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Spatial Distribution and Abundance of Phyllosoma
;La;va,e in the Kumano- and Enshu-Nada
~ -Seas North of the Kuroshio Current*
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Abstract

Distribution and abundance of phyllosoma. larvae were examined in the Kumano- and
Enshu-nada seas along the Pacific coast of central Japan during September to October 1983
and 1984, Ten species of phyllosoma larvae; belonging to Ibacus, Parribacus, Scyllarides,
Scyllarus and Panulirus, were obtained. Scyllarus bicuspidatus larvae were found abundantly
and were predominant, accounting for more than 90 % of the collected laryae. Panulirus
Japonicus was not caught, though six specimens of P. ornatus and P. versicolor were collected.
The present study indicates that phyllosoma larvae of S. bicuspidatus, which were released by
the adults inhabiting the near-shore of the Kumano- and Enshu-nada seas and were composed
of the fourth to final stages in the zooplankton samples, are retained within these, while
suggesting that Panulirus japonicus larvae are possibly flushed out into the Kuroshio Current.

As opposed to scyllarid (slipper) Ilobsters,
several palinurid (spiny) lobsters are of very high
economic value in Japan. The main species are:
Panulirus japonicus, predominant in the southern
to central portions of the Japanese waters; P.
longipes, in the Bonin Island waters; and P.
penicillatus, in the Ryukyu Island waters (KURA-
TA and SHIMIDU, 1973; NONAKA, 1982; SHO-
KITA et al., 1982). In particular, P. japonicus
has been harvested at over one thousand tons
annually in Japan (NONAKA, 1982).

The occurrence of phyllosoma larvae in Japa-

nese waters has been investigated and early- .

stage phyllosomas of P. japomicus have been
obtained. Unfortunately, late-stage phyllosomas
have only rarely been found (HARADA, 1957;
MuURANO, 1967; NAKAMURA, 1975; SAISHO
et al., 1983). To date, very little is known
about the ecology and recruitment mechanism
of any scyllarid and palinurid lobster larvae in
Japan. In western Australian waters, however,
the recruitment mechanism for P. ¢ygnus has been

clarified greatly (PHILLIPS ef al., 1979; PHILLIPS,

1981). SEKIGUCHI (1985) presented a hypothesis
concerning the larval recruitment processes of P,
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- Kuroshio Current as adults.

Jjaponicus, which has a long larval period of
about eight months (INOUE, 1981). He proposed
that phyllosoma larvae of P. japonicus, released
in the near-shores, are flushed out into the
Kuroshio Current and further into the Counter-
current south of the Kuroshio Current. After
passing a planktonic life for four to six months,
they again enter the Kuroshio Current and
metamorphose into’ the puerulus stage with
strong swimming power and are then recruited
into near-shore Japanese waters north of the
This hypothesis
not withstanding, there is still considerable
controversy surrounding the larval recruitment
mechanisms of the Japanese scyllarid and pali-
nurid lobsters (see review by SEXKIGUCHI, 1985).

Purposes of this study are, firstly, to identify
phyllosoma larvae to confirm the occurrence or
absence of P. japonicus larvae in the coastal
region north of the Kuroshio Current, and
secondly to examine the spatial distribution of
the scyllarid and palinurid larvae.

Materials and Methods
Investigations were conducted in 1983 and

-1984. The investigation in 1983 was generally

concentrated in the waters comparatively close
to coasts of the Kumano- and Enshu-nada seas
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Fig. 1.  Surface current velocity measured with GEK in the Kumano- and Enshu-nada seas.
Numericals: individual numbers of Porpita pacifica per ten minutes tow; solid circles:
sampling positions by ‘‘Maruchi’’ net at night; open triangles: starting positions of
cruising by T/V Seisui-Maru; solid triangles: ending positions of cruising by the vessel;
solid lines: cruising tracks of the vessel; A- in the 83-R-10 cruise (Sept. 25-Oct. 1 1983),
B- in the 84-R-7 cruise (Sept. 13-21 1984) :
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(32°59.04'N to 34°27.38’N; 135°45.11’E to 137°
57.63'E) (Fig. la), while in 1984 it covered the
off-shore portion of these seas in addition to the

" Kuroshio Current (32°20.00'N to 34°45.44'N;
135°44.75'E  to 138°45.40’'E) (Fig. 1b). The
investigations were made for seven days in 1983
(Sept. 25-Oct. 1 1983; 83-R-10 cruise) and for
nine days in 1984 (Sept. 13-21 1984; 84-R-7
cruise) aboard the training vessel Seisui-Maru
of Mie University.

Zooplanktons were sampled from 36 stations
in 1983 and from 29 stations in 1984, by night-
time horizontal surface hauls of a large ‘“Maru-
chi’” net (1.3 meter in diameter, 1.0 mm mesh-
openings). Surface nets were towed from booms,
one on either side of the ship for ten minutes
at two knots. Previous studies have confirmed
the effectiveness of nighttime horizontal surface

“towes to collect phyllosoma larvae (NONAKA
and WAKABAYASHI, 1973; PHILLIPS et al.,
1978). Zooplankton samples collected were im-
mediately fixed in 1095 formalin seawater.
Phyllosoma larvae were sorted from the samples
and identified to the generic level, and where
possible to the species level, in the laboratory.
Phyllosoma larvae of a scyllarid lobster Scyllarus
bicuspidatus were classified into eight stages
according to morphological features as described
by PHILLIPS ez al. (1981).

The surface current velocity was measured by
GEK. Water temperature data is taken from
the Prompt Report of the Oceanographic Con-
ditions published by the Hydrographic Depart-
ment, Maritime Safety Agency (1983-1984). In
addition, the numbers of a chondrophorid
medusa, Porpita pacifica, were counted at each
sampling station to ¢onfirm the extention of the
Kuroshio Current into the Kumano- and Enshu-
nada seas. :

Results and Discussion

1. The Kuroshio path during the investigation

The Kuroshio path fluctuated from June to
October of both years as indicated in Fig. 2.
According to the classification of the Kuroshio
path by NITANI (1969), the Kuroshio was mainly
in the “B” type from June to October 1983,
while in 1984 the Kuroshio path fluctuated con-
siderably, changing from the “B” type in early

June, next to the “C* or “D” type and finally
to “N’’ type path in September. The investi-
gations were made from September to October
when the Kuroshio path was of the ‘B’ type
in 1983 and of the “N’’ type in 1984.

Due to the ““B” type Kuroshio path in 1983,
a strong south-westerly current appeared in the
Kumano- nada sea (Fig. la). Though a westerly
current appeared in the Enshu-nada seas, -this
current was not followed by the southwesterly
current in the Kumanonada seas. The “N”’
type Kuroshio path in 1984 produced an anti-
clockwise circulation in the Enshu-nada seas,
though the Kumano-nada sea showed irregular-
directed and weak current (Fig. 1b). Distribution
of water temperature in relation to the Kuroshio
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Fig. 2. Semi-monthly fluctuation of the Kuroshio
path from June to October.
a: 1983, b: 1984. Data supplied from the -
Prompt Report of the Oceanographic Condi-
tions published by the Hydrographic Depart-
ment of the Maritime Safety Agency (1983-
1984). The Kuroshio path is based on the .
GEK data. ) R
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path is shown in Fig. 3a, b. A distinct cold water

mass appeared in the off-shore portion of the

Enshu-nada sea when the Kuroshio was in the

“B” type'in 1983. Features of the water temper-

ature pattern in 1983 (Fig. 3a) indicate that the

Enshu-nada sea was influenced by the Kuroshio
Current which had intruded from the east. Fur-
thermore, the chondrophorid mesusa, Porpita
}aciﬁm, which always floats on the surface and
may be used as an indicator species of Kuroshio
water, . densely appeared in the waters close to
_the Kumano- and Enshu-nada seas coasts, i
addition to the Kuroshio Current (i.e., 32° 59.04'
N t033°06.21’N; 135°45.14’E to 136°23.38E) off
the southern tip of the Kii Peninsula in 1983,
while in 1984 it appeared in small numbers in
these seas (Fig. 1a, b).

2. Abundance of phyllosoma larvae

There was a sharp contrast in the abundance

of phyllosoma larvae caught between 1983 and

1984. A total of 365 individuals was caught

in 1983, while in 1984 they totaled 15 individu-
als. Two explanations are possible in this case:

(1) if the number of the larvae released by all

the berried female in 1983 and 1984 did not
differ greatly, it is suggested that most of the
larvae were flushed out into the Kuroshio Cur-
rent in 1984, while they were retained within
the Kumano- and Enshu-nada seas in 1983.
..Alternatively, (2) sampling was concentrated
in the waters close to the coasts in 1983, while
in 1984 the off-shore portion of these seas in
addition to the Kuroshio Current was covered
as described in the previous section. Phyllosoma
larvae. may have occurred mainly in the waters
close to the coasts and thus the investigation in
1983 would be more likely to catch the larvae
than in 1984.

Scyllarid and palinurid lobsters have a plank-
tonic larval life ranging from one month to
nearly one year (PHILLIPS and SASTRY, 1980).
Therefore, the current pattern in the Kumano-
and Enshu-nada seas determines whether phyl-
losoma larvae released by the berried lobsters
inhabiting the near-shores are retained within
tHese seas, or are flushed out into the Kuroshio
Current. Fluctuations of the Kuroshio path of
from a half-month to a few months considerably
influence the surface current pattern in these seas
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Fig. 3. Water temperature distribution at 100m
depth. a: from Sept. 14 to Oct. 5 1983, b:.
from Sept. 19 to Oct. 3 1984. Data from the
Prompt Report of the Oceanographic Conditions
published by the Hydrographic Department of .
the Maritime Safety Agency (1983-1984).

(KOBAYASHI et al., 1984). According to Ko-
bayashi’s (1985) study concerning the oceano-
graphic conditions of these seas:in relation to
the Kuroshio meander, floating particles released
into these seas tended .to be flushed out into the
Kuroshio Current more during the periods of
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the Kuroshio meander than during the periods
of the ““N”’ type of Kuroshio path. This sug-
gests that the phyllosoma larvae were more
abundant in ‘1984 under the ‘““N”’ type Kuroshio
path-than in 1983 under the ‘‘B’’ type path.
The phyllosoma larvae collected, however, were
much more abundant in 1983. From this, the
author believes that the large difference in phyllo-
soma numbers between 1983 and 1984 can be
attributed to differences in sampling positions
between years. Further support comes from
KIDACHI and ITO (1979) who worked on the
fluctuation of zooplankton wet weights in these
seas in relation to the Kuroshio meander. The
weights apparently increased during periods of
the Kuroshio meander when compared with
those from the ‘“N’’ type of Kuroshio path.
They suggested that this increase in weight is
connected with the extention of coastal water
caused by the Kuroshio meander.

3. Identification of collected phyllosoma

larvae

To determine the spatial distribution of phyllo-
soma larvae of Panulirus japonicus, which is
commercially fished in nearshore waters of the
Kumano- and Enshu-nada seas, the present
investigation was undertaken from September to
October, shortly after the main hatching and
releasing from July to August (INOUE, 1981).
However, as referred below, phyllosoma larvae
of scyllarid lobsters were predominant among
the collected larvae.

Late and gilled (final) phyllosoma stages of
the scyllarid and palinurid lobsters were identi-
fied in the samples:

83-R~10 cruise 84-R-7 cruise
Seyllarus bicuspidatus Scyllarus bicuspidatus
(338 inds.) 2)
cultrifer (1) sp. a (7)
kitanoviriosus (3)
martensii (1) Panulirus ornatus (2)
sp. a (13)
Panulirus ornatus (3)
versicolor (1)
Five specimens of early-stage phyllosoma larvae
belonging to Ibacus, Parribacus, and Scyllarides
were also caught in the present investigation.
These speciments were difficult to identify to
species level and only ten species of phyllosoma

larvae were identified. Descriptions of the
phyllosoma larvae were given in a previous
paper (SEKIGUCHI, 1986) that included keys to
the genera and species of scyllarid and palinurid
lobsters in Japan. Phyllosoma larvae of Thenus
(Scyllaridae),  Linuparus, Puerulus, Palinustus
and Justitia (Palinuridae) were not sampled in
the present ‘investigation, though those of Linu-
parus and Justitia have already been reported
from Japanese waters (SAISHO et al., 1983;
AOYAMA et al., 1985).

Among the ten species of phoyllosoma larvae
collected in the present investigation, the larvae
of Seyllarus bicuspidatus were predominant,
occupying more than 909 of the collected
As spawning period of scyllarid lobsters
generally extends from May to early August in
Japanese waters (SAISHO, 1964), this indicates
that adults of S. bicuspidatus were also pre-
dominarit .in the near-shores of the Kumano- and
Enshu-nada seas. Taxonomy of Scyllarus adults
in Japanese waters has tentatively been reviewed
by HARADA (1962, 1965), but their abundance
and regional occurrence have not yet been in-
vestigated in detail until now. Though it is
believed that S. culirifer is predominant among
Scyllarus species in Japan (MIYAKE, 1982), it is
probable that S. bicuspidaius has erroneously
been identified as S. culirifer as HARADA (1965)
suggested. In the near future it will be difficult
to clarify the ecology of the small-sized Scyllarus
adults as they generally lack economic value in
Japan, as opposed to large-sized Panulirus adults.
Thus, studies on taxonomical and distributional
features of Scyllarus larvae could give valuable
information concerning those of the adults.

Only six specimens of Panulirus ornatus and
P. wversicolor phyllosoma larvae were taken in
the present investigation. Curiously, phyllosoma
larvae of P. japonicus, which mainly releases
their larvae from July to August and lives dense-
ly in near-shore waters of the Kumano- and
Enshu-nada seas (INOUE, 1981; NONAKA, 1982),
could not be collected. The reasons why Panuli-
rus larvae appeared in small numbers in these
seas are not immediately apparent.

Two specimens of nisto larvae belonging to
the Scyllarus were obtained: in the 84-R-7
cruise: sampling position was 33°55.67’N; 136°

larvae.
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24.34'E on Sept. 27 1984. Unfortunately, it is
still difficult to identify these specimens to
species.
4. Spatial distribution of phyllosoma larvae
of Scyllarus bicuspidatus
All the phyllosoma larvae of S. bicuspidatus
were in the fourth to eighth (final and/or gilled)
stages of development based on PHILLIPS et al.

(1981). Frequency distributions of body lengths
250+ R . 8(final)
200 9w , %}
100 4 stage EE %

50 =

mm

Fig. 4. Frequency distribution of body lengths

of each phyllosoma stage of Scyllarus bicuspi-
datus. The 338 specimens collected in 1983
were examined.

L 4

- 136° 137°

for collected larvae are illustrated for each phyllo-
soma stage in Fig. 4 which indicates that body
lengths at each stage do not overlap with each
other. Stage composition of the S. bicuspidatus
larvae collected in.1983 is shown in-Fig. 5, the
seventh to eighth stages were predominant while
the first to third stages were lacking.

Spatial distribution, abundance, and stage
composition of phyllosoma larvae of S. bicuspi-

%
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Fig. 5. Stage composition of phyllosoma larvae
of Seyllarus bicuspidatus.
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Fxg 6. Spatial distribution, abundance and stage composition of phyllosoma larvae
of Scyllarus bicuspidatus in the Kumano- and Enshu-nada seas.
Numericals: individual numbers per ten minutes tow; circles: sampling positions

of the 83-R-10 cruise; triangles:

those of the 84-R-7 cruise.

Open and solid

marks show absence and occurrence of larvae, respectively.
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datus are shown in Fig. 6. Larvae were mainly
found in the waters close to- coasts of 'the
Kumano- and Enshu-nada seas with ‘the highest
density of 90 inds. per tow for ten minutes.
Distinctly different from 'the larval population
collected within the Kumano- and Enshu-nada
seas, the larvae which were caught in the
Kuroshio Current close to the southern tip of
the Kii Peninsula consisted mainly of final stage
specimens (Fig. 6). Two explanations are pos-
sible concerning the larval population of S. bicu-
spidatus which were collected within the Kuma-
no- and Enshu-nada seas. Firstly, the larvae
were released by the adults inhabiting near-
shore waters and most were retained therein.
Secondly, the larvae were released elsewhere
and then later transported into these seas through
the Kuroshio- Current. If larvae of S. bicuspi-
datus originated from waters other than these
seas, it is difficult to understand then why
phyllosoma stages of the larvae collected. within
these seas were younger than those in the
Kuroshio Current as indicated in Fig. 6. A
chondrophorid medusa Porpita pacifica which is
used as an indicator of the Kuroshio water on
the surface was collected abundantly within
these seas (Fig. 2a). However, these medusae
always live on the sea surface, while the phyllo-
soma larvae clearly show diel vertical migration
(PHILLIPS ef al., 1981). Such behavioral differ-
ences would result in greatly different spatial
distributional patterns for each species (e.g.
SEKIGUCHI, 1984).

As estimated from the surface current pattern
of these seas (Fig. 2a) and from the S. bicuspi-
datus larvae found mainly in the waters close
to the coasts (Fig. 6), most of the larvae were
not dispersed into the off-shore portion of these
seas. Nevertheless, high densities of larvae were
sometimes found within the Kuroshio Current
close to the southern tip of the Kii Peninsula
(Fig. 6). This suggests that larvae of S. bicu-
spidatus are, in part, flushed out into the Kuro-
shio Current. Conversely, this may indicate
that the larvae could not be flushed out into the
Kuroshio Current until after entering the later
developmental stages.

As mentioned above, larvae of S. bicuspidatus,
which were composed of the fourth to eight (final)

stages, were found abundantly within the Kuma-
no-- and Enshu-nada seas, while those of P.
Japonicus were lacking. The results stated above
support the idea that larvae of S. bicuspidatus
are retained within these seas throughout their
phyllosoma stages while those of P. japonicus
are flushed out into the Kuroshio Current as
discussed by SEKIGUCHI (1985). It is pqssible,
though demanding much time and energy, to
examine this hypothesis. Sampling by a large
plankton net must cover the whole area of the
Kumano-~ and Enshu-nada seas throughout the
year. The author is now planning to start such
a study in near future.
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