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AN ECOLOGICAL STUDY OF TUNA LONG LINE
CATCH DISTRIBUTION OBTAINED
BY EXPERIMENTAL FISHING OPERATIONS

by

Sing Won PARK
(Pusan Fisheries College)

Ten experimental tuna long line fishing operations were performed with the long lines A and
B, in combination casting orders of BA and AB.

The long line B differs from A in its additional main line length per basket and its greater
depth of submersion (Table 1).

The BA casting order results in an AB hauling order, so that the long line B is casted at
an earlier time of a day and fishes for a longer period than A line (Fig. 2).

The number of fish caught was divided into subclasses in order to be subjected to x2-tests
(Table 2).

The first series of x2-tests were calculated using the hooking rates of two subclasses with
other factors pooled (Table 3).

The second series of x2-tests were calculated to obtain the interactions between two subclasses
when other factors differed (Table 4). Attention was paid to the extremely small interactions
as well as to the large interactions in order to find out whether a factor functions in the same
way or in a contradictory way when the other fcctors involved differ.

The test result is summarized in Table 5.

The relationship between the hook casting time (relative to the sunrise time) and the hooking
rates reveals the feeding behavior of particular species (Fig. 3).

A high hooking rate for yellowfin tuna shown in the period from one hour before sunrise to
the moment of sunrise suggests that they feed actively in that period. Their poor hooking rate
on earlier casted hooks suggests that they do not feed well under conditions of darkness and

that they feed best while the hooks are sinking. Furthermore it is likely that yellowfin tuna
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maintain a shallow depth in the daytime, for the x2? interaction between the line casting order
BA and AB shows their persistant preferance of the long line A regardless of line casting
order. .

Bigeye tuna show their feeding behavior under conditions of darkness, and show a preference
for the sea’s deeper layer.

Alepisaurus borealis (Gill) show their feeding behavior under conditions of darkness more
significantly than the bigeye tuna and their preferance for deep layers is also more significant.

Marlins (mainly Makaria mazara) show a feeding behavior which is similar to the yellowfin
tuna.

The author emphasizes that certain variations of the hooking rates in relation to the line
casting time were caused by an inadequate fishing depth as well as by the fish preference for a
particular feeding time. When the part of the line casted in pre-dawn hours and hauled in the
pre-sunset hours show a significantly lower hooking rate than other parts of the line, then it is

concluded that the hooks settled in a sea layer too deep for feeding.
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Fig. 1. Location of the tuna long line fishing. Fig. 2. Time periods of the long line fishing
S: Location 6. 0-7. 0°N, 109. 5-110. 0°E, operations,
Time Sept. 10-14, 1968, 1. Sunrise is symbolized with a rising sun
Operation Nos. 1-5. symbol.
N: Location 11.0-11.5°N, 112.0-113. 5%, 2. The time of sunrise varies with a change
Time Sept. 16-20, 1968. in the location of the ship. The ship
Operation Nos. 6-10. clock was odvonced mistakenly to one

hour instead of one half hour on Sep.
7. 1t was corrected the following day.

3. The hauling order of the long lines was
done in the reverse of the casting order
of the lines.

4. The discontinuation of the time period
line indicates the iime lapse between
casting and hauling as well os the time
lapse due to tangled lines.

Table 1. Description of Tuna Long Lines A and B

A B
Name of parts
Length Number Length Number
Main line per basket 285m 1 332.5m
Float line 30m 1 30m 1
Complete branch line assembly 32m 5 32m 6
Note: The materials of both long lines A and B are identical.
Main line, float line, and the upper part of the branch line : Vinylon chord, 20S/48 x 3 x 3.
Material used for the middle part of the branch line (Sekiyama) : Steel wire, No. 29/3 x 3 with cotton cord

seizing.
Material used for the leader of a branch line : Steel wire, No. 29/3x3
Hook material : Steel, 10cm in stretched length.
Weighted swivel material : Brass and lead, 35g in a whole.
Condition of coal tar applied to the fabric materials : A long line; stiff due to seasoning.
B long iine; fresh due to new dressing.
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Table 3. Chi-Square of Pooled Hooking Rates

Factor
Level of
Species (A, B) (AB, BA) S, N) x?
c p L . significance
. asting order ocation o
Long line of lines fishing ground

Tunas and Marine pooled A vs B Pooled Pooled 0. 003 0.95

Pooled Pooled S vs N 3.535 0. 06

Pooled AB vs BA Pooled 3.541 0.06

Yellowfin tuna Thunnus albacares A vs B Pooled Pooled 1. 960 0.20
Pooled Pooled Svs N 28. 780 0. 001

Pooled AB vs BA Pooled 16. 338 0. 001

Bigeye tuna Tunnus obesus. A vs B Pooled Pooled 2.618 0.15

Pooled Pooled Svs N 7.020 0.01

Pooled AB vs BA Pooled 9.578 0.005

Sharks (mainly Isurus glaucus Avs B Pooled Pooled 0.000 1.00

Pooled Pooled Svs N 3.651 0.06

Pooled AB vs BA Pooled 2.433 0.15

Rays (mainly Gymnura japonica) A vs B Pooled Pooled 0. 064 0. 80
Pooled Pooled S vs N 8.027 0.005

Pooled AB vs BA Pooled 2. 685 0.15

Alepisurus borealis (Gill) AvsB Pooled Pooled 6. 682 0.01
Pooled Pooled Svs N 13. 020 0. 001

Pooled AB vs BA Pooled 11. 490 0.001

1. The tests were carried out on the basis that two of the three factors are pooled in each test.

2. A complete set of longlines consisted of about 85% of longline A and 15% of long line B, hence when the casting
order of the long line is reversed from the BA order to the AB order, the position of the B long line is shifted from
the first 15% of the complete long line set to the last 15% of the set. Meanwhile the position of the A long line is
shifted from the last 85% of the long line set to the first 85% of the set. Therefore the effect of the reversed long
line casting order from the BA to the AB is more significant in B longline than in A (Refer to the Fig. 2).
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Table 4. Tests on Long Lines and Line Casting Orders by Subclass

Long line (A vs B) Line casting order (AB vs BA)
Species Subclass by lire 2 Subclass by .
casting order x long line x
Yellowfin tuna, Thunnus albacares BA 1.230 A 13.151 (p=0. 001)
AB 1.014 B 3.28
Total 2.244 Total 16.431
Pooled 1. 960 Pooled 16.338
Interaction 0.284 (p=0.65) Interaction 0.093 (p=0.75)
Bigeye tuna, Thunnus obesus BA 3.966 (p=0.05) A 4.322(p=0.05)
AB 0.145 B 5. 883 (p=0.02)
Total 4.111 Total 10. 205
Pooled 2.618 Pooled 9.578
Interaction 1.493(p=0.25) Interaction 0. 627 (p=0.45)
Sharas (mainly Isurus glaucus) BA 0. 359 A 1.015
AB 0.828 B 2. 450
Total 1.187 Total 3. 465
Poolad 0. 000 Pooled 2.433
Interaction 1.187 (p=0. 30) Interaction 1.032 (p=0.30)
Rays (mainly Gymnura japonica) BA 0.156 A 1.784
AB 0.227 B 0.999
Total 0. 383 Total 2.783
Pooled 0. 064 Pooled 2.685
Interaction 0.319(p=0-60) Interaction 0.098(p=0.75)
Alepisaurus borealis (Gill) BA 14. 788 (p=0. 001) A 0.313
AB 4.205 B 23. 056 (p=0. 001)
Toal 18.993 Total 23. 369
Pooled 6.682 Pooled 11.490

[y

Interaction 12.311(p=0.001) Interaction 11.879(p=0.001)

Sl A BAIRO = sz, #HAREe NfgdA ABHe = HHl3] 7] o Folc. ol #Ed A e, SHB
ol 4 ABJHo = #4Ee o).
2. #%#IERF ABOI Do} BAOI mie| mARSIEERS —KE
ABJH o = {9 RN Ve e AR suiizsreel, BANFe = T ERY Jebd WA
guEEzee) —HEES x*MpiEstd, Table 48] ffEst et
3. AR A9 #yEdolM RMIEC ksl BEEME, HR Bl REEMES —HE
FEASH Bell Jehg, BEEEEY —HES XMgEstd, Table 49 £l 2.

4. EFVEFES 221 ERFI BF (Tables)

Table 3 ol 4 §hfezszest & FWHEs), Table 48] ERIRPEAZET 2 BRE 239 A ob8, H#HRS 2087
Z BYEES Bol: WT-S BMHTh EHERET K-S, Table 29 FSEH §uEAsH EHFIERS
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Table 5. Test Results

Conclusion from the pooled Conclusion from the subclassed
%2 test (Table 3 and Table 2). test (Table 4 and Table 2).

. . : . Conditions attributed t
. Factors Conditions und- Long line A Line casting
Species showing  er which hiigh- and B discrep- or der AB and  fruqurable hooking rat
significant x* er hooking rates ancies between BA discrepanc-
were observed the casting ord- ies between the

in Table 3. ers lines
Yellowfin tuna, Fishing grou- N Long line A 1. Fishing ground N
Thunnus albac- nd shows higher (x?==28.78, p=0.001,
ares Line casting AB Nil ?:;aﬁgﬁss {ia;g 2. Long line A
2 _ —
order casting order (x*=1.96, p=0.20)
1. Fishing ground S
B F d s Slightl Nil G102 p=0-01
igeye tuna, ishing groun ightly i -
Thunnits S significant 2. F;S_hmg gear_B
obesus Line casting BA (x?=2.61, p=0.15)
order 3. The-line casted first :
a higher hooking rate
(x*=1.49, p=0.25)
Sharks (mainly None Negligible Nil Fishing ground S
Insurus glaucus) (x2=3.65, p=0.06)
Rays (mainly Fishing ground S Nil Nil Fishing ground S
Gymnura (x2=8.02. p=0.005)
Jjaponica)
1. Fishing S(x*=13.02,
Al F d Highl Highl p=0-001
episaurus ishing groun S ighly ighly .
i e o 2. The line casted first «
borealis (Gill) Line casting order BA siginficant significant a higher hooking rate
Long line B (x2=11.87, p=0.001)
3. Long Line B (x*=6.t
p=0.01)
PSS EEte T ERE AR 2 ERS HTE Este Aelth
e = sl BF 33 o AR 5y 2d, &k 2
g ol ¥ N(x*=27.28, p=0.001) HWERA(X*=1.96, p=0.20)

b8 ol i S(x?=7.02, p=0.01) WWHAB(**=2.61, p=0.15)
BAE dA " A (**=1.49, p=0.25)

Aol K (2 A afete]) a4 S(x2=3.65, p=0.06)

el fH(ER Vstes]) Hul S(x2=8.02, p=0.005)

Alepisaurus borealis(Gill) 3 S(»?=13.02, p=0.001) ¥ B(x2=6.68, p=0.01)
PUsE A #9ER A (x2=11.87, 0=0.001)

(B) $9Midol RIS

1. #EMEREZI S9MER D] B

B KR, RIS WiRBE) S 2o M Qe Eanbes, REMANE HREY
ol i WIS BIMERAIEC = A HHEEIE OB, HHGE 1BHES (£, B 18
(“) 12 Aok, 0.SHEIERIAY BB A S BERS BRAR, B-eu 28 WEEE 1w Fig 3)
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Fig. 3. Relationship between the number of hooked Fig. 4. Relationship between the number of
fish per 100 hooks and the time at which hooked fish per 100 hooks and the

the hooks were casted. The time scale time duration of the long line hooks

zero represents the exact time of sunrise. .
while submerged.
T: Yellowfin tuna and Bigeye tuna pooled.

M: All marlins pooled (mainly Mekaire YT: Yellowfin tuna, Thunnus alboc-
mazara). ares.

YT : Yellowfin tuna, Thunnus albacares. BT: Bigeye tuna, Thunnus obesus.
BT : Bigeye tuna, Thunnus obesus.

Al: Alepisaurus borealis (Gill). Al: Alepisaurus boredlis (Gill).

R: Rays (mainly Gymnura japonica). R: Rays (mainly Gymnura japonica).

7 Fig. 39 M@y SRl =& szl SO ESe] g BHEER)
e}e o YT B DRl IR < B Lls)l BHRE »e
2e}eg o) ] DIgT 1R HESA 22 %
g el BT Azl 2ok ol E45 Frt H R Ll
A A M M Az DT 1hfEs < B HRZ) Dl
7te s R HHEZ] wet ol 45 $5 H Rz DI
Alepiavrus Al H izl 2ol ol 253 $9 B ezl Dk

boreairs (Gill)

2. Al FhREEREA 9

BER 3AA BEAAAAY A9 HEBEEES INRBLE ERE Aot AR HERES BH
o ERY BECT SRWQ ERe BEERMS Aptstd 2FMERS 9ET, RMEMS FTHRERHELE WA
WE mED FHES BE, 4ENY SfRs BRR (Fig 4, s 2L fEEd 299 Fie 9.
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3. HIETERSZAL] HIFRFRIR HAl REEH

ool JAMH R = S8 S, = Billsh HEE A e KRl A —ET i A= Kl
Fisk A BEEE Adolel BEY ML dere § EEY € BFRW ou ¢ EREE #ET 5 sl
YRR A HAERFZIsE WA BIERS - Table 63 vt

Table 6. time hooks casted and the time duration while hooks submerged

Time hooks casted The time duration while hooks submerged
1 hour before sunrise 10.7 hours
0.5 hour before sunrise 8.4 hours
The moment of sunrise 5.4 hours
0.5 hour after sunrise 4.6 hours

BRI A BERHEIT om o) gyl AL W bk Mol @ BE old, o
8 EEsE B 9t RERTIS FHRAEY B HEG ISE Aboldl BiER Al B 5.5-
10 0Bfge) W alel, EEAREREO] 115RT BLES RIS gumAel  REUERUT YebbA S, BR M
IR SRSl RTRS} gofiie] el 2eime Siedeld) ol MEY MG ot ERe BN
& A48 + 9

SAEEER 2E TREDe] REE W WAl REKE] @t

oMl M AMEE A7 EREYS PEREMLERS 2, oRSR BERR FRAK & @t 611k
Riabol = S8Lrh gl 1S Yo Hdad. REREEAAE Seplel, wrbdel, waAe $EHY
ol 5:3:1 ol9l, 2% Fealolsh A YHARLMMo] v LshEg, Trield gUBARSAIL A K
5 e % 5 Ak

ERERAS MRS ETE, w28 EENEd = P79 gEt KT8 sk P79 Bt E—E%fi
HEE AL WAE B 4 dovh, 2F FROARY B R EYS HRE 8T B0d AT 3
olvh. fgUKERS] He WA BRI Kfistd Whiste ERE 2ald.

Table 7. Efficency-reducing Factors Observed upon Hauling the Tuna Long Line

Ttems Number %
Total hooks ' 2,411 100
Total catch 87 3.6
Hooks stripped of bait 218 9.1
Hooks with damaged bait 136 5.6
Hooks on the entangled branch line 445 18.4

Hooks having the normal bait and in normal
condition 1,521 32.3

Note: Number of fishing operations observed ; 3
Duration of submerged hooks . 2.2-12.4 hours; Average duration 7.4 hours.

— 169 —



Fh & i
Aol BEL wA%, T BB BEAA S AN WAERL, AERBEET BHNLR WEY KR
(Table 7) 14, WS WIS feEs 3077 Ao
(1) Branch linco] of Eo4] §vHel Mol Gl WA & HWHEAT 4A%, Wl WBAE 2 Uk B

ﬂﬂ%}x gz‘?‘t 7§T:

BAREEES HEdA 1—0.184=0.816
T AR AL ol A RS 2 WA B 0.036--0.091+40.056=0. 183
1REHITH B8 719 Wl EEs 0.183+7.4=0. 0247
WSS HROEA S A E S 0-0247 0. 0308

(\}) Branch line o] o Z2] = £/} BEEEES LHlste Bimste A%,
HEHA B MR 0.0303 + 5 24-=0. 0552

4. % 2
1. BEHE

Kol A = TRARSY gulEEE AT A Lt Fis o, S i E S S,
—BBAOl A S SRR RS S 9leh L5l KERIRAES —~REE BEST, = BAN BER
B9 —EE SRS L BFE e Ao

LR, ¥, EHEIEFY SEEY GBFEE Bumon PHES s,

2. £EENZ, 1EMels x o] 3.80& & Aol Yo, 2 K| BIa % (nteraction) 8] LA S
ok Fege] 0.55 kel w MERIA FE#O Y, el 0.5 LITeld MEMelA REMLR (EANc
= Ach

3. 5 ETF el Nt BT SIES Table 2 SHES FSEHLG & olES Lot EHY K
FE Hitatel [kt = Ao

2. [EFB BA LR
#AASE BY EEE ohesh 2o

a ¥ By Ax} 9Kl 2o
b. #E Bx Coal tarfto = EHE # x-S0 v ffiEslgorns Coal tar 7} 2| 5 3+ R S S
RS ERP MERehy] Beto A Bale 3BT o2l ﬂﬂ?ﬁ}ﬁ Bifs A= 3zifsle], g4 Coal
tarffec) el WA aE KEEE e o
adEe, g et fREY FERo=AE 919 ash b FEY LB deh. 2= Sukgelst
Hols FERAE £4 Ad BRA An —HEHX g3, = Sl el LRl WEY Wfkot
levz, WMARIGERES, B WEEE - BIKE - A KBS Btk glx, Coal tarfed] #HtE
RiEshe 2 BT gle Aoz HR=AE «ebd WA EKET BTz ZEsb ot
#AES SYMEKIES) KBS Yoshihara(1951)¢] whel FHELsH, 10[@1S] #36& j@ste] vh-a] AWEES A+t
A A

WA &R 1,5 2,4 3

+A 74 Tk KHE (m) 107—109 142—149 159—171
#WH B

WA FiE 1,6 2,5 3—4

WA W EE KB (m) 110—112 150—158 175—192
E Asgl B &=

SRR £ m) 3 8—9 . 16—21
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Fig. 5. Relationship between the number of catch and the number of hooks dispalced by
hooked fishes.

Sivasbramaniame] & FHEY #at.
a. @’9@% WA e Fig.5 ¢ zbo] WA GERM st #mste e 2.
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