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On the Relationship between Thermal Structure
and Distribution of Long-Line Fishing-Grounds
of Tunas in the Intertropical Atlantic—I

Analysis Based on Isotherms on Level Surfaces,
Topographies of Thermocline, etc.

Hideo Kawal
(Japan Sea Regional Fisheries Research Laboratory)

Based on temperature data from EQUALANT I and II, IGY survey, Meteor expedition and
Japanese tuna expedition, the thermal structure in the upper layer of the intertropical Atlantic
is analysed. The distribution of hook rates by species and quarters of the year for 1° squares,
calculated from the summation of all data in 1963 by the Division of the High-Seas Fisheries
Resources of the Nankai Regional Fisheries Research Laboratory, is compared with the thermal

structure. The working hypothesis obtained by the comparison is as follows.

Albacore

There is a thick, well mixed layer over the psrmanent thermocline inside the subtropical
gyre. The 18° water in the Sargasso sea is an example of the homogeneous water, In the
beginning of this study, the main fishing-ground was inferred to be in the 18° water, and the
spawning-ground in the 20°/200 m water after the analogy of the Pacific. The inference,
however, could not be verified by the actual data owing to that the albacore ground in the 18°
water has not yet been exploited sufficiently, to that the albacore in the spawning stage is
mostly captured in the Atlantic while the albacore in the feeding stage in the Pacific, and to
that the study of the spawning ecology has not yet been developed in the Atlantic. A reliable
conclusion is that the albacore grounds are concentrated in such waters with deep thermocline

as in the Sargasso, Newfoundland and Brazil Thermal Bowls and in the Agulhas Thermal Trough
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(cf. Fig. 4.). The albacore in young stage is, however, captured in the sea off Angola, where

thermocline is certainly shallow. This situation is similar to that in the sea off California in

the Pacific.

Bigeye
The main ground is found along the steepest slope of the topography of the thermocline,

in other words along the thermal front at a subsurface depth, in the tropical and subtropical
seas. Such subsurface fronts are classified into two large groups. One is the subsurface front
along the current axis of the subtropical gyre. The other is the subsurface front around the
thermal domes or ridges in the tropical sea. For instance, the so-called North-Pacific-Current
ground and subtropical-convergence ground are included in the former group. The grounds
along the fronts around the thermal ridges at the equator and at the northern boundary of the
equatorial countercurrent in the Pacific are included in the latter. It is, however, hard for the
tropical Atlantic to distinguish the front along the southeastern edge of the Sargasso gyre from
that along the northwestern edge of the Cape Verde coastal upwelling water, and the front
along the northeastern edge of the Brazilian gyre from that along the southwestern edge of the
Angola coastal upwelling water. The main grounds are found in the vicinity of the fronts
mentioned above. There are other fishing-grounds in the vicinity of the front along the north-
eastern edge of the Sargasso gyre and of the front along the edge of Rio coastal upwelling
water, but no significant fishing-grounds are found in the vicinity of the front along the western
boundary current such as the Florida Current, the Gulf Stream and the Brazil Current in a

similar way as in the Kuroshio in the Pacific.

Yellowfin

The main ground is found in the sea which satisfies the two hydrographic conditions in the
following simultaneously.

Condition 1. The surface temperature, strictly spzaking the tempsrature of the surface mixed-
layer, is extremely high. The temperature changes from ground to ground, but it exceeds 27°C
in most cases. Accordingly, the sza around the th2rmal equator is an area which satisfies the
condition.

Condition 2. The depth of the thermocline is shallow or islands or shoals are found in the
vicinity. This might be substituted for the condition that the sea is abundant in foods of the
fish.

The seasonal migration of the fish is well explained by the seasonal change in the distri-
bution of surface temperature.

The difference in the thermal structure of the fishing-grounds between three tunas corre-
sponds to the ecological affinity. Albacore grounds are distributed quite differently from yel-
lowfin grounds, and bigeye grounds are ranked between them. Care must be taken in applying
the hypothesis to the distribution of grounds other than the long-line fisheries, because the
hypothesis is obtained for the stage of growth of tunas taken with the long-line.

Though a temporal check has been made for validity in applying the hypothesis to the
tunas in the Pacific and in the Indian, more detailed check is necessary especially to one in the

Indian.
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Table 1. The temperature materials.

£ 1 M v KIiEER

Survey _Vessel (Cruise)i Period = Area
i I 4 AR L HERED WA R A I
EQUALANT I 12 vessels SFEB-10MAY1963 |Principially between 10°N and
(US-NODC, 1964) 10°S
EQUALANT II 10 vessels 24JUL-110CT1963 Principially between 15°N and
(US-NODC, 1964) 15°S
IGY (BT data) Atlantis (247) FEB-APR 1959 25°N, 17°W - 25°S, 38°W
(FUGLISTER, 1960) JUN-JUL 1959 25°S,11°E - 25°N, 66°W
Crawford (10) FEB-MAY 1957 |25°N,44°W - 16°S Lat. - 8°S
Lat. - 8°N Lat. - 25°N, 63°W
Crawford (16) NOV-DEC 1957 |25°N, 19°W - 16°N Lat. - 23°N,
66°W
Crawford (17) FEB-MAR 1958 [25°N, 67°W-66°W Long.-64°W

Long.-74°W Long.-79°W Long.-
84°W Long. - 10°N, 79°W

Crawford (22) SEP-DEC 1958 |25°N, 69°W - 24°S Lat. - )°Lat.-
25°N, 67°W
IGY (Station data) Atlantis (212) DEC 1954 |66°W Long.
(Brearpres; TN Atlantis (229) NOV-DEC 1956 [50°W Long.
Discovery 11 (2) OCT 1957 |24°N Lat.
IGY (Station data) Almirante SaldanhaNOV-DEC 1958 |Western tropics
(IGY WDC-A, 1961) AUG-OCT 1959 |Western tropics
SEP 1960 (Western tropics
Pyrrhus OCT 1957 |Off Guinea
Leon Coursin JAN-FEB 1958 |Gulf of Guinea
NOV 1958 |Gulf of Guinea
Hidalgo (4) MAY 1958 |Around the Windward Passage
German Atlantic Meteor 1925—1927 Principally in the Tropical
Expedition and South Atlantic

(WiUsT & DEFANT, 1936)

Japanese Tuna Expedition| Toko Maru DEC1956-JUN1957
Shoyo Maru (ATL 2) NOV-DEC 1959

* - 203, BAHEEEOSES 1010mb Th-12ELThH, TNOAHTREERENELLED, £ ORIEN
BAEIHIOSA GRS T, AYBEEREL TOEHEL, TNEELEETRE L. LArLEAES, Z0H
S EAROSERAEEZHNT, STEREE TOEHBEOND ED LD BALEICH E1ERLMITT
&Ik, [EDOEPIADHERZ, BEORMcERshicBM:, F0d RO WA EEEL
T, X BENTxLED.
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" Survey | Vessel (Cruise) %ﬁrfibdfiﬁ Area
H A A | A GERED o A R WA iR
(ATL 3)|[OCT-DEC 1960
(ATL 4)DEC1965-JAN1966
Iwaki Maru JAN-APR 1965
AUG-SEP 1965
Koyo Maru DEC1965-JAN1966
Chiba Maru FEB-JUL 1966
Average monthly I FEB, MAY, AUG, |[North of 20°N; 70°30’W, 65°
temperatures in the NOV 30’W, 60°30’W, 50°30’W, 40°30/
North Atlantic W, 30°30’'W, 20°30’W and 10°
(SCHROEDER, 1965) 30’W Longs.

TERIT D IR E 15 5 728k Tdh 5. EQUALANT IIT (19644F) 3 A 187 - foo Meteor OB RN DL
T, 193738 4ED I AFTEM M- 7o F7o SCHROEDER (1965) @ IbLAPEEE 20°N Dldkod 8 gidtis
Ficsid 3 HRAIRELEKEKTRIC DL T, 100, 200 m [EKEE 20°C SiREOEE %2, RROIEAE
BIOHEAR- 12,0

NS EEA LT, RERIC 400 m EKEAHER, MZEZC 200 m g & 100 m EKIESHER B L0 20°C
RN, EQUALANT I (2 H—5 A) & II (7 A—10H) O M 511 /K IR &8 SRR A 1B L 720
NS RBIRK ($R 1) &3k, —fEL TRXDOKDICETEL Th 5.

ABISICH L TR/ BEEAREED, 20°C HOBEES%ERD B ST, FEERERFICET) 3 KEAIRDT
b D, BIOFOEFEEMEIENRELE DI DONTE, TOHE L VAR - 7 MEMEEEREL 72,
FIOKIREEOBEE &1, KERETIKEDEELE b SHNE &b T, WYRTKI(1964) 2L 7
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Fig. 1. Definition of the depth of thermocline.

HICHEL 726D TH B0 K4 OBIIAICHTd 2 KR/ BEEMBICE NT, SAE/KIRMEEDY 5°C/100 m P _kic
155D, FRBI FROEE D & D i34 3, K T & T, EOFEKE (T1+T2)/2 2F9
BEE D 26T, KREBOEEEL (1), EQUALANT G, $8EH O B ERRES, —i#ic
MM WOENTNEZ END, AHTR EILD Dy & D, &%, EROBAEEEIC —HT 2 X5 kbl
7272 LRIE & THAVERFED BN 725481Cid, TORD TS, W WYRTKI (1964) &, BEO RN
WA ZSREKIRERE & LT, 3°C/100 m DEZETNA, AR TE BREDORKEL 7o BimiERO A Z MO %>
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HEAIDPIERFEETH 50 TNEARD K ITHEIE 2 BEHRIC F o4 | 1029 | 300E
ST TR 7 ITRL 720

=i ol 1.0—2.9 3.0 Uk

3. ¥fEROEER

EQUALANT I BXxof IT o@flfgid, &L Crlbithiil oy, KB BNEER 300 #EPKN
4h, BLOUAMIEEEE 30 MEEAAT, By 247 HOWMIC L TEBINT 0BT EMD, KPED fhlig
L TR NEBSBERITRITTE 3. CORHENETIE EHROEHEHTRELIZ. chicd LT
EQUALANT DIAOBEENC XA TIE, FHOAEZAHZ, Bl IAEOBIENSADE-TFa v b &
NTHE05, FAOEHEFEZ OGNS XD I/NIBITHML 22 SO MMNAERNT, HoOMEHEERHL X
SHEDIze 1t ULELADEHPNSNEZZONBIEE, TRRB/NKBRITh Iz - TR—EICEHIGFS
bNEAIE, NNERSERITHI ML 72, 2hd EQUALANT PDIADOEENC & 3 BRI 5% 5
BACRL 72 (6 BRI FISN .

& d OLFER FOKERE t O%RGE, KR ¢ OSEHELOBES d O%FEREE, kRt 0%
B &, B d OSEREORRTIRICMIE S BnAD, HNIE—& L 2T IERES i, AT 0K
AIEET B XD IWERBEM O, 728 A1 100m OEZER Eo 20°C ZEEE, 20°C f o 100 m Z7E
WEZ, 2L—EKT2XIHTH B,

F DI 30°N 25 30°S OFEFNICA 2 BIIEAEN Fic 7 a v b L Th o SEEMEEHE X, MmER
fHE & DEHEOEMBENEL o 7oo THREHEHBITI—BOMETH Y, Homiicd LT, EllfE»
SOEBELIVESRMESE 72D TH 5,

4, Kk B # &
{H 2-6 IR S N B BKIRAKTE AR, 20° CTii BN, KRBEEER B XOHRO 7+ 7 23 (WisT
und DEFANT, 1936; SVERDRUP ef al., 1942; SCHROEDER, 1963 and 1965) #&#EI\c LT, KWEELE

WO KIBHEEEZERMORL 725 DHN 4 ThH B, T2 TEREEERIEH D T, HAEERICONTHE
BAEMED B,

1) 400 m EkiE

1A»E 6 AFTE, 7A»5 12 AFETO 2 BT THREEM N7z (1 2), 400 m JFEKIREAE K
PEPET (FREEL 7o B 2R ) BEIC s AR, RIGR<Z vk o Vv EBFE 7 7 9 VEHEO NGRS,
FIF—HL T B,

MUNK (1950) iC XN, —BIICE - TR ATEICIE, TEIRICTE ARG, HEICARERED 2 DO T #

* 7ofE U OKIBSHESS B BB AICE, KD 1 MOFRE O SRMOMET MO HEE, HOIC b0 T3
o, FEEHOEBMELDOBMITHL TR, FERBEMDPER - 7
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WERMOIET 2T LTI - T %0 SERETEICHOWTEZE, Fvhy VERKE TV L RB, FEAE I
DWTEAW, 7I7VRIE 30°S, 5°W [filraduld 4 2BRiA, ThEN ChITHNST 3, T oftic
WORTHINGTON (1962) DRWET 2 77 ¥ NNy 7 ZHFINDBRTEDH B0 Ty V BED WIRIER L&
iy, “18EFHE/K” (WORTHINGTON, 1959) LN 2, /KR « A EIC O TEHE KIS E m ©
EXithblic- TL AL TED, TONFICTH B KANKREREIL, HbENERTE 900 m MZEICEL
Tinb, 77 Y VBRRONPIEBE TR, TOESIFHEOEY 600m iz 2ICB X0,

MUNK (1950) D4#MEd 2 AR IRTED, R THAET20EI AP THZ L, FeThhFEHETEELT
b, EBROKEHEICESNT, TNAERERERRHRIODHTZCEN, RETHELEILNZND, K
WTIRERER RO BIER & 20 T, JLREFES JOCEAEEICE T 2 KARKERBOENERE, e

iC9 %o

Fu Ay v BEEIROEGEBAE TR, 400m BT 17°C Dk, ERo kol Sl Tk, 18°C Pk
DERERT . TXK 2 OILPEIICIE, 17°C DI EOEREY, HELICEHLN TN 5, 77 Y vERELRERICE
3 400 m BKIRE, vy BELERIC KR TIEMCUEL, 15°CIHEL THW R, =a—7 79 Y
K7y FREIER S LT S v 2 BRI B B, 400 m BEEKIRR 14°C §igTHAHSH (WUsT
und DEFANT, 1936; SVERDRUP et al., 1942; FUGLISTER, 1960),

10°N & 10°S O friEEfL & T 2HEHO KB, K45 7°C XD 10°C OMICH %, REE F T,
5°W—15°W DR FHFil & BB ERNT, —Bic Z0FAMIVERTH 5, LT 9°C P LomER
i3, FOMAD, FY 2°N—5°N X 2°S—5°S (kb %, 7 A—12 Ai 2°N XY 5°N {Higic
MY THEET 3 10°C Pl EoERBRIE, 1 H—6 BICENTRO ETRPSTEL - T30, BELEDM
EDbd o,

400m FOERBELTHL > TR 3501, FAOFTFHE Ly —7 D 2 7incd b, fiihbh
LERTE T 8°C LIFTH 3,

(2 200m @k

Bk 200 m fE/kIE A5 (WUST und DEFANT, 1936; SVERDRUP ef al., 1942; SCHROEDER, 1963)
R 5 &, mILREEICEN T, 200 m AR REEZ & 2iERE, (T b RE 20 BE(HEOVETR D OHEHR
BIOTHRANICHFREICHN I EERTH 5. ILRKEFICONWTE AR, TOREKRIE 21°C =@z, F&
L CHEE A ) Tiaic L T b0 %72 19°C YL Eo@ERKIE, KoFERICHHEL, EEH TR AEN
A, HIPICAD D ICONTHL LY, BVIIHERICEETIC, 20°N, 40°W (FETHEL T b, Ffik
B dbif X ic B9 3 19°C O ERKZ, Ny 77 AMEEBICETIEL TV 5, TSR KIMCEX
W, oAy Y BIRETERO R HEL D . 20 PRFEMINTI T THEET B, 2O 200 m JEFEE/KRR X
D PFELOUHRICI, “18EHE/K” DEL L T b FABEIFICEYT 2 200 m B a7k kiR, X
PEEX DKL, 20°C PlLEoEiREE, 15°S, 35°W HRERoNTE D, ZhEIbH%EL 18°C iRk
DOHEIPRIES, 20°S, 25°W (HEICHF - T bo

s 200 m JEREEAIREIE, RALRIEEE D 0 T L, KRR 4 v FEERRERRIC b fEEL, 6
RO LKIEAS, I 20 EEICTINT &5, e 200m & 20 B (20°/200m) 5ok &WF3T LICT B,
JERPEFE & ALRSEPEIC B %, 200 m g 20 BEVEKO @Ml Z T, 400 m J8 & 200 m E/KIRD KL
D &SI 5 TV B, SEHEOFIGKRICONT EX N, 20FMOM X3 200 m J&KRSHER
D& E—K L, TOHEDOTRBTRAMMK, RENETRIHEMIEEILY, Thh YOSHIDA and KIDOKORO
(1967a, b)) ORIEY 2 MAEHAHETH 5. SVERDRUP et al. (1942) DEFORIC X, FBEAPRE
ICBNTS, TOMWADND B0, FEAEFEE A Y FFETONWTIE, 200m J§ 20 kO EEENO BT,
KEPO TRETHEAEE 25 RIS 00,
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TR 3 ki, BvmigERic Bl 2 12°CRIFOEREE, FHTE 5°N-—15°N {$:L & 5°S —15° S{HiE
K& 205, PERTIEHFREOHANHEICEFTEISO T3, JLREED I v £+ A KRR (TAKAHASHI,
1959) ICHHY T B EEZ OGN D, FTFEFMERE (237 </ v OdLEMERED VA4 77 FF
J VTR MERBSER T 50 20 ATV v 2 A niiiEcid, 15°C T OERIBASE 2,

(3) 100m &xkiE

100m JEKRDSIeE & 75 2R3, FHMNES L b H > THE L D TRV, KEFE « KIAFEMN
DEFEATH, REMCRT, FREFEHOREER T -2 DOMANCH 3, APUETRAR4 LRSI ES 1T,
TSy ObEREE LY — 7 I HE L, 20KER, METEREONED 26°CH. BETIHEN K
DHEL, MHEESKEHED 28°C Y EOBERICBLITE D, 72 2OESHHES KEEDBRAE LD EhC
i,

JREICH - Tix, 100m @K 16°C DL E, &k > Tid 18°C Dl Lo EEKERR BN TE D, T
AU & OIRE BT O HIZEAS, 100m X O ENFRICHEAET 22 EAR LT %o T DMl CTIEpEiBAER X,
100 m ki 16°C L FTH %0

F=TIEREHT DO 6°SHUCIA - T, FEHF LD 16°C, Bz 18°CR Lo@EKBEHBME HEELTV 3,
4°N Sty - TiE, 7 A— 9 JiC kiR e Bn o 208, D FEHICO>WTEIARHTH 3,

b7 7 ) ATEREO ov= 2T ()Y ¥) XONAFU (i A0 ICE 2 RGO ICIE, 100 m fF
T3, T 7V AWFEOTEFIF (T T7) X R2f (FRY) ICE 3EROGEDESICS, 16°C
PUTFOEIBBANEN - T3 (FYISHRERRE). TOWEHICNY BERE, GO A7 570 7
F/ov7odeHTT 2°S, 30°W {4, FHCIZZOFICHFICE TRATO 3,

4 %mKkiB

SVERDRUP et al. (1942) OERORICE ST, KilmiERo HMMiots#s, 2 HE8 B HLLTE

Table 2. Summary of the distribution of the surface warm water in the Atlantic.

® 2 KRPEFEREGTRKD 50O ER

February (2 H) August (8 H)
Warm water | jRigrbuCc BgdLEVET HEIRIC 5975 o JhA EAREERICBR S 1 26
above 25°C | gk 3 HMTHL (10°N-10°S), P IR TR (5°N-20°N),
25° C P gk 7 PERTH (25°N-30°S), 7 PEETIEL (40°N-10°S),

Warm water | F & UCHRE(HEICHG (F=7EHL, 7 | B & UTILRETFREERIcanm dukiba—
above 27°C | =/ VW OJLEEIE—7 7 Y VIBRNO— | ¥ = Tiga— 7 #lE.

27° CRLERBK | % X0 ) 70 —RE). ST~ L T & D~ T BRI
B ThPHICH L

w t = v KEz@E — >

above 28°C | REBICHAE (= T I AREMD. PISSIC fRAE (P> FREBEL — 4 %2 2

28° C Pl kIZK o

21T LTRT

R KIS EARREEIC I WD TIRENC TS BAEE A A ZZ IR, IFPEICE T 2 80RE I T 25, 2l
FK2X0bHENTESE LD, 2 BIC3HEIRENTICHY, 8 AicdbiR LT, N~ FIfdE—pE4 ~ F
HE—AF Y BICETHHT %,

(5) 20°C mDEX
CORMELLATO B, tvh vy BLY 77V VIRBIRE TS 5. T/ 100 m FEKESTHIT
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Blbvic Rl KRS B K0 6°S @ /KRmICHE LT, 20°C HEERRKICS, T2 o, &
RoMABBEbHN T 5,
—MRICE > T, WML O BEPT, 77 Y H KEOTERT, 20°C HABELIE-> T 5. FRCY
ATV ¢ 24 vRFETIE, 50m P EFLCEL T %o

6 KEEBORE

KiBHEBOEEDORDHIF, E2HTHPLILBEDTH b, 4 X TONERN - T, (X6 & EQUALANT
1 (2H—5R, 4 3—5 A%%E & 11 (7 A—10A. 10429488 O 2 BB A% A0 THER
ENBDTH B, YAy VY BIOT 7 VVRREILEEOE, ($K6 oimicd L Ebh, T TKIiRRE
[EOBEL B OLF T BT 05 5,

Ty OOREFRFT TR, BFE0TE 50m D& (F7 FREEAR), TomhT 150 m DIZE &2
WKLY, TORSDAET Z2NC EREROEAEZRL TS, 7 A—10Aicid, 2°N—5°N iZfiE<
R, KIRBESZEL 22850 d 0, CREERER SREREORERICHRT 5 (RERRERERIL
EH). 2 A—4 Aicid, T oWRTEL, ToMEBIICTNE XD TH 5,

KIEBEOZESH, 50m kg 3R, 2IET 7)) A0 EREERIC MO TH B, N FIRpT
I3 25°W—30°W & T, #Kv Eay IT@EONTE 15°W—20°W T, FHHIKREHLTH 3, PEERKRIEN
T, LI T =/ VA DEEOKEERET 50m XHEL - T3 (F7 FREEFED,

(M BIhRKDOLETRDES
X2 |3 SVERDRUP ef al. (1942) I X %, FEdLAEERIRKD T—SHHAZ RS, 72X 313, BriR
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Fig. 2. Temperature-salinity relationships of the North and
South Atlantic Central Waters.
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Table 3. Name of the thermal structure in the upper water of the Atlantic.

®& 3 KW LEEKREED A

Japanese name

Abbreviation in Fig. 4

English name

Fov Ty BB IEEIR

—a—779Y FIv FEH

TR
777»@%%%@

T 7 v REREN
ﬁﬁﬁﬁ@&@%mﬁﬁ

PRI N7 LR

200m J& 20 Bk

SNV FIRE T F BB

RGBT
ST R
FrAs /@EYE FH
FT FINE TR
U AR FHR
HANWT XY —A
RB=TF pog =L
YT TUg—E—

AGULHAS TROUGH

COUNTERCURRENT TRH
UNDERCURRENT TRH

20°/200m WATER

CAPE VERDE-GUIANA

RIDGE

Sargasso thermal bowl
Newfoundland thermal bowl

Brazil thermal bowl

Agulhas thermal trough

Thermal trough at the southern boundary
of the Equatorial Countercurrent

Thermal trough under the Equatorial
Undercurrent

20 degree water at 200 m
Cape Verde—Guiana thermal ridge

Equatorial thermal ridge

Cape Verde coastal upwelling
Angola coastal upwelling
Guiana coastal upwelling

Rio coastal upwelling

Gulf Stream

Slope Water
Shelf Water

HEOR DML, Slope Water LIFFN T %, Hid bOEFILIER OREKRICH YT 250TH A
5, Slope Water Current (FICILfid Ak, Shelf Water LIFFN T3, 77 Y VRS KO
filicix, Slope Water £ Shelf Water (#4192, BEOEOIHRNEET 25, M4 TREBENTH
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Fig. 5a. Albacore hook rate on the depth of thermocline/surface temperature

diagram.
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Fig. 5b. Yellowfin hook rate on the depth of thermocline/surface temperature
diagram.
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Table 4. Summary of the distribution of long-line fishing-grounds of

tunas based on the data in 1963.
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Chart. 1. Locations of section.

Locations of average monthly temperature profiles (SCHROEDER, 1965)

are not shown,
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Chart 2a. 400 m temperature (January-June).
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Chait 2b. 400 m temperature (July-December).
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Chart 3a. 200m temperature (January-March).
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Chart 3b. 200 m temperature (April-June).
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Chart 3d. 200m temperature (October-Decmber).
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Chart 4a., 100m temperature (January-March),
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Chart 4b. 100 m temperature (April-June).
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Chart 5a. Topography of 20°C-surface (January-March).
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Chart 5b. Topography of 20°C-surface (April-June).
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Chart 5c¢. Topography of 20°C-surface (July-September).

DEPTH OF
20C SURFACE

OCT.—DEC.

5
2007 -
(\ws

_ ;175

T
Ll 60W 30w 0

Chart B5d. Topography of 20°C-surface (October-December).
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Chart 6a. Topography of thermocline (February-May).
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Chart 6b. Topography of thermocline (July-October).
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Chart 7b. Tuna hook rate (April-June).
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