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INTRODUCTION

Recent studies of Jgpanese anchovy Engraulis japonicus
have shown thet they are digtributed and spawn widdly off
the Pacific coast of eastern Honshu, Jgpan, with increasing
sock size. Larvae are congdered to be transported offshore
and migrate, influenced by physicaly complicated process
with warm and cold waters derived from the Kurashio and
Oyachio currents respectively. Surviva mechanism during
ealy life higory stages in such offshore waters could be a
missng link for population dynamics of Jgpanese anchovy.

In this sudy, we examined the growth rates of lavd stage
of Japanese anchovy, which were collected in the Kuroshio
Bxtenson and Kuroshio-Oyashio trandtion  regions,
weden North Padfic Oceen, by sagittd otolith
microgtructure andyss. Our objectives are to determinethe
principd environmenta factor affecting larval growth rates
and to find out asurvival mechanism in rdation to trangport
and migration of lavee

MATERIALSAND METHODS

Larva Jgpanese anchovy of ca. 6-33 mm in standard length
(SL) and environmenta data werecollected in the Kuroshio
Extenson and Kuroshio-Oyashio trangtion regions, in
spring-summer 1996, 1997, 1999, and 2000 (Fg. 1). Larvee
were captured mainly by a horizontd tow of a 160 cm

diameter ORI (Oceen Reszarch Ingtitute) net with a mesh
sze of 069 mm” a the sea surface, and patly by a
horizonta or oblique tow of a frametype midwater trawl

with a mouth area of 16 nf and amesh sze of 8 mm & the
depth of 15-30 m. Larva sampling was carried out during
nighttime hours. Hydrographic data were obtained by CTD

cads. Concurrently, prey organisms were collected by a
veticd tow (150 m) of a 45 cm diameter NORPAC-win
net with two kinds of mesh 5zeof 0.33 and 0.10 mm.

Sagittd otaliths were dissected from individud larva and
then dhily ages were determined as the number of the dally
growth increments plus 3. Individuad mean growth rates
were caculaed by dividing the SLs minus the hatch length

by daly ages. Daly growth rate a esch daly age was
back-cdculated for individud larva by biologica intercept
method assuming an dlometric rdaionship between
maximum atolith rediusand 9.2

Sations were classified into two regions based mainly on
the temperature & 100 m depth according to Odate
(Kuroshio Extenson region:  15°C, Kuroshio-Oyashio
trangtion region: < 15°C). Prey abundance was edimated
for each taxon as the number collected per tow in each
mesh Sze of a NORPAC-twin net. The mean growth rates
from hatching to cepture, the 5-day mean growth rates
(mean growth rates during every 5 daly ages), and the
recent 3-day mean growth rates before capturewere used to
examine the rddionship between growth and
environmentd factors and compared between regions and

among dions
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Figl Sanpling aess and daions for lavd Jgpenee anchowy and
environmentd deta in the Kuroshio Extenson (EX) and Kuroshio-Oyashic
trangtion (Tr) regionsin August 1996 @), June 1997 (), May-June 1999 (x ),
and April 2000 (s ). Anonymous hydrogrgphic detaonly.

REIULTS

Sea surface temperature (SST) was rdaively high (> 20°C)
in the Kuroshio Extension region and tended to dedine
northward in the Kuroshio-Oyashio trangtion region (ca
14-20°C). But higher SST (20.6C) was observed a Tr-3,
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probably associated with awarm core ring derived from the 12

Kuroshio currert.

Ovedl, the mean growth rates were positively corrdated
with SST (Fg. 2), especidly from the Kuroshio-Oyashio
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trangtion region to the Kuroshio frontd region (16-21°C).
In the Kuroshio Extension region, SST seemed to excess
the breskpoint a which the rlation between SST and larvd
growth changes. Smilar and dightly more digtinct trends
were shown in the recent 3day mean growth rates before
cgpture. On the other hand, variations in growth rates were
not explaned by prey abundance data. This would be
owing manly to lower growth rates in spite of higher
potertid prey avaladlity in the Kuroshio-Oyashio
trandtion region.
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Fig. 2 Regressons of the mean growth rates on SST. Solid linein the SST range
of 140-238: y=021+002x(N=617, R =0.11, p < 0.001); deshed lineinthe
SSTrage of 16.2-21.2: y=- 049+ 0.06 x (N= 364, R =048, p< 0.001).
Backcdculaed daly growth raes were reaively
condgent & higher levd in the Kuroshio Extenson region.
Contragtively, the marked decreases in growth rates with
daly age were generdly shown in the Kuroshio-Oyashio
trangtion region in early spring (Fig. 3). Such trends were
confirmed in the tempord changes when data were pooled
by days before capture (i.e. red time). On the other hand,
the growth rates observed in summer (Tr-1) and a Tr-3
were comparableto thosein the Kuroshio Extension regjion.

DISCUSS ON

A pat of the lavd Jgpanee anchovy hatching in the
coadd Sde of the Kuroshio current would enter into the
Kuroshio Extension region” and could be transported to the
offshore waters during larval stage?. Subsequently, they are
assumed to migrate northward into the Kuroshio-Oyashio
trandtion region”. The consstent higher level of growth
rates in the Kuroshio Extenson region indicated that
offshore trangport of larvae by the Kuroshio Extension is
unlikdly to affect larvd survivd potertid if to the eastern
limit of 14°E
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Fig. = Back-cdoulated daily growth rates of larvee. Data were podled by daly

age Mean + SD shown & each daly age with & lesst 3 beck-celculated date

avdlable Solid drde means thet gronth rates were sgnificantly lower in the

Kurashio-Oyaghio transition region thenin the Kurashio Extensionregion (Ex-1,

2, and 3 podled) in comparison of the 5-day meen growth ratesby Sheffé stests
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Sea temperature was shown to be the principd
environmentad factor affecting larvd growth rates and
obsarved to dedine northward in these regions. In addition,
SST is not expected to dedline tempordly in this seeson.
Therefore, the temporad decreases shown in the growth rate
histories are consdered to be a consequence of northward
migretion of lavee The lavee cgotured in the
Kuroshio-Oyashio trangtion regions in early sporing had
typicaly experienced tempord decresses in growth rates,
which suggested their hagty northward migration. However,
growth rates were higher in summer and a the dation
assodiated with awarm core ring in June. Growth rates had
direct impacts on wvulnerability to predation for lavd
anchovy (Takasuka A, Aoki |, Mitani |, unpubl. deta, 2001).
Thus, the timing of northward dispersd and migration
would influence larva surviva potentid and operate as the
trigger for mortdity during ealy lifehigory dages
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