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Aircraft surveys of warm streamer as a fish way of Japanese
sardine (Sardinops melanosticta) in northward
migration and coastal approach

Hideo TameisuI* and Takasige SUGIMOTO**

Abstract

To clarify northward migration route of sardine schools off Sanriku, aircraft surveys were
performed during May-June in 1982-91. Most of the sardine schools were found in the warm
streamers inflowing into and outflowing from warm-core rings (WCRs) and the northwestern part
of the WCR and the coastal warm water area.

We also found that the warm streamer had the much water of more than Forel color number
“5”, which had chlorophyll-a of phytoplankton and the number of ratio was 26% in all water mass.

On the other hand, we found that the sardine schools of the number of 421 distributed in the
edge of WCR eddy and that the highest ratio 45% of sardine shools distributed at the northwest
area of WCRs. We discovered sardine shools, which were moving from WCRs to the nearshore
warm area of Sanriku along the warm streamers.

These results suggest that the warm streamer with 10~13°C temperature might be the way of

migration (fishway) with abundant pray for sardine.
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Fig.1. Schematic figures showing warm streamers inflowing into a warm-core ring (I type) and
outflowing from the front of the warm-core ring (O type).
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Fig. 2. Track lines of aircraft research and the positions where sardine schools (®) were discover-
ed by aircraft research in May and June during 1982-1991.
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Fig. 3. SST and sardine schools (®) in‘and arotund a warm-core ring.
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Fig.4. Locations of sardine schools (solid squares) and fur seals (crosses) in the warm streamer
observed by aircraft and sardine fishing ground (solid circles) off Sanriku on 28 May, 1991.
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Fig. 5. Distribution of SST observed by satellite AVHRR (thin line), sardine schools observed by
air craft (W) and sardine fising grounds (®) on 28 May, 1991. The warm streamer area was
shown by halftone.

W and C indicate warm and cold water, respectively, thick dottel lines indicate oceanic
fronts and open and closed arrows indicate cold and warm currents, respectively.

Table 1. Detection rates of sardine schools by aircraft observation in each five nautical miles in the
different water mass types.

type of number of segment total number ra(t)tio
with sardine schools. of segments. %)
Oyashio ?66{;1) 25 385 6
Nearsh(zlr\? V;vvz:[r)m 16 146 11
Warm stgggrsr;er 101 384 26
warm—c?‘g; Crﬁr;g 39 687 6
Kuroshio(}vgl%er 3 259 1
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Fig.6. Distribution of SST; WCR: warm-core ing ; WS: Warm streamer, KR ; Kuroshio;

The line shows the course of aircraft

survey. The dots show the observed sardine schools.
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Fig.7. Relative frequency of sardine schools in and around a warm-core rings.
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Fig. 8. Relative density of sardine schools in and around a warm-core ring (April-June, 1982-1991).
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Fig.9. Ratio of outflowing directions of warm streamer from warm-core ring off Sanriku during

1985-1990.
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Fig.10. Ratio of the number of sardine schools observed by aircraft surveys in three parts of
warm streamer during May-July, 1982-1991.
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Number of sardine schools in and around the Sanriku WCRs during 1982-1991.

Inflowing warm streamer (IWS, O) : 247
Warm-core ring excepting IWS (@) : 421
Outflowing warm streamer (OWS, ACE) : 566

Nearshore warm water (%) : 240
Others : 64
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Table 2. Apprearance ratio of each watermass in different Forel number observed by aircraft.

Forel number

total
water mass 2 3 ¢ > 6 7 8 number
4 39 22 21 2 88
warm streamer ) (44) (25) @b @ (100)%
. 73 120 65 17 3 278
warm core ring 26) ) (23) 6) @ (100)
nearshore 8 18 17 5 48
warm water an 38 (35 10) (100)
: 7 14 35 9 5 1 1 73
Ovashio area an  a» oWy ad m @ @ (100)
: 15 26 1 1 43
Kuroshio 35 (61) @ @ (100)
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Fig.12. A north-south section of water temperature (left) and the distribution of chlorophyll-a
density off Sanriku and Joban coast on 26 May, 1991 (right, obtained by Tohoku National
Fisheries Research Institute).

The warm streamer (shown with shade) was observed by satellite NOAA 21-28 May,

1991.

87 —




BHEBHE - X BR

EEERBEORMEXR E—RLTB (EH, 1987), < LOBIRTHREATHR Y, T OMEBIMREIE 0.8 Ll
3-4. TATLREBEOLEERICHTIEKI b ks BRED, 1994), Fig. 13, =BEERT
1) — < O EERREE 1987 4F, 1988 4E, 1989 4F, 1990 £ 5~6 A OEHEH

b EHI5~6 BO=EE~ A 7 BT, BAKA LY — & s BB L 7o ZEEIREE KR 2 B IR AE LK

5 warm streamer
t no app-

N \
g s 2s ﬁs\fé_& 55 | 187
a2 ,
2 7
8, |
; s i

A B 4
TVYTY llllllf' 1 IRARARANREEAS 1T ['l IRRASRARRARRARARAARRRARES
o) 30

May 19 o 2 Jun,

10t | app- . no app.
« -— o ¢ A

VA '}
34ls 2s . . GisTsf 1988
s ]
2 - v '
m ﬁ,ﬁ ml
0 ITIIIIIIIEI%II" T llrE'IElll]llflIITTTITllllllIIIII II‘II
o0 39 JuUn..
no app. app.
B B
1989
8.2 “;;I
B—~\'||- R 3~l|l|T|||v"‘-|lrvlllujllléuuuni-
May! 18 - Jun,
10"t app- no app.
8.8 - i ' 2 B3 :
o TET T T 9w
8.2 E% E% E
ﬁ n—l‘lvl@%;uv-?nlulv”guln-gl'tultv:-uu”nm'rﬁ'
=]

Mayi 9 - 3tjun, 19 58

Fig.13. Presence of outflowing warm streamer and daily sardine catch appeared during May-
June, 1987-1990 in the area 38-42°N off Sanriku coast.

— 88 —



<A 7 DI EE & R BT EANE LA A b Y — < ORE

A MY —=DRERKEH 42 OBEEDOTLYTT,

1987 T, BAKA MYV —=3, O586H~9
H, @5H8208~21H, ®5A23H~6HF18H,
@616 H~24 Bo4ERERRIhTW5, REFIT
DO EIESBIIE~14R, @ £285H18H
~22H, @ $E3F5A26H~308, @ £4%6 A
1B~6H, ® #£5H6H23 H~25 B0 5@ he
DBLFELTWDEELZLRS, D5 b 5HEHLTH
BAKAPY —~OHBELFHHBELTEY, %K%%U—
< LRFEOBRITRB IR T\ 5,

1988 FETIX, BEAKA Y —<=DREEX, © 4828
B~5H9E, ®@5H318, 68780, @ 6A
2B 4ETH B, KR, O HL1FHESA2H~3
H, @ #B2®5A6H~12H, @ #£3®5A8150
~28H, @ $£4B58308~6A2H, ® #5#%
6A7H~I8H, ® #£6H6H21H~250, @ %
THG6A2B~30 B TEIORENLE ORI, D5
HEKA P —< L OBGEMRRD bALEE, OO
@DO® D5BETH -1,

1989 =T, BARA LY —=2A@@#BIhicox @
5H13H~15H: @Q6A128~14HD2ETH-»
Foo KB D EINASAIE~10R, @ £2
FEAS5H158~270H, @ #E3®H 25 H28H~31
H, @ #4326 A108~16H, ® #5856 A
21 H~30 B & 5 BoEERL DRIz, 2D 5 BEKA
P —< LBIRLTV B0, @ LB D2HTH-
7o

1990 Cit, BB R b Y —=»n D5H6H~17
H, @5H18~21H, @5H27TH~5H30H, @
6H7TH~689H, ®6 A18H~6 A208 05
RELTV5, REFHT O FHIHNXS5A58~13
H, @ #28»358168~18H, @ #£3&»N5A
2BH~6F1H, @ #EAH»P6A3H~8H, ® &
S5HEN6HAI8E~2TRERELTVB, D~B D5
FHOLTHEKA LY —<= BB LTV,

1987 4 ~1990 £ 4 FER]THAE 22 B, 2O &L
EEOBEKA P Y —<DORTHERLTLEIHRD BN
178C, T71% REDTWD, ThbDZ &b, BEK
AMY —=DRELZFERE < 7 BB &2
BRBBENLDEEZ BN D,

—F,BKA MY —=DRENDLHEEE TOHRE,
3HE~10 BEFBETH -, Fi, TORIED
BIRd B o CTIEMICIZED A, 13IF10 B~20 B
HBELEZ OIS,

FKE (1988) BIEHUEIRD <~ 1 7 ~ FHOBRBHR S,
PREEATAIEKELERL TR, ZoEolE
R OWTIREE L 9 b AREHOEES L HFA L
Too Ffe, I (1981) b, &7 FRBELKBE &
YIeBET HEENS, LV IKREHYEERL
TWwb, KREHKR T, BKRAOBEIMTE T~
19 UBNEL AL, BRI 75% (1.39 /KX
BH) BV iR, BRBOFEAHCEAA Y —<
BLDESBELTWABZ EnG, <A TTHNA b
) - = OFCHRE D TERIECEE L bh 5,
Lisl, =4 7 SBENRA L) — = L RCBBT5HE
=~ AV CBOBRGEENIB K- WEEEE
(Hara, 1987, £H, 19D &35 &, BOBERPE
BRI EET 5 TR 10~15 EREDOBH
DBLBETH %, THAOBRMEIKAYE) & KRS
SEHETH-ThH, T TEXEVCERE LT A
BHITIL, BIFRELERNEL RS, ML T
7 —UAKGBHREYAE LR, BAX b
Y-~ DL 7 + —VALERSHUE(Z2er T 4 A-
aDHENEE 2 LRBHBREOWER) OHBEENEL,
W7 57 b vOEGERTHE S ENRI R
(Table 2), Li=dis T, BABEOBIRIZ o<1 7
BT, BAKALY) —~DRERLSTAFY) —=0
AABHE L DCEEL, HoRERPERCEET
2T, ALV -~HOBEFFIAL>OEEL T3
RREM IR X B,

4. bz

1982~91 0 0 EHORITHREEREZ T LHBH
(X h, =49 vELEHoMEEROSFTORRE
BHLEBEBELMNC -, Thick s &, dtkifio
<4 VBRI AL, BXKENLLIRETHE
KA —=X->TlhE- - BREEELTCVZHED
BV ENTREINL, DI LR, BKRAFY —=D
REEBE~1 7 VRBOTMREHELT1% OE&
T—ETHZENLLHERINIC, ZOBKA LY -
=7 s —vaAoKkEHILIY, BSGIHUEDs =
87 4 N-aDENBEDOKTHY, AEMHDO I/
74 N-a DBER»S BRI, Doz &Enb,
BAA MY — < ToORBERBERIMOBEIZE~T
BV LI BKA N — =Rl VB E 5B
B&i OKE - /R BREFTHD Z LERET 5,
KB I ELDBREDID, THECHHRYEVL
R KEME B FERT O TR E IR - F R — A B #8%, i



AHERHE - EK B

EREINC BT BT« BTSRRI KERZER
KA EBBEEEBRE G, ARG MBI,
R EBA—RCEL<HLB L LTS, Tk, F—
£ OREFTHOCARILX KERRFT ORI E=EL -
BRRCELcH#HEL2RLET,

X 223

HARra, I. (1987) Swimming speed of sardine school on
the basis of aerial survey. Nippon Suisan Gak-
kaisi, 53, 223-227.

Hiral, M. (1985) An application of infrared remote
sensing techniques to the fisheries oceanography-
analysis of the fine structure in Saury fishing
grounds using infrared images obtained from the
NOAA-6 Satellite. Sora to Umi, 7, 1-10.

WHEF - ANER - ABME (1992) 1989 4 3 Aickit
BA+— v 7 b EBREOER L EEE S, JbK
Ak, 39, 11-19.

AEEE - BREBHE - KERF - KE—EF - EBHF #
(1988) BWEEG&»LHBI L cRLEBRCRT 2
v+ — AR MY —=D&H, J. Tokyo. Univ. Fish,, 75,
433-441.

BHEBZ - BEE—-/E B -HRSERE 1961 FiE
Rz 5 R L BB ORE, IR KEP R
FEweE, 19, 49-71.

Aokr, I. and INacakr, T. (1992) Acoustic of fish
schools and scattering in a Kuroshio warm-core
ring and its environs. Fisheries Oceanography, 11,
137-142.

NIEEFR A KRE (1962) » v +BREERIEY#E 2 Tt
LEER T HEOREN RAKBEEFOWT, LK

KEEBIRETHTSeRE, 20, 1-27.

BEE—# A9 =4 v oL EREePLETEE
SERBIET AE. FRAKEWRITHERS, 3,
25-278.

Bk (1962) HitmBXKioka#B o BERRK, Eit
XKBIproesRsds, 22, 45-115.

BHER-®8E W (1983) KEE# L BARNERD LK
X BIKHRERET, BIABF, — b, Z2l¥E, 10, 27-39.

—F E (1992) BERIRCRTE A Y ABRBOVR
BB 2 BE, BB KERBRBH RS, 30, 1-
10.

TEREESE (1987) R/t E R O RICRBEFE O BINA S,
WEEREE, 19, 434-440.

MIFEE (1981 BAGEBEREROBIAE L T DK
REWFRESE, LoHEKRAPR, 16, 1-96.

kB I (19838) BEHEBHIC BT HBEKOULKESE (K
4t « EREHRC B 5 BRSO BT HRE M BT
DU, BMAKERMESHERTER, THRBE 209, 8-30.

FRER— (1983) VU v 7 OFE) L ERAEYOREL ., B
FERE, 15, 274-285.

SuciMoTo, T. and TamEeIsHi, H. (1992) Warm-core
rings, streamers and their role on the fishing ground
around Japan. Deep-Sea Research, 39, s183-s201.

FAEBHA (1985) FRAESE D AIREOER K L
BH. MK — b, 2L, 8 1-13.

ZAEBHEAE (1991) #HEOZBBLHFULWEEEK. BEX)Y
- bRV y ISEEEE 11-2, 126-136.

AHAEREAE - BRB— W2 EE (1994 dbEflesi3
~A 7 O=EREE X BRI IMA. BARKEFE
2FE, 60(1), 39-44.

HHEE (1987 FP=FE~EREHRCsTE <M1 7
o4, ekA A, 44, 81-90.





