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Abstract The common Japanese conger Conger myrias-
ter is an important commercial coastal fisheries species in
East Asia, but its spawning area has not been determined.
A larval sampling survey was conducted in September
2008 along 136°E between 13°N and 22°N, which roughly
followed the Kyushu-Palau Ridge in the western North
Pacific. Twenty larval specimens were confirmed to be
C. myriaster using DNA analysis. Two were newly hatched
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larvae (preleptocephali) 5.8 and 7.8 mm in total length
(TL), which were caught at 17°N. The 5.8 mm TL larva
was estimated to be 3—4 days after hatching, the youngest
preleptocephalus (i.e., the earliest stage) of this species
ever collected. Eighteen other leptocephali were caught at
18°N and 21°N, and these ranged from 18.6 to 40.0 mm
TL. Based on these collections, we discerned that there is a
spawning area of C. myriaster in the area along the Kyu-
shu-Palau Ridge approximately 380 km south of Okino-
torishima Island. Similar to the Japanese eel spawning area
along the West Mariana Ridge, the Kyushu-Palau Ridge
may play an important role as a landmark of the spawning
area. The discovery of this offshore spawning area should
lead us to a better understanding of the recruitment
mechanisms of C. myriaster, and help to facilitate future
international management efforts.

Keywords Conger myriaster - Spawning area -
Preleptocephali - Kyushu-Palau Ridge - North Equatorial
Current - Meso-scale eddies

Introduction

The common Japanese conger Conger myriaster (also
called the whitespotted conger) is an important commercial
fish species in the seas around Japan, Korea [1, 2] and the
East China Sea [3]. It mainly inhabits shallow coastal
waters to the edge of the continental shelf (e.g., the East
China Sea) in temperate regions [4—6], and it is absent in
subtropical areas such as the Ryukyu Islands in southern
Japan, where other Conger species are present. Because
mature individuals have not been collected from inshore
waters to the continental margin, where many adults are
caught commercially, the spawning area of this species had
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been presumed to occur somewhere in deeper offshore
waters [5—7]. However, until recently, C. myriaster larvae
(leptocephali) had been only caught in relatively shallow
coastal areas of East Asia (Japan and Korea) [7-15],
including brackish waters of the upper estuaries of rivers
[16] and over the continental shelf in the East China Sea
[17], and most of them were large [80-130 mm in total
length (TL)] in the late leptocephalus or metamorphic
stages.

Recently, the distribution of larvae of C. myriaster was
studied using molecular genetic analysis of collections in
the East China Sea along the shelf break near the Kuroshio
mainstream [18, 19] and south of the Ryukyu Islands [19].
In addition, a likely spawning area in the North Equatorial
Current region was discovered, based on the collection of
six genetically identified preleptocephali at one station and
by the historical collection of possible C. myriaster lepto-
cephali in this region that were not genetically identified
[20]. This was considered to be in an analogous location to
the offshore spawning area of the American conger eel,
C. oceanicus, in the western North Atlantic [20, 21]. The
offshore distribution of these larvae showed that C. myri-
aster spawned in an offshore area far south of its growth
habitats in East Asia, and that its adults and larvae perform
long-distance migrations similar to catadromous eel spe-
cies such as the Japanese eel Anguilla japonica, which has
been found to spawn in a narrow area along the West
Mariana Ridge [22-25]. However, further confirmation
beyond those larvae caught at one station is needed to help
determine the location of the spawning area of C. myriaster
and identify the possible landmarks used to find the
spawning area.

Understanding the precise location of the spawning area
of this species is of critical importance, because landings of
C. myriaster in Japanese waters declined from 13,000 to
6,300 metric tons during 1995-2008 (source: Ministry of
Agriculture, Forestry and Fisheries of Japan, Tokyo),
despite the fact that various stock management approaches
were implemented during this period, such as a reduction
in fishing efforts targeting smaller individuals in major
local fishing grounds in Japanese coastal areas [26, 27].
The landings in Korea declined from 20,000 to 8,000 tons
during 1985-2001, and then rapidly increased to nearly
20,000 tons (source: FAO, Rome). These resource fluctu-
ations and the lack of statistical information about the East
China Sea landings of C. myriaster in China are triggering
concern about the decline of this important fisheries spe-
cies. In order to implement an efficient and stable stock
management plan, the spawning area, recruitment mecha-
nisms, and resource structure of C. myriaster throughout
East Asia needs to be much better understood.

In the present study, we describe the collection of
genetically identified larvae of C. myriaster in relation to
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seafloor structure and ocean current flow in the survey area
which indicate the presence of a spawning area of this
species in this particular area along the Kyushu-Palau
Ridge, and we discuss its larval migration toward East
Asia, which could lead to further research on the C. myri-
aster recruitment mechanism.

Materials and methods
Research cruise and collection of C. myriaster larvae

The C. myriaster collections were made as a part of the
expedition to study the spawning ecology of the Japanese
eel that was conducted by the R/V Kaiyo Maru of the
Fisheries Agency of Japan (KY-08-4, 20 August to 15
September 2008) [24] along a 12°N, 135.5°E to 13°N,
136°E line and a 136°E line between 13°N and 22°N that
roughly followed the Kyushu-Palau Ridge in the North
Pacific (Fig. 1) from 5 to 8 September 2008. Larval col-
lections were conducted at ten stations at 1°N latitudinal
intervals (Fig. 1) by a 3 m Isaacs—Kidd midwater trawl
(IKMT), which had a 0.5 mm mesh and a mouth opening
of 8.7 m%. Tows of the IKMT fished from a depth of 300 m
to the surface with step towing ranging from 150 to 50 m in
depth, and took approximately 60 min (including the
45 min step towing) during both day and night. Hydro-
graphic observations consisting of conductivity, tempera-
ture, and depth measurements (CTD) up to 1000 m were
carried out at the ten stations of the 136°E line using a
SBE-911plus sensor (Sea-Bird Electronics, USA). Multi-
level current velocities were observed along the ship track
by a shipboard acoustic Doppler current profiler (ADCP);
38 kHz narrow band (RD Instruments, USA). The velocity
data were horizontally gridded into 0.05° boxes, where the
velocities included were ensemble averaged.

Identification of Conger myriaster larvae

Anguilliform larvae (leptocephali and preleptocephali)
were sorted out of the plankton samples on board and
measured to the nearest 0.1 mm in total length (TL). The
total number of myomeres (TM) and the position of the last
vertical blood vessel on the myomeres (LVBV) were
recorded using a binocular microscope unless the specimen
was too damaged. Conger leptocephali were morphologi-
cally identified to the genus level based on body shape,
pigmentation pattern, and/or number of TM (i.e., 138-149)
and LVBV (i.e., 50-59) [28, 29], and then preserved in
99% ethanol. In the laboratory, the samples of Conger
leptocephali and preleptocephali were identified to species
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Fig. 1 Survey area along the Kyushu-Palau ridge on the 136°E line
between 13°N and 22°N in September 2008. Closed circles indicate
the sampling stations at which an Isaacs-Kidd midwater trawl IKMT)
net survey and conductivity—temperature—depth (CTD) observations
were conducted. Stars with circles indicate stations where Conger
myriaster larvae were collected. The black square shows the station
where preleptocephali were collected in June 2008 [20]

by analyzing nucleotide sequences of approximately 550
base pairs (bp) containing the mitochondrial DNA 16S
rRNA region using the primers 5'-GGTCCWRCCTGCCC
AGTGA-3" and 5'-CCGGTCTGRACYAGATCACGT-3'.
There were sequence differences of 3—-15% in the frag-
ments among each of the four Conger species present in the
western north Pacific (C. myriaster, C. japonicus, C. ere-
bennus, C. cinereus [4]), and a maximum difference of 1%
within the same Conger species [18], that were compared
to the known sequences of C. myriaster [18, 19, 30].

Results

Collection of Conger myriaster leptocephali
and preleptocephali

A total of 20 Conger myriaster larvae were caught at three
stations at 17°N, 18°N, and 21°N along the 136°E line
(Fig. 1; Table 1) from 6 to 7 September 2008, and these
were confirmed to be C. myriaster by analyzing mito-
chondrial DNA fragments of approximately 550 bps con-
taining the 16S ribosomal RNA region in the laboratory.
Comparisons of the sequences of these 20 specimens
(DDBJ/EMBL/GenBank accession numbers AB617683—
AB617702) with those of known C. myriaster specimens
found sequence identities of 99.2—-100%. The two that were
collected at 17°N (Figs. 1, 2) were 5.8 and 7.8 mm TL
(Table 1) and were newly hatched larvae (preleptocephali).
The 5.8 mm TL larva had no teeth or jaws, and had an
early pigmented eye with an oil globule (Fig. 2a), which
was the youngest preleptocephalus (i.e., earliest stage) of
this species ever collected. The other 18 larvae collected at
18°N and 21°N ranging from 18.6 to 40.0 mm TL had
myomere counts that ranged from 141 to 149 TM and 51 to
57 LVBV (Table 1), and had an elongate body, pigment
spots on the gut, and a crescentic patch of pigment beneath
the eye, which are typical morphological features of all
known species of Conger leptocephali [18, 19, 28, 29].

Oceanographic features
Current flow along the 136°E line

The shipboard ADCP observations near the surface at 40 m
(Fig. 3a) and in the subsurface at 112 m (Fig. 3b) along the
ship track of the transect from 12°N, 135.5°E to 13°N,
136°E and the 136°E line between 13 and 22°N (Fig. 3)
showed alternating east- and west-flowing currents and
countercurrents or eddies, which indicated a mostly con-
tinuous steady westward current (the North Equatorial
Current, NEC) between 12°N and 14°N, a strong eastward
current at around 17°N, and an eastward current (possibly
the Subtropical Countercurrent, STCC) between 21°N and
22°N (Fig. 3). The current at 17°N, 136°E, where newly
hatched larvae were caught (Fig. 1), was flowing eastward
or northeastward at about 0.45-0.24 m/s near the surface
and in the subsurface layer (Fig. 3).

Hydrographic structure at 17°N, 136°E
Figure 4 shows the CTD profile down to a mean depth of
1000 m at 17°N, 136°E, where newly hatched prelepto-

cephali were caught. Water temperature at the net
deployment depths (0-300 m) ranged from approximately
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Table 1 List of Conger myriaster preleptocephali and leptocephali collected along the 136°E transect

Sampling date Locality TL (mm) Stage PAM LVBV ™ Note

6 Sep 2008 17°N, 136°E 5.8 Pre - - - Fig. 2a

6 Sep 2008 17°N, 136°E 7.8 Pre - 56 - Fig. 2b

6 Sep 2008 18°N, 136°E 234 Lepto 120 53 147

6 Sep 2008 18°N, 136°E 18.0+ Lepto 106 56 140+ Tail damaged
6 Sep 2008 18°N, 136°E 18.6 Lepto 113 55 135+ Tail damaged
6 Sep 2008 18°N, 136°E 273 Lepto 114 53 141

6 Sep 2008 18°N, 136°E 40.0 Lepto 121 55 145

6 Sep 2008 18°N, 136°E 21.6 Lepto 113 55 142

6 Sep 2008 18°N, 136°E 19.7 Lepto 110 55 144

6 Sep 2008 18°N, 136°E 27.5 Lepto 114 55 141

6 Sep 2008 18°N, 136°E 26.8 Lepto 119 54 142

6 Sep 2008 18°N, 136°E 355 Lepto 121 51 143

6 Sep 2008 18°N, 136°E 314 Lepto 117 57 142

6 Sep 2008 18°N, 136°E - Lepto - - - Whole body damaged
6 Sep 2008 18°N, 136°E 213 Lepto 112 53 146

7 Sep 2008 21°N, 136°E 23.6 Lepto 121 55 147

7 Sep 2008 21°N, 136°E 30.9 Lepto 115 54 143

7 Sep 2008 21°N, 136°E 23.1 Lepto 116 54 149

7 Sep 2008 21°N, 136°E 25.0 Lepto 116 55 143

7 Sep 2008 21°N, 136°E 26.3 Lepto 117 57 146

Pre preleptocephalus stage, Lepto leptocephalus stage, PAM number of pre-anal myomeres, LVBYV the position of the last vertical blood vessel

Fig. 2 Newly hatched larvae of Conger myriaster collected at 17°N,
136°E. a Early-stage larvae: 5.8 mm in total length with no teeth or
jaws, and early eye pigmentation with an oil globule; b 7.8 mm in
total length with teeth, jaws, and eye pigmentation. Scale bars are 1
mm

16 to 30°C, and within the 50-150 m depth layer where the
step tow was conducted, the temperature ranged from 23 to
29°C. The salinity profile indicated that the survey areas
were in the North Pacific Tropical Water (NPTW), which
showed a salinity maximum (>35.0 PSU) in the subsurface
layer at a depth of around 175 m. The density drastically
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increased from ot = 21-24.5 in the 50-200 m depth layer
associated with pycnocline.

Discussion

Spawning area of Conger myriaster along the Kyushu-
Palau Ridge

The collection of newly hatched larvae of Conger myri-
aster as well as larger specimens in the present study
indicates that this species had spawned in the open ocean
near the survey area around 17°N, 136°E, approximately
205 nautical miles (380 km) south of Okinotorishima
Island (20°25'N, 136°04'E), in early September 2008 and
in previous months. The location at which these prelepto-
cephali were collected in September (17°N, 136°E) was
remarkably close to the location (16°N, 137°E) at which
six preleptocephali had been collected several months
earlier, in June 2008, and these were also genetically
confirmed to be C. myriaster [20]. The presence of larger
genetically identified larvae to the north of this area in the
present study and the inferred presence of larger lepto-
cephali of this species in July of 1991 and 1995 that could
not be genetically identified [20] are strong evidence that
C. myriaster spawns in this particular area of the western
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North Pacific. Combining these data, it can also be con-
cluded that C. myriaster spawns in this area between at
least June and September, which is several months earlier
than previous estimations of the spawning season obtained
by back-calculation based on otolith daily increments of
large leptocephali of this species, which peak from about
September to February [11, 17].

In the present study, the preleptocephali had only
recently hatched, so they must have been collected rela-
tively close to their spawning location. The smallest larva
(5.8 mm TL), which had no teeth or jaws, and early pig-
mented eyes with an oil globule, was similar to the
Anguilla japonica preleptocephali estimated to be 3—4 days
after hatching based on their eye pigmentation state and
otolith analyses [22]. They were also similar in shape and
size to the preleptocephali collected in this area in June
2008 (5.6-6.9 mm), which mostly had pigmented eyes and
early teeth [20]. Reared larvae of Conger myriaster from

artificial fertilization were reported to develop such that
they reached about 5.8 mm TL at 4-5 days after hatching
and mouth opening was observed at 7 days after hatching
[31]; thus, the smallest larva (5.8 mm TL) in the present
collection was equivalent to 4—6 days after hatching of the
reared larvae of C. myriaster. However, their rearing
temperature was significantly lower (12-14°C) than the
temperature profile of the survey area (approximately
16-30°C in the depth range of net deployment—the upper
300 m). Within the 50-150 m depth layer, where the step
tow was conducted and the larvae were likely captured, the
temperatures ranged from 23 to 29°C. Therefore, it is
possible that the age in days of the smallest larva (5.8 mm
TL) was about 3-4 days after hatching and that it had
experienced rapid growth caused by the warmer water
temperature environment.

The easterly current in which the newly hatched larvae
were found (17°N, 136°E) was flowing at about 0.24-0.45
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Fig. 4 Vertical profiles of water temperature (gray line), salinity
(black line), and density (dashed line) (at) at 17°N, 136°E, where
newly hatched larvae of C. myriaster were caught

m/s (Fig. 3), so the smallest larva (estimated to be
3-4 days after hatching) could have been transported,
depending on its depth, 62-156 km after hatching in the
western area near the longitudinal axis of the Kyushu-Palau
Ridge around 135°E (Fig. 3). This suggests that C. myri-
aster had spawned in September and probably also in June
quite near to or just to the east of the Kyushu-Palau Ridge.
This oceanic ridge could play an important role as a
landmark for the spawning area, as appears to be the case
for the Japanese eel that spawns just to the west of the West
Mariana Ridge [22-25]. Since the oceanic ridge crest
within the present survey area (13-22°N) is quite deep
(approximately 2,500-3,500 m deep), except for Okinoto-
rishima Island, C. myriaster spawning appears to occur in a
pelagic environment similar to that of the Japanese eel,
which has been studied through the collection of mature
adults [23-25], naturally spawned eggs, and newly hatched
preleptocephali [25] along the West Mariana Ridge. The
Kyushu-Palau Ridge is at the boundary between the
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Philippine Basin (5,000-6,000 m deep) and the West
Mariana Basin (approximately 4,000-5,000 m deep), and
may provide longitudinal cues for C. myriaster adults to
aggregate and spawn due to possible geomagnetic anom-
alies if they have a magnetic sense like anguillid eels [25,
32]. Other cues such as olfactory cues could also be pos-
sible if they migrate to the spawning area at deeper depths
than anguillid eels. The Japanese eel and other anguillid
eels migrate at depths of less than about 800 m and show
vertical migrations to shallower depths at night [33].
However, the maturation of C. myriaster appears to occur
at much colder temperatures of about 6°C [34] than the
maturation temperatures of about 19-22°C seen for the
Japanese eel [35, 36]. This suggests the possibility that
C. myriaster migrates at deeper depths than the Japanese
eel, and that the Kyushu-Palau Ridge could be a landmark
used by this species to locate the area of aggregation and
spawning. Based on the molecular phylogenetic relation-
ships of anguilliform fishes, conger eels and freshwater eels
evolved through different lineages, even though their
general body morphologies are quite similar, so conger eels
appear to be most related to the shelf and slope eels of the
Nettastomatidae and may have retained characteristics of
deep-benthic eels such as the cutthroat eels of the
Synahobranchidae, while freshwater eels are most related
to the midwater pelagic deep-sea eels such as the gulper
eels of the Eurypharyngidae and the saw-tooth eels of the
Serrivomeridae [37].

However, further studies are needed to determine the
larger-scale distribution of spawning and to learn about
possible latitudinal cues for spawning, such as fronts [38]
or current flows, which have been suggested to be impor-
tant in determining the locations of Japanese eel spawning
[25, 39].

Laval distribution and transport

The collections of C. myriaster larvae were limited to the
northern part of our survey area (17-21°N), which belongs
to the marginal area adjacent to the northernmost part of
the NEC (south of approximately 15°N [40]) and covers
the STCC region (north of 19-20°N [40—43]). In contrast,
the larvae were absent from the southern region (south of
16°N), which belongs to the mainstream of the NEC as a
stable westward current [40].

Since the spawning area of the Japanese eel was found
to occur along the West Mariana Ridge within the latitudes
of the main part of the NEC (12-14°N) [22-25], with their
larvae being transported westward by the NEC and then
transferring to the Kuroshio to recruit to East Asia [39, 44—
46], it appears that C. myriaster has a slightly different
spawning and recruitment strategy. It has also been esti-
mated that C. myriaster larvae are transported westerly
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toward their nursery areas along the coasts of East Asia
[18-20], but their transport may be more affected by eddies
and countercurrents at more northern latitudes. C. myrias-
ter larvae (22.3, 46.5 mm TL) were reportedly collected
near the western boundary of the western North Pacific,
south of the Ryukyu Islands (approximately 21°N, 125°E)
[19]. However, it is unlikely that westerly larval transport
occurs via the simple, stable, westward flow of the NEC
because of the complex current structure, including the
likely influence of the eastward current of the STCC within
the area of 17-21°N. This area is along the southern edge
of a region with much greater sea surface height (SSH)
variability due to the occurrence of many eddies [43, 47].

The shipboard ADCP observations along the 136°E
transect showed alternating east- and west-flowing currents
and countercurrents (Fig. 3), which may have been asso-
ciated with mesoscale eddies. Similar alternating bands of
eastward and westward water flow were also seen in the
Doppler current profile along 137°E in July and August in
a previous study [41]. Because both small and large
C. myriaster larvae appear to have been collected mostly
north of 16°N in this area previously [20], it appears that
this spawning area of C. myriaster may be typically located
just to the north of the main part of the NEC, within a band
of westerly flow that likely exists between two subtropical
fronts associated with eastward countercurrents in this
region [38]. Various sizes of C. myriaster larvae
(5.8-40.0 mm TL) were collected in the range of 17-21°N
along 136°E in the present study (Table 1), indicating
larval retention in the eddies in this region. However, SSH
observations show that mesoscale eddies propagate west-
ward through this area [48], which is just along the typical
southern edge of the STCC [43], through the influence of
the baroclinic Rossby waves that propagate westward
across the Pacific basin in 2.5-3 years [43]. Therefore, the
C. myriaster larvae trapped within the mesoscale eddies
could be transported to the western boundary in several
months, even if they were temporarily entrained into
eastward currents such as the STCC. Mesoscale eddies are
also considered to have an influence on the larval migration
route of the Japanese eel [49], and the possible role of the
directional swimming of these migrating Conger and
Anguilla leptocephali to increase their westward transport
is not yet known. Further studies on larval transport sim-
ulations using physical oceanographic models for the
western North Pacific subtropical current system are
required to elucidate the recruitment mechanism of
C. myriaster, which should lead to international control of
the stock management of this important fisheries resource.
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