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Spawning seasons of adult and growth of 0-year-old deepsea

smelt Glossanodon semifasciatus in Tosa Bay,
Pacific coast of Shikoku

Kazuya NasHipA'", Hideo SakAJ? and Hitoshi HONDA®

The deepsea smelt Glossanodon semifasciatus is one of the most important fishes for the demersal fishery in the Pacific
coastal waters of central and southern Japan. In the present study, the spawning season in Tosa Bay was estimated to be
from January to April (spring spawning group), and also at a lower frequency in October to November (autumn spawn-
ing group) based on gonad somatic index changes and stages of the ovaries of adult fish landed by commercial fisheries
in Tosa Bay. Furthermore, the abundances of 0-year-old fish of the two seasonal spawning groups were investigated by a
trawl survey. The spring spawning group was much more abundant than the autumn spawning group. The growth of 0-
year-old fish was traced by the modes of the histogram of the specimens by measuring the Scale Length (SCL) of fish
caught by a monthly trawl survey using a research vessel from April 2002 to March 2005. The smallest specimen sam-
pled was about 19 mm SCL in mid April 2002 at the depth of 150 m. Although the histograms consisted of polymodal
classes and at least three or more growth lines were traced, the main mode of SCL of the spring spawning group from
2002 to 2003 was 25 mm in April, 50 mm in May, 75 mm in June, 90 mm in August, 105 mm in October, 110 mm in
November and about 140 mm in March in the next year. The growth rate of the 0-year-old fish in Tosa Bay is higher
than that estimated for the sub-population in the Sea of Japan, possibly due to the higher temperature of the nursery
ground of the Tosa Bay. The recruitment index of the spring spawned group fluctuated between years however reasons
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Introduction
The deepsea smelt (“Nigisu” in Japanese) is one of the
most important demersal fish stocks in the Pacific coastal
waters of central and southern Japan. The Japanese Danish
seine, two-boat trawlers and small Danish seine fisheries
caught slightly less than 1,000 metric tons in these waters
in 2004. The total catch in the Pacific Ocean waters is cur-
rently at a low level (half of the peak in 1996) and showing
a slight decreasing trend. The fish is also caught in the Sea
of Japan with a current annual catch of more than 3,000
metric tons. These two sub-populations however are geo-
graphically isolated from each other, and the trend of an-
nual catch between the two sub-populations is different.
Biological studies especially on the growth rates and
age determinations have been conducted mainly using spec-
imens from the Sea of Japan (Mio, 1969; Sinoda and
Jayashinghe, 1971; Ogata and Ito, 1979). Mio (1969) stud-
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ied the spawning season from the monthly changes in the
stages of ovary and estimated that the two spawning sea-
sons existed (March and September broods) and pointed
out that the deepsea smelt was a multi-spawner within both
spawning seasons. Sinoda and Jayashinghe (1971) distin-
guished two spawning groups (spring and autumn spawning
ones) by the hyaline and opaque zone formation pattern of
the otolith (sagitta). Only Hanyu (1956) studied the growth
rate using specimens caught on the Pacific coast of south-
ern Japan, and his study used the sagitta for age determina-
tion.

There are no studies regarding the spawning season of
the deepsea smelt in the coastal waters of the Pacific Ocean.
So we estimated spawning season of the adult specimens in
the present study. In spite of the age determination of young
and adult specimens, the growth of O-year-old fish has
rarely been studied, because it is difficult to collect 0-year-
old specimens. So in the present study, we will show the
growth of 0-year-old of deepsea smelt by tracing the modal
shifts of body lengths in Tosa Bay, Pacific coast of southern
Japan.

Materials and Methods
The spawning season was estimated using commercially
caught adult samples landed by the Japanese Danish seine
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Table 1. Sampling date at Mimase Fisheries Co-operative Asso-
ciation by the Japanese Danish seine.

Year/Month/Day ~ No. of fish sampled Fishing depth
2001/10/ 8 210
2001/11/11 138
2001/12/ 2 242
2002/ 1/20 222
2002/ 2/ 6 210 300m
2002/ 3/10 201
2002/ 4/10 286 160~200 m
2002/10/ 9 271
2002/11/ 5 247
2002/12/ 5 224 250m
2003/ 1/ 7 174 250m
2003/ 2/19 213 250m
2003/ 3/ 5 245 250m
2003/ 4/ 7 263 250m
2003/10/27 191 200 m
2003/11/20 216 200 m
2004/ 2/25 152 250 m
2004/ 3/21 449 250 m
2004/10/25 295
2004/11/21 212 250m
2005/ 1/26 213 250m
2005/ 2/17 258 180~200m
2005/ 3/10 231 286m
2005/ 4/25 251 190~200m
2005/10/13 197 178 m
2005/11/13 204 275m
2005/12/ 8 158 200m
2006/ 1/24 182
2006/ 4/ 9 246 200~210m
2006/10/ 2 279 210~220m
2006/11/ 5 302 230~280m
2006/12/11 203 200~250m
2007/ 1/ 8 283 180~200m
2007/ 1/31 241 180~200m
2007/ 3/ 4 215 320~340m
2007/ 4/ 8 213 180 m

at the Mimase Fisheries Co-operative Association in Kochi
City from October 2001 to April 2007 (Table 1). Within
each sample 50 or 30 specimens were randomly picked up
and dissected. As the Danish seine is off-season from May
to September in Tosa Bay and the trawl net of our research
vessel was not so efficient for sampling bigger adult fish
(more than 180 mm), little information of the adult fish was
available during the off-season period.

The scale length (SCL: mm) denotes from the poste-
rior margin of the mouth to the end of body covered with
scales. Based on the current sample data set from Tosa Bay,
the total length (TL: mm) can be calculated from the scale

length with the formula as follows,
TL=0.8754XSCL+0.2984 =0.9983 n=2,204.

The Gonad Somatic Index (GSI) was calculated using the
following formula,

GSI=gonad weight (g)X10*((SCL(cm))*).

Although there are no histological studies of the ovary of
ripening females in the present area, we defined that a fe-
male specimen is ripening when the GSI value is over 1
during the spawning season in the present study. We also
defined “ripe egg” in the present study that the female spec-
imen has large hydrated eggs, clearly visible to the naked
eye, in the ovary. The ovary (ripe or not) was checked visu-
ally whether the fish will spawn or not within the season.

The trawl survey was conducted monthly from April
2002 to March 2005 in Tosa Bay using R.V. “Kotaka Maru”
(30m long, 59tons, 1,000 ps), off Shikoku Island, Pacific
Ocean (Fig. 1). The gear used was a small otter trawl net
(cod-end mesh size 1.3mm). The trawling stations were
chosen according to depth as Horikawa ef al. (1991). We
trawled at 100 m, 125m, 150m, 175m and 200 m in 2002.
From May to October, two lines were set to investigate
wider range of habitat. In 2003, trawling depths were
100 m, 150 m and 200 m. Stations at 250 m depth were ad-
ditionally trawled from May to October. From April 2004,
the trawling depths were 100 m, 150 m and 200 m through-
out the year (see Table 2). All trawls were conducted during
the daytime. Trawl courses were set bathymetrically as
much as possible. The duration of the each trawl survey
was 10 or 15 min (mostly 15 min) from the set of the towing
line (stainless steel 8 mm in diameter) until the start of the
retrieval of the net. The towing speed was approximately
2kt. The samples were divided into taxonomical groups
and 0-year-old deepsea smelt were picked up and preserved
in 5% seawater neutralized formalin, and in the laboratory
they were washed with tap water and then preserved in
100% (2002) and 80% (2003-2005) ethanol within 24 h
after sampling. The percentage of shrinkage of scale length
by the formalin and ethanol was not checked in the present
study.

A photograph of G. semifasciatus juvenile (SCL is
about 25 mm) sampled in Tosa Bay was shown in Fig. 2.
The eleven transverse bands are the most typical index of
G. semifasciatus. Numbers of 0-year-old specimens (SCL
<150 mm, Table 3) were counted after Hanyu (1956), and
total weight was weighed for each station. Later, the SCL
were measured to the nearest 1 mm with digital solar
calipers (Mitutoyo Co. Ltd. Japan). The SCL of every spec-
imen data were calculated and histograms (5 mm interval)
of SCL at each depth were constructed using a personal
computer. Males and females were not differentiated.
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Figure 1.

Table 2.

Figure 2. Photograph of the deepsea smelt juvenile G. semifas-
ciatus. The Scale Length (SCL) of the specimen was about
25mm. The 11 transverse bands are the typical index to dis-
tinguish from another related species Argentina kagoshimae.

Sampling stations of the R.V. Kotaka Maru from April 2002 to March 2005. Sampling data are shown in

We traced the growth of 0-year-old specimens by trac-
ing modal shifts of body length data in Tosa Bay. From the
samples during the three years, we estimated the recruit-
ment index (0-year-old). The recruitment index was esti-
mated from the average number of 0-year-old specimens
(SCL<50 mm, these specimens were estimated to be less
than 120 days after hatching, Nashida et al., unpublished
data) per haul every month at each depth.

Results

The averaged GSI values and variations by month from Oc-
tober 2001 to April 2007 are shown in Fig. 3. The values
fluctuated between years. Although in spring distinct peaks
of GSI were observed, no peaks were observed from Octo-
ber to November. Only in 2005, were distinct peaks ob-
served in December in both sexes. From October to No-
vember, the values were less than 1 (both sexes), and gradu-
ally increased from December and peaked in February. In
March, the values slightly decreased but were still high, and
in April the values decreased though the values were mostly
more than 1 in both sexes.
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Table 2. Trawling stations of R.V. “Kotaka Maru” from April 2002 to March 2005. The numbers in the table are the
towing duration (minutes) and “— denotes lack of trawling because of adverse weather or obstructions on the

bottom.
Station No. St.1-1 St.2-1 St3-1 St4-1 St.5-1 Ste6-1 St.1-2 St2-2 St.3-2 St4-2 St5-2 St6-2
depth in m 100 125 150 175 200 250 100 125 150 175 200 250

Date of trawling

April 16,2002 15 15 15 15

May 15, 2002 15 15 15 15

May 16, 2002 15 15 15 15

May 17, 2002 15 15
June 19, 2002 15 15 15 15

June 20, 2002 15 15
June 21, 2002 15 15 15 15

July 29, 2002 15 15 15 15

July 30, 2002 15 15 15 15

August 26, 2002 15 15 15 15

August 27, 2002 15 15 15 15
September 18, 2002 15 15 15 15

September 19, 2002 15 15 15 15
September 26, 2002 15 15
October 16, 2002 15 15 15 15

October 17, 2002 15 15
October 18,2002 15 15 15 15
November 13, 2002 15 15 15 15

December 14, 2002 15 15 15 15

January 14, 2003 15 15 15 15

February 3, 2003 15 15 15 15

March 4, 2003 15 15 15 15

April 7, 2003 15 15 15

May 19, 2003 15 15 15

May 20, 2003 15 15 15
May 21, 2003 15 15
June 16, 2003 10 10
June 17,2003 10 10 10

June 18, 2003 10 10 10
July 24,2003 15 15 15

July 25,2003 15 15 10
August 27,2003 15 15 15

August 28, 2003 15 15 15
September 18, 2003 — 15 15

September 19, 2003 15 15 15
October 6, 2003 15 15 15

October 7, 2003 15 15 15
October 8, 2003 15 15
November 18, 2003 15 15 15

December 15,2003 15 15 15

January 28, 2004 15 15 15

February 16, 2004 15 15 —

March 8, 2004 15 15 15

April 16,2004 15 15 15

May 18, 2004 15 15 15
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Table 2. Continued.

Station No. St.1-1 St.2-1 St3-1 St4-1 St.5-1 St6-1 St.1-2 St2-2 St.3-2 St4-2 St5-2  St6-2
depth in m 100 125 150 175 200 250 100 125 150 175 200 250

May 19, 2004 15 15 15

June 16, 2004 15 15 15

June 17, 2004 15 15 15

July 21, 2004 15 15 15

July 22,2004 15 15 15

August 23, 2004 15 15 15

August 24, 2004 15 15 15

September 13, 2004 15 15 15

September 18, 2004 15 15 15

October 12, 2004 15 15 15

October 13, 2004 15 15 15

November 15, 2004 15 15 15

December 13, 2004 15 15 15

January 17, 2005 15 15 —

February 9, 2005 15 15 —

March 14, 2005 15 15 —

Table 3. Body length (Scale Length) of 1-year-old specimens in the Sea of Japan, and Pacific coast of central Japan.

Units : mm.
Authors Spawning group 1-year-old Comment Survey areas

Hanyu (1956)* 130-150 Kumano-nada, Kii straight

Mio (1969) Spring spawning group 91 Off-coast of Niigata Prefecture
Autumn spawning group 92 Off-coast of Niigata Prefecture

Sinoda and Jayashinghe (1971)** Spring spawning group 74 7 month-old Off-coast of Kyoto Prefecture
Autumn spawning group 101 Off-coast of Kyoto Prefecture

Ogata and Ito (1979)*** Spring spawning group 51 7 month-old Off-coast of Niigata Prefecture
Autumn spawning group 110 Off-coast of Niigata Prefecture

Present study Spring spawning group 130-140 Tosa Bay

* Only Hanyu studied the specimen caught in the coastal areas of the Pacific Ocean. Other authors studied in the Sea of Japan
** Sinoda and Jayashinghe (1971) measured the fish sampled in October

*#%* Ogata and Ito (1979) measured the fish sampled in October

The relationships between SCL and GSI for female
specimens larger than 170 mm SCL from January to April,
and October and November in 2003 are shown in Fig. 4.
The closed circles show ripe eggs which were visually
checked, and the open ones show specimens that did not
have any ripe eggs in the ovary. In January, though many
GSI values were over 1, no ripe eggs were observed. From
February to March, the GSI values peaked and there were
some ripe eggs. In April, although the percentage of speci-
mens of GSI value (over 1) decreased, some ripe eggs were
observed. In October, the GSI values of all specimens were
under 1, but two specimens had ripe eggs. In November, the
GSI values increased and several specimens had ripe eggs.

As mentioned in the introduction, the deepsea smelt is a
typical multi-spawner, and judging from the results, there
are two spawning groups, namely spring and autumn ones,
but the spring spawning group was much more dominant
than the autumn one.

The monthly recruitment indexes of the 0-year-old
deepsea smelt in Tosa Bay were relatively high both in 2002
and 2004 (especially in May 2004 at St.2-1 and St.2-2), but
low in 2003 (Fig. 5). The maximum value was 895 individ-
uals/haul in May 2004 at the depth of 150 m and rapidly de-
creased in June. No peaks were observed in 2003 through-
out the year. The autumn spawning groups were very few in
the present study.
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Figure 3. Seasonal variation of Gonad Somatic Index (GSI) of
the adult deepsea smelt caught by commercial Japanese Dan-
ish seine in Tosa Bay from October 2001 to April 2007. Each
symbol indicates the average value by month.

The histograms (SCL) of the deepsea smelt by month
(all stations are included) from April 2002 to March 2003
are shown in Fig. 6. The smallest specimen sampled was
about 19mm (SCL) in mid April 2002 at the depth of
150 m. Although some modes were not observed in subse-
quent months, these histograms showed the main modes of
the specimens, namely 25 mm (25=SCL<30mm) in April,
50mm in May, 75 mm in June, 90 mm in August, 105 mm
in October, 110 mm in November and about 140 mm in
March in the next year. In December, the smaller size
classes (25-30mm SCL) occurred at 125 m depth, but the
number of specimens sampled was very small in contrast to
April and May 2002. From January, a 45 mm mode emerged
and became 70 mm in February and 80 mm in March 2003.

The same analysis was applied to the specimens from
April 2004 to March 2005 (Fig. 7). In this case, four series
of modal progressions were observed, but none continued
throughout the year. The main mode appeared at 25 mm in
April, 50mm in May, 80 mm in June and 100 mm in July,
but the series disappeared in August. This series possibly
became 130mm in February 2005. From June, another
mode emerged at 50 m in June, and became 75 mm in July,
80 mm in August, 90 mm in September, 95 mm in October,
100 mm in November and 105 mm in December. These two
series were apparently different. From January, 25mm
mode emerged and this mode shifted to 50 mm in March
2005.

Discussion

The results of this survey showed that there are two spawn-
ing groups, that is the spring and autumn spawning groups
in the present study area. But the spring spawning group is
far more abundant than the autumn group. Based on the
commercially caught adult samples, the spring spawning
group is considered to spawn from January to April, and

8
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Figure 4. Relationship between Scale Length (SCL) and Gonad
Somatic Index (GSI) of females by month during January to
April, and October to November in 2003. Ripening females
are defined that the GSI value is over 1 during the spawning
season in the present study. The open circles show that the
specimen had no ripe eggs in the ovary, and the closed ones
show that the specimen had visually ripe (hydrated) eggs.

3
8

Recruitment Index

month/year

Figure 5. Recruitment index of 0-year-old specimens at all sta-
tions according to depth from March 2002 to March 2005.
The number of specimens (SCL<50 mm) were counted and
averaged.

the autumn spawning group from October to November.
The authors preliminary studied otolith daily rings of the
specimens and estimated the birth date and found that the
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smelt by month from April 2002 to March 2003. These his-
tograms include all specimens from different depths.
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main spring spawning season is from early March to late
April, and the autumn spawning season is from late No-
vember to late December (unpublished data). Mio (1969)
pointed out that the deepsea smelt is a multi-spawner, and
the same phenomenon was observed in the present study.
For instance, even in the spring spawning season, two or
more modes emerged in the results.

The histograms of SCL sometimes consisted of poly-
modal distributions (Figs. 6 and 7). The present result is
considered to be due to the following reasons. The first, the
deepsea smelt moved to deeper areas as they grew espe-
cially from July 2002 (Fig. 6). The second, even in the
spring spawning group, the spawning season varied and
continued for up to four months, with the early offspring
growing bigger than the late ones at a given time. The third,
there are spring and autumn spawning groups as found by
Sinoda and Jayashinghe (1971) and also in the present
study area. The spring and autumn spawning groups could
be distinguished from the histogram of SCL of 0-year-old
fish. The fourth, there are potentially sampling errors due to
the limited number of hauls.

Horikawa et al. (1990) showed that the main settle-
ment occurred at the depth of about 100m. We consider
that the settlement occurred at various depths at the early
settlement phase, but small specimens that settled in the
deeper depth may be more prone to mortality because of
the poor food conditions or predators. Horikawa et al.
(1990) also pointed out that the main recruitment (70—
100 mm SCL) occurred in August, and predicted the occur-
rence of two or more recruitment groups. These results
closely agree with the present study.

The body length (SCL) of 1-year-old deepsea smelt is
somewhat different between survey areas (Table 3). Hanyu
(1956) obtained almost the same result as the present study,
and estimated 130-150mm (SCL) at 1-year-old. Mio
(1969) estimated growth to about 90 mm in two spawning
groups. Sinoda and Jayashinghe (1971) estimated 74 mm in
the spring spawning group and 101 mm in the autumn one
(both specimens were sampled in October, so the spring
spawning group was estimated to be 7 month-old) off the
coast of Kyoto Prefecture. Ogata and Ito (1979) demon-
strated 51 mm in the spring spawning group and 110 mm in
the autumn one (both specimens were sampled in October,
so the spring spawning group was estimated to be 7 month-
old) off the coast of Niigata Prefecture. In the present study,
by tracing the modes of the histogram of the spring spawn-
ing group, 7 month-old specimens in October were 95 mm
to 105mm and about l-year-old (12 months) specimens
were about 130 mm to 140 mm, and the growth rate in the
Pacific coast of southern Japan may be higher than that of
the Sea of Japan. The difference in growth rate especially of
0-year-old fish of the two sub-populations (in the Sea of

Japan and the Pacific Ocean) may be due to the difference
in temperature of their nursery grounds. The average water
temperature at 100 m depth in June is 16.93°C in Tosa Bay,
while it is 10.42°C off the coast of Niigata Prefecture and
11.95°C off the coast of Kyoto Prefecture (data from
JODC, J-DOSS, Japan). As the nursery grounds are not yet
known in the Sea of Japan, the reason can not be fully clari-
fied why the growth rates are different between the two sub-
populations of the 0-year-old group.

The deepsea smelt in the Sea of Japan has two sea-
sonal spawning groups (spring and autumn), but the relative
abundances between the two groups are not known. Al-
though the present study area was restricted to within Tosa
Bay, the spring spawning groups were much more abundant
than the autumn ones.

The specimens sampled in the present study were pre-
served in 80% ethanol for future analysis of the otolith. The
otolith analysis (daily rings) will enable further clarification
of the birth date and daily growth rates of the specimens.
We will assess the growth by using otolith analysis in the
near future.
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