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Seasonal abundance of three clupeoid larvae and juveniles

occurring in the shirasu fishery ground in central
Tosa Bay, Japan

DJuMANTO'!, Izumi KinosHITA, Chiho Brro® and Jun-ichi NUNOBE

Abstract : The community of three clupeoid (Engraulis japonicus, Etrumeus teres and
Sardinops melanostictus) larvae and juveniles were examined monthly in their fishery ground
in central Tosa Bay, Japan between October 2001 and September 2002. A total of ca. 1.5 million
clupeoid larvae and juveniles were collected at four depths (5, 10, 15 and 20 m) in areas off the
Niyodo River mouth. E. japonicus occurred all year round, and was the most abundant (ca.
61% of total), followed by E. teres (ca. 25%) and S. melanostictus (ca. 7%). Dominant species
changed seasonally, i.e. E. japonicus dominated from April to October with two peaks in April
and August, E. teres dominated from November to February with a peak in February, and S.
melanostictus dominated in March with a peak in February. Sizes were more widely distributed
and larger for both E. teres (7-41 mm with two modes) and S. melanostictus (7-41 mm with
one mode) than for E. japonicus (7-37 mm with one mode). Age determined by ring increments
on otoliths (sagittae) showed multi-modal patterns in all species, i.e. modes were identified
around 29-30 and 49-50 days for E. japonicus, 9-10, 29-30, 3940 and 49-50 days for E. teres, and
17-18, 25-26, 31-32 and 51-52 days for S. melanostictus. According to relationships between
monthly changes in the modes of size, age and hatching date, migrant and resident stocks were
present, and all three species tended to be longer residents in the fishery ground during winter.
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1. Introduction

"Shirasu" is a commercial Japanese term for
the larvae and juveniles of fish, particularly eel
and clupeoid fishes. In southern Japan, fisher-
les for catching clupeoid shirasu are common
and commercially important, and the coastal
waters facing Tosa Bay yield particularly high
catches. The forming of fishery grounds for
clupeoid shirasu must be no more than assem-
blages of their larvae and juveniles in coastal
waters. Descriptions of larval and juvenile
ichthyofauna have been reported in some areas
(Isurvyama, 1950; Horr, 1971; HAYASHI et al.,
1988). Engraulis japonicus is the main species
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in catches and studied on their early life his-
tory (TsuJI and AovaMa, 1984; MiTani, 1988a,
b, c¢). These specimens were fragmentally
shared by fishermen, and were sampled irregu-
larly. Therefore, in order to obtain more de-
tailed information on the community of larvae
and juveniles, we employed fishermen and peri-
odical collections were conducted. In the pre-
sent paper, to better understand the mech-
anisms underlying the formation of shirasu
fishery grounds, we examined seasonal recruit-
ment of three clupeoid species in Tosa Bay.

2. Materials and methods

Larvae and juveniles of clupeoid species
(shirasu) were sampled monthly at four sta-
tions (T1-T4) of increasing depth (5, 10, 15 and
20 m) from the mouth of the Niyodo River us-
ing trawlers between October 2001 and Septem-
ber 2002 (Fig. 1). Two boats towed a net along
a depth-contour for ca. 1,000 m along each
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Fig. 1 A chart of Tosa Bay showing the stations (T1-T4) where larvae and juveniles were collected by shirasu
trawls from October 2001 to September 2002. Stations were arranged by different depths (5, 10, 15 and 20

m).

station, the mesh aperture of bag-net was 2
mm. Water temperatures and salinities were
measured using STD.

All samples fixed in 10% sea-water formalin
were then transferred to 80% ethanol until
clupeoid fishes were sorted based on develop-
mental stages (KENDALL et al., 1984) in the
laboratory. In this study, unlabeled lengths in-
dicate notochord length for preflexion and flex-
ion larvae and standard length for postflexion
larvae and juvenile.

A maximum of 100 specimens from collec-
tions for each species on each sampling date
was selected randomly for age determination
from otolith (sagitta). The right side sagittae
were removed from specimens, and fixed on a
microscope slide face up with epoxy resin.
Rings outside the nucleus of the sagitta were
counted with a light microscope at X 400-600,

and the mean of five replicate counts was used
as the estimated ring number. Hatching dates
were estimated from the increment of daily
rings and the collection dates. The daily perio-
dicity of increment formation on sagitta in E.
Japonicus, E. teres and S. melanostictus was de-
termined by Tsudi and Aovama (1984),
Havasui and KawacucHr (1994) and HAYASHI
et al. (1989), respectively.

3. Results
Temperature and salinity

Seasonal changes in average water tempera-
ture and salinity among the depths (0.5 m in-
terval) of all stations are shown in Fig. 2. The
temperature was highest (27.7°C) in Septem-
ber, and lowest (15.9°C) in February. Highest
and lowest salinities were recorded at 34.6 and
32.6 psu in February and October, respectively.
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Fig. 2 Seasonal changes of mean temperatures and salinities off the mouth of Niyodo River in Tosa Bay from

October 2001 to September 2002.

Table 1. List of clupeoid larvae and juveniles collected by a shirasu trawl in Tosa Bay from October 2001 to Sep-

tember 2002. Total number of fish larvae and juveniles =

0.5%.

ca. 1.6 million. ne, not examined; +, less than

Species %

Range of BL (mm) Range of Age (day)

Engraulis japonicus 61
Etrumeus teres 25
Sardinops melanostictus 7
Sardinella zunast +
Spratelloides gracillis +
Other species 7

6.5-37.4 6 68

6.6-40.5 4-80

6.6-40.8 564
ne ne
ne ne
ne ne

The salinity was sporadically lower in July due
to heavy rain. Consequently, seasonal patterns
of the two physical parameters tended to be re-
ciprocal.

Composition of clupeoid larvae and juveniles
Of ca. 1.6 million fish larvae and juveniles
collected during the study period, ca. 1.5 mil-
lion fish belonged to the clupeoid species. These
comprised five species, with the dominant spe-
cies being Engraulis japonicus (60.8% in nu-
merical percentage), Etrumeus teres (24.7%)
and Sardinops melanostictus (6.7%) (Table 1).
Seasonal abundance of the three species is
shown in Fig. 3. E. japonicus was present all

year round, and was dominant in October and
from April to September. E. teres was collected
all year round except in August and Septem-
ber, and was dominant from November to Feb-
ruary. On the other hand, S. melanostictus was
present in limited numbers from November to
April, and became dominant only in March.
The dominant species thus changed on a sea-
sonal basis.

Total compositions of size and developmental
stage of three species were shown in Fig. 3 of
DJUMANTO et al. (2004). Juveniles larger than
30 mm were appreciably common for E. teres
and S. melanostictus, but rare for E. japonicus.
All species were chiefly composed of the
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Fig. 3 Monthly fluctuations of CPUE (upper) and monthly compositions (bottom) in larvae and juveniles of
three clupeoid species collected by a shirasu trawl off the mouth of Niyodo River in Tosa Bay from October

2001 to September 2002.

postflexion larva stage. Modes were considered
to be 18.1-19.0 mm for E. japonicus, 17.1-18.0
and 24.1-25.0 mm for E. teres and 25.1-26.0 mm
for S. melanostictus.

Ages were distributed from 6 to 68 days for
E. japonicus, from 4 to 80 days for E. teres, and
from 5 to 64 days for S. melanostictus (Fig. 4).
Thus, age ranges for the three species were al-
most equal. Age frequencies also showed a
multi-modal pattern, and modes were found
roughly at 29-30 and 49-50 days for E.
Japonicus, 9-10, 29-30, 39-40 and 49-50 days in
E. teres, and 17-18, 25-26, 31-32 and 51-52 days
in S. melanostictus. Therefore, younger speci-

mens tended to occur in E. teres followed by S.
melanostictus and E. japonicus.

Seasonal changes in size and age

In order to examine the duration of residency
in the three clupeoid larvae and juveniles, their
size, age and hatching date distributions were
compared for each month (Figs. 5-7).

E. japonicus : Modal size increased from Oc-
tober to November, December to February, and
June to July, and did not vary substantially
during the other months. Size ranges widened
from January to March, and were relatively
narrow in other months. Modal age was 21-30
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Fig. 4 Age frequencies of three clupeoid fishes collected by a shirasu trawl off the mouth of Niyodo River in
Tosa Bay from October 2001 to September 2002.
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lected by a shirasu trawl from October 2001 to September 2002.

Seasonal changes in the body length, age and hatching-date distributions of Engraulis japonicus col-
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Fig. 6 Etrumeus teres. Otherwise same as in Fig. 5.

0 N D J F M A M J J A

101



102 La mer 42, 2004

Body |
w
(o]

or ]
] B
20
- 1
5 4ol | - -
E | |
60} !
go| | 050 i i
of | -
N; P ] |
Df_ i _I_"E—_J. | I
[«F] L
I
LR e
£ [E o} | I
Bl -
M[ ]
Allo  so%
I O I L

L L 1 1 i X 1 1

0O N D J F M A M J
2001 2002
Month

Fig. 7 Sardinops melanostictus. Otherwise same as in Fig. 5.
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days in most months, but increased to 41-50
days in January and February, when age
ranges were also wider than in other months.
Hatching dates were distributed over the year,
and overlapped between October and Novem-
ber, December and January, January and Feb-
ruary, and June and July. The frequency
distributions of other months exhibited no dis-
tinct patterns.

E. teres: Modal size increased from December
to March and June to July, and remained
roughly the same in other months. Size ranges
widened in January-March, and were relatively
narrow in other months. Modal age of 21-30
days was most frequent, and younger and older
modes were present in October and June, and
from January-April, respectively. Hatching
dates were distributed over the year except
August and September, and overlapped be-
tween January and February, and February
and March, and in other months were largely
isolated.

S. melanostictus : Modal size increased from
January to March, but little differentiation
was seen between November and December.
Size ranges were wider from January to
March, but were narrower in November, De-
cember and April. Modal age was at 21-30 days
from November to December, 31-40 days in
January, February and April, and exhibited
two peaks at 31-40 and 61-70 days in March.
Hatching dates were distributed from Novem-
ber to April, and distribution overlaps were
seen from January to March.

Seasonal changes in horizontal distribution

In autumn (October-December), both E.
japonicus and E. teres were dispersed, and
tended to be extend their distributions beyond
2 km offshore (Fig. 8). In winter (January-
March), all species were clearly aggregated 0.5
1 km offshore, while they expanded somewhat
beyond 1 km offshore in spring (April-June).
In summer (July-September), the most dense
aggregation of E. japonicus was formed near
the coast.

4. Discussion
Etrumeus teres larvae and juveniles were
dominant from November to February, and

were the major shirasu component in Tosa Bay
(Fig. 3). Other coasts facing the Pacific seldom
or never yield this species of shirasu (ISHIYAMA,
1950; Hori, 1970). This differentiation makes
the shirasu community of Tosa Bay unique.

Larvae and juveniles of Engraulis japonicus
and E. teres continued to occur in the fishery
ground over most of the year (Fig. 3). This
phenomenon is attributable to recruitment
from stocks outside as well as inside Tosa
Bay (DJuMANTO et al., 2004). Sardinops
melanostictus larvae and juveniles occurred
chiefly in winter for shorter periods than the
two species above. This shows that outside
stocks have the spawning period as Tosa Bay
stock.

Overlapping degree of the hatching date dis-
tribution between months for three species in-
dicate that a continual influx and departure of
individuals from the fishery ground occurs.
This tendency was also found in E. japonicus
shirasu from Sagami Bay, central Japan
(MrTANI, 1988a). However, there were overlaps
in hatching date distributions in each species.
Based on these results of monthly changes of
size, age and hatching date, E. japonicus were
apparently resident during October-November,
December-January-February, and June-July,
and showed growth during these periods. E.
teres and S. melanostictus hatched from Decem-
ber to February tended to remain for one
month and grew in the fishery ground. Al-
though it is unusual that species would be resi-
dent for longer periods when the water is
coldest, this phenomenon may be attributable
to 1) food, 2) density of the fish larva commu-
nity, or 3) specificity of the cohort.

1) Food: It has been clarified that copepods
are a major food source for the shirasu period
of the three species (YAMASHITA, 1955, 1957a, b;
Yorora, 1961; KuwaHARA and Suzuki, 1984,
MITANT, 1988b, ¢). The longer residence periods
in winter may be supported by sufficient
biomass of copepods as a food source. Little is
known about the seasonal distribution of cope-
pods in coastal waters, such as the fishery
grounds of shirasu in Tosa Bay, but HIrOTA
(1998) reported seasonal abundance of cope-
pods in surf zones of Tosa Bay where their den-
sities were rather lower in winter. Hence, it is
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Fig. 8 Seasonal changes of horizontal distributions of three clupeoid shirasu in coastal Tosa Bay from October
2001 to September 2002.
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unlikely that residency in winter is attribut-
able to food abundance.

2) Density of the fish larva community: For
the Plecoglossus altivelis altivelis larvae occur-
ring along surf zones, AZUMA et al. (2003)
speculated that transition from short- to long-
term residence may be caused by an expansion
of the distribution range of larvae during the
mass-recruitment period, and this expansion
contributed to a moderate increase in larval
density in the surf zone during the mass-
recruitment period. The present study also
showed that cohorts became resident in Octo-
ber ( E. japonicus ), December, January (three
species) and June ( E. japonicus ), whenever
CPUE of all fish decreased (Fig. 3). This indi-
cates that clupeoid larvae are dispersed off-
shore In a similar manner as P. a. altwelis
larvae.

3) Specificity of the cohort: It should be
noted that long-term resident cohorts of the
three species seem to originate from stocks of
outside Tosa Bay, other than E. japonicus born
in June (DJUMANTO et al., 2004). Because ear-
lier larvae should be more easily transported,
immigrantis seem to grow in new waters, and
are less likely to be transported further. Thus,
Tosa Bay may be a terminal and supply a nurs-
ery ground for transported larvae. Further-
more, they must be recruited into the adult
stocks in Tosa Bay. It is suggested this phe-
nomenon is also found in other waters facing
the Pacific, and thus these waters seem to sup-
ply fish stocks to one another.

Long-term residency of clupeoid larvae is
probably attributable to the increased density
of larvae and/or origination (immigrants or
natives) of cohort.
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