180+11
6 87+2 1044 141£8 1546

Aver.val. 44£12m 85+8m 97+6m | 90+3m 121+6m 139+1lm 169+12m 190%+14m
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Fig.4. Frequency on difference of hook’s depth between survey value
and catenary value.
Horizontal line ; (survey value — catenary value)

2) SUSHREOTAE (FHIEE)

BB DSt ERIRE = Table 4 (IR L, FHEIREE (Table 3) & DBIR% Fig.3(a~f)
VRT o ST DGE, 75 h 0% CHEHREIC OV TOERIIHIBRT 225, 10441}
DY, EUREIGFERE L ViR, ZOREZIRBO IBPHOBEREI Lo
7, RBOVEHHOLELDEIKRE, HKIZSt. 6 TI30m, H/MESt.4TTmTH-
720 FERRBEILIFMIL C THELS, FRTES Ro T, HIEICE D EXH B, St.6 D
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FISHEEA —FIZ, St. 4 OFEHEEN —FR (METHERBEICRE SN Tz, #H5OR
HEHEFHIE St. 6 TH T0m THR/, St.4 TH1I0m THRATH o7z, 72, FSHREREOEEIR
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1, 2, 313K& <, St.4, 5, 6133,
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Fig. 4 (a), ((IZ/RT o
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B DEDFHIBEE LHEIALON VY, 8L T HFSEHE0m, THEHEHH T0m,
M#FSEH D AOMmTH o7z, IHFLSHE MFHSHIIOVTOERNE L FHHEMEE DOEDHEES
Aild —55~—65m T, #160%, 75% &ML %), IFHFHH L NFENSORBTIFARRE
L 0D55~65mZ RESINTWIZLEERLT VD, 10KT OS54, FISHEEDEHE
LEHEME L DEOFEUL, RBONHDP LRBOFSEICBLIHVKE(RoTEY, IF
P8R E, EVEQELRTHIHI L ODH LD, HLIZADMEEZRL, TDOFHIII
FHEIETHA0m, VEHNSTHIOmTH o7, EELHBHEOZDHENTRLE LIS
X, THSHEHE —5~—16m, OHFSIEHE —35~—55m, MFSISTE VESSEHIE —T5~-85
mTho7z, VEHEHI +10~—145m B L TRRE IR TWI,

3) SUHRBOMTEME (HEERE)

BB A ERITEEIC X ARSI, KRICKSETE, FEKICX2IRESICL )Y
FLHBEMBRORBLRLET S Z LRIBRENIIEZEZON VW ETHY, o, AN
hBh, BICEBbOoN, B ONIZEo THRTHBEILEDLY, BMIZETICEE, &
HORSWIEENT S, LAaMoT, $SHIGTEREBICRESIND LIZRL LV, 898 DOFH):E
FELICAHOPBERELCICEXEEEETHICHD, SEHIROERIIHLIREHE
EEERODLULEND D, Lo, STERELENREVERDFTLd0E LT, &l
BT B TIEEORIRFREE R E KD (Table 5), FHllATHORBERRL S LI,
SIS ETEEE ST A 8 OHEME KD, FOKES Table6 IR L7z, Bg, £<
BOYIEEEDER I OHSIEEDOHEMEE AV S,

4) $98tDILEER
WD EIEREOSES I CHFE SN HHOBEEE, 2F NV EFROFEICL KD LN
FHEIERE (Table 3) 2xt ¥ A HEERE (Table6) D THLHILBERS I

D.

D,
ZZTD. I 3¥EEREE, D.IFHERETH S,
@R&X by, $98tHILRER (Table 7) ZXK0 7,

HEBEART 2BEOMEIL, BR, FREFONNOZEEZZTLTLI—ETERL, E&
DILREFISEREER L FICE St. TRZ D, SEFIOFYILRERL S R TO5E, WK
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Table 5. Coefficient of regression and Correlation coefficient for
calculated and measured depths of hooks.
St. No. I Jif it I\ \
Coefficient —22.1 —26.2 —28.4 ~29.2 —29.7
of Regression )

Correlation _ _ _ _ _
Coefficient 1.0 0.8 0.8 0.7 0.7
Table 6. Estimated depths for calculated depths of hooks

calculated by regression expression.
Hook No.
St. No. I I I v \'
1 7 105 130 152 165
2 78 102 124 141 152
3 95 129 161 189 207
4 95 143 188 228 253
5 93 119 143 165 178
6 86 105 124 141 153
Table 7. Sinking rates on the tuna longline gear.
Hook type 5 hooks type 10 hooks type
Hook No.
St. No. I I i Aver. I il m v \% Aver.
1 4%  50% 47% | T7% T70% 66% 65% 64%  68%
2 70 61 66 79 69 65 62 61 67
3 94 85 81 79 78 83
4 94 94 94 ez} 94 94
5 92 79 72 69 67 76
6 84 68 60 56 54 64
Aver. 44 60 61 87 78 73 71 70

HBLRVOTHS L TIE RV,
CMETH o720 10K ITOBE, FHLKIXSt. 1, 2, 612I2IZF LMET, St. 4 R d KX
Mol 7o, FHRERRIEZBO [ HHHMBTBTHROKREL, TF, V&, VELE S5
EENELRDIZONWINEL Y, FEOSSHILHTRELSEREEL OENKENI o7,
72720, St.4i2BWnTiE, BB SEBICW 2898 0kBERIZE UET, T IIBEE
REIGREESNLTWELDEEZOLND,
FABBR ARG & BRI T B & UM T 1 & BB R O KR B 02 DT
EXEROZBEE L, EBAM, EBEELR L PCICEFOMM, BJ1% Table 8 IZ/RL,

I HF$SIPHRO/AS L, TF, DHESHSHOLRERIZIZIZE
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Table 8. Direction and speed of drift of tuna longline, and direction and
force of wind at noon on each station.

Station No. 1 2 3 4 5 6
Drift direction ESE SE E E E ESE
Drift speed (kts) 1.10 0.91 0.25 0.29 0.52 0.70
Wind direction SW ESE SE SW SSE ENE
Wind force 3 3 1 3 5 4

100 T T
:\i L 4
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- 80
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(02
5 L 4
Z
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= 60
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~ | ]
0 0.5 1.0
CURRENT SPEED (kts)
Fig. 5. Relationship between the sinking rate of hooks and the current
speeds by the drift of the tuna longline.
O+ 1 hook A IV hook
@ : 1 hook % : V hook
® : I hook

Table 9. Coefficient of regression and correlation coefficient based on

sinking rates of hooks and drift speed of tuna longline.

Hook No. I I m v A%
Coefficient —22.1 ~26.2 —98.4 —29.2 ~29.2
of Regression
Correlation _ _ _ _ _
Coefficient 1.0 0.8 0.8 0.7 0.7

HEAROFEBEE (/v b)) EHSFIERROBGEE Fig. 5 I2R Y,

ERFEIIR~FERT, FBEREIL S 4 8RN TER02/ v P THo/, St. 1, 2143
St. 4 D# 3, St.6 W 2ETH o7z, BAMIIFMETEDLD, ASIZSL. 5 THROKE
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{, St.3 Th/h, D St. TIHIZIZFEBETH o7, BIIIE St. TREEE LHh 07208, &
BHEEEIXSt. 1, 2, 613KEL, St.4TIRMELEIEALLT, KERIIAICLA2EELD
b, HRICL AHBENREVDDOLERERINS,

F72, HEBIOLBERLIEEOEREEOMMREY A L0, hHEELERSEE X ) BFR
¥L AHBLRE R KD Table 9 127", BISTAKIEVRL DI ONBDHEIKE L 2 5 MHM
DVALND, ZHUISEKIEIENE, X, EAOEBEEIKE VI, HHOLBERIT L
NS %Y, SIPKIEIRGIERERE L DE LA E2ERL TS, COMEMICEAL, ¥
S213A (1958) 17, FEA (1974) " 13hHH & —BT 5,

5) & &

A R A M AR PRI T IR R T 5 2%, MEMROER 7 [0 LR ~F R T,
EREEIZ02~1.1/ v FThol,

KiBDOEESM L T — SHM#RE Fig. 6, TR T, KE/KEIZSt. 1 T 28.6TC, St.5 T
28.9C, St.6 T29.3CT, MTHL, HTHL o7/, REBEEBILSL. 2 T20m TR E
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Fig. 6. Example of vertical profiles of temperature on 3 stations.
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Fig. 7. Example of Temperature-Salinity curves (1) the North Equatorial Current,
(I ) the Upwelling area of Equatorial region, (I ) the Equatorial Counter
Current. Observing depths are entered. (W. N. P. W : the western North Pacific
Water. P. E : the Pacific Equatorial Water).
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Table 10. Average values of temperature, and the depths, and vertical gradients of
the thermocline on each station.

St. No. 1 2 3 4 5 6
Average value () 17.4 16.3 18.2 18.3 19.4 19.3
Depth (m) 200 210 210 205 175 205
Vertical gradient (°/m) 0.10 0.11 0.10 0.99 0.11 0.10

BICEA»o TR 2, St.5 THBmThorz, JIE (1969) Y 126t > T, SAEKIBMEREH
5C/100m U EICZR 25D ERBLUTHROEREOH 2 KiRERB LT L, KHlETER
oD, KRR D ERREREIL100~125m, TREEIZ210~280m ThH o7z, LBRB LU
TROEEIZBITHKBDFEHHEDIFES 2 KBBBOREREL LT, FHOFHKIE, FES
X USREKIRMGEE % Table 10 127" §, KRB OHLIKIRIX 16.3~19.3CTHTEL, £
DESIE175~200m THT% L, KBEEBOSKEMEEIISHETHREEDO o7,

T—SHBIIRDIODZ £ FIHirbhi,

¥4 7T (St.2) db#E4 235, ERIMOESTIMEL, EBEESBIRDLEL 20m
T, RBCTRHK, TR TEAOHFEINRBENS, £B (50m) D5 34.80% T, HEH
DEEEBIZ TS ML T, 35.00%THo7z, WHTIFRS LB L, EFTDOBAERIZ 250
mfFEIZH Y, 34.53% TdH o7z, FEPILAFERRKHAE200m T2, KFEREKD
K 400m LR IZEED b hiz,

¥4 (St.1) dukE 3 ES9%, HEZIBESTHICMEL, KBEARBIZ40m T, £B
(50m) DESIRHR (5§14 71) L DKL 34.35% T, BI#EHOES DRETRIZA LT,
AKiE50~200m DT LEBK L FTRADREDERISA LN,

¥4 7MW (St.6) dtik 3 E255, HRI46EISFIMEL, St.3, 4, 5 LRI LART,
RBREBIITOmTHo7, £E (50m) DESOMEIIFTHER (¥4 710) LIZIZELT
BB, HEH35.20%DEEBH10mMEIHY), SHEOFHEHEBTHROIEN o7, 2D
BEESKIGEERICEREZ AT S LTS (&1§, 1959'9),

6) $9M= L YMAR, KB, 8BS

FREOBHRBONLE CHOHERRE AL E, FCADNEEE (AEHSERY
EHERIX100) &, FNFT4%, ANF2%, HIF 4% T, INTIFHEO KBS %
HOTW, $72, $9ER (SERE - EHNEE (4,840F) X100) 1EF 15 1.9%, AN
F0.6%, "VF01%THolze INTEAINFOHEEREHEEREDEIR% Fig. 8 1
R

FNGH ANF S SR IL80~260m DHPHT, F/7513100~160m DRE TH) 65% §1%
&N, 160mLLRTEESI NIz, ANF12160~200mDETH46%$IES N, FNF L YiE
WETHEINDMEAA D), FNTEANFOLBREITFEEROEIBD LN,

INTEANFOFERKE KR, ETOMEE Fig. 9, 101273, ¥1NF13 EiZ 30T,
TIRI0CTHES N, 23~2TCOHIRE THERHIFRS R H62%, 20~23TTH 22%8
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Fig. 8. Relationship between captured depth
and catched number per 1000 hooks.

(a) : Yellowfin tuna
(b) : Bigeye tuna
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