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An indicative note on a role of permanent thermocline
as a factor controlling the longline fishing ground
for bigeye tuna

Akira SUDA. Susumu KUME and Toshio SHIOHAMA

(Far Seas Fisheries Research Laboratory)

NAKAMURA (1954) emphasized the good correspondence between ocean current and distribution of
tunas and billfishes. Further examination on this matter by the same author (1959) led him to draw
a theory that each species takes its own center of distribution in a specific ocean current. However,
his theory, a working hypothesis in a sense, has not always been successfully applied to bigeye tuna,
especially those inhabiting in the tropical waters. For instance, the spawning group of this species
occurs in the North Equatorial Current area in the western and central Pacific Ocean as his theory
explains, but lately the occurrence of the spawning group has heen recognized even in the South
Equatorial Current area in the eastern tropical Pacific.

In the present paper, the problem is re-examined from a different point of view from NAKA-
MURA’s and an important role of the permanent thermocline is discussed as a factor controlling the
formation of the longline fishing grounds for bigeye tuna.

In Fig. 5 are shown the areas, where the permanent thermocline, bottom of the surface mixing
layer, is approximately 100-150 m deep. This fits well to the actual range of longline fishing grounds
for bigeye tuna in the tropical Pacific and Indian Oceans shown in Fig. 1. Judging from the depth
of longline hooks suspending in the water, approximately 100-120m on the average, it seems practical
to assume that the formation of the longline fishing grounds for bigeye tuna depends on whether
longline hooks successufully reach the permanent thermocline. This relation is schematically represent-
ed in Fig. 4, in which N- and S- series. designated after the Northern and Southern Bands of
Tropical Pacific Ground as seen in Fig. 2 respectively, correspond to the actual commercial longline
fishing ground for bigeye tuna.

In the temperate waters lacking the permanent thermocline, on the other hand, patterns of occur-
rence of high hooking-rate are well related to the current systems as already suggested by NAKAMURA
(1959).

The followings are the “working hypotheses”™ on the occurrence of bigeye tuna brought out in
this study :

(a) In the tropical waters, major concentration of bigeye tuna does not occur in the surface mixing
layer but does in or due helow the permanent thermocline which indicates a discontinuity
between the Tropical Mixing Water and the Equatorial Water or the Central Water. Under
such circumstances, effective catch is expected only when the thermocline and longline hooks
are nearly at the same depth.

(b) North of southern margin of eastward current system of the Subtropical Current Linkage in the
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northern hemisphere (vice versa in the southern hemisphere), the mixing layer is not developed.
The Central Water occupies from surface to some depth in the eastward current system of the
Subtropical Current Linkage. In this case, bigeye tuna occur at surface as well as deeper layer
simultaneously. There is no barrier to prevent longline hooks from encountering the fish. No
bigeye tuna are distributed on the polar side of northern margin of eastward current of the
Subtropical Current Linkage where the Subpolar Water dominates.

(¢) Thus, the habitat of bigeye tuna is in the intermediate space bwtween the Tropical Mixing
Water and the Medium Layer Water including the Subpolar Water (Fig. 3).
On the basis of these hypotheses, some phenomena are successfully explained or interpreted as

follows :

(1) The water temperature of the permanent thermocline in which bigeye tuna inhabit ranges from
17°C to 22°C which well corresponds to the optimal water temperature suggested hy Upa (1957),

(2) In the past studies, bigeye concentration is not observed to coincide with the occurrence of
high primary productivity in the tropical Pacific Ocean (Fig. 7). Probabhly primary productivity
is concerned with the mixing layer above the thermocline, whereas the inhabiting depth of
bigeye seems to be in or just below the thermocline, so that bigeve are screened from primary
productive system. On the other hand, yellowfin has a habitat above the thermocline and conse-
quently good coincidence is successf{ully observed between the distribution and the primary
productivity.

A notably increasing gradient from west to east in the average size of the fish caught by the
longline in the Pacific Ocean is reported (YABUTA and YUKINAWA 1958 and KUME 1969). In
the eastern area of this Ocean, the thermocline is located in shallower depth, which raises the
habitat of bigeye tuna as a result, and therefore longline hooks can reach the swimming layer

of larger fish which is assumed to pe deeper than that of smaller fish. In the western part of
the ocean, the thermocline is too deep for hooks to reach for capturing larger fish. As a matter
of fact, larger fish appear much more in the catch from the eastern part of the Pacific.

In the Indian Ocean, yellowfin abundance has recently decreased remarkably to 1/2-1/4 of the
initial level in terms of hooking-rate, while bigeye population is still sustained at about 80
percent of that in earlier years, though both species are distributed horizontally in almost the
same manner (Fig. 8), These observations indicate that bigeye tuna has a deeper habitat, so
that the longline hooks are less effective for this species than for yellowfin tuna.
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Fig. 1—1 Distribution of hooking-rate of bigeye tuna in the Pacific and Indian Oceans

in the second quarter of the year, April-June
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Fig. 1—2 Distribution of hooking-rate of bigeye tuna in the Pacific and Indian Oceans,
in the fourth quarter of the year, October-December
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Fig. 2 Designation of major commercial longline fishing grounds for bigeye tuna
(surrounded by dotted lines) in the Pacific and Indian Oceans superimposed
by border lines between major ocean current systems (solid lines)

One degree square with a hooking-rate of more than 1.0 is marked by a
small open circle.
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Fig. 3, Schematic illustration of oceanographic
structure of the surface layer in the north
and south direction in the Pacific Ocean
(after Hidaka 1955) Dotted area is hypo-
thetic habitat of bigeye tuna.
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Fig. 4, Various supposed types of the formation of

lingline fishing grounds for bigeye tuna in the
tropical Pacific Ocean where the permanent

th

Type E

ermocline is in existence

Effective catch of bigeye tuna is expectabie
when longline hooks are suspended approxim-
ately at the depth of the thermocline, as pointed
out by dotted areas in the panel. Each panel can
be applied practically to the areas as follows :
Type A and B------120°E—160°W
Type Cand D----. 160°W—120°W

...... East of 120°W
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Fig. 5. Illustration of the area in whichYeffective catch of bigeye tuna by longline is
supposedly expected
Shaded area : Permanent thermocline is well developed. Depth of the thermocline
is between 100 and 150m and approximately in accordance with
that of longline hooks.
Dotted area : Permanent thermocline is not developed. Habitable water of bigeye
tuna (the Central Water) ranges from surface level to some depth.




107

2) A Y FFE: 0L oD EEIERZ & &S0 T b « 228 (1959, 1961) AURL 2 20 Ml R
BEKRESHRRIC S ESOT, BEEFH 100m & 150m DRCH AigRA AEhicHEEL, 5 HiTR
T o ZORNCR SR BER IR EE 100~150m DiighliL, A ~FBO—HLELEETH 5,

PILEOMEM RN SA T, RHBAEOGIET 2 Kl ——E2Ro i Samil g & Lo SEiimic iz &
ENAH —TORBEREE A ~AFHGOBREOMIciZEbd THEEENSZE WV E 5,

FHFIWEOMICH SN E O X HREELTEMZRO L YRS Z, [ NFREMBARE LG
L5340TIRIES, TOTHICH >, RORZOTUOE, HFiiks phitks nbh 2 kRohicsk
Do BGTEHR T, FAMICRETRSEIE A NFOSMKAD LEFE - T D cnic, RALbLOHIT
ZOEEEICEES T, IFRRIARTELY, LrL, FRlERGFIHI TR AENICERNRESENHEL L5
WIT, RAULDEHA SFOLEBKRICGET S E ST D aEMTkicE 5, ]

HEARRERIE, A NFORHCOOTOHHOHERIC X 23R & { EEICARL TS, LAFERER
W3, AFEFCERICEET 2 EATREOHTHICH 5, COMRICREMBEARRELELLEL, Whid
A NFOEBKROBHBTH S, COMHRICREHICHID DAL A NFMREET S, BT, 2O3HHE
(3 B SR D L ASERER RO X D D4 TH %5 Transition zone (SHOMURA and Otsu 1956,
SETTE 1955) T&E LAY, CNR—FHOMBHCET 3HBHREATENTSHAS . AEEOIEER
T3, TSRO HITHORENRE THIOICHL, FERTE, chiR=a—Y—5 Y FORTIcH &
WoNAKYT, —iCREENDE ., Z2ODIC, NS HEGRIC b0 A RERABBEAELT,
JLEERD 2R A ANFEBIIRES T, B —Y— 5 VP ARICREREIN B CEIC o s EE D
ha.

4 v FHETE, EAGFRBEBEERICUMLFEELZD, TOHRTHICHY T2 EBbh s KR, hiEbl
MEEOEHWIIEBNELT 2 CENEEWH NIV D2h 5 & id, BICR~<EYTHDS,

AR O A o35, B5, JLPEROBEATRO LIS, BEEER O M A SO i o #fi /Kt
ERO T S ARICIE, TR EBANFORILDMERZELERINL T,

LDIEDBEEALDTEDT, A NFORHEDRMEER RTINS TOLIRLEDOTH S,

FEEIRIC DAL RET IRNESHEICIZA NFEAMLILL, Fio, MERKLHEKICESFH LT, K
HoAERERANIRORMESEETERRPPEKEOMICH 2EHTH S, SEAMINE, ks il
Kick-THDONAEHTSH S, £5L T,

1) ANHEIERO A SFii, A XFORHKADREBMSHPOFHTEEHAN, BATbOHSTE

L3 5 EEEICE T B KIRIC,
(2) BEEO A SFE, WA, LACFERPICRE RS 2RESEPEA v PO T, £ FOD5
AR ERERT I BN L oiBonic k& TR S 5,0

B KSR TR AL RS MR S WIS 2 c LlconTid, ik, BR, ¥hlo 7 vEL B
ICRET 28 K< 7o GOEREL T 2 & 0o LRtk 5 Sl ah T (b i 1959, #H -
Rl 1959, KN 1966), LinL, FHFOEEBGUC INE, MEACEERIBOBEILSE~O Mz E 12
Ao, WH, #5480 TypeC~TypeE ICRENF- LS RERASICET 2RBOEL, L2hicd
LS HROPFEOEMICLLBDTH Y, Ch oMo hEABC MEROMT 2 & & AR ICTET
DTV FE, FILATHETS - & buRSRET 25 4 PR 1000°W~120°W ORI FE L
DkIC B S AR BLIT 2 Ak 1963, 1969 (2)),

EHTE, ANFOLIKHEREOD, W TCFICAAT 2 EMESNAABD “BA LD KT 3
availability SMBFOES P THRESN I EZEZ TV EH I T,

X, EPATETED 100°W~120°W oMOMRT, HkosEd 2Mc A NFOMMEREL LT
EaRaohl, O], COBEMORBBOERER S0m §iET, BALOOHmIA FOHKKBELELZMD L
TLEHIRSTH D, Cbhhbhod, AFORMENRSIENS T LT, MIBOEFEFNIBEcLES
WT, BANDOHADFEEREDR A NFOWKBIC—HTILEICRE2DTHIEEbNE, e idEy




108

Dr—AL LT 130°W~150'W OTid, BEOESHLHELTL- &4 FOlNS-THLIRTT
HHDIT, EEICRH T 0HN TN,

oo kBRI, COMBICREET ZREBHOREL DI EBMLTVS S LW, Rl FOMEHTIE
WiEmEIiC Cromwell #§ifihidh > THITL, TO LICRHRBEHNE - THITT . TDLHIC, HHRHOHEE
FEERH= A vicET 22 bh s, TOXIERGEE S - oKRICR I LbDKEREhZE, ZOTFOKH
OEFEE T 6 MO RS GEOdO Tz sh T, #iE 100~120m OfFicizEed, Fh kLD
EOEICESESN 2 b0 L EbN 5, 130°W~150°W DR Tid, BREOESHIIZ OO FIIEEICHY
Ly MR, HMOMERNHEIATIODICEMNENDIL, 326 Lk S5Hmlic, BRELboHiT
BERBICELILWI-HTHA D, HicHBOE 100°W~120°W DR T2, kA OB ICHEE 4 Y
YHHICHB TRERMD ORI 2 X 5128 h, A FOFHLEBEIEEbN S,

VN HBRICBLESOIETFTOMR

1) ¢, ANFOEEEREL SZZTFERE UTHEHKEEZZATAHA DL, DWHIETEL, HMildEEKE
WUDHTELZZC LT H{ hoTabhTE 1z, WAIF UpAa (1957) izkhud, » ~FoiikiEERiz
17.5°~22°CTH 5, H6 R A N FOESMMERE L RFEGKRBELZERTRLTH S, it EOMHR—
EAFFERE =2 —F—F Vv FAh A E Do o2 AFOERKROB I — T RIEEO DR TE fo 4
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