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Oceanographic Conditions and Distribution of Pelagic Nekton
in the Northwestern North Pacific Ocean
during the Summer and Fall in 1995 and 1996

Shogo Takace1?, Yasunori SAkurA1?, Yoshihiko KamEr®,
Takako Mivor®, Keiichiro Sakaoka® and Naonobu SH1GA®

Abstract

Oceanographic conditions and distribution of pelagic nekton during the summer and fall
in 1995 and 1996 in the northwestern North Pacific Ocean were examined. The gillnet
survey and hydrographic observations were conducted along 155°E longitude from 32°to 44°
N latitude. The Kuroshio Front located at the northern boundary of the Kuroshio Exten-
sion current was found near 38°N in the summer and fall. In the summer, warm water from
the Kuroshio was found in the Subarctic Domain. The warm water was associated with an
increase in chlorophyll-a and zooplankton. In the fall, Intermediate Cold Water occurred in
the Subarctic Domain, and concentrations of nutrients and chlorophyll-a were high in fine
structure. The distribution of pelagic nekton differed in the summer and fall. In the
summer, the dominant species north side of the front were pink salmon Oncorhynchus
gorbuscha and chum salmon O. keta. The dominant species around the front was flying squid
Ommastrephes bartramii. 1In the fall, the dominant species in subtropical water were flying
squid and dolphin Coryphaena hippurus. The distribution of flying squid was controlled by
the Kuroshio Front. In the summer, the front corresponded to the boundary between
Ll-size group (north side) and the small-size group (south side). In the fall, the front
corresponded to the boundary between immature (north side) and mature (south side) squid.

Key Words: North Pacific, Kuroshio Front, Distribution, Chlorophyll-a, Zooplankton,
Pelagic nekton, Oncorhynchus gorbuscha, Ommastrephes bartramdt
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i B

JEATFEEEER L, HRAOBEOP THEREEMEENOF WERE L TAShTW 3,
HE, ZOBBOEESRNERERIND L b, SEECHES BEEEROREEHOER
PEEFREL 2o T3 (24, 1992), ILEEKZKEEFCBWTH, HEHBL x A0 Edk
B, JbATREmESE T 1970 SRR L BBl e ) VS RESRAE THEL TW
%, ZhoDREFRE, BEFERERRERL L CEFETTES N, BRAOFHRSE L F
Hahtwd (FlziZ, Ignell et al, 1995; Pearcy et al., 1996 ; Yatsu and Watanabe, 1996), L
HLEMNS, IR FEEEHRICBI NI TCOBEREFCETLCITbATE D,
FZOREBUHABEOEEZNFRIIBD T (HIZE, =8, 1981),1990 £ TIHIF L A LT
bhvTwizn,

T, ABETRERIBERICET3 195 F 1L AL x aick 2 FEER:, Rl
BCILBAAT 1995 EB LU 1996 FE 6 HICEEL e BEDOFEREAVT, ILAFREILER B
ZEERIKEOHERBER L URBEAE « 1 VRO D THEBRE L /2,

WHE S UEE

T, 1995 11 H1 HH 5 20 HE TOHM, bHEERFREZIHBHEEHBBL L 2
A (1383ton) BIT-AEBEME» B oNER L, 195 FL 196 FED6H LA G H»S
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Fig. 1. Stations map of the oceanographic observations, drift gillnets and squid hand-jigging.
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12H) 8LUTH (23325 30 H) FAKNBHEEMILEN (893 ton) BEMRL 1-HIHEL 5
BonrzgeERw,

A, ISERICHB->T 32N 25 4N OHET, BEEA, Z7oo7 5 baB L UREE
DOBERE, BW770 7 b UoBE, B, T4 OFHD 2iTo7% (Fig 1),

BESR, FAlE U CHABRERRE 46 SEICER L 2, kil &85, CTD (Neil Brown
#HE) FHOTERE»S5KEL000m £ TEHALK, 35, CTDo¥y b H > 75—t ff
Ui=2F RV (BELTL) ok, 10,20, 30, 50, 75, 100, 125, 150, 200 m & & BIEA 21T
v, REWEKIZASATZ7 VL OBREIDSEKL, 7007 40 a ERBEOBERAERAOHAA LS
Teo 7007 40 a PIEARAK 200-250 ml 1k, E® A ET Whatman GF/F 7 4 vy —%Fw
THO2KRETHKIIRBL 72, W, 7 4 V7 —% DMF (N, N-Dimethylformamide) 10 ml
CHHEEEL THRBCE LR, BEMNICTEREEESED (Terner Designs #H8!) 2HwT, %
Y (Persons et al, 1984) ik D 7o 74 VaBERHE L. BAXKETFOF+ VY T —
Yarvid, i (BfE) OY—IMV—RF—IR—ZABEOL DD 7 an 7 4 VEIEEOEHL

ol k7o, REBRBEMAAIOm i, B LETESLK-20C THEEEL THLRD,

Table 1. Arrangement of drift gillnet mesh sizes and the number of tans
of each mesh size.

1995 1996
Mesh size June June
(mm) Nov.
Early Late Early Late
19 1 1 1 1 1
22 1 1 1 1 1
25 1 1 1 1 1
29 1 1 1 1 1
33 1 1 1 1 1
37 1 1 1 1 1
42 1 1 1 1 1
48 3 3 3 3 3
55 3 3 3 3 3
63 3 3 3 3 3
72 3 3 3 3 3
82 3 3 3 3 3
93 3 3 3 3 3
106 3 3 3 3 3
121 3 3 3 3 3
138 3 3 3 3 3
157 3 3 3 3 3
112 6 6 0 6 6
115 0 0 6 0 0
118 6 6 0 6 6
121 0 0 6 0 0
Total 49 49 49 49 49
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A= NTFFIAF— (F 7= B TH, TELL.

mEREAZ, BHE 19-157 mm OIEEIRM 2 FAERE (Takagi, 1975; B>, 1984) S &Et
49 ROFIHE% AV TiTFo 7> (Tablel), Ffik ISBS°EH FOBRE 1 ENSBCHESSREL,
FRIE UCHERCERMAL, BHRCEALL, 195 E11 a7 74 7 FPHV AT LER
Tolz, WMABLIUT A AFHOFECHRELLEXREZ, BETHESCESRNICE & @K
EEERL, R (1 2ETRAELER), &, tit, WAE, EREBEROHERT .

g o 7 b, BE 033 mm, 7% 45 cm, | 180 cm @ Norpac * v b (FTH, 1957)
ERHVT, AEBOL»5BHE CORBERE B2 LUEFIns) KI->THEEL, 85
NTAERIZ 10% PRV~ U Y EBARTEEL . 2y PO ITRAS @E&HR) £]Y
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Fig. 2. Vertical profiles of temperature (*C) along 155°E longitude from 32°N to 44°N latitude
from each survey.
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0, ZOMEEERL DEEAKREERD 2, FRETE, ERESCBIL28W77 7 b UHER
PHER (gem™) TRLT, :

#* R
BFEE
EFZOUEBHOKBSEIL, 199546 513 38N 25 39N 217 ¢, EBDd S KEE 400 m ff
Tz Kuroshio Extension @1t IZ4IiE 3 %2 Kuroshio Front (Kawai, 1972 ; Roden et al., 1982) #3
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Fig. 3. Vertical profiles of salinity (psu) along the 155°E longitude from 32°N to 44°N latitude
from each survey.
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FERaEnTwiz (Fig 2-A,B), $7, 6 B TAIO 4N {5812 iE 13°C A L OB R NEEL 2
(Fig. 2-B), 1996 4£ 6 H ¢ Kuroshio Front i, T4Jiz 39N 13T DKEE 300 m v & /B iz b 1) THE
Fahi: (Fig. 2-E), 1995 & L FlkE, 6 B TAID 40N (13712 13°C U L O BEE 1D s h iz,
1995 £ 11 BOFE» S, 3TN 55 38N D7k 80-400 m i Kuroshio Front R & 1viz (Fig
2-C), Kuroshio Front OFHITIE, 7KE 80 m DIE THEBB/BSIZIZAFIZEE I Tz, F0O
LBITIE, 40°20N DK 300m 12 6 B2 iZFFEE L 2o 1z 3°C Dk (Kitani, 1973) »3EH
A, FHARO_EENCAKRSER R D HilEE (Nagata, 1970) 234 5hiz,
EADHICDONTHB L, 1995 F8 L 101996 46 A FAIO 40N 2 5 41°N i 34.10 psu D

Latitude (N} Latitude (N}
38 38

40 32

200

(D)Early June

Lepth (m)

1000

1995

Fig. 4. Vertical profiles of sigma-T along 155°E longitude from 32°N to 44°N latitude from each
survey.
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BHoEBIAS 5 i (Fig 3-B,E), 11 B ® Kuroshio Front Stz 81 % 80 m IR D ERE 3,
33.00 psu DEHEDKICEHL N Tz, £z, 40N OB 250-300 m iZ 13 33.50 psu DKHSTFELE
L, KBS & ki 2 OfbE s sl s iz,

xiz, BF L HEOD Sigma-T OHEKER 272 (Fig. 4), FEERIZ 6 H1kEE 30-50m
AL Toizss, 11 AicidkESOm Fich S, 6 QIZHRTESL> T,

20074 aiRESSUSMTS 0 b

1996 E£E6 BN IFEBR ED 7 uu 7 VvalBELBW TSV 2 v (WA 7 VENEMERT
Hot:) OBRERERL (Figh) 6 AELATRE, 70074 MaDFEEESITNLIEL
UNFRcED oh (Fig. 5-A), 4N TCREWM 7727 b5 600gm B U EOBHERETRL
72 (Fig.5-B), L2 L, 3630N BT3B 75 > 7 + Y ORBERBIVEL, FEICEL 258
FERL)Z, 6 HFTAKIZ IFCULOBBBOEET 2 AI'N{PHEOKE20m I/ o0 7 4 v a
BEOBAEUERI LY, LAREBBERTH> L UNLITNLEO7ooT7 4 vail
EIETFTLTW (Fig60), —F4, W r5v 27 vid, LAz 7 4 vaBELE»-
72 36°30N TOHEENSHIHEML, 4N fhHI T3P Lz (Fig 5-D),

11 AORMESORBETIE, KEE (NO,) BERHELTEY, Zheruu74VaBES
UM N UERERREE L (Fig 6), /KB 76 m Lk d NO, %13, Kuroshio Front

Early June, 1996 Late June, 1996
Latitude (N) Latitude (N)
38 36 34 32 42 40 38 32

44 42 40

150 | 9 1%0r b

(A) Chl.a(mg-m®) (C) Chl.a(mg.m")
1 L 2w L 1 1 1 1

" (B) Zoopianiion " (D) Zooplankion ]

800
700
600
4 s00 4
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300
200

Wet Weight (g-m>)
8 8 & 8 8

44 42

36 4 32 a4 42 40 * A4 »

3

Latitude (N)

Fig. 5. Vertical profiles of chlorophyll a concentrations (mg+m=*)-and wet weight of zooplan-
kton (gem~?) in early (A, B) and late June (C, D), 1996.

38
Latitude (N)
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November, 1995
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Fig. 6. Vertical profiles of NO, (mg-m~*) (A), chlorophyll a concentration (mg+m~%) (B) and
wet weight of zooplankton (gem~2) (C) along 155°E in November, 1995.
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Table 2. The number of species caught by drift gillnets in each research period.

1995 1996
Common name Scientific name June June
Nov.
Early  Late Early  Late
Salmonid fishes
Sockeye salmon Oncorhynchus nerka 0 0 0 1 0
Chum salmon O. keta 117 141 0 201 70
Pink salmon O. gorbuscha 1,009 1,242 0 679 688
Coho salmon O. kisutch 1 2 0 1 36
Chinook salmon O. tshawytscha 0 1 0 1 0
Nonsalmonid fishes
Blue shark Prionace glauca 12 18 0 6 10
Salmon shark Lamna ditropis 0 1 0 1 0
Blue pointer Tsurus oxyrinchus 3 1 0 0 0
Spiny dogfish Squalus acanthias 0 3 0 1 3
Cigar shark Isistius brasiliensis 0 3 0 0 0
Japanese anchovy Engraulis japonicus 1,574 0 0 1 0
Paperbone fishes Notosudidae 8 0 0 3 1
Lantern fishes Myctophidae 18 94 1 98 13
Longnose lancetfish Alepisaurus ferox 0 1 0 0 1
Daggertooth Anotopterus pharao 0. 1 0 0 0
Pacific saury Cololabis saira 276 19 0 0 9
Flying fishes Exocoetidae 17 20 22 0 0
Pilotfish Naucrates ductor 5 5 7 0 2
Yellowtail Seriola lalande 3 0 0 1 0
Allied Kingfish Seriola dumerili 0 0 4 0 0
White-tongued crevalle . Uraspis helvola 0 0 4 0 0
Dolphin ‘ Coryphaena hippurus 4 11 103 0 0
Pacific pomfret Brama japonica 26 51 3 3 19
Black grunt Lobotes surinamensis 0 0 1 0 0
Ashen drummer Kyphosus cinerascens 0 0 8 0 0
Japanese mackerel Scomber japonicus 0 1 0 0 0
Wahoo Acanthocybium salandre 0 0 1 0 0
Skipjack tuna Katuwonus pelamis 124 34 1 0 0
Albacore Thunnus alalunga 0 4 0 0 0
Snake mackerels Gemphylidae 1 0 6 0 0
Smalleye squaretail Tetragonurus cuviert 1 20 0 1 19
Medusafishes Centrolophidae 0 0 0 0 0
Japanese butterfish Hyperoglyphe japonica 0 1 0 0 15
Blackrag Psenes pellucidus 1 0 0 0 1
Unicorn filefish Aluterus monoceros 0 0 15 0 0
Cephalopods
Boreal clubhook squid Onychoteuthis 57 95 2 18 48
borealijaponica
Robust clubhook squid Moroteuthis robustus 0 0 0 1 0
Eight-armed squid Gonatopasis borealis 1 14 0 23 42
Japanese common squid  Tadarodes pacificus 1 4 0 5 106
Flying squid Ommastrephes bertamzi 378 816 19 1 798
Purpleback squid Sthenoteuthis oualaniensis 0 0 4 0 0
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BEETZBNMEEBCAEELD, LTI 0mgm LI FOFBER D Sl
55, MAITIE lmgn? YT EFEFEBEBZ LREh (Fig6-A), 7ou7 40 a3,
MHEEDFET 5 330N LU O FRE » SKE60m (Fif 2 TH < (Fig. 6-B), MiBEIHIZ 6
RECHERTEEET» D8y 57 (Fig 5-A), 877027 P OBRFRI6A LD 4724,
Kuroshio Front (38°N) IBOFHESTIZ LA 100g-m2 LT TH -7 (Fig 6-C), L» L, Front
6Bl 42°15°N Tid b A SRS S HBE L, 1,300g-m? L FOREE LR LI,

1995
46° : . T
June June November
| Early Late 11 i
44°F ]t ]
42°t 1t -
40°r 1t -

Latitude( N )
w
e}

36°

34°-r 2 17T
CPUE (No./Tan)

32°F @

I <:3 : 1 [ | Clubhook Eight-armed Flying

<1 <0.5 J squid squid squid
3 00 L . 1 1 1

Fig. 7. Temporal and latitudinal variability of CPUE and species composition caught with
non-selective drift gillnets in 1995 and 1996.
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RWERS - 1 D8

BRIUEORPABCL > THESN L RBUABEBLUA A HIZ 41 ETH-7: (Table
Db, REBBROS L IMIIBEIOWT, BEMLKYY OFEES (CPUE) « Ak
DEGRE LT (Fig. 7). iR B 2EFOE5EIE, Kuroshio Front ffif & 2 DB F#E
BT 7 44 4 Ommastrephes bartramic T3 Y, Kuroshio Front DIt ABETIIH T 7 b= R
Oncorhynchus gorbuscha & > 0¥ 7 O. keta TH-7:, 1995 5 6 A D LA IF, REAR 11.3°C
BUTOAONLUILTH S 7 F~ ABFEI N, TAKIZAUN fHE 13°C U L0 FRE & &
D, 57 P RAOEBEBIIEEARILIC UUTO42°N LU -> Twiz, 1996 £ 1 1995
FR, 6 ATHCY I 7 ' AOBEESSIUREL T, 744 4131995 46 A LA
Kuroshio Front {30 38N TOAFHEI Iz, THOBETRERBMIFCULOFERE &

Dolphin
15} .
: 36°-30N
104 : N=46
5..
o T . oll
154 5
z  ["00N
of L New
a . . .
0
[=SCh : . :
3 . . .
4 : : :
g 0 f|_| 0 fnmnmﬂ‘m
1514 K N .
2 : 33°-30N
€ . . N=16
o
Lo
1By E e
: : 1 32°-00'N
o N
51 : : :
Jhdo andlNfon 0m
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Fig.8. Size frequencies (%) of dolphin caught with drift gillnets in each latitude along 155°
E longitude in November, 1995.
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ol AN TLHEI L,

1995 £ 11 A OHMM@FAE S ix, £:52% Kuroshio Front (38°N) OFEIAIE L, FHEAEH
ACUEOHEBHRTH oIz, ZOWHROESEILS 1 5 Coryphaena  hippurus T & - 7z 5,
CPUE 3£ ST 3 @k tan' AT & 6 BICHARTER oz, T2, ¥4 7 DEEMHERIIT Fig. 812
AT & Dz, 32°00N Tt 400 mm LA T O/NE{EE S & 54, 360-650 mm & §8[A W IERE S AL
RENTz, 3330N Tl 450 mm T2 E— F A S-S, 36°30N Tk 650 mm 12 € — F I3l

Early June,1995 Late June,1995 Late June,1996
40 : : 40, i 429
9 N=158 9 N=21
§~30 : : §30 :
41°.00'N @ ) ~
320 320
g e
10 * 19
0 0
40 40 o
? O\o =
2\>130 : : : : 330 :N 64:
U - ONLY ONE ML=412mm & |
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g : : . .
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0 (4] ful
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3 £ A
330 330 : :
g g N=175
38°-00°N 30 290 : : -
g g
*10 *10
0100 200 300 400 500
: . Mantle Length (mm)
% N=84 g
%30 : g
o an-p L © &
36°-30°N —%zo :.’_ -1
10 .
0 400 500
Mantle Length (mm) 9 EB : immature Male & Female
& Male Female
L § “Immature [] : Immature
35°-00°N |- = :Maturing [ : Maturing | 7
I W :mature [l Mature
0100 200 300 400 500
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Fig.9. Latitudinal changes of mantle length frequency, sex and maturity of flying squid
caught with each drift gillnet along 155°E longitude in early and late June, 1995 and 1996.
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1995 EB L U199 FE 6 BB L UFHVHETHEIN LT A4 1L, Figdwrmsh
% X 5z, W4 & b Kuroshio Front (38°N) jkfliT, AEFRE—F O0cmFiETRENS LL
B (NHES, 1985) OMEDORBRAEEKSERL Ttz Le L, Front ORHEE TRAEEE
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Fig. 10. Latitudinal changes of mantle length frequency, sex and maturity of flying squid
caught by drift gillnet or hand-jigging along 155°E longitude in November, 1995.
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E—F 16-22cm T/R3I N 5/ BUEE (Murata and Hayase, 1993) OKREPMEEISEBEL Tz, &
OB, EHIEEAEBERS KRBT 2ERANSTREAN, iz, PETRH 28, BEHOR
FufEE28 36°30'N BARF OB B L Tz (B2, 19954 6 A TARID 35°N), 1995 £ 11 HiZ
i, 230N TH7 A4 2 RESNTBY, BRL IR VEEF KR E{HML T
(Fig. 10), Kuroshio Front QALANC 13, SEEER 20-54 cm OSSR L - EGBELKEL TB
D, HEO—ECHMEGEDA ST, % IKRRBEERTH o, iz, Front XY bEAHT
BEINLTHA AL, 2TERD L RBRBELO#TH - 12,

% o

KBEER»S, FE 155 ERICIIESR, $hF L bz 38N 111583 % Kuroshio Front 437
HEaND ZEBRENT, Ziz, XEHLOSEZWIHITTH 38N 712 Front OFEENRE S 1
T3 Z &L s (Nakamura, 1996), Kuroshio Front D EOEHMEB P2 Wb D EHEX N
%, 1995 £ 6 A TAI® 4I'N {13, 1996 ££ 6 B TH O 40°30'N B FEE L iR BiEA K,
EEEFROAREL LS RFREBALLZZIECE>TEREAEBARTH L LHEESLS,
EEOWRICL D, BEEFROBKETOEMERRIZZOEFEKCHETHE I L3 EHsN
Tw3 (Flz1F, Evansetal., 1985; Wiebe et al., 1985), 1996 £ 6 BB B W T H, FAK
7007 4V atSRLREETH- 1 AN 8D, THCRESEERER-TEY, Zhiido
30N A ~BABTHALIERICLZbDLEZOSNG,

1996 £ 6 H LHID 4N Tit, 75> 7 L OBRERXEYW 77 > 7 s Y36 H A
L, TAHCRIOBEM S 77V OBEERE S b 74— —TH2hF7 <R E
v a¥r (Tadokoroetal., 1996) 3, fFREHGLE LCHALI- b D ELEI NS, —F, 3TN
ETR, B SS2 bonNAARRAOOBRWeA LG ZIvu T 4 a S BEECEELT:
M, TAZREMTS 7 P VHRERMEML, 700740 a BERESBWCET LR, 207
v 74 la BOETIR, SHEMEEM TS 2 U BRERCENLTRELEZ Ltk 288
EEIORRLVEZONS, F—HAKCEEM 1 7A/l) K ZBORE2FEMLLI L&
DRERECERBE L, ZOBRRERT 2 REAMST+oTH L, S%BZ, BYTS
> 7 b OBEER ORI E AEOBNSWRAE 21TV, HEROARYESEBE LS I T 2.0
[: 308 ;%

MEO7aTT7 4V a BEOSM» S, TWEVEER L H# L T Kuroshio Front Pt o) &4
WEOWEREENOBBEET L I EXHES LR T, BIZ, 42N I TREREDH S KE 60
mET700T7 4V aEBREREELTEY, ThdRBEEOSEBER:—HT 5, ZOBESK
i, AR - B (1995) IEML T3 L3512, KB B CIhAFEFEESEE C/NEEL T
NW—LABEBETVWBILERLTWS, 11 BO UN TEREXNLEYW ST 7 b vid, BEED
A4 T Vb o CTHEE L 5BBEHETH L5 3F (Alldredge and Madin, 1982) 23E4k
Tholl s, YAERINLOEN T2 b Y OBEERLESHCHALTVLE LD
tEZONS,

HEZ0D Z O OE 51812, Kuroshio Front (138 L U2 OEADEAFR TR 7H A 4, It
HOBBEFR TR TSV 7 P RBOYYBTHo & H 10, RBUHAEB I A Y EOSHIR
Kuroshio Front 21z 8% > Tz, EEOWBERFHMEEIO Y 7B, FEAKBOLRIHES
TAET 2RI THS (BI2E, AR K, 1997), 1995 F6 BOBFETIX, #7577
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