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Hydrographic nature and its fluctuations in
distributional areas for pelagic fish
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Abstract

Previous study in this series has revealed that long-term fluctuations of population
strength are closely connected with changes of distributional areas for pelagic fishes such as
jack mackerel, anchovy, mackerel and saradine. The present study was undertaken to
authenticate this point from fisheries oceanographic viewpoints.

Concerning hydrographic nature of the distributional areas for pelagic fish, it is noted
that the hydrographic conditions show marked seasonal changes in both water temperature
and salinity. The distributional areas are seasonally occupied by quite different two water
‘masses: high-temperature and low-salinity water mass during summer and autumn, and
Jlow-temperature and high-salinity water mass during winter and spring. Such a pattern of
-the seasonal changes is common in almost entire waters between the Kuroshio front and the
Tsushima Current front, where pelagic fish are habitually distributed.

Close inspection of available catch data prove that there exist relationships between the
seasonal changes of hydrographic condition and seasonal occurrences of pelagic fish, especially
for their juvenile; mackerel and sardine tend to appear corresponding to the occurrence of
low-temperature and high-salinity water mass, while jack mackerel and anchovy occur within
.a season of high-temperature and low-salinity water mass. Especially, ‘Kiaji’ in jack mackerel
and ‘Shirodare’ in anchovy, exhibit a special preference for high-temperature and low-salinity
water mass which may characterize the southern waters. Also, in the long-term fluctuations,
it was found that mackerel and sardine predominated during low-temperature periods and
that jack mackerel and anchovy prevailed during a high-temperature period. Each of these
facts adduces evidence supporting the supposition that jack mackerel and anchovy have evolv-
ed in southern waters including the Paleo-East China Sea, while mackerel and sardine have
developed in northern waters, in the Paleo-Japan Sea.

Despite of these coincidences between the hydorgraphic events and the patterns of pelagic
fish occurrence, such idea that hydrographic conditions one-sidedly control the alternations
of dominant species seems to be false. In considering a possible mechanism of the alter-
nations, a question of great importance would be to understand how each species has
developed adapting itself to changing biotic- or abiotic environment through evolutionary
time.
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Fig. 1 Schematic representation showing hydro--
graphic conditions around Japan Islands.
Areas shaded indicate waters between the-
Kuroshio front and the Tsushima Current.
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at ‘Sta. B shown in Fig. 1.

Month—3D J FMAMUJ J ASONDIJIFMAMIJIASOND

oty 05 10, oy 15

A510 10 10, 05, 0

1 15, 510 410,

Depth (m}

Standard Deviation of Temperature (°C)

3 02 L 402 r,0.(5 . 108 ;04 ¢ 1

. Depth({m) '

Standard Deviation of Salinity ( %o )

RV “*KUROSHIO MARU; Southwestern Japan Sea 35 “oo'N, 131 "{5'E Sounding 105m { Data:1964-1971) .

_ Fig. 3 "Standard deviations of water temperature (upper) and sahmty (lower) coles

from the isopleths shown'in Fig. 2.



Al

NERKHRDY, HCIoBPHOESR, EOKERD
TRICHE LU TE LS BWETHS T 8 EHI RS,
EYOEBREROBHEE U CHEROZHELEE L
584, O “RE--EEH ERALTHL OB I N
EBEbIb,

Fig. 31 Fig. 2R U7cKIE - HAOFGHEICH T
HPERFEOEELRLLEODTHSH, EO “BE &
W KEBOREWT ERERINS, ThICHEL
TERFERHLE Ui “EE « BEH CREFE R ED
DTPINZ LR TH B, 1963ETMRDHD TR
BERK] B, EY~OEERDE BT BlEE
H, 1966) T&%E2dbbebE, HWNETRE—DE
KEUEBOTFEREMD, FHCL » TEBHICIIE 5
T BRSBREERFOTHA5 L ERNTFHRINS,

LTBHT, THULEBROEHEHD & ~icon
T, HAHEQ RERFEHEOBK (1958) D& 2 12 TP,
KFPER B D BRI MR IC O W TR (1977) D& L
THY, ThEGRATLIBLLVWASK TS S ERE
2V, UL, BEETOL LA, ALAEECEAR
NBEROFELZHERICONWT, EHOFHDIE
TAHRARTFEINTNBELRELRVE 5 CBEbR
%, EYOERRROFHE(E LTEHINS 500
EoRr, FlzElOmiEE e S BER e EE S b
—ZEfE L - TEZNE, T B8BEIrEHTD, AU
—EQ 5 bICEHIER - BEEAKc L > ThHED bR
HEHE, R - EETKRCX - TED bR 3B

% E-P R RSB

D5 —RABAENCEE NS A%, —REUOEE
FEDr 0z —~vd, BRTEICHN BB En) B
2 TS LEZ BNB RICH B, Table 1ot (1977)
@ [Fig. 11-2] L5%D Fig. 20ESOEHELLADER
FEEYE L AAEEEEREREIET, FHUTRT
X5k, BEDHD\ERERSSy O MBS S, HI,
HHVIR LOBELE, WERTHLAK B Tn
b, 2T T Fig. 1 WiRL BAEEORE 4 Skl
B REHS DEREL 2 19645Eh D197TIE F TOFYE
& UTEDISUofEiEBR & KR Lz (Fig. 4), %7,
HAEMO L OMmERr B 2 HRLTA 5L, &R
HMOESRLDOHTEL, »OFOHRKE LoD
HRBT L DEL, FHEO ¥~/ TR 3VAR
W BB O HREHTIREEOM CTIld- &0 L
ZRBLELWR, REESOBRBCMEST S LD
DFHBRDZPICAE, FRBMYDEZOLDOOHEL L
THBE, EEOEBEMNS ZOMEULEOESZRT L
S AR IFHL D dlhnmTchikitdbl
BRBWZ &ERbnd, HEERKROEDEELIZ,
FEEUTEIREND HREC AT 5 ERK L -
THUS (EHEfl, 1932; FFH, 1934; =iF, 1953;
OGAWA et al., 1977) T %E2 5%, BERLEAND
LODNRE —VIRHIEROEBNE L Dln- TBITLT
WAHESRAZDENS EROBRIRIZ L RBDLEL
bhd,

—%, KFERMOBERESMEBAAD L 2HKL TS

283 hBT L, ¥k, Thb200HHCRELHD
7B — BRI TWHT &% Fig. 28X Fig. 312
ALTWBZETHD, Thbdb, EELLEERHED
ERELTE—ETD, *T%HDEKBOMETIR—E
DEBILDE S BRE-TEY, TOHRCONTLEY
OHBBRICIR - TEAT A HER B2 L E% b5,

B&, AABRO LS C—EDEMIRED b, &
BESHRG LORAIOBRAEOTE HERL, ERH
OHROAL D RL UL TREWERR D 232 %, ¥
7z, BABTH DI TRERESVETEL, REEY
BETEN] &0 5 A b A FERTCIREDE N,
HAEN & RPERZHRLTA 5 L, BIEESOH

Table 1. A comparison of seasonal changes in salinity between coastal
waters of the Japan Sea and the Pacific Ocean.

Locations Japan Sea Pacific Ocean
Events North of Yamaguchi Suruga Bay
(85°00'N, 131°15’E) (34°54'N, 138°29'E)
Seasonal minimum salinity 32 %o 33 %o

Timing of minimum salinity
Period of low-salinity below 34.0 %o

late Aug.~early Sept.
late June -early Nov.

late June-early Aug.
early June-late Sept.

Maximum depth of 34 %o isopleth 65m 25 m
Seasonal maximum salinity 34.65 %0 - - 34.55 %o

Timing of maximum salinity

early Feb.-middle May
late Nov.-early June

middle Dec.-late Feb.
early Oct.-late May

Period of high-salinity above 34.0 %o

.._4-._.
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Fig. 4 Seasonal changes of salinity at the sea

surface at the four hydrographic stations A,
B, C and D shown in Fig. 1.
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Fig. 7 Seasonal changes in occurrence of jack ‘mackerel in coastal
waters north of Yamaguchi.
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Fig. 8 Seasonal changes in occurrence of mackerel in coastal
waters north of Yamaguchi.
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Fig. 10 Seasonal changes in occurrence of anchovy in coastal
waters north of Yamaguchi.
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Fig. 11 Seasonal changes in occurrence of round herring in
coastal waters north of Yamaguchi.
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north of Yamaguchi.
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Fig. 13 Seasonal changes of occurrences of squids and red sea
bream in coastal waters north of Yamaguchi.
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Fig. 14 Schematic represntation showing sea-
sonal changes in occurrences of the major
fish shown in Figs. 7-13 and hydrographic
calendar modified after Fig. 2.
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Fig. 15 Long-term fluctuations of temperature
at-a location (84°04’N, 129°32’E) in the
Tsushima Straits modified after MIITA (1967).
In the figure, periods when each of pelagic
fish predominates are indicated with simple
lines according to “‘Fig. 1”’ shown in previous
work of this series.
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