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1. Introduction

The Japanese eel (4Anguilla japonica) is widely distributed in rivers of the East Asia including
Japan. The spawning area was identified in the North Equatorial Current (henceforth NEC) to the
west of the Mariana Islands. In this area, a large gradient of salinity (salinity front) is formed at the
surface in the north-south direction due to high precipitation in the southern area and high salinity
water in the northern area. Since small larvae have been collected at and on the south side of the
salinity front, the front is considered as a landmark for detection of the spawning. After hatching,
leptocephali are transported westward by the NEC. The NEC bifurcates into the north-flowing
Kuroshio and the south-flowing Mindanao Current at the east coast of the Philippines. The
leptocephali only entered into the Kuroshio are migrated to the East Asia. This bifurcation referred
to as NEC-Bifurcation seems to be an important oceanic structure related to larval transport of the
Japanese eel. Objectives of this study are, therefore, to investigate seasonal and interannual
variability of this two oceanic condition related to the larval transport.

2. Material and data processing

The Japanese eel leptocephali were collected during the research cruises of RV Hakuho Maru in
the west of the Mariana Islands in 2002, 2004, 2005, 2006, and 2007. The horizontal and vertical
salinity structure along 137 E were investigated using observational data. Mean salinity at depths
from 10m to 100m in the area where the leptcephali were collected, were calculated, and
relationships between the mean value and size of the leptcephali were discussed.

Analyses of NEC-Bifurcation latitude was based on monthly mean value of 3D flow-data by
OFES (OGCM for the Earth Simulator) model developed by the Frontier Research System for
Global Change. Meridional velocity structure averaged within the 2°longitude band along the east
coast of the Philippines were investigated. The NEC-Bifurcation latitude was defined as latitude
where mean meridional velocity from Om to 100m depth has no motion. Seasonal and interannual
variability of the latitude were also calculated on the basis of these data.

Moreover, using OFES velocity data, a numerical simulation for particle-tracking was conducted
in cases of fixed spawning site (15°N, 142 E) and changed spawning site according to change in
latitude of the salinity front. Duration of the simulation was seven months from June, and the larval
inhabiting depth was fixed at a depth of 50 m. The 100m’s™ was adopted as a horizontal diffusivity
coefficient. CPUE (Catch Per Unit Effort) of grass eels in Tanegashima Island was compared with
results of the experiments.

3. Results and discussion

The small larvae below 10mm in TL appeared within a salinity range from 34.3 to 34.5psu. This



result supports past findings that smaller larvae were distributed at and on the south of the front. In
2004 and 2006, the front was located in 15-16 N with a large salinity gradient. In contrast, an
indistinct salinity gradient appeared in 2002 when El Nifio was occurred and larvae were distributed
much southern area at 12°N in this year. It suggests that adult eel could not detect the difference of
water masses because of the indistinct gradient of the front, and they probably spawned in the
southern area. This weaken salinity gradient was caused by disicit of precipitation in the spawning
area during El Nifio. In contrast, the salinity front in 2007 (La Nifia year) was located at 18N and
larvae were distributed on the south of the front. Therefore, it indicated that two different water
masses separated by the salinity front play an important role as a spawning condition, and latitude of
the front and intensity of the frontal gradient related to ENSO (El Nifio/Southern Oscillation) events
are significant for further understanding of spawning behavior.

Interannual NEC-Bifurcation latitude fluctuated from 12.8°N to 16.2°N from 1975 through 2004,
and the movement was well correlated with the southern oscillation index (» = -0.4, p < 0.01). In
addition, it is showed that seasonal NEC-Bifurcation latitude occurs at the southernmost position
(13.2°N) in July and the northmost position (15.4 N) in December.

According to numerical particle-tracking simulation for cases in 2000 (regular year) and 2002 (El
Nifio year), particles were transported to the Kuroshio in 2002 (16%), which were fewer than those
in 2000 (35%) (when the particles were released at a fixed). The difference of particle number
transported to the Kuroshio between regular and El Nifio year suggests that a great number of larvae
tend to be transported to the Mindanao current caused by northward shift of the NEC-Bifurcation
latitude during El Nifio. Furthermore, particles transported to the Kuroshio decreased to 4% when
the particles were released considering change of the salinity front position. However, CPUE of
grass eel in Tanegashima Island were at the maxmum in 2002. The Kuroshio axis located more south
during 2002 than usual. It was suggested that a condition keeping grass eel inshore caused by
southward shift of the Kuroshio axis led high CPUE in 2002.

In contrast, particles were transported into the Kuroshio at rates of 31% (fixed spawning location)
and 20% (changed spawning location) in 1999 (La Nifia year). These rates show intermediate
circumstance between regular and El Nifio years. CPUE also indicated a similar tendency. In regular
years, larvae hatced in May-August were transported to westward by the NEC and arrived near the
east coast of the Philippines in August-November when the larvae were readily transported into the
Kuroshio. In La Nifia years, the larvae hatched on the north side of the NEC due to northern shift of
the salinity front were transported by relatively weaker westward flow. Many mesoscale eddies
occur usually in this area. If the larvae are entrained by the eddies, the larvae would arrive at the east
coast of the Philippines in winter due to prolonged migrating duration in the NEC. In this case, since
the NEC-Bifurcation latitude moves northward, the larvae transported into the Kuroshio is decreased.
On the other hand, since the salinity front moves northward during La Nifia, it is suggested that the
larvae transported into the Kuroshio is relativery large and effects on recruitment of grass eel is
small.

This study clarified that latitude of the salinity front, intensity of the frontal gradient, and the
NEC-Bifurcation latitude are fluctuated by ENSO, and that recruitment of grass eel in Japan
drastically decreases caused by changes in ocean condition during El Nifio.



