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Surface currents in the Western Pacific Ocean as seen from the

drift of tuna longline gear

Hajime YAMANAKA

(Far Seas Fisheries Research Laboratory)

Many charts of surface currents in the Western Pacific Ocean have been compiled in the
past by meteorological observatories of Nederland and England, and by hydrographic offices
of England, Japan, U.S.A., and U.S.S.R.. Fig. 1 shows the MoRrskol Atlas (1950) (refer to
the reference-Atlases). Moreover, surface circulation charts (WYRTKI, 1960, 1961) based on
these current charts, geostrophic circulation charts (REID, 1961, BURKOV and PAVLOVA, 1963),
and CSK Atlases have been issued. Data used for these current charts had been obtained
(largely prior to 1935) by the median position method and are concentrated to main navigati-
onal route of merchant and naval vessels in space and time. Data of CSK are sparse in
offshore areas, and observations of GEK are completely lacking in the equatorial region where
the horizontal component of magnetic force is very small.

In the past, UDA (1934) observed velocity and direction of the currents in Japanese waters
from drifts of tuna longline gear and drift-nets, and obtained results which coincided with
those derived by other methods, Further, AUSTIN (1954) and SETTE (1955) observed easterly
drifts of tuna longline gear in the equatorial region of the central Pacific, and their studies
have acquired special interest as the earliest longline measurements of the Equatorial
Undercurrent. MONTGOMERY and STROUP (1962) compiled results of drifts of tuna longline
gear in the central equatorial Pacific, and stated that drifting of tuna longline gear in an
easterly direction indicates the existence of the Equatorial Undercurrent. After that,
YAMANAKA (1957), YAMANAKA and ANRAKU (1965) reported surface currents in the Solomon
Sea and in the Indian Ocean, respectively, based on data from drifts of Japanese tuna
longline gear.

As mentioned above, the surface current data as seen from drifts of tuna longline gear
are thought to be very useful in oceanographical studies. Also, they have the special quality
(unlike the data of the median position method) of many observations from tuna fishing
grounds far from the main route of merchant and naval vessels (especially, in the equatorial
region where GEK can not be used).

Based on data of surface currents as seen from drifts of tuna longline gear, this paper
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discusses : a). average surface currents by season, by one-degree quadrangle in the Western
Pacific Ocean, b). equatorial currents in the Western Pacific centering around the North
Equatorial Countercurrent, c). easterly surface currents around the subtropical Pacific area
(15°N-27°N) and the southern Pacific area of the Equator (0°—15°S).

Data for 1949 through 1969 were obtained from Japanese commercial tuna longline vessels,
investigation vessels of the national and prefectural governments, and training vessels of
fisheries colleges and high schools (Table 1). The author has constructed the current charts
by vector average in each one-degree quadrangle, by season, following the same methods
which were stated in the report of YAMANAKA (1957), and YAMANAKA and ANRAKU (1965).

Surface currents by seasons

Distribution of surface currents, by seasons, is indicated in Fig. 2, a, b, c,d. Although
data are scarce from July to September and in the area of middle latitude (10°N—20°N),
owing to the lessened fishing activities of tuna longline boat due to poor catch in this
season and area, an outline of the distribution of each current is given as follows :

1) Easterly current of the North Equatorial Countercurrent can be seen clearly in all
seasons, and seasonal changes of the current velocity, width and position can be recognized.

2) So far as the data exist, a north-eastward and an eastward current of the Kuroshio
can be seen distinctly as a band of strong current, and the existence of the Kuroshio
Extension and the Kurosnio Counter-Current can be recognized.

3) Although the Subtropical Countercurrent is not distinct as a band of easterly current,
it is indicated as a partial easterly current.

4) In the southern part of the North Equatorial Current, a westward current is distinct,
but it shows a complex distribution around the Mariana Islands.

5) A seasonal change of the South Equatorial Current can be recognized around the
northern coast of New Guinea.

6) A spatial easterly current can be seen in the vicinity of the Equator.

7) A comparatively continuous band of easterly current can be noticed in the eastern
area of the Solomon Islands. This curtent becomes strong from October through December,
and it seems to have a relation with the South Equatorial Countercurrent.

8) In the area south of 10°S, there are the Trade Drift and the East Australian Current,

but direction for both currents are unstable and show complex distributions.

Equatorial currents centering around the North Equatorial Countercurrent

As stated, the North Equatorial Countercurrent can be clearly recognized in all seasons.
Fig. 3 shows the schematic representation of the equatorial currents centering around the
above current on the basis of Fig. 2. Some interesting findings from Fig. 3 are as follows :

A) The North Equatorial Countercurrent

1) Meandering

Both the northern and southern boundary of this current indicate meandering in all
seasons. On the northern side of the northern boundary, a mutable area with width of 2°—3°
in latitude can be noticed with existence of many eddies indicated. These findings are in
general agreement with that of MaAo and YOSHIDA (1955), TsucHIvAa (1961), YAMANAKA (1971)
and I. YAMANAKA and H. YAMANAKA (1972).
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2) Mean position of the northern and southern boundary and width of this current

Table 2 shows the mean position of the northern and southern bounderies. Width of
this current can be infered from Fig. 3. As shown in Table 2, northern and southern
boundaries shift mostly to the north from July to September and from January to March,
respectively. The northern and southern boundaries move mostly to the south from April to
June and July to September, respectively. In conclusion, width of this current is the
broadest from July to September and the narrowest from January to March, which is in
general agreement with ScHOTT (1939), MoRskol Atlass (1950), WYRTKI (1961) and YAMANAKA
et at. (1965).

3) Current velocity

Although bands of strong currents (more than 1.6 Kzs) are seen.in the sphere of this
current including its original area, they are obscure from July to September in the former
case and most clear in October to December and July to September for the latter case.
However they are not shown in any other seasons. PULS (1895), WYRTKI (1961), YAMANAKA
et al. (1965) and HISARD ez al. (1969) have pointed out that this current reaches its maximal
strength in summer and its minimal strength in winter. However, the resuts of this paper
do not coincide with those of many authors as stated above (except for the case of winter).

B) The South Equatorial Current

In October to December, this current vanishes along the north coast of New Guinea, and
the south-easterly coastal current develops. After that, it can not be distinguished from the
North Equatorial Countercurrent as has been stated by WYRTKI (1961).

C) The North Equatorial Current

Existence of the band of strong currents is clear in January to March. ScHOTT (1939),
WYRTKI (1961) and KNAUS (1962) have reported that the geostrophic flux reaches its maximal
volume in winter and minimal volume in summer, and the result of present study is in
agreement with those above mentioned results. On the contrary, Masuzawa (1970) stated
that the difference of geostrophic flux between winter and summer can not be recognized,
neverthless the flux infered from the seasonal distribution of wind stress is greater in
winter and is smaller in summer.

D) The Mindanao Current

In July to September, the band of strong currents can be recognized easily as compared
to other seasons. This finding is contrary to that of ScHOTT (1939), WYRTKI (1961) and
MasuzawA (1969).

The easterly surface currents around the subtropical Pacific area (15°N—27°N)

and the southern Pacific area of the Equator (0°—15°S)

As stated in chapter 1, the Subtropical Countercurrent and the South Equatorial Counter-
current are not distinct as bands of easterly current as seen on the current chart made from
vector-averages by season, by one-degree quadrangle. This suggests that both currents are
covered by westerly surface currents resulting from the strength of northeast and southeast
seasonal winds. Accordingly, there is a strong possibility that both currents may appear as
distinct easterly current if the above mentioned seasonal winds weaken. For that reason,
the author selected only data of easterly currents and examined them as shown in Fig. 4.
By examination of Fig. 4, some interesting findings follow :
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A) The Subtropical Countercurrent

So far as seen from the drift of tuna longline gear, the mulutiple character (MASUZAWA,
1967, YOsHIDA, 1970, NITANI, 1970, and MASUZAWA, 1972), aspects in the mid-eastern Pacific
(CHRNELL and SECKEL, 1966, REED, 1970) of the Subtropical Countercurrent (YOSHIDA and
KIDOKORO, 1967, UDA and HASUNUMA, 1969), and a striped rather than mosaic character of the
North Equatorial Current (NITANI, 1972) can not be made clear. However, the easterly current
can be recognized all the year round (especially, current directions are stable and strong
currents can be seen from January to February). In these months, existence of the easterly
currents around 18°N are also suggested. The former findings are in general agreement
with YAMANAKA et al. (1965) and UDA (1970).

B) The easterly currents in the southern vicinity of the Equator

These currents are hardly recognizable in northern summer when the ITC exist in
northern hemisphere ; however, it can be seen in northern winter when the ITC exist in
southern hemisphere. It appears in the area west of 160°E, east of 160°E, and in all areas
according to the developing, end, and mid-season of the Equatorial Westerlies, respectively.
It seems difficult to relate these currents with the phenomena where the North Equatorial
Countercurrent extends to the southern hemisphere (SVERDRUP and FLEMING, 1944, ROBINSON,
1954, MAo and YOSHIDA, 1955, YOSHIDA et al., 1959 and TSUCHIYA, 1961). It is highly probable
that these currents are related with the seasonal variation of the Equatorial Westerlies as
stated by WYRTKI (1961), HISARD ez al. (1969) and RorscHI (1971). However, there remains
the problem of which effect is more likely, only the Equatorial Westerlies or both the
Equatorial Westerlies and the Equatorial Undercurrent. On that problem, further study
should be necessary.

C) The New Guinea Coastal Current

A south-easterly current appears along the north coast of New Guinea from November to
February and is thought to be the New Guinea Coastal Current. This result is in agreement
with WYRTKI (1961).

D) The South Equatorial Countercurrent

An easterly current can be seen starting from around the New Ireland and New Hanova
Islands, extends through the northern area of the Solomon Islands and continues to the
eastern area of this islands around 10°S. This current is thought to be related with the
South Equatorial Countercurrent (REID, 1951, 1961, 1965, TsucHIYA, 1968, 1970, RoTscHI, 1970,
1971). From November to January, this easterly current appears clearly at the area east of
the Solomon Islands, but needs further study to decide whether or not it develops in northern
winter.

Another easterly current can be seen in the area of 3°—7°S, east of 160°E during May to
June and September to October. These seasons correspond to the closing and beginning
season of the Equatorial Westerlies, respectively. TSUCHIYA (1970) has pointed out the
existence of the subsurface South Equatorial Countercurrent around 5°S in the depth of about
250 7. It seems to be impossible to relate this current with the surfacing of the subsurface
South Equatorial countercurrent during weakening of the Equatorial Westerlies. For that

reason, the further observation of this current is necessary.
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Fig. 1. Diagrammatic representation of the surface currents
north of New Guinea (From MORSKOI Atlas(1950)).

a . Northern summer, b : Northern winter

FEH AT BT AEREERICOWCTCUE, &, BRHNE SCHOTT (1939) OWHEN L0581 icxT
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H. O. No. 237), Great Britain, Hydrographic Department (1944, H. D. 177 %/, 1945, H. D. 709),
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Bo FIHEKFRICE T AEMmIEHR & LT, British Meteorological Office (1938, Mo 435), Royal
Dutch Meteorological Institute (Nederlands Meteorologisk Instituut, 1949, Publ. 124), U.S. Nary
Hydrographic Office (1944, H.O. NoO. 10058) D d DA %5, WYRTKI (1960, 1961) 1%, U.S. Navy
Hydrographic Office O zHIC LC, MHES L UF 2 v VIETH T % AJIOERRSHER 2,
b, =2—F=7 dLHR D2 7 AfF O EHER «fE) REER IZOWTHE LTwb, 04, REID
(1961) £ X0 BURKOV and PAVLOVA (1963) 12 &V, BIALAFERCE T A E0ARNHFEERD, 1,
S Gl CSK #fllic & & 72 »C, CSK ATLAS (1967, VoL. 1, 1968, VOL.2, 1969, VoL. 3, 1970,
VoL. 4, 1971, VOL. 5) [HFRERD, IHIT, FEAMIC L5 GEK OBAERE BREIhT\%,
L2osL7ei s, BEEOEREIE19354 LGNS b MMOEBIC X A BRI 2 Eic LCs D, FEMBELISNC
VHRFHIEY, 22T TERIMRE L Q2B &%\ Fiz, BlaiO /15 R EREIERO M WRENTIER
W2 T D, CSK BRI ITEN LR OMERS 2T T2 LK K E W ER 2 o T 58, 2
I B LRGBS EIT 2B P 70 <, KT, HIRESOITFESTION S WIRIEMER 1%, GEK OBk
MRISNEEORBER B %0

S (1934) 1%, #ifE, EEEOEBICLZER Y LITLC, BRIEOERS HICOWTRE LR
FEREZE T 5o AUSTIN (1954), SETTE (1955) 1%, FREBAFEEDIRMEIFHSRICHIT HEERET, RE R
BWTHRAEOEBOEBLHZE L, TINERITLS FREBRIE £\ ) Bkd 2R AZEOME L 78 -
720 MONTGOMERY and STROUP (1962) %, T BHDFEREBRIEL T, 5 A~ 9 ADRH, 150°W~170°W
DYFRC, FREBHOTFLEL S MFORA X DEMOEBITL VRENIL LTWD, O, EROEBIC
& &N YRGB o TR (1957) 1%, ¥ mE Y EEENE O RERY, *7c, YAMANAKA and
ANRAKU (1965) &4 ¥ FEEORMMBHIIZO\WTHRE LT\ 5o

PlERNTe X DT, < 7 vIERBOER ) b HRICREEBRERNE, WEFNMRO_LiCE B ER e Rk 5
D THD (TERAMOTO, 1972), MMHDOEBIZ L A2EROHE LKix - T, —iiE» bR~ 7 v ifls
CRITHEE, BT, GEK O T& \WIREBEICK T DB S\ E WO Ktk b o TnBe A A,
InbOERORIE, KGRZE, WEfE, ERRMEsIcE S SHE GrrE, 4, 1963, &, 4b, 1971)
BELLIDONDHDo L LAND, BRIEEH L QLR mELEET 5L, MEKOMELL, BHO
SN BAEY, TR bOTEAVEELbND. TOXDRI Enh, v/ nEBOER Y
THIMD I U CTHERE LI AR EEEOREERSMITOWT, &R e D £ DR E2 2 ISR ET 50
8, EROSMTOWUL, BT, aosiciid (1971 28k&E LT\ %o

I BEMBLUFE

BRI 1 RICRT & 510, 1949~1960 FD20FMIC, MM, 5 & OB AFM, KEFHERORRE
FBNBLEBNICLDThHbo BEOF = v 7 BXOEEOFEE, UH (1957), YAMANAKA and ANRAKU

Table 1. Number of observations, by season from 1949—’69, in the
Western Pacific Ocean

Season Number of observations at Number of observations at
20°—25°N all area
Jan. —Mar. ‘ 324 7300
Apr.—Jun. 515 3728
Jul. —Sep. 53 2856
Oct.—Dec. 327 8967
Total 1199 22851

* WGBS, 1969 DI IIERRT Y X 7 A OBEIC L 78 o C, WHERMERS B/ DIEMIC X HRE
HERER OFRAIRS ST %o
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Fig. 2. Average surface current vectors for season as seen from the

drift of tuna longline gear. a:Jan.-Mar. b:Apr.-Jun. c:
Jul.-Sep. d : Oct.-Dec.

The black arrows show the mean direction and force of surface
currents in each one-degree quadraﬂgle. The accuracy of the
resultant current in any one-degree quadrangle is indicated

by the number of observations (more or less than five).
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L, ZOESCUEFEREEROR LN\ 2 EAVER Ehbe FEER LUHA -2 7 Y 7R Cl, b
DOFRFEICHE LTRGBS A, MEREE Th bo

D EOERERET S &, KA & OAFRERITHORMIC O chH D, FEICX A%HHE, @, B
ORLEEOEANRBD BND . BEOL A L, ik X OH M & O Bildshis L LTHLATHY,
R s L R OTEEL RO bivde MMEVRHL, HHE & LTUIES TRV, ER7K
WELTREINT S, FEMA X OALFREEROBELELIIA S Th5H, RO~ v 7 B AL ClidER
SANIEMECTH Do MABEBRICY, =2 - F=7ABEBICR\T, B I2EHNBDOONDL. £, B
FREYET T, FREASE CHERA I mA%, Y v v BEE O BRI HESIER: L  HmE n b b
FITL0~12AICE LAY, ZAUTFEFRER BE Ao b0 L Bbhvd, 10°S DIFOWR T, BEREK
R LOHA = 2 b 7 U 7HEHENFEET 5, FHFE—E Tl BRSO HE R LT 5o

m & £

BTG, PEEHABIOWERR 2 b 212 LT, R MOMEICO\WCRE Licht, MinvwElz 3z T,
ERIFRICOVWT I DVEERICERT 5 LLTD L 5 Thbo

1. REBRRICDONT

ik Uic & 5 i, LRl IR T NORENT S BB b s D¢, MEHMBIOERR % $ L1 LT,
Z O¥EROBHCHESE, I b, FZEROMA, WESmEAEXA* RT LEIRD LD Thbs A
EnBLTD LD s EA35 mhibib,

D db Rk #E KR

(1) e 17

B, At & I mREE R L, ABOAANIIEEIC LT 2°~3° OIE CHRAREDEENLA BN 5o

* WYRTKI (1965) D& & FRRIC, BIBR/SERR 7 P i s, TEHER 7 P Vil L ORI EBHROER & LT
FRTHED, BROECERILSEE AN #iE (1.6 Kis Bl E) OFFEL, REMITREINA L5
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Z OB TS  DIBBEOFEEITRE I N T\ 5,

TsucHIYA (1961) (X, FFEIH B L OCEEIROERSE X S 1T LC, M, EOMEIZ W TRE L
MR, B, BORTHREFEET S L EME L Cw5be 1o, U (1971), I. YAMANAKA, H. YAMANAKA
(1972) . BT X 2EGEEBIERELD LITLC, M, LEORITL, BicrhnEy v ) v BELFE
OERTBNTE L L& B LTC\\5. MAO and YOSHIDA (1955) 3, HAtaRiEREOALEHzES: L1e
RFEETEND OfSFHOFEAES, Uk (1970 R Zh & AT, FEHED OO GEELR IR L T05. 2hbO
Zemb, JWRERFO™E, ABORITIEENRSOTHY , Bk LIciEiOFEAE L kT & ORIBIR b
AEXHIBEbND.

2 B, AtEOALE B X U OE

FIMERILLC, B RFEOASE, mig, BEOFLH/ELRTLE2ED L) Thho RARITRT X
ST, I T~9A, Egil~3AEbilt L, dtBiId4~6 8, BEEILT~9AILE b ETFLTW
bo Fic, AAFREREOEILT~9 AITRBIAL, 1~3 AR L > T\ Do

Table 2. Mean position of the northern and southern boundary, and width

of the North Equatorial Countrcurrent as infered from Fig. 3.

Season Northern boundary Southgrn boundary Width
(°N Lat.) (°N Lat.) (°N Lat.)

Jan. —Mar. 7° 337 3° 277 3° 56’

Apr.—Jun. 7° 12/ 2° 17’ 4° 55’

Jul. —Sep. 8° 18’ 9° {37 6° 05’

Oct.—Dec. 7° 527 2% 55/ 4° 57/

SCHOTT (1939), MORSKOI (1950) OEREIC L 5L, AtFREREITERICIL L, AFQIETFLTS
D, ZOWHEOEIERITR K K| L 72 o T\ bo WYRTKI (1961) &, =2 — =7 ILAIDTERICHIT
LALRE RO, 11 il 2 &% 45 LT\ 5, TsucHIYA (1961) (3, JLRERH (L FEHTH L
3°~8°N BT 5%, BEIC LT 3° LI EOIECHEALUCEBEIT S L NT\\5b, i, W, 4t (1965)
i, dtERE 6°~8°30'N, EEfEIL 2°~4°30'N O TEIL B THLHE L TWwb, Z D4,
1. YAMANAKA, H. YAMANAKA (1972) 1%, At 5°~10°N, FE#HIL 4°N~1°S fhEicAiE L, &E
12 LT 5° OIECREALICBEIT 528, 20X 5 /afsEiE CROMWELL (1954), TSUCHIYA (1961), (L, 4
(1965) ZOMHBR LR LT, MEITCPAMEL, EEEILCPREVERNTNS, XHIT, 150°~155°E
OYFEER G, 8, BRI B IFHE AN, MEECImEICAE U, BREEE A oL
DD LE/EL TN Do BlLED X5 IeBEOREERL, ARE DTN LITRT B LDz X
5o

@ wm ® F

bR TR OIEWR I Fs1 Bidpds (1.6 Kes BlE) W& RE & DITBHb 52y, 7~ 9 BIKIEPPR
RS CdBo ¥z, dLaRESRPIC I T HmmHEE, 10~12 BIiTHE BRI, 2T, 7~ 9 BiRdEbn T
WBN, FOMORHIIIR I TR,

PuLs (1895) %, ALZREAHIE 9 AICmBFEEL, 3~4 AllmdbE L5 Lih~NT\5%%, WYRTKI (1961)
12, === ¥=7AR/OERICE\ UL, 6~8 AIILFRERFEDOHE bR, 10~11 AIIIEHHEE %
BLEE LT 5. [, #F (1965) 1L, 130°~140° E OO EIL6 ~7 AICEA LD N, Fik L
72 WYRTKI (1961) OfEHFEEZZEAIFT T\ 5, ¥72, HISARD, MAGNIER and WAUTHY (1969) (¥, == —
F=7 AR R DEEBHD /L — PR IUL T FEREEFCELLTEY, 7Y, RERmIE v &
FABRB LV, =2 —F=7IAWRRITA > THEN, Vv~ TICET DEFERICE » TEEINDS 0D
2, CORRIIERMICET S, EHIT, 1 AL, EREERIAIEROMAICER L3 h1E L, b
FRERRE= 2 — ¥ =7hER & UTHEFRAOKZE:, JEFERAOKIETICE » TEEINDI®IC, =
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DRIIIBEANEINT/ D L HE LT Do 2D X5, BEOEREIRELTD L LB HOSHER 2 H
LT BDIA LT, AREDESITITBRREDOFELFICOWTRE LC\Wbe LicitioT, MEDRRIC
MWD DTINDHHEED DM, AFTATEFEOHEEN T TIE—E, LT\ 5bo WYRTKI (1961) 1,
=2 = F=7IMHOERIC BT, 4 AIIATRERR D = = - F= 7R S & SITHRKRL, 78 LAtlES A
DOWER 78 B T 5 & BARNTWB o, FEATE ICBIT 5 LRERGE O =RHEE) IO Tlid, CROMWELL
(1958), KNAUSS (1958), CROMWELL and BENNETT (1959) % X0 WYRTKI (1965) &2 LC\\5
Ny, —EOR O AHI, ZO¥ERIE zonally discontinuous 7o DT B LIRNTN 5, KMEDEE,

BENL3 7S L IRBHINTWAIDIT, ZO X5 RREHETE L\,

2) Bk EER

B OEECOWTEIE A Clik\bas, 10~12 123, = = — =7 ARESICHEREBRITED b
3, MHFFIOR R FEE U -CILRE R & XA T & 7o

WYRTKI (1961) 1%, == —¥=7dLBRICH T 2 AIIEAREERIIFEDIICE bR, 4 i@ e
AEFE I 5 RAERASERE L, 6 ~8 AR EET 528, 108 1IE N5 E Y, 11 5 ITIEFEREERIF
TR, FEICH 5 MERAET S LS L Qv be 7o, WYRTKI (1965) 1IC k% &, HEBAFHEDIRED
F AL CIIFEE R ERIL 8 ~ 9 AR T3 AILRE th5H Z &%, TsucHiva (1970) &, —ixicAbFEk
DEFE LY SEFR VG EHE LT 5o RBEOH ST, HEIREEROMITICO\WTRE T& 58I
ey, ER L7 10~12 AD= o = F=7dtEEuc A b N c L, ik Lic WYRTKI (1961) OFh%z D
Baig LT\w5bo

3) 1t 7k & 'R

HIRHOTEEL, 1~3 AOMICR LU CTH 5,

SCHOTT (1939) V&, ATEEFEH 1ICksi) 2 ALFRHEIER O R L KK E L EIN 3wz k2, WYRTKI
(1961) %, ==—F=7ARAOER CHRE R B IRITKELBIWAS WD &%, Ehic, Knauss (1962)
31 ADWEN T ADETNDH 2.5 fEIGE\Z LEAXRE LT\ 5o D5, NITANI (1972) V&, dLFRiERE
WROFAFTHE 10°N fBEIZH D, 100 cm/sec \TFET B LR NT5ho  Ziucx LIER (1970) %, HIFED
I 5 AL D D, WECHEOEIEICOWTIREE LIcAEN D5 £ H T B b i\ kT
o INHLDOZ &b, SEELNCHERY, BRUMFOFERER LN, L TS0 :Exbh5,

b zvyFrAimEn

WA DFEMCO\NUIRHECTH A0S, THRHEOFLEL 7 ~ 9 AICHRAAR CH 5,0

SCHOTT (1939) %, ZO¥RRIIEEREL(tERL, KFRBT/AHZ &%, WYRTKI (1961) %, Kp&
LC¥imiE 100 cm/sec \CEET B0, 2F (11A~1B) IQEHEKRTHD LR B R (1969) 1%,
ZOYERIY. 50m ECHEEA TH D, EEEEIIIEE 100 Km DINThDHZ &%, CANNON (1970) %, #R
WEENOBEFUE T0~80 Kin TlhbZ ExHE LT\ bHoe ZOF, HER (1969) 1%, X, BRI SR
EBERHELILEE, BrRIOLMBVAIHD LIV ERNT WS, ZDLHITI v FFATFROWE,
BEOFHE(IT OV, BEOHEBZERLEFEDTN LEIN ) B> T30, K#EDHE&THIEE
DFER LT LT\ n,

2. HEMERN, ERERAL L UREMEOEFRIZONT

Bk Lic X 5T, MBI~ 7 + VEHEOSE, ME KR & O RS AR b & LT
RENTWV e AU & I OERENE L, 1o, HED/NX\WDT (UDA and HASUNUMA,
1969, TSUCHIYA, 1970), HAtIH X OFEROZHIEA O HEEICER T 5 KO TRICEH%S (CROMWELL.
MONTGOMERY and STROUP, 1954, ROTSCHI, 1971) 7ot #Ex bhb, Lichio T, EHMODIERFIT
ik, TERIIEEGR L LCEERINCT A% eE2bhbe DX 5 elEnb, 15°~25°N, 0°~15°S D
EEICO\WTCEA X OIFREER T 2 e D bF, ACERT 5L, HARD LD ThH %o

D B&HREFRR

FAMITRT L5, 2RI HRS LEAEZORIULLERFEL QDo LLANE, HAEOERO
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Fig. 4. Easterly surface currents, by season, around the subtropical area (15°N—27°N)
and the southern area of the Equator (0°—15°S) as seen from the drift of tuna
longline gear, from 1949—’69.

a . Jan.-Mar. b : Apr.-Jun. c: Jul.-Sep. d :Oct.-Dec. Arrows are drown repre-

sentatively by each month based on the original data.
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BT, WHEITOWTUILITO X 5 @258 b b,

1AL, 20°N BELOYEESICALE T MO, 20°N BEEOEESICE R MOTER AR b b 12~2 Bicil,
20°N Bk, 140°E E RIFEOUEEUCALHE~FERA & O BRI HA BN SH23, 20°N LD 140°E LIE O
TITRABR ISR B b, IRENVEE LT 5b, FHETI2ZHIE, 0.5 Kts LITOHEN S D3, 1~2 I
TTRHEIIKR & <7D, 0.6~1.0Kzts OEENE L, BIE L.0Kes LLEOHENRDLLNDLZ L a5,
3~5 BiTil, &I CERITALR~EE LA T, ML 0.6~1.0 Kzs OBENE L, WEIITRLE T
HY, 6 AL 140°E BUEOWEICHA M T AN R NAICT ¥\ H1IRITRLICLDIT, T~98
TITERE B D T e\ Ay, 10 BOHEDS Shb ERRICERE DR, ThbD AT 20°N LAt
BUCES A eI R EN T BB E R\ BLEDZ 22035, FROEENHBE CIRANZEE LTEY, X
EVIHHEDHZLNEDIL1~2 AT, OAICHHAEDHEIUIED bNEVHRATITERETH S 2\ 2 X
50 ZDF, 1~2 AL, 18°~20°N O THHEIMORIENTND I EHVEH B,

C ORI H T HRGE, e, Uba (1955), [, 41 (1965) SFic X H @Bl E Tk h, YOSHIDA and
KipokoRrRO (1967, a, b) (%, KEEHE Y ORDISHOMEE (vorticity) O, HAXOBHETHS
& R BERAITE % LT, Subtropical Countercurrent & 544 L7co “£D%#, UDA and HASUNUMA (1969)
1%, CSK (1965~"66) DEkt% bEsBEEDKE R LC, IHEW RO EASEMEZIES T L,
UDA, HASUNUMA [T L5 &, ZOEmROFEHEIL 0.2~1.3 Kts (F¥g 0.5 Kis) C©, HifgyRey /s 8¢ 1 45
RINTED, EHRETR 100 R, EXiL 300 m CHEZERIETN LN, MEZEEDFID 10~20% T
»5Bo Fiz, UDA, HASUNUMA (¥, HAIKERERFETTOMMDERE H RO IR EIT Ui 4 R OKREE
W (1924~°34) 1T, 20°~25°N OMICEREARBE OMNDOLALN DI L ZHBMBL U5, b, W
M, oAb (1965) 1k, Z OYERIFETEES AN, UbAa (1970) 1%, LB I UEICEET 55 LW 2 L2 HEL
T bo

W, 4 (1965) 1%, 18°N 12 b AH L, CROMWELL (1951), MAO and YOSHIDA (1955) T X
AHEATEE O FREE O Fi X0 ERICE W TS B L\WWZ &%, *¥7c, CHARNELL and SECKEL
(1966) 1%, N AE OE LD 20°N OF SAtfllic, FHEORLNSZ &%, Ebi, REED (1970) 1%,
160°W @ 24~26°N ORICHEH 18 cm/sec BLEDOFFTEN b ID Z 250, Z ORI EICE HIcEH b
BH LT EERRE LT, RE, REAEEIRT 2B oW, EETHEB RS S N

MASUZAWA (1967) 1383\ 3 X LPHMA X ORNAT EICE b, FE L 22°~24°N CTRIEZB LT
%2 X%, ROBINSON (1969) I%11~5 BiZmiF T, 22°~27°N OMDEEOEESMITHREIC, K& &
DOEALT A—EOBOEELR RET S X HICBbs LN Tw5b, ¥z, NITANI (1970) (%, 16°~19°N,
20~22°N @D 2 DI DIFEET H 2 L 2R T b EHIT, YOSHIDA (1970) X, 200 m BTk 5
B kKREEYRT < v 7 Clk, 20°~30°N OEEOERIL3 ~4 DERAED)VE L, 3DOOFBHRE DN
Vb CHEBRCATEELCR Y, FOHCR b BEEMBERL, FREE O RS T, 21°~22°N Ofic
BT L BENAZ L ThB ERRNTUNSE, FDHFE, Masuzawa (1972) (%, BURKOV and PAVLOLA (1963)
IC kA IEEERICE, TRV g LciE  LCTEe <, 20°N, 135°E /5 30°N, 165°W %C
OEfE LI E O e LTURINTNS Z &0, WmBVTEI TR # — Y IERRAIR SR 257, R
LCBIZETH LYY RTF~F v 7 REAZEOERIRINT D L ik N Tbo I HIT, NITANI (1972) 1%
5°~25°N ORIDALFREETEEIL 5 2 OTER ¥ 5 X UM & OFICHBE S 523, BRI 508
O FIUT EEBE GV &, THHOEENDL, FREERILEY (1 7 XD kM (striped character)
O X HICBbNS LIENTWE, Fio, ZOSFICLAA0DbDE 1, 852 OHA & O UL LRV R
EELTRD, DFic, 553 OHEAX O 18° N fhEicFEET HAEES RE W EITWL, F4, 55
DEE X OEHEDOEER X ORAZIT O CUIRHETH 5 LG LT\ 5,

FESROER ) BE DN RERE B O, Fik Lok 5 7Zc iU P multiple ¥ (multiple character),
Tk, fEREER, BT, ZhohE, FEHATFEICEIT 2REFCO WAL, HEREEMT 5 Z 21T
diotce LnLisnih, FECbIco THROALNEZ &, T, 1~2 BICiBEANZELTED, k&
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WHREDIZ NS Z L, BEOBEMEE (L, 4+, 1965, Uba, 1970) &—K L THD, Fi, 1~2
AL 18N fhEDRFEDHFED REIN T H D EE L HBNS,

2) BHFEHAOREMEICH SN BER

FHARITRT L51IC, 9~1AOMEFREMOICEBEIEE RINTWieve LasLiehib, ZhbBsD
FREHAIZIL, 130°E~180°, 0°~2°S D¥EHEHICH M & OIFROFLEN RO bALA, HERA LR O HEOEMEIC
DNWTLDHE, 3~6 O ITIL 0.6~1.0 Kzs OFFEA 160°E LIEOUFERICT, 12~ 4 BORICIL, 0.6~
1.0 Kts Fialdx bl EOWmE AR T /G —FIC12~ 1 AT Chb—»3, 160°E LIFEOEEICE bh <
Who fok, 7T~8 BILHHMDEEIIRIN TS0, HRAIESZTO LD e BEDZ &b, 7T~
11 A ORICIIFRE I I EEIIE & A KRB RIS, 12~ 6 B ORICIIER b, 12~ 2 AORIcIL
160°E LIFEOEHRIT, 5~6 ADOMITIE 160°E LIEOHERIT, 3~4 A CIILli I B AL b &
HEMENMEREC& b,

AERER A, FREZ B THEFRA £ TE2 S HEITOW T, SVERDRUP and FLEMING (1944),
ROBINSON (1954), MaO and YOSHIDA (1955), #HHMH, 7+ (1959) T X - THE I TH Y, TSUCHIYA
(1961) & FEOHEAERLT5, EB I UFEMHIC L BBESITOWTIRELENS . L L
b, SEOHERNLRD &, FEMEICED bR AREO MBIL, FHNLEE S50 LicdisoT, 20
IO IefER L BEOTFEER L 2KV DTTELD LI, DL 25, Rk 5 1ITBbLb,

WYRTKI (1961), HISARD ez al. (1969) (%, = 2 — ¥ =7 OJLHMFER ClIAEEROAFTIT, JLiERAOEE X
CHEE L CEREBREIBE D EELD LHBE L% —7F, PULs (1895) %, 115°W mmb # A /T ABEED
MIDFRBITH T HREEFIL3 ~4 BICEICAIE 225 Z L 2BALTRY, CORBIIENASDOEGEN
5 ¥ AR, FREERARBICENA DL LCGHIAZN T\ % (CROMWELL. MONTGOMERY and STROUP,
1954), PEEATLET IS T AIREEDE OHfub L 200 BT B L p3, TsucHivA (1961, 1968, 1970),
MONTGOMERY and STROUP (1962) 5T X » CHE ThT\%%%, ROTSCHI (1971) %, 170°E ## LD
BT, EEICIFERAEERICE T 2B, TRICRE & OFREBRVBELEL TR D, BHEI% D
&, EER (hiE 100m #E) X TEE (FFiE 200m B8) D221 4 1T bbb & s LT\wb, XBHIT,
RoTscHI (1971) ¥, dBEBEROAZE, FREfhE CHEAN SR\ HATIY, REOEREERIEARIC, F5oi
IR E LA Z L E2FEML T 5.

BLEDZ &nb, FEMECALND ML, FERER &L O BE AR EELLND, FERTE
(Intertropical Convergence, #iA<, 7, 1959) AUALEERENC S HAEBRBE=IL, B XD HAULT A
EROLNI\NZ &R, FHERESFHEERACH2LFTUL, HRAZOHENADRLNDLZ L2, XIbIT, HFiE
IRPEEDFEE L2021 TlE, 160°E DIFEIC, BFEHNTAS &8 hc » T, mEHIIL 160° ELL
HOERIETITCOZAEFRDOALNS Z 245, TOHG LIREREROETIEE L OIIC, BEWBEE R X
NT B LnLiehih, ZORBIFERERICITOBECLDED0, boH WL, bk LIciREEgsy b
EOICHEBCL S SDONISEOMEL LTEIN TV 5,

3) Za—F=ThER

FaNa, bITRTLIIC, U~2 ARNTT, =2 —-F=7IBRB LX< V7 ITIY, B~FEHEA
X OEROFETHL N THA M, hOENTIE Z OEHiITE LRI T\,

MORSKOI ATLAS (1950) 1TiE, ALk OAZE, = —F=7 IR ITF o I M X0 # AUz, New
Guinea Coastal Current OEWHTIT HIL T %, iz, WYRTKI (1961), HISARD ez al. (1969) |,
11 A AR E REER A MK 2R, COKITBDEEIC L 2T, =2—-¥=70OJtRITHR > Tt HESH
MO EG:E (New Guinea Coastal Current) #JER T 575, 4 B, P L OHLTE S FOW LR A3 28k
F BT, ARERGE SRR S & HITEET 5 @G L%, MAasuzawa (1967) &, ZOysdt
AFRORIFEIC, = =—F=7 OREITEE LICEVCIEA & OFEAT, hOBIICIIEREEROTE R & Ol
CEEXMHZBNS L E ST\ 5 (WYRTKI, 1961, BURKOV and OVCHINIKOV, 1960) & i&~T\»
%o



~ 7w R DL 5 5 B I K PR O R iR A 39

BlLEDOZ &b, 4K a, bITRT X HIC, 11~2 BT CALNAREE G MOMEHRIL, New Guinea
Coastal Current &%z Hiv, HIEEEHA L WYRTKI (1961) DD E—H LTS X D Thbo

) BmRERIR

FAKNTRT IO, 5, 9, 0AZBRZIZLALAEThIc-T, Yz ryBEIARAOEBRICE~FERS
PR SNDAY, FHZ 8 BITIIFEFICH b T 50 & BILEIT 5 Z DRSO ARIC O\ THRETT
e, Za=TANT Y FRBIVP= 2=/ == BOIHREBICHA B NAFE RS FOWER & EHigi L5 X
SIBbD, Tio, BIRROERICER L T\W5 2L bNLHHFAY, 11~1 AhTTY vy HELERD
10°S OEEIC, FBEICEbLI TV 5, 8, INHLOFR & I3BENT, 5 Aiik 3°~4°S, 160°~170°E
T, 6 BITiE3°~7°S, 17T0°E~180° IT, X hiT, 9~10A1Tit4°~7°S, 160°~175°E ICHHEDHLE
FTHIENER IS,

Bk KWL REID (1959) I X » CHA &, D #%, REID (1961, 1965), WOOSTER (1961),
TSUCHIYA (1961, 1968, 1970), KOSHLJAKOV, NEIMAN (1965), ROTSCHI, LEMASON (1968), # XU
RoTscHI (1970, 1971) ZIT X » THE I THE D, BURKOV and OVCHINNIKOV (1960), KOSHLJAKOV
and NEIMAN (1965) EDHEHKEE S b SHo ¥72, YOSHIDA (1961) (% Hipaka (1958) I X » THEE X h
T RDIEHIST D, JIFT Z OEROHERIATRE/R & & 218/ L T\ %,

TsUCHIYA (1968, 1970) ¥, FEFREMMRE L RETILY v v BEEMTICFE L, 120°W % CHiid 10°S
fHECH D0y, TR O R CIEE I EB T 5 L) IBbis &k XCnb, o, #HEsKE®EL 10
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