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Estimation of Distribution Boundary between Two Sandfish

Arctoscopus japonicus Stocks in the Sea of Japan off
Honshu, Japan Using Density Indices

.. . . 2 . 2
Kyuji WaranaBe'', Hideki SUGIYAMA™, Shigeo SUGISHITA",
Naoki Suzukr” and Kazumi SAKURAMOTO”

It has been known that there are two main spawning grounds of sandfish Arcroscopus japonicus in the Sea of Japan off
Honshu, Japan, and the Korea Peninsula: one located off the coast of Akita Prefecture, Honshu, Japan, and the other lo-
cated on the east coast of Korea. This paper investigated the distribution of these two stocks originating from the two
spawning grounds using catches, density indices in 13 areas in the Sea of Japan based on catch per unit effort (CPUE)
data and length frequency distributions of female in the offing of Akita Prefecture. The results were as follows: (1) in
the offing of Akita Prefecture, monthly CPUE showed two peaks in April and October and very low values in summer;
(2) the density indices showed that fish were concentrated near the spawning grounds in October to December; (3) in
the offing of Akita Prefecture, the length frequency distributions indicated that 1-year old fish recruited from March to
April; and (4) principal component analysis for the annual fluctuation in the density indices in each area indicated that
the stock originating in Akita was distributed from the offing of Akita Prefecture to the offing of Wakasa, and the stock
originating in Korea was distributed from the east coast of Korea to the offing of Noto.
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Introduction

It has been known that there are two main spawning
grounds for sandfish Arctoscopus japonicus in the area
from the Sea of Japan off Honshu, Japan and Korea Penin-
sula, one being along the coast of Akita Prefecture off Hon-
shu, Japan, and the other being on the east coast of Korea
(Okiyama, 1970; Choi et al., 1983) (Fig. 1)

The migration pattern of sandfish from the spawning
grounds off Akita Prefecture is as follows: In the spawning
season from November to December, the adult fish migrate
to coastal waters, spawn eggs on Fucales in shallow waters
and then return to the offshore waters (Sugiyama, 1991). In
the spawning areas, the eggs hatch from February to March
and the juveniles remain in waters with depths of about
10m until April or May (Okiyama, 1988; Minami and
Tanaka, 1985). Adult fish are found in waters with depths
of 200 to 300 m in the Sea of Japan off Honshu. In the wa-
ters off Korea, they distribute in waters with depths of 100
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to 250 m.

Some papers have reported the stock identification and
migration of the sandfish in the Sea of Japan off Honshu,
Japan using isozymes (Fujino and Amita, 1984), morpho-
logical approaches and tag release-recapture methods
(Okiyama, 1970; Tanaka, 1987; Sugiyama, 1991). Fujino
and Amita (1984) reported that sandfish in Akita were ge-
netically different from those in Korea. Okiyama (1970)
and Sugiyama (1991) showed that many fish released in the
waters off Akita Prefecture were recaptured in nearby wa-
ters where fish were released and the waters off the spawn-
ing grounds in Akita. According to Fujino and Amita
(1984) and Okiyama (1970), sandfish originating from the
two spawning areas probably are independent stocks, re-
spectively. Small spawning grounds and eggs of sandfish
are observed in other areas such as Toyama Bay and Sado
Island (Minami ef al., 1989; Kitami et al., 1974). However,
it is considered that fish spawned in these areas are not in-
dependent stock because the spawning grounds is very
small compared to those in Akita.

For managing the stocks, it is necessary to clarify the
distribution boundary between these two stocks. Therefore,
to investigate the stock boundary is important and urgent
subject to determine allowable biological catches (ABC) for
cach stock. The purpose of this study is to determine the
distribution boundary mainly using the catch and CPUE
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data.

Materials and Methods

Experimental harvesting survey in offing of Akita
Prefecture

The Akita Prefectural Fisheries Promotion Center has con-
ducted experimental harvesting surveys at water depths
ranging from 100 to 300 m in the offing of Akita (Fig. 1).
The survey has been conducted by operating about 20 hauls
per month using Danish seine net (Sasao, 1999). They
recorded the number of hauls and the frequency distribution
of the body lengths sampled. Using this data, we calculated
the catch per unit effort U, (CPUE; number of individu-
als/haul) by month m and year t and calculated the mean
CPUE 0, per month from 1990 to 1998 except for 1992
when data were not collected. Here, the mean CPUE in
May was not used because Akita Prefecture did not conduct
the survey in May from 1990 to 1996. In order to clarify the
seasonal migrations at each age, we defined the female den-
sity index [F,,, ; in length classes i (i=1,---,43) for month

m of year ¢ by

V,

INTING (l)

where 7, denotes the sex ratio of female and is assumed
constant at 0.5 (Kato and Ohuchi, 1956) becausc the above
survey did not collect the number of individuals by sex.
Additionally, v, ,,; is the frequency of females in each
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length class i for month m of year t where the class width
was 5mm. In this study, we did not employ mixed length
frequency of male and female because mean body length of
male by age are smaller than that of female (Ikehata, 1988).
We also investigated monthly density indices in length class
of male by age. However, these monthly trends were not
different by sex. Therefore, in this study we showed the
density index in length class only for female.

Catch and effort data

Immature and mature sandfish are caught in offshore of
Japan and Korea by Danish seine, small-scale Danish seine
and bottom trawl boats. The Japan Sea National Fisheries
Research Institute have collected fishing data of Danish
seine fishery in small areas defined by a [0min. grid
(Anonymous, 1978). Hereafter, we call this “small area”.
The institute also investigated the 11 medium-sized fishing
areas (Fig. 1) composed of the small areas (Anonymous,
1978). The 11 areas are located north of Oga Peninsula
(hereafter, area B); south of Oga Peninsula (area C); the oft-
ing of Niigata (arca D); the offing of Noto (arca E); the off-
ing of Kaga (area F); the offing of Wakasa (area G); the off-
ing of Tajima (area H); north of Oki Island (area I); the area
around Oki [sland (area J); the offing of Hamada (area K);
and south of Yong-il (area L). In this study, we additionally
defined areas A and M, which are the spawning areas off
Akita Prefecture and the waters off eastern Korea, respec-
tively.

Korea Peninsula

Sea of Japan

Figure 1. Location of the spawning grounds (dark areas) where are corresponding to two stocks of sandfish and the
arca (slash area) where Akita Prefecture has conducted experimental harvesting survey. The alphabet in parenthe-
ses denote the waters or the medium-sized areas as follows; (A), The spawning areas off Akita Prefecture; (B),
North of Oga Peninsula; (C), South of Oga Peninsula; (D), The offing of Niigata; (E). The offing of Noto; (F), The
offing of Kaga; (G), The offing of Wakasa; (H), The offing of Tajima; (I), North of Oki Island; (J), The area around
Oki Island; (K), The offing of Hamada; (L), South of Yong-il; (M) Korea.
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We used the number of hauls v, ; and the catch y, ,, ;
(kg) of Danish seine fishery by month m of year ¢ in small
area j. The institute calculated the monthly density indices
P, of the medium-sized arcas /1 of year ¢ and the yearly
density indices P, , as follows (Anonymous, 1978):

/,,,,,—Z 2)

/m/

h

Dec.

romh

m = Jan.

We defined the mean monthly density index O, , in the

medium-sized areas over the period of 1978 to 2000 as

2000
1

Qm.h = 23 Z Pr,m./z . (4)

1 =1978

In the waters located at east of Wakasa Bay, the Danish
seine fishery is closed in July and August. While, in the wa-
ters located at west of Wakasa Bay, it is closed from June to
August. Therefore, we neglected density indices during
these periods.

For fishing arecas where CPUE and density index data
can not be collected, we used the catch data as a density
index. In area A (spawning area off Akita Prefecture), we
used the coastal catch C, (t) of Akita Prefecture in year ¢

that is harvested by set and gill nets as a density index of

the spawning areas oft’ Akita Prefecture. These fishing gears
are passive harvesting method compared with, for instance,
Danish seine fisheries, and we considered that catch in area
A can be used as the real density of shoal spawning.

Chun (2002) indicated the annual trend of catch in
Korea, which is harvested as by-catch by the walleye pol-
lock fisheries, coincided with that of the density index cal-
culated in the Korean waters from the 1960s to 1990s.
However, the density index is not available because the data
are not publicized. Therefore, in the case of areca M, we
used catch data in Korea as a density index (Anonymous,

1965). K, and K, denote the catch (1) in Korea (area M) of

year ¢; and the mean monthly sandfish catch (t) for the
years 1965 to 1998 except for 1968, respectively.

In order to clarify the distribution areas and migration
patterns, we examined the monthly fluctuations of density
indices 0, , and K,. We also examined the similarities
among the fluctuations in the annual patterns of P, ,, C, and
K, using principal component analysis (PCA). PCA has fre-
quently been performed to examine the characteristic varia-
tions in time series data consisting of many variables
(Koslow, 1984; Nakamura and Yamagata, 1997, Tanimoto
et al., 1993; Nemoto and Shimizu, 1997). We used the nat-
ural logarithm values of P, ;, C, and K, and performed PCA
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Figure 2. The mean monthly CPUE (individual number /haul)
obtained by survey conducted in the offing of Akita Prefec-
ture from 1990 to 1998. Closed circle and bar indicate the
mean and the twice standard deviation, respectively.

using Excel Statistics that is add-in program of Microsoft
Excel.

Results

Monthly fluctuations of CPUE, density indices and
catch
Figure 2 shows the mean monthly CPUE U, obtained by
the survey. U, shows seasonal vauatnon with two peaks: U,
gradually increases from a low in February to an apparent
peak in April and then gradually increases from very low
levels in June and July to a second peak in October.

Figure 3 shows the mean monthly density indices
(kg/haul) for the 11 medium-sized areas, 0, ,, calculated
by equation (4) and the mean sandfish catches, K,, for the
east coast of Korea. The density indices of the medium-
sized areas could be classified into two groups based on the
values: areas B, C, D, E, F and G had low values (at most
100 kg/haul) while areas H, I, J, K and L had very high val-
ues (at most 500 to 1000 kg/haul). O, , should be standard-
ized with the size of area where it is calculated. However,
the size of the medium-sized area does not so different in
each other. Therefore, for simplicity in this study, we did
not standardize the 0, ,

The monthly trends in the medium-sized areas can be
summarized as follows. In areas B and C, 0, , showed an
increasing pattern from September to December. In areas
D, E and F, Q,,, increased from January to February and
gradually decreased from September. The O, , in area G

showed the high values from January to May and then
sharply declined. In areas H, 1, J and K, Q,, , gradually in-
creased from January to May and gradually decreased from
September to December. In area L, 0, , showed the high

with the size of the area.

m.h
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The mean monthly density indices (kg/haul) for the 11 medium-sized areas from 1978 to 2000 and the

mean monthly sandfish catches (t) for the east coast of Korea from 1965 to 1998 except for 1968.

value in May and were the low values from September to
November, and then increased slightly in December. In the
coastal area of Korea (area M), K,, increased slightly from
February to July and was rather stable through the year at
around 500 ton, however it was very high from October to
December at almost two times the level of the catch
recorded from January to September.

Monthly fluctuations of female density indices
Figure 4 shows the monthly female density indices /F,,,;
obtained in the surveys. Here, we assumed that the distribu-

tions could be broken down into unimodal distributions by
each age of which modes correspond to the mean body
length by age reported by lkehata (1988). In January, two
peaks were identified in the 16-17 and 20-22c¢m corre-
sponding to 2-year-old, and 3-year-old and older fish, re-
spectively. From March to April, recruitment of 1-year old
fish with lengths from 8 to 12 cm was observed. In addition,
from March to December, the monthly variations of uni-
modal distributions showed almost the same pattern that is
very low in summer and gradually high from autumn.
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Figure 4. The monthly female density indices obtained by survey of the offing of Akita Prefecture in the year from
1990 to 1998 except for 1992. The scale of the y-axis is different in February and October of 1993 and in January
and September of 1995 compare to the other month in the year (closed histograms).

Annual fluctuations of density indices and
catches

Figure 5 shows the annual sandfish catches in area A and
M, and the annual density indices from areas B to L. These
fluctuations were roughly divided into three patterns. The
first was recognized in the areas A, B, C, D, E, F and G,
where the densities were very high from the late 1970s to
the early 1980s. After the mid 1980s the values were very
low although in areas B and G were not extremely low.
After the late 1990s the values in these areas tended to in-
crease. The second was observed in areas H, 1, J and K

by 77.4% of the total variance. In this study, however, we
focused only on PC, and PC, because the contribution of
each these two ratios was greater than 30%, while that of
PC; was less than 10%. Figure 6 shows the factor loadings
of PC, (f}) and PC, (f,) for each medium-sized area. Here,
factor loadings f, (a=1,2) denote the correlation coeffi-
cients between PC, and variables such as P, (Okuno er al.,
1981). Areas A, B, C, D, E, F and G had relatively high and
positive f, values while areas E, F, G, H, [, ], K, L and M
had relatively high and positive f, values. In areas E, F and
G, both f| and f, showed values between 0.50 and 0.60

where a slightly increasing trend was observed from the (Table 1).
late 1970s to the 1980s and they were not very low in the
1990s. The third was observed in areas L and M, where the Discussion

pattern was similar to the areas H to K from the late 1970s
to the 1980s. After the 1990s, however, they were very low
and did not show a recovery in the late 1990s.

Table I shows the eigen values, the factor loadings, the
ratios of contribution and the cumulative ratios of contribu-
tion obtained from the principal component analysis (PCA).
In PCA, the principal components with eigen value greater
than unity are generally used to interpret the analysis
(Okuno et al., 1981). In this case, the eigen values of the
first PC,, the second PC,, and the third principal component
PC, were greater than unity and accumulated value reached

Before discussing the migration patterns of sandfish using
the mean monthly density indices, we must confirm that
these indices are truly related to the actual density of fish
shoal. In the western waters from area H, the Danish seine
fishery is closed in June, July and August, and focus on
harvesting snow crab, Chionoecetes opilio, in November
and December (Kitazawa and Oaku, 1982; Anonymous,
1989). Therefore, this could affect the monthly density in-
dices. However, in the survey using an otter-traw! net n
Tottori Prefecture (area J), CPUE (individual number/haul)
showed a peak from July to September (Anonymous, 1989).

e 3]
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Figure 5.
Akita Prefecture and Korea, and the annual density indices in

the medium-sized areas.

As shown in Figure 3, the mean monthly density indices in
the waters from area H to area J were similar to each other
and coincided with the trend of CPUE obtained in Tottori
Prefecture that is high from July to September. Thus, we
considered that the mean monthly density indices from
areas H to L roughly reflect the actual density of fish shoal
in respective areas.

Some papers have reported that in Akita Prefecture
mature sandfish after spawning migrate from the coastal to
the offshore areas and then migrate to the southern areas.
Sugiyama (1991) reported that tagged fish released from
the coast off Akita in the spawning seasons were caught at
Sado Island after 3—6 months. Cyubachi (1991) showed that
tagged fish released in the southern part of area C migrated

The annual sandfish catches in the spawning areas off

Table 1.
bution and the cumulative ratios of contribution which ob-
tained from the principal component analysis for years from
1978 to 1999, except 1992 to 1994,

The eigen values, factor loadings, the ratios of contri-

Factor loading

Area
f, f, f,
A The spawning areas off 0.868 —0.050 —0.310
Akita Prefecture
B North ot Oga Peninsula 0.466 0.319 0.657
C South of Oga Peninsula 0.924 0.118 —0.154
D  The offing ot Niigata 0.789  0.114 —0.307
E  The offing of Noto 0.547 0586  0.084
F  The offing of Kaga 0.591 0.633 0.206
G The offing of Wakasa 0.570 0.562 0.002
H  The offing of Tajima 0.003 0.600 —0.452
I North of Oki Island —-0.830 0427 =0.140
J The area around Oki Island —0.140 0.881 —0.267
K The offing of Hamada -0.579  0.629 -0.297
L South of Geijitsu -0.117 0.831 0.350
M Korea —0.607 0.629 0.174
Eigen value 4.84 3.99 1.23
Ratio of contribution (%) 37.3 30.7 9.5
Cumulative ratio of contribution (%) 37.3 68.0 77.4

to south. Okiyama (1970) reported that a fish released in
the southern coast of Akita Prefecture was recaptured in
Toyama Bay (area E) after 77 days. He also showed that
two fish tagged and released in Korea were caught in area
H. During the spawning season in Korea, the fishing
grounds are located in the waters around 38°N and then
move to southern waters around 36-37°N from January to
May (Kiyokawa, 1991). Figures 2 and 3 show that the den-
sity indices and catch in the areas B, C and M near the
spawning grounds are high during October to December
while the areas far from spawning grounds are very low
during these months. Figures 2 and 4 also indicate that
CPUE and the female density index in Akita from January
to April were relatively higher than those in summer. These
results indicated the mature sandfish migrate to their
spawning grounds and stay there until spring.

As we discussed above, we could follow the migration
patterns for spawning using the monthly CPUE but could
not examine the distribution boundary in the two stocks.
We used PCA of the fluctuation patterns on annual density
indices to examine the boundary. When the age composi-
tion of fish harvested in different areas is quite different, it
is not reasonable to compare the annual density indices. In
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(a) PC] ..........

Sea of Japan

Figure 6.
tor loading of first principal component, and (b) The factor
loading of second principal component for each medium-
sized area.

Results of principal component analysis. (a) The fac-

the offing of Akita Prefecture, 1-year-old fish recruited in
March and April (Fig. 4). It has been reported that 1-year
old fish in other areas are also observed in the same months
based on length distributions of harvested fish (Katano,
1988; Yasuzawa, 1992; Kasuya, 1992; Kuranaga, 1987;
Kiyokawa, 1991; Kitazawa and Yuki, 1982; Yamazaki et
al., 1981). There are a few observations about sandfish be-
fore recruiting. Sugiyama and Shibata (1989) reported that
young sandfish with a body length of 56 ¢cm, that is corre-
sponding to O-year old fish, were observed in waters with a
depth of 372 m near the offing of Akita Prefecture in July.
Yamazaki ef al. (1981) reported that the sandfish with body
lengths of about 8 cm were found at depths of 0-200m in
area J in January based on surveys by mid-water trawl net.
These information along with the distribution imply that the
sandfish before recruiting born in the two spawning
grounds migrate widely in the Sea of Japan off Honshu and
that the age composition of 1 and 2 years old fish con-
structed the main catch is almost uniform in all areas.
Therefore, we consider that annual fluctuations of density
indices in each area mainly reflect the real density of fish
shoal including recruitment.

If sandfish originating from two spawning areas
widely distribute from Akita to Korea, we can not discuss

the distribution using the annual density indices. As men-
tioned above, sandfish sampled in Akita were genetically
different to those in Korea (Fujino and Amita, 1984). Fish
migrating long-distance areas, for instance, from area A to
M, was not observed (Sugiyama, 1991; Cyubachi, 1991;
Kiyokawa, 1991). Therefore, we consider that almost all
sandfish originating in a spawning area do not migrate in
nearby other spawning area.

From the results that sandfish originating from the two
spawning areas are independent stocks (Okiyama, 1970;
Fujino and Amita, 1984) and the migration pattern men-
tioned above, we can interpret that PC, and PC, show the
abundance fluctuations of the stocks originated in the
spawning areas off Akita and Korea, respectively (Fig. 6
and Table 1). We concluded that the distributions of the two
stocks are separated into two areas based on the annual
fluctuations of density indices and catches, and monthly
fluctuations of density indices in each medium-sized area.
That is, the stock originating in Akita is distributed from
areas A to G, and that of Korea is distributed from areas M
to E. Based on isozyme analysis, Fujino and Amita (1984)
reported that the fish in area G were genetically same as
those in Akita Prefecture and the genetical difference were
not detected in the fish in area M and J. However, they
could not refer to mixing areas of stock distributions.
Okiyama (1970) reported that fish in Akita Prefecture and
Korea are independent stocks based on catch fluctuation,
morphological approaches, and tag release-recapture meth-
ods, but he did not conclude about the distribution bound-
ary. The distribution boundary could not be discussed from
the studies using tag release-recapture methods because few
fish migrating long-distance areas was observed (Sugi-
yama, 1991; Cyubachi, 1991; Kiyokawa, 1991). The range
of stock distribution originated in Akita obtained by this
study relatively corresponded to the results of Fujino and
Amita (1984). However, that in Korea did not correspond to
each other.

f, and f, in areas E, F and G were positive and high,
and there were little difference between f, and f; (Fig. 6 and
Table 1). This means that density indices in these areas
have some relation to both stocks and it is showing that the
two stocks are mixed in these areas. The annual density in-
dices in areas E and F were very low from 1980s while that
in area G was not (Fig. 5). This extreme decline would
occur due to the destruction of stock abundance originating
in Akita. Thus, the two stocks are probably distributed to-
gether in areas E, F and G, and the degree of mixture with
the stock originating in Akita in the areas are probably
larger than that in Korea.
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