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Abstract— Two sampling surveys of the R/V Tansei Maru were conducted in the Kuroshio region south of Kyushu Island of

Japan and to the south in the western North Pacific, to study the distribution patterns of the larval stages of the Japanese eel An-

guilla japonica as they approach their recruitment areas in East Asia. Nine fully-grown premetamorphic leptocephali (49.5-58.3

mm TL) were collected during November 1996 to the east of Taiwan. During November and December 2000, nine early stage

glass eels (51.3-57.0mmTL, pigmentation stage II-IV) that were still in the late metamorphosis stages were collected in the

Kuroshio. These findings suggest that metamorphosing Japanese eel leptocephali that recruit to the northern part of their

species range migrate in the Kuroshio. They may detrain from the Kuroshio at the pigmentation stage IV-VA and begin their

coastal migration.
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Introduction

Considerable information on the early life history of the
Japanese eel, Anguilla japonica, has been accumulated in the
last decade due to the establishment of sampling methods for
the leptocephali (Kajihara et al. 1988) and the determination
of the spawning area (Tsukamoto 1992). Additional progress
in understanding the life history has been made using the
otolith microstructure and microchemistry of the lepto-
cephali and glass eels (Tabeta et al. 1987, Umezawa et al.
1989, Tsukamoto and Umezawa 1990, Tzeng and Tsai 1992,
1994, Otake et al. 1994, Arai et al. 1997, Ishikawa et al.
2001, Tsukamoto et al. 2003). The Japanese eel leptocephali
drift in the North Equatorial Current westward from the
spawning area (Kimura et al. 1994), and are suggested to be
subsequently transported in the Kuroshio to the coastal wa-
ters of East Asia including China, Taiwan, Korea and Japan
(Tsukamoto and Umezawa 1990). It has been also suggested
that they begin to metamorphose in the Kuroshio and may
complete metamorphosis there or in the marginal waters over
the continental shelf (Tabeta and Takai 1973, Tabeta and
Konishi 1986, Tsukamoto 1990, Sakakura et al. 1996).

Some information has been gained from the fully grown
stage or early metamorphosing leptocephali reported from
several sampling surveys in the waters to the south of the

Ryukyu Islands and close to Taiwan around the origin of the
Kuroshio (Tsukamoto and Umezawa 1990, Tanaka 1975, Ka-
jihara 1988). In addition, Arai et al. (1997) reported on the
ages of five of the leptocephali that are described here, which
were collected in the same general region. There also have
been a total of ten glass eels collected offshore in the
Kuroshio region, with eight being caught in the East China
Sea (Tsukamoto and Umezawa 1990, Shojima 1966, 1967,
1990, Tabeta 1981), one in the South China Sea (Tabeta and
Takai 1973), and one in the Kuroshio off Cape Ashizuri of
Shikoku Island, Japan (Sakura et al. 1996) (Fig. 1a).

Despite these collections, there has been no direct evi-
dence for determining the migration route and location of
metamorphosis of Japanese eel leptocephali in the Kuroshio
because neither metamorphosing leptocephali or glass eels
have been collected in the region between the area east of
Taiwan and the East China Sea and southern Japan, or off
Shikoku Island. Therefore, the objectives of this study were
to examine the distribution of the late stage leptocephali and
metamorphosing early transition stage glass eels that have
been collected during two cruises in the Kuroshio region to
provide new information about the migration route of eel lar-
vae from their spawning area to their estuarine and freshwa-
ter growth habitats.
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Fig. 1. Maps of the study area showing the cruise tracks and the location of sampling stations of the KT-96-19 (a) and the KT-00-16 (b)
cruises. Some station numbers are shown to indicate the sequence of sampling in each cruise. The previous collection sites of the off-
shore glass eels {0}, except for one caught in the South China Sea (21°56.5'N, 116°42.0'E), are also shown in (a). The dotted lines shows

the 200 m depth contour.

Materials and Methods

Sampling for leptocephali and glass eels was carried out
during the KT-96-19 and KT-00-16 cruises of the R/V Tansei
Maru of the Ocean Research Institute of the University of
Tokyo from 20 to 28 November 1996, and 27 November to 8
December 2000, respectively. The first cruise was conducted
entirely over deep water in the western Pacific Ocean to the
east of Taiwan and the latter was in the Kuroshio region of
the East China Sea, with some stations in the same area as
the former cruise (Fig. la, b). During the KT:00-16 cruise,
the sampling stations in the Kuroshio region were located in
transects from within the Kuroshio over the deep water of the
Okinawa Trench, across the shelf break and over the shallow
water of the East China Sea. Samples were collected with
3m Issacs Kidd Midwater Trawls (IKMT) that had 8.7 m?
mouth openings with either 1.0 or 0.5 mm mesh during both
cruises. During the KT-96-19 cruise oblique tows were made
in the upper 300m, and during the KT-00-16 cruise both
oblique tows from the surface to 500 m or to within 20 m of
the bottom and horizontal step tows within the upper 200 m
that targeted the strongest scattering layer observed using hy-
droacoustics were made.

Conductivity, temperature, depth profiles (CTD) were
made at some stations depending on the sea state. The sur-
face water temperature and salinity of the sampling area
ranged from 25.9 to 27.5°C and from 34.0 to 34.5 psu in the
KT-96-19 cruise, and 21.0 to 26.3°C and from 34.1 to 35.0
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psu in the KT-00-16 cruise. Fig. 2 (Miller et al. 2002) shows
the distribution of sea surface temperature in the Kuroshio
and East China Sea region at the time of the KT-00-16 cruise.
Ship-mounted Acoustic Doppler Current Profiler (ADCP)
data were collected during each cruise for confirming the
surface currents in the region. Reliable ADCP data were col-
lected from only the upper 10m surface layer in the water
column due to the rough sea state during the two cruises.

Results

Nine leptocephali of the Japanese eel, Anguilla
Japonica, were collected in the western North Pacific to the
east of Taiwan during the KT-96-19 cruise from 20°59.7—
23°30.1N and 128°1.0-123°0.1E (St. A-3, 4, 6, 13) (Fig. la,
2). The total length (TL), preanal length (PAL) and predorsal
length (PDL) ranged from 49.5-58.3 mm, 37.6-44.2 mm and
33.3-38.2mm, respectively (Table 1). The total myomeres
(TM), preanal myomeres (PAM) and predorsal myomeres
(PDM) ranged 112-116, 77-80, and 6771, respectively, and
these were all within the typical range of 4. japonica lepto-
cephali (Table 1). All nine leptocephali were classified as
fully-grown leptocephali (just prior to metamorphosis) based
on their total lengths and preanal and predorsal myomeres.
The otolith daily increments of five of these nine leptocephali
were examined and described by Arai et al. (1997), and their
ages ranged from 94-134 days after hatching.
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Table 1. Leptocephali and glass eels collected during the KT-96-19 and KT-00-16 cruises. TL: total length, BL: body length, HL: head
length, PAL: preanal length, PDL: predorsal length, BH: body hight, TM: total myomere, PAM: preanal myomere, PDM: predorsal my-
omere.
Fish ) ) Location TL BL HL PAL PDL BH Pigmentation
Cruise Station ™ PAM PDM
no. ) ) (mm) (mm) (mm) (mm) {mm) (mm) stage
Latitude Longitude
1 Leptocephalus ~ KH-96-19  StA3 20°59.7N  128°01.0E 621 — — 387 342 — 114 77 67 —
2 Leptocephalus StA4  21°27N  126°59.8E 564 — — 418 370 — 114 78 69 —
3 Leptocephalus StA4 21°27.IN  126°59.8E 548 — — 405 368 — 115 80 71 —
4 Leptocephalus St.A4 21°27.IN  126°59.8E 560 — — 412 370 — 112 78 70 —
5 Leptocephalus StA-4 21°27.1N  126°59.9E 558  — — 415 368 — 16 79 69 —
6 Leptocephalus St.A4 21°27.IN 126°59.9E 498 — — 376 333 — 116 80 69 —
7 Leptocephalus StA4  21°27IN  126°59.9E 495 — — 377 339 — 114 77 67 —
8 Leptocephalus StA6 22°00.0N  126°00.0E 557 — — 416 360 — 114 79 67 —
9 Leptocephalus St.A-13 23°30.1N 123°00.17E 583 — — 442 382 — 113 79 68 —
10 Glass eel KH-00-16  St.B-11  26°01.9N  125°12.5E 548 538 52 193 162 — 116 — — 1l
11 Glass eel StB-11  26°01.9N  125°125E 57.0 561 72 21.0 169 24 114 38 — —
12 Glass eel StB-11  26°01.9N  125°125F 525 503 60 192 140 28 — — — I
13 Glass eel StB-19  28°04.3N  127°003E 661 — 57 21.0 160 20 114 39 30 Il
14 Glass eel StB20  29°07.5N  127°34.7E 544 535 59 200 148 20 113 38 38 =V
15 Glass eel St.B-20  29°07.5N  127°34.7E 518 508 52 180 133 23 114 38 28 M=V
16 Glass eel StB-20  29°07.5N  127°347E 565 556 62 200 165 23 116 36 27 =)
17 Glass eel St.B23  30°01.0N 127°36.2E 562 553 65 21.0 162 20 116 38 28 -1V
18 Glass eel StB25  30°00.2N  129°00.4E 513 500 63 1856 160 20 116 38 30 =1V
35N A. japonica leptocephali were collected was westward and it
was north-eastward at the other positive station (St. A-13).
During the KT-00-16 cruise, nine early stage glass eels
of A. japonica that were still in the late stages of the process
of metamorphosing from the leptocephalus into the glass eel
30N stage were collected in the Kuroshio region of the East China
Sea. But there were no premetamorphic leptocephali col-
lected during the cruise. The total length (TL), body length
(BL), preanal length (PAL), predorsal length (PDL), head
length (HL), and body depth (BD) of these specimens ranged
25N from 51.3-57.0mm, 50.0-56.1mm, 18.0-21.0mm, 14.0-
16.9mm, 5.2-7.2mm and 2.0-2.8 mm, respectively (Table
1). Pigment was present only on the vertebrae and some cau-
dal fins in four specimens from the southern two stations, in-
dicating that they belonged to the pigmentation stage II to III
- (Fig. 4). The other five specimens were classified to the stage
20N 120E 125E 130E IIT to IV because of the presence of pigment on the vertebrae
Fig. 2. A map of study area showing the approximate sea sur- and caudal fins. The pigmentation stages of specimens from

face temperature (SST) on 30 November 2000, the cruise tracks
(lines) and sampling stations (black and white circles), and the sta-
tions where Anguilla japonica leptocephali were collected during
the KT-96-19 cruise (yellow circles) and metamorphosing glass
eels were collected during the KT-00-16 cruise (blue circles).
Numbers of leptocephali and glass eels collected in each catch
station are also shown. The SST map was modified from Miller et
al (2002).2%

Ship-mounted Acoustic Doppler Current Profiler
(ADCP) data (Fig. 3a) showed that the water currents in the
10m surface layer at the three stations (St. A-3, 4, 6) where

the northern three stations were more advanced than those
from the southern stations.

The collection sites during the KT-00-16 cruise were
26°1.9N, 125°12.5E (St. B-11), 28°4.3N, 127°0.3E (St. B-
19), 29°7.5N, 127°34.7E (St. B-20), 30°1.0N, 127°36.2E (St.
B-23), 30°0.2N, 129°0.4E (St. B-25), all of which, except for
St. B-25, were located along the 200 m depth contour at the
edge of the continental shelf (Fig. 1b, 2). There was no ap-
parent geographic cline in the total length of the specimens.

ADCP data showed that water current of the surface 10
m layer at the three southern stations where A4. japonica glass
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Maps showing the surface current direction and velocities derived from ship-mounted Acoustic Doppler Current Profiler data

during the KT-96-19 (a) and the KT-00-16 {b) cruises. The vectors of the catch stations are shown as white arrows. The dotted lines show

the 200 m depth contour.

Fig. 4. A photograph of an Anguilla japonica glass eel (TL:
52.5 mm) collected from the most southern catch station (St. B-
11) during the KT-00-16 cruise.

eels were collected (St. B-11, B-19, B-20) was northeast to
north-north-eastward at a speed of 1.5m sec ' (Fig. 3b). Far-
ther north, it was northward at a speed of 1.3 m sec™' at St.
B-23, and was eastward at 1.0m sec™ ! at St. B-25. The water
temperature at the depth of 200m at Station B-19 and B-20
(the only positive stations where CTD profiles were made),
was 19.7 and 16.5°C, respectively, which were within the
temperature range indicative of the main stream of the
Kuroshio (Nitani 1972). This suggests that the positive sta-
tions, excepting for St. B-23, were located in the the main
stream of the Kuroshio. Station B-23 was located in the
Kuroshio Branch Current west of Kyushu as described by
Ichikawa and Beardsley (2002). The maximum depths
reached by the net at each of the collection sites ranged from
130 to 330 m, indicating that each of these net tows filtered
water in the high velocity region of the Kuroshio, which ex-
tended down to about 500-600m deep in the fall (Ichikawa
and Beardsley 2002, Kaneko et al. 1990, Yuan et al. 1994).

Discussion

The collection sites of the Japanese eel leptocephali dur-
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ing the KT-96-19 cruise were located in the region to the
south of the Ryukyu Islands and to the east of Taiwan, which
appears to have complex circulation patterns. The circulation
in this region appears to be dominated by eddies because
there have been indications that it is often the general loca-
tion of a relatively large eddy or small subgyre of the
Kuroshio (Nitani 1972, Yang et al. 1999), as was suggested
in September 1986 (Kajihara 1988). The ADCP data of this
study indicated a complex eddy structure in that area. How-
ever, the stations where the Japanese eel leptocephali were
collected during the KT-96-19 cruise appeared to be located
in predominantly westward flow (St. A-3, 4, 6) or in north-
east flow closer to the base of the Kuroshio (St. A-13), sug-
gesting that these leptocephali may still have had the poten-
tial to be entrained into the Kuroshio (Fig. 2, 3a).

Before the present study, only one glass eel was reported
from the main stream of the Kuroshio near Cape Ashizuri of
Shikoku Island, Japan (Sakakura et al. 1996), and the other
eight from the northern part of the species range were col-
lected over the continental shelf of the East China Sea to the
west of the Kuroshio region (Fig. 1a) (Shojima 1966, 1967,
1990, Tabeta 1981). The missing link in the migration route
had remained in the period of time between those glass eels
and the fully-grown or early metamorphosing leptocephali in
the North Equatorial Current east of Taiwan. The nine early
stage glass eels collected during the KT-00-16 cruise were in-
cluded in the size range of those previously collected off-
shore glass eels (53.0-61.2mm TL) and were of slightly ear-
lier or the same pigmentation stages as previous ones. The
present glass eels fill in the gap between those glass eels and
leptocephali, providing the first direct evidence for the mi-
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gration of metamorphosing leptocephali and glass eels
through the Kuroshio. Furthermore, the collection of fully-
grown leptocephali to the east of Taiwan during the KT-96-
19 cruise and the glass eels within the Kuroshio region that
were near the completion of metamorphosis (pigmentation
stage 11 to IV), suggests that the metamorphosis from lepto-
cephalus to glass eel may typically occur during the trans-
portation within the Kuroshio for individuals recruiting to the
northern part of the species range.

The recruitment area of glass eels may be determined by
the locations where the individual glass eels detrain from the
transporting currents and start their inshore migration
(Tsukamoto and Umezawa 1994, Otake 2003). The detrain-
ment from currents has been suggested to be coupled with
the completion of metamorphosis in the Japanese eel (Tabeta
and Takai 1973, Tabeta and Konishi 1986, Tsukamoto 1990,
Tsukamoto and Umezawa 1994, Otake 2003). The glass eel
collection site of St. B-23 was located just inside the 200 m
depth contour near the likely northwest edge of the Kuroshio
(Fig. 1b, 2). The glass eel from the station may have had the
potential to enter the Kuroshio Branch Current west of
Kyushu. This would have enabled it to eventually recruit to
the western or northern part of Kyushu Island, Korea, or the
Japan Sea coast of Japan, because the Kuroshio Branch Cur-
rent is a main source of the Tsushima Warm Current that
flows into the Japan Sea through the Tsushima Strait in win-
ter (Lie and Cho 1994, Lie et al. 1998). The glass eel col-
lected at St. B-25 where the ADCP detected strong eastward
flow (Fig. 3b) would have been more likely to be transported
to the east and then northeast by the main stream of the
Kuroshio and to have eventually recruited to the Pacific coast
of Japan. The other six glass eels from the southern region of
the Kuroshio were in the Kuroshio main stream based on pre-
vious studies (Yuan et al. 1994) and the ADCP data collected
during the cruise (Fig. 3b), and may have had three possibili-
ties for the locations of their recruitment. If they were to
quickly detrain from the Kuroshio or to become trapped in an
eddy at the western edge of the current, they may have had
the potential to recruit to the coasts of China and Korea by
migrating across the East China Sea. If they continued north
in the Kuroshio, they would have had the potential to be
transported toward Korea or the Japan Sea by the Tsushima
Warm Current, or to be transported to the Pacific coast of
Japan by the Kuroshio.

The early stage glass eels that were collected in the
Kuroshio region may provide a valuable first step towards an-
swering some important questions about the development
and migration associated with the recruitment of the Japan-
ese eel by comparing their characteristics to those of the
more extensively studied glass eels collected when they re-
cruit to estuaries. The specimens from the Kuroshio region
during the KT-00-16 cruise were at the pigmentation stages
of 11 to IV, which is in contrast to the pigmentation stages of

glass eels recruiting to estuaries of Taiwan, China and Japan
that were reported to belong to the stages VA-VIA3 (Arai et
al. 1997, Cheng and Tzeng 1996). This suggests that the in-
shore migration of glass eels begins at the pigmentation stage
between IV and VA.

Marked increase in otolith increment width has been
proposed to relate to the onset of the metamorphosis, with
the width reaching a maximum before the completion of
metamorphosis (Otake et al. 1994, Arai et al. 1997, Otake et
al. 1997). Arai et al. (1997) suggested that some glass eels at
pigmentation stage VB recruited to an estuary in Tane-
gashima Island, Japan, 56 km away from the main stream of
the Kuroshio, apparently only 0 to 2 days after the otolith
width maximum. Further examination is needed to confirm
the relationship among the changes in otolith microstructure
and the completion of the metamorphosis or the onset of in-
shore migration.

Because the timing of the beginning the inshore migra-
tion is a significant for determining the location of recruit-
ment of each individual (Tsukamoto and Umezawa 1994,
Otake 2003), research on this aspect is essential for under-
standing the recruitment mechanisms in anguillid eels.
Therefore, future comparisons of the otolith microstructure
between the early stage oceanic glass eels in the Kuroshio re-
gion described here and glass eels that recruit to estuaries
may provide a breakthrough in determining the timing and
duration of the inshore migration and fully understanding the
recruitment mechanism of the Japanese eel.
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