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Introduction
Pacific saury, Cololabis saira (BREVOORT), ly.

On the Migration of Pacific Saury in Relation to
Oceanographic Conditions off Korea*

Yeong GONG**, Toshiyuki HIRANO*** and Chang Tk ZHANG**

Abstract

The migration of Pacific saury (Cololabis saira, BREVOORT) was analysed, using the
data of monthly length (fork) frequency distribution, catch and effort data, and oceanographic
observations. In the study of the migration pattern of Pacific saury which are considered as
one of the epipelagic fish, it was recognized that the oceanographic environmental conditions
should be fully taken into consideration. With respect to this, we suggest a schematic mig-
ration model of Pacific saury with relation to oceanographic conditions. This model re-
presents the movements of each size group of Pacific saury in the normal, abnormally cold
and warm oceanographic year. In the normal type, Pacific saury which are spending winter
in the southern part of the Japan Sea off Korea and the East China Sea are distributed sepa-
rately by size group, that is, the smaller in the northern part, the larger in the southern part.
In the northward migration period in spring or in the southward migration period in autumn,
the larger fish migrate to get ahead of the smaller fish. In the warm type, as the winter
ground is shifted to the northern part compared to the normal condition, even the larger fish
remain in the south of the Japan Sea off Korea to spend winter. When they migrate north-
ward, the center of the distribution of larger fish would be shifted around Lat. 44°N. In
the cold type, the center of the winter ground is shifted to the south of Kyushu, and in the
northward migration period the large size group doesn’t move to the middle part of the Japan
Sea due to the barrier of the thermal front which is formed in the southern part of the
Japan Sea, and then it moves northward rapidly in early summer. Results of this study can
be used to predict the Pacific saury stock structure qualitatively and quantitatively, under-
standing the conditions of temporal recruitment of Pacific saury by size group to the fishing
grounds, based on the information of variations of oceanographic environmental characteristics.

have shown big variations seasonally and annual-

In relation to this, UDA (1938, 1958), HAN

in Korean waters are mostly captured by means
of gill-nets. The Korean Pacific saury gill-net
fishery is carried out in the southwestern area
of the Japan Sea, south of Lat. 38°30’N. The
fishery is conducted over a period of a year
except August and September. Catches of
Pacific saury for the last 25 years (1958-1982)
ranged from 7,500 to 42,000 metric tons (mt)
with the average of 25,936 mt, and their vari-
ations were very large (C.V.=0.37). On the
other hand, oceanographic conditions off Korea
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and GONG (1965), NAGANUMA (1966), GONG
(1972), GONG and SoN (1982), Hum (1974,
1982a) and KOLPACK (1982) reported oceanic
fronts in the Japan Sea off Korea and adjacent
seas. NAGANUMA (1969, 1979, 1981) recognized
that oceanographic characteristics had a perio-
dicity in the Tsushima Warm Current area off
Japan. Variations of water temperatures in the
western Japan Sea area including the Japan
Sea off Korea have been reported several times
(Fisheries Research & Development Agency
1979; GoNG 1968; MIiiTA 1967; INOUE 1981,
ToMosADA 1982).

Concerning the quantitative variations of
Pacific saury in Korean waters, MARR and
RoTHscHILD (1970), KiM et al. (1972), KiMm
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(1973b, 1975) and GONG and LEE (1977) reported.
HAN and GONG (1965) and GONG and OH (1977)
reported annual and monthly geographical dis-
tributions of catches of Pacific saury. NISHI-
MURA (1969) and OGAWA (1981) indicated that
oceanographic conditions in the Japan Sea had
a great effect on distributions of marine organ-
isms. On the distribution and migration of
Pacific saury in the Japan Sea, RUMJANTSEV
(1947), KotovAa (1958), APANOVICH (1962),
SHUNTOV (1967), NIsHIMURA (1965, 1969),
HAN and GONG (1965), FUKATAKI (1966),
HaRraA (1966), SUH and K1M (1970), KOBAYASHI
et al. (1970), KiMm (1973a), Novikov (1972,
1979), and GONG (1975) reported. FUKATAKI
(1966) reported that Pacific saury had different
winter grounds by size group and thus bigger
fish spent winter in the southern area and
smaller fish in the northern area. SHUNTOV

(1967) remarked that the northward migration -

of Pacific saury in the Japan Sea began in
March or April and at first the large proceeded
and a little later the small followed along the
warm water. On the contrary to SHUNTOV
(1967), KiM (1973a) reported that the medium
size group of the northward migrating Pacific
saury in spring in the Japan Sea off Korea
proceeded and the large size group followed,
but in the southward migration period the large
size group moved to the south first. KUROIWA
(1963) stated that in the northward migrating
Pacific saury along the coast of Japan in spring
the large size group appeared first in the north
and thus this group was thought to move
to the north first. In Fisheries Agency of
Japan (1972) Pacific saury which are caught by
drift gill nets in the northward migration period
in the Japan Sea off Japan consist of mainly
large fish of 30-31cm mode each year and the
fishing rate of the small size group (25-26 cm)
becomes higher near the closing period of fish-
ing. Up to now, most of past studies on vari-
ations of water temperature in the Japan Sea
off Korea were analysed, based on the data of
monthly unit. However, it would be necessary
that the data of at least a ten-day period unit
should be used for more accurate variations of
them. Moreover, most studies till now on the
variations of length compositions of Pacific saury

in Korean waters were made based on short-
term data (RUMJANTSEV 1947; Central Fisheries
Experimental Station 1958; KoTova 1958;
HUE and KiM 1959; BAE 1962; SHUNTOV
1967; SUH and KM 1970; KiM 1973b; SHON
and PARK 1977; KiM and PARK 1981). On
the other hand, even though those for the Japan
Sea off Japan were done based on relatively
long-term data (KASAHARA and OTSURU 1952;
HATANAKA 1956; KUROIWA 1963, 1966; FUKA-
TAKI 1963, 1966; WAKOH 1978), those for the
Japan Sea off Korea were not mentioned there.
Reports on the distribution and movement of
Pacific saury in the East China Sea and the
Japan Sea didn’t have detailed information on
the distribution time and migration routes of
Pacific saury in the Japan Sea off Korea, and
they didn’t agree to the views of distribution
and movement by size group. The reason why
the migration mechanism of Pacific saury is not
made out clearly seems to be two factors; first,
despite the wide range of the distribution and
movement of Pacific saury, the study area and
time for catch statistics and biological data were
limited, second, the pattern of distribution and
movement can be varied depending upon the

- yariations of oceanographic conditions, but this

factor has not been considered for the study.
It is quite necessary to study the forecast
of fishing conditions, as the fishing conditions
of Pacific saury are severely variable. The
conclusive aim of this study would be to es-
tablish a basis for forecasting fishing condi-
tions with high precision, understanding the
migration mechanism of Pacific saury by con-
sidering the effect of oceanographic environ-
mental factors on the fishing grounds and the
distribution of Pacific saury by size group. Ac-
cordingly, in this study, considering that Pacific
saury are one of the epipelagic fish, first, annual
and seasonal variations of oceanographic struc-
ture at the upper layer of fishing grounds were
analysed by means of the distribution and
anomalies at water temperatures. Second, based
on catch and effort data of the Korean Pacific
saury drift gill net fishery, the shift of centers
of fishing grounds in terms of abundance index
was analysed. Third, based on the data of
length compositions of Pacific saury, the dis-
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tribution and recruitment rate of Pacific saury
by size group were analysed. With the results
above, a migration mechanism of Pacific saury
in the East China Sea and the Japan Sea was
attempted to be made clear.

‘We would like to express our sincere appreci-
ation to Drs. Takashige SUGIMOTO, Keiichi
HasuNuMA, Hideaki NAKATA, Denzo INA-
GAKE, Mikio NAGANOBU, and Ichiro AOKI of
Ocean Research Institute, the University of
Tokyo, and Dr. Takehiko KAWAKAMI, Japan
Fisheries Resource Conservation Association for
suggesting problems and for their valuable help
during the study. Our gratitute is extended to
Mr. Sung Hwan HA, Director-General of the
National Fisheries Research and Development
Agency of the Republic of Korea. Many
members of the same agency including Mr. Joo
Yeoul LiM and Mr. Jang Uk LEE put a great
deal of work into the actual production of this
paper.

2. Materials and methods

Monthly water temperature anomalies for
1957-1981 were estimated based on coastal and
sectional oceanographic observations (Central
Fisheries Experimental Station 1954-1963; Fish-
eries Research and Development Agency 1964-
1982a), Pacific Saury Fishing Grounds Survey
(Fisheries Research and Development Agency
1964-1982b) and Oceanographic Prompt Report
in Japan Sea Fishing Grounds (Japan Sea Region-
al Fisheries Research Laboratory 1957-1982), in
order to examine annual and seasonal variations
of surface temperatures in fishing grounds of
Pacific saury.

It was possible for us to use the whole month
surface temperature data from coastal oceano-
graphic observations, however, only one or two
of the three 10-day data of each month was
available from sectional oceanographic observa-
tions. Thus, for the calculation of monthly
water temperature anomalies, average 10-day
surface water temperature anomalies of each
month for 1957-1981 were obtained from the
data of coastal and sectional oceanographic
observations, and they were used as the re-
presentative monthly water temperature anoma-
lies for each month.

In order to see annual and seasonal shifts of
Pacific saury drift gill net fishing grounds,
abundance indices were estimated, using catch
and effort data by sea block (0.5°Lat. x 0.5°
Long.) (Central Fisheries Experimental Station
1959-1963, Fisheries Research and Development
Agency 1964-1982b), and centroids of fishing
grounds in terms of abundance index and their
variances were obtained from the map of dis-
tribution of fishing grounds by sea block for
showing the center of fishing grounds. During
the periods of 1959 to 1981, mesh sizes and
raw materials of Korean Pacific saury drift gill
nets were not changed, therefore the standardi-
zation of fishing efforts for calculating abundance
indices was not necessary in this analysis.
Abundance indices (P) were calculated as follows;
P=3(Y:/fy) « A;, where Y; and f; are catch
(kg) and effort (set), respectively in i-th rectan-
gle, and A; is the area of 30’x30’ rectangles
and is actually assumed to be same for all
rectangles. Centers of fishing grounds (z, %)
and their variances (X, Y) were calculated as
following formulae;

I= i}zCsi-xi/ % CSi,
i=1 i=1

7=2%Csiys/ EICS'L,

i=1

X= (fcsi'xzj/ ZnICSi)—iz;
i=1 i=1

?zcglc-fi‘yiz / f] Csi)—7%,
i= i=1

where, x; and 9; represent coordinates of re-
presentative points of each sea block (z-axis for
east-west direction and y-axis for south-north
direction), and Cs; represents the corresponding
catch for z; and y;. The longitudinal distances
from the positions of centers (Z, 7) in terms of
abundance index which were the southernmost
one in spring (March, April or May) of each
year to Lat. 36°30’N were estimated from
annual and monthly centers of fishing grounds.
The distance becomes positive when the center
is in the north of Lat. 36°30’ N, but it becomes
negative when the center is in the south of the
latitude.

— 53 —



GONG, HIRANO and ZHANG

L 10
Abundance index
* 50 Y ¥
® 50-150 l39° 39%
\'\__»_‘ _______ _\\ @ 150 - 350 \\ \\ hd
Py i ole oo .
‘ 350 L 38° ) >
Ulreuagdo ole ole chuman\® & # Ulreungdo chumut® (@ 1® 1] *
[oe]e Sy T\ e ] [ o
L 3L 2 . '.1 ofeje
Jan. Feb. ug. Sep.
SOERC RN , of ™ f[uldle ol |
pohang * ng " * !
pohane o |« Pohang Pohang L Pohang’ P . Ll
olee]e 2 f i 4 N
/e e 7 35
e (elele Rt B X B i p
U N . A A R et [
Yol B LSS SN - AN EE D N - g
10° 40°
¥ N
39° 9°
™\ ™\ ™ hd ™\ °
°o|@le . . I 1K) efole . o \0' eloe|e o|lofe
38 0
Chum}x... b nd ol Chumun 0000 Cl’_xl_:mun, d g chumunO | [® 101 ¢1®
jin ® ole el “jin 0o o . —jin o - -jin e@e e .
1] 37 -
Mar. 0@+ Apr. hdid Nov. @ . Dec. e, bl
_'. @|eie| lO 10 @jeie]| O ° ole Ko} o e Ko} o
rohans e @ @|@] e N pohang o I L Pohang ele Pohang . el |
sieie e . L) o . ® 5 . g
\ﬁﬁ" < 5{ L 35° > ,/ |-35°
? _ﬂ/ ¢ L+ | % el |V
T : i - liop— ;
pfsu}sm;i' M ohni V\A\W e u;psulsmﬂgﬁﬁg“'; "“,,i . '
128°  120% 130°  131°  132°  133%128° 120° B 130°  131°  132° 133°  134° 126° 120% 130°  131° 132° 133°128° 1206 130° 131° - 132° 1350 134°
Fig. 1. Monthly abundance indices and their dis-
. persions and centers of Pacific saury by sea
40
block for the Korean Pacific saury gill net
X .
e fishery in the Japan Sea off Korea, 1959-1982.
Nl Black dots represent abundance indices, ellip-
il o I o = soids denote their dispersions, and intersection
Chuma 08 - - points of crossed lines in ellipsoids indicate
e oo - 5° their centers.
@lee
June . PPN °
ronans Vi@ s 4 3° Monthly length frequency distributions of
ot T of Pacific saury were drawn by fish measure-
peips r ment data which were made at the Pohang and
. Chumunjin Branches of the National Fisheries
T Research 'and Development Agency in 1957-
. ole 1982. Based on the mode distribution of length
b O Bl compositions, size groups of Pacific saury were
b divided into small, medium, large and extra
. . o] _ . .
TSt T large groups, The proportions by year and
NSARAD . month of small and medium size groups to the
a7 H
" “le total were estimated.
aty
ofefe 0] | o In order to compare monthly sea surface
ponang fe| et temperature anomalies with distances from
L] .
° L L5 centers of fishing grounds to Lat. 36°30’ N and
- iti 11 i i
. A composition rates 9f sma. and medium size
P ekt L s e groups, a standardization of each value was

carried out and fluctuation indices (FI) were

— 54 —



Migration of Pacific Saury in Relation to Oceanographic Conditions off Korea

estimated by the formula;

FI=2%=% % 100

g

that is, FI represents the percentage of devia-
tions from mean (%) to standard deviation (o).
And multiple correlationships among the three
data series were estimated to show the cor-
related level one another. In addition to
this, the relationship of monthly sea surface
temperature anomalies to the variations of catch
and composition rates of small and medium
size groups of Pacific saury was also estimated.

3. Variations of Pacific saury gill net fish-
ing grounds

The distributions of monthly mean abundance
index by sea block for 1959-1982 obtained from
sampling data of the Pacific saury drift gill net
fishery were drawn and their centers of fishing
grounds and their dispersions from the centers
were expressed to show seasonal shifts of fish-
ing grounds (Fig. 1). As shown in Fig. I, in
January and February fishing grounds were
formed in the southern area of the Japan Sea
off Korea, and the area where the abundance
index was higher than 150 were located off
Pohang and the center of the fishing ground
was around 30 miles east of Pohang. The
abundance index in February was lower than
that in January. In March the range of fishing
grounds extended to the northeastern side and
the center moved to the north, and the range
of the fishing ground covered most part of the
southeast of the Korean Peninsula from Lat.
35°00” to Lat. 38°30’ N and west of Long.
135°30"E, and the center of the fishing ground
was located around Lat. 36°45’N and Long.
130°25’E. In April the range and center of
the fishing ground were almost the same as in
March, but the abundance index in May was
the highest of all and it still kept high in the
western part as in April. The dispersion from
the center (Lat. 36°50’ N and Long. 130°23' E)
in May was a little higher than that in April.
In June the range extended to the northeast of
Ulreungdo and the center also moved north-
ward compared to May. The dispersion of the
fishing ground was circle-shaped in June, while

it was a longitudinal elongate ellipsoid-shape in
May. In July the fishing ground extended to
the south of the Yamato Bank, but the actual
fishing operation near the Yamato Bank was
only conducted in July of 1977. Even though
the fishing ground near the Yamato Bank which
was expressed as a dotted line in Fig. 1 was
excluded, the center of the fishing ground in
July moved northward remarkably and the dis-
persion of the fishing ground showed rather
latitudinal ellipsoid than longitudinal one in July.
In August and September the Korean Pacific
saury drift gill net fishing operation has been
occasionally conducted. In October the abun-
dance index was relatively lower than in the
spring season and the high abundance index
was on the coastal area from Lat. 35° to
Lat. 38°N and the west of Long. 130°30/E,
and the center of the fishing ground was around
Lat. 36°22’ N and Long. 130°E. In November
the range extended to the southeast and the
center moved southward. In December the
center moved southward up to the spot of 40
miles east from Pohang, but the northern part
of the fishing ground was still stretched to the
line of Lat. 38° N.

4. Pacific saury length compositions

Based on the monthly mode distribution of
length compositions for 1957-1982, Pacific saury
were divided into four size groups, that is, small
size group (smaller than 24.9cm), medium size
group (25.0-27.9cm), large size group (28.0-
31.9cm) and extra large size group (larger than
32.0cm). The 28cm fish were considered as
the large size group which was in the process
of transition from the medium size group to the
large size group. It is well-known that Pacific
saury spend summer (August to September) in
the northern part of the Japan Sea and winter
(February) in the southern part of the Japan
Sea and the East China Sea. Considering
monthly catch and shifts of centroids of fishing
grounds of Pacific saury, it was assumed that
the northward migration period was from March
till August and the southward migration period
from October till February. Monthly length
frequency distributions of Pacific saury were
presented in Fig. 2, and their size groups which
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composed of monthly modes were presented in
Table 1.

As shown in Table 1, in the northward mig-
ration period of 1957, 1961 and 1962, the large
size groups were dominant. In the northward
migration period of 1970 the length composition

in March had three modes in the small size
group (22cm), the large size group (28cm) and
the extra-large size group (33cm), and that in
April had two modes in the small size group
(23-24cm) and the medium size group (27 cm)
and the proportion of the large size group de-

Table 1. Size groups which composed of monthly modes in length compositions of Pacific
saury by migration period in the Japan Sea off Korea, 1957-1981. S represents the
small size group, M, the medium, L, the large, LL, the extra-large, respectively

Year Northward migration period Year Southward migration period
1957 L (Apr.-Jul.) M, LL (Nov.)
S, L (Apr.) M, L (Dec.)
1961 L (Apr.-Jun.)
1962 L (Jun.~Jul.) 1962/63 M, L (Oct.-Nov.)
M, L, LL (Dec.)
L (Jan.)
1966 M (Mar.)
L (May-Jul.)
1968 M, L (Mar.) M (Oct.)
L (May-Jul) S, L (Nov.)
M (Dec.)
1970 S, L, LL (Mar.) M? L (Nov.)
S, M (Apr.) M, L (Dec.)
S, M, L, LL (May)
L (Jun.)
M, L (Jul.)
1971 M, L (Apr.) 1971/72 S, M, L, LL. (Nov.,;
M (May) L (Dec.-Feb.)
L Jun.)
S, L (Jul)
1972 L (Mar.~Jun.) 1972/73 M (Nov.)
M, L (Dec.)
M (Feb.)
1974 M (Mar.) 1975 L (Jan.-Feb.)
L (Apr.-Jun.)
1975 L (Mar.) 1975/76 L (Nov.-Feb.)
S, L (Apr.-May)
M (Jun.)
1976 M, L (Mar.-May) 1976/77 L (Nov.)
L (Jun.) M, L (Dec.)
M (Jan.)
1977 S, M (Mar.) 1977/78 L (Nov.-Feb.)
M (Apr.)
S, M, L (May)
S, M (Jun.)
1981 M, L (Mar.) M (Oct.-Nov.)
M (Apr.) L (Dec.)
M, L (May)
M (Jun.)

o B8 e
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clined remarkably, and that in May had four
modes in the small size group (23-24cm), the
medium size group (27 cm), the large size group
(31cm) and the extra-large size group (37cm),
and that in June had only one mode in the
large size group (30cm) and in July there were
two modes in the medium size group (26cm)
and the large size group (3lcm).

In the southward migration period of 1971/
72 the length composition in November had
four modes in the all size groups (20~-21cm, 25
cm, 28cm and 32cm, respectively), and that in
December had two modes of 28cm and 30cm
and consisted of the large size group, and in
January and February there was only one mode
in the large size group which was in the process
of transition from the medium size group to the
large size group. In the northward migration
period of 1972 the length composition in March
had one mode in the large size group (28 cm),
and those in April and May had one in the
large size group (29cm), and that in June had
one in the large size group (30cm). It was
recognized that the modes became larger while
the months proceeded between March and June.
In the southward migration period of 1972/73
the length composition in November had one
mode in the medium size group (27cm), and
that in December had two modes in the medium
(26 cm) and large (29 cm) size groups, and the
large size group was dominant, and in February
there was only one mode in the medium size
group (26cm). This composition indicated that
the small size group appeared in earlier south-
ward migration period (October to November)
and then the large size group followed and this
large size group disappeared in winter (December
to February). In the southward migration
period of 1975/76 the length composition in
November had a mode in the large size group
(8lem), and from December to the next Febru-
ary there were constantly two modes of 28cm
and 30cm. It was an abnormal phenomenon
that the mode in the large size group (30cm)
was still present in the wintering season (around
February). In the northward migration period
of 1976 the length composition in March had
two modes in the medium size group (25-26 cm)
and the large size group (30cm), and that in

April had two modes in the medium (27 cm)
and large (30cm) size groups, and that in May
had two modes in the medium or large size
group (27-28cm) and the large size group (30
cm) and had one more subsidiary mode in the
extra-large size group (32cm), and in June there
was a mode of 28cm and the large size group
which was present until May was remarkably
rare.

The occurrence of the large size group in the
Japan Sea off Korea from winter through spring
of 1975/76 when this year was considered as a
warmer-than-normal year in the previous chapter
was exceptional (Fig. 2), and the disappearance
of the large size group from June was the result
of getting out of the fishing ground earlier than
other size groups.

In the northward migration period of 1977
the length composition in March had two modes
in the small (22cm) and medium (26 cm) size
groups, and that in April had one mode in the
medium size group (26cm), and that in May
had one main mode (25¢m) and a subsidiary
mode (29cm), and in June there appeared one
main mode (25cm) and a subsidiary mode (18
cm), too. In the northward migration period
of 1981 the length compositions in March and
May had two modes of 26cm and 28cm. Those
in April and June had a main mode in the
medium size group (25-26cm) and two subsi-
diary modes in the large and extra-large size
groups The length compositions in the north-
ward migration period of 1981 consisted of the
medium size groups (25-26cm) and the large
size groups which were in the process of transi-
tion from the medium to the large size group.

Remarkably, in lower-than-normal years}(1963,
1977, 1981) the small size group was dominant
in the length freugency distributions.

5. Relationships of oceanographic conditions
to length compositions and fishing condi-
tions

(1) Variations of thermal structures at the
upper layer of fishing grounds

The charts of horizontal distributions of the
water temperature in April for 1961-1978 and
in April or May for warmer-than-normal and
colder-than-normal years were drawn to show
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annual variations of surface water temperature
of spring in the Japan Sea off Korea (area from
Lat. 34° to 38°30' N and from Long. 129° to
132°E) (Fig. 3). The surface water temperature
in April of normal years for 1961-1978 ranged
from 10°C to 14°C, and isotherms were usually
distributed in parallel with latitudinal lines. It
was recognized that the East Korean Warm
Current moved northward along the coastal line
and then tended to turn northeast at the north
of Ulreungdo. The water temperature in April
of 1960, in May of 1966, in April of 1972 and
in April of 1976 were higher than normal years
in the East Korean Warm Current Area. FEs-
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Fig. 3. Horizontal distributions of sea surface
temperature (°C) in spring (April or May) of
colder-than-normal oceanographic years (1963,
1970, 1977 and 1981) and warmer-than-normal
years (1960, 1966, 1972 and 1976) and mean
sea surface temperatures in April for 1961-
1978 in the Japan Sea off Korea.

pecially in April of 1976 it was extraordinary
warm. But, in April of 1972 the thermal front
which was formed by contacting the North
Korean Cold Current with the East Korean
‘Warm Current apparently occurred in the coastal
area on the line of Lat. 38° N, and it was ab-
normally cold in the Cold Current Area, north
of the thermal front. The water temperatures
in May of 1963, in April of 1970, in April of
1977 and in April of 1981 were lower than
those in normal years, especially in May of
1963 and in April of 1981 it was abnormally
cold except the area of the Korea Strait. Ac-
cordingly, in May of 1963 two thermal fronts
occurred not only between the East Korean
Warm Current and mixed zone but also between
mixed zone and the Cold Current Area. In
April of 1970 the water temperature represented
that it was low near Ulreungdo but it was
rather high near mid-coastal area, abnormally.
In April of 1977 it showed the similar pattern
with in April of 1970, and the East Korean
Warm Current was located contacting almost
with the coastal line. And the thermal front
which was formed between the East Korean
Warm Current and mixed zone moved south-
eastward from the coast. In April of 1981 the
strength of the East Korean Warm Current
remained south of the line of Lat. 36°N and
the thermal front extended eastward along the
line of Lat. 35°30' N from the southeastern
part of the Korean Peninsula. It was 2-4°C
colder than normal years in the northern part
of the thermal front.

(2) Annual and monthly variations of sea sur-
face temperatures

In order to figure out annual and seasonal
variations of sea surface temperatures in the
Pacific saury drift gill net fishing ground, month-
ly temperature anomalies were estimated and
their fluctuation indices by standardization were
plotted in Fig. 4, based on the 10-day mean
water temperatures of 17 coastal and offshore
stations for 1957-1981. As shown in Fig. 4,
the fluctuation indices for summer of 1959, 1960,
1961, 1964, 1967, 1973 and 1975 were higher
than 200, and thus their surface temperatures
were abnormally high, and those for winter and
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winter and :spring :(December to April) were
estimated from ‘menthly temperature anomalies
obtained above, and their fluctuation indices
were estimated by standardization (Fig 5).
fluctuation indices for winter and spring of 1958/

The

and 1959/60 were pretty high, and those of

1971/72, 1975/76 and 1978/79 were fairly high.
On the other hand, the fluctuation indices for
winter and spring-of 1962/63 and 1980/81 were
abnormally low,. and that of 1976/77 -was pretty
low. And those of 1967/68 and 1969/70 were

fairly low.
Annual composition rates of small (smaller
than 23.9em) -and  medium (24.0-27. 9cm) size

Fluetuation index
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‘Fig. 4. Selected 17 coastal and offshore stations

of sea surface temperature observations used
for calculating 10~day mean water temperatures
Monthly changes of
fluctuation indices (FI) of sea surface temper-
atures for 1959-1981 periods combined with

in this study (above).

Fluctuation index

the 17 selected stations in the Japan Sea off

Korea.

FI represents the percentage of devi-

-ations from mean (Z) to standard deviation
(@) Fl=z—z/0x100) (below).

spring of 1971, 1976, 1979 and 1980 were higher
than 130 and thus their surface temperatures

were pretty high.

On the other hand, the

fluctuation indices for 1963 and 1981 were lower
than —200 and thus their surface temperatures

were -abnormally low, and those

1957, spring of 1968, winter of 1969/70, autumn

for autumn of

of 1972, summer and autumn of 1974, winter of
1976/77 and spring of 1977 were lower than
—130 and thus their surface temperatures were

pretty low.

(3). Relationships of variations
peratures to composition
.groups, shifts of fishing
variations of catch

Annual ‘mean temperature

of .water tem-
rates of size
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Fig. 5. Annual changes of fluctuation indices of

sea surface temperatures calculated from annual
mean temperature anomalies for winter and
spring (December to April) (A), composition
rates of small and medium size groups of Pacific
saury for spring and summer (March to July)
(B), distances from the positions of centers
which were the southernmost one in spring
(March, April or May) of each year to Lat.
36°30’N (C), and catch of Pacific saury for -
spring and summer (March to July) (D), in
“the Japan Sea off: Korea, .1957+1982.
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Table 2. Multiple correlationships of sea surface temperature anomalies for winter and
spring to composition rates of small and medium size groups of Pacific saury for
spring and centers of fishing grounds, and to composition rates of small and medium
size groups for spring and catch in the Japan Sea off Korea, 1957-1982

: : Multiple correlation Results of
Relationships coefficients F-test
1. Composition rates of small ahd medium size 0. 7601 Very highly significant
groups (Mar.-Jul.) and distances from centers F=13.68> F2*(0.01) =5.85
-.of fishing grounds in terms of abundance index
“to Lat. 36°30’N (Mar. Apr..or May) on sea
surface temperature anomalies (Dec.~Apr.) .
2. Composition rates of small and medium size 0.6584 Very highly significant

groups (Mar.-Jul.) and catch (Mar.-Jul.) on
sea surface temperature anomalies (Dec.~Apr.)

F=17.65>F*(0.01) =5.85

groups to the total for spring and summer
(March to July) were estimated from monthly
composition rates, and their fluctuation indices
were estimated by standardization (Fig. 5). Also,
annual fluctuation indices for centers of fishing
grounds in terms of abundance index were
estimated from the longitudinal distances from
the positions of centers which were the southern-
most one in spring (March, April or May) of
each year to Lat. 36°30' N (Fig. 5). On the
other hand, annual catch for spring and summer
(March to July) were estimated by combining
monthly catch data and their fluctuation indices
were estimated by standardization (Fig. 5). As
shown in Fig. 5, when sea surface temperatures
were lower than normal in winter and spring
(December to April), the composition rates of
small and medium size groups of Pacific saury
were high, and the centers of the fishing ground
were in the south, and catches of Pacific saury
were low (example, 1963, 1977, 1981). The
multiple correlationship of sea surface temperature
anomalies for winter and spring to composition
rates of small and medium size groups of Pacific
saury for spring and centers of fishing grounds,
and the multiple correlationship of sea surface
temperature anomalies for winter and spring to
composition rates of small and medium size
groups of Pacific saury for spring and, catch
were highly significant (Table 2).

6.. Discussion and conclusion
As shown in the previous chapter, Pacific
saury in Korean waters begin-to move morth-

ward in March and the main shoals of Pacific
saury recruit to the fishing ground till May.
From October they begin to move southward,
and in November they move rapidly to the south
of the Japan Sea off Korea. The southward
migration in autumn seems to be faster in speed
than the northward migration in spring. The
abundance index was high from April to June
with a peak in May in the northward migration
period and more or less high in November and
December in the southward migration period.
Oceanographic conditions of the Japan Sea
are usually dominated by the strength of the
Tsushima Warm Current Water and the Japan
Sea Proper Cold Water and by the air-sea inter-
action (SUDA et al. 1932; UpA 1934; LEONOV

- 1948, 1958; RADZIKHOVSKAYA 1961; Miva-

ZAKI 1952; NISHIMURA 1969; AsAl and KATO
1981; MORIYASU 1972; NAGANUMA 1972;
SHUTO 1982). As the Tsushima Warm Current
which enters the Japan Sea after passing the
Korea Strait extends to the north covering the
upper layer of the Japan Sea Proper Cold Water,
and moves northward and forms the permanent
thermocline, the warm current water becomes
narrower gradually, and it contacts with the
cold water in the middle of the Japan Sea and
the Polar Front. The Polar Front extends from
the southeast of the Korean Peninsula up to the
west coast of Hokkaido, passing Ulreungdo and
crossing the middle part of the Japan Sea (UDA
1938, 1958; NAGANUMA 1966, 1967; GONG
and SoON 1982; HuH 1974, 1982a, 1982b; KoOL-
PACK 1982). ‘In the south of the Polar Front
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in the Japan Sea in winter, the depth of the
upper mixed layer is large owing to cooling
and convection (Maizuru Marine Observatory,
Maritime Meteorology Division 1972). However,
from around June the surface warm water ‘is
developed, and from July the high temperature
and low salinity superficial water which enters
the Japan Sea after passing the Korea Strait
from the East China Sea extends to the north
covering the upper layer of the high tempera-
ture and high salinity Tsushima Warm Current
Core Water. Accordingly, the depth of the
upper mixed layer in summer (June to Sep-
tember) is remarkably small (GONG and OH
1977).  Many studies were reported on the
stratification and the movement of water masses
in the East Korean Warm Water area in the
Japan Sea off Korea (KAJIURA et al. 1958;
MivATA 1958; GONG 1962; TANIOKA 1968;
- LEE and BONG 1968; GONG and PARK 1969;
MORIYASU 1972; FUJII e al. 1976; YOON
1982a, 1982b, 1982c). Considering the distri-
butions of normal surface water temperatures
and salinities in the south of Lat. 38°30' N of
the Japan Sea off Korea and around Tsushima
in the southwest of the Japan Sea by the Marine
Environmental Atlas (Japan, Oceanographic Data
Center 1978), the temperature and salinity in
winter (January to March) were 5-15°C and
34.1-34.7%o, and those in spring (April to June)
were 10-20°C and 34.1-34.6%., respectively.
Especially, the mean surface water temperature
in April was 10-15°C. Those in summer (July
to September) were 20-28°C and 32.0-33.9%
and those in autumn (October to December)
were 10-23°C and 33.0-34.2%o, respectively.
‘Thus, in autumn it is more or less higher in
water temperature and lower in salinity than
in spring. On the oceanic structure and vari-
ation in the Japan Sea many studies were done,
but in the southern part of the Japan Sea recent
detailed studies on the surface thermal fronts
‘and annual and seasonal variations of surface
temperatures were not carried out yet.

Pacific saury in the Japan Sea are one of the
epipelagic fish and they inhabit mainly within
the depth of 1m (NISHIMURA 1965; Niwa
1963; SHUNTOV 1967). When Pacific saury
drift gill nets are set, the sinker of the net can

be usually extended to 2.5m. Accordingly,
catches by Pacific saury drift gill nets will be
able to reflect the distribution density of the
population and body length frequency distribu-
tions of catches also will be able to reflect that
of the population. Therefore, the oceanic
structure at the upper layer and its variation
were analysed to understand the influence of
environments. on the shifts of fishing grounds,
composition rates of Pacific saury by size group,
and catch. In winter and spring (January to
June) the low salinity surface water ‘which was
originated from the East China Sea is not
strong in the East Korean Warm Current area
and adjacent regions. And the gradient of
horizontal and vertical salinity in these seasons
is small. Thus the thermal structure at the
surface layer can be identified easily in the
surface water temperature distribution. More-
over, the water mass boundary at the surface
layer is represented by the thermal front which
has a big horizontal temperature gradient, and
the thermal front corresponds to the oceanic
front, Shiome, which can be expressed by the
gradient of density (GONG and SON 1982). When
the standardized value of the variation of water
temperature, that is, the percentage of deviations
from mean to standard deviation, is greater than
+200, it is classified into abnormally high, +
130 to 4199, pretty high, +60 to +129, fairly
high and smaller than +59, more or less high,
and so did for the negative values (NAGANUMA
1979). As shown in Fig. 3, it was well-known
that the abnormal cold water temperatures and
the southward sihfts of fronts occurred in winter
of 1962/63 and spring of 1963 in the western part
of the Japan Sea including the East Korean
Warm Current area (HAN and GONG 1965;

NAGANUMA 1966; HAN and GONG 1970; GONG
and OH 1977; KITANI and UDA 1969). The fact
that the oceanographic condition at the upper
layer in the East Korean Warm Current area
in winter of 1976 was pretty high was reported
by GONG and SON (1982), and the positions
of thermal fronts at surface in 1972 and 1981
could be identified in the satellite thermal
infrared imagery (HUH 1974, 1982a, 1982b;

KAWAMOTO and OGAWA 1981). As explained
in the previous chapter, the pattern of the
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annual variation of surface water teniperatire
‘anomalies ‘in the East Korean Warm Cuirrent
area tends to be similar to ‘that -at ‘the station
(Lat. 34°04’'N and Long. 129°32’E) in ‘the
“eastern channel of the Korea Strait and the
coastal oceanographic station (Mitsushima).
However, in 1970 the temperature of the eastern
channel was lower than that of the East Korean
‘Warm Current-area (MIITA 1967; NAGANUMA
1969; INOUE 1981; TOMOSADA 1982; Japan
‘Sea Regional Fisheries Research ILaboratory
1970). In the East Korean Warm Current-area
no periodicity of variations of -surface water
temperatures was recognized, though the perio-
dicity of variations of oceanographic character-
istics appeared in the east Japan Sea (NAGA-
NUMA 1981). This seems to be interpreted by
‘the seasonal and regional differences of-air-sea
interaction, as indicated by ASAI and KATO
(1981).

On the optimum water temperatures for in-
‘habiting of ‘and fishing Pacific saury in the Japan
Sea there are many reports but they don’t cor-
respond one another (RUMJANTSEV 1947;
KoTova 1958; TABATA 1963; HAN and GONG
1965; SANO 1963, 1966; SHUNTOV 1967
NISHIMURA 1969; HAN and GONG 1970; GONG
‘et al. 1974; KiMm and GONG 1978). FUKATAKI
(1966) estimated that in the declining periods
‘of water temperatures the habitat of Pacific
.saury was warmer area than the area with about
10°C, analysing the data of KoTova (1958)
and HOTTA (1964). The range of the optimum
water temperature for Pacific saury fishing was
obtained, corresponding catch distributions to
surface water temperature distributions for 1959-
1981 by sea block which had both oceanographic
observations and fishing records at the same
time (GONG ‘et al. 1983). According to the
‘results of the study, the range of the water
‘temperature for inhabiting Pacific saury in the
‘East China Sea and the Japan Sea is 7-
24°C, and the optimum water temperature
ranges between 13°C and 18°C centering
-around 15°C. As explained in the previous
chapter, in the Japan Sea off Korea the northern
part of the thermal front in the abnormal cold
years (example, 1963, 1981) is covered with cold
water mass whose surface water temperature

ground (FUKUSHIMA -1979).

4s ‘below 10°C ‘even in April and May. :Ac-

cordinigly, it ‘can‘be ‘seen ‘that the northern side
of the ‘thermal front c¢an play a role of:a cold
barrier to .prevent the commercially valuable

‘high density Pacific saury 'in the ‘winter ground

from the horthwatrd migration toward the mid-
dle of the Japan Sea. It is well known that
oceanographic conditions in the -Notth Pacific
influence the distribution 'and ‘moveément of
Pacific saury and the formation of the fishing
Especially, the
Oyashio front acts as a thermal barrier to the
movement of fish species ‘and accumulates ‘fish
shoals. It is known that the main fishing ground
is formed in the current rip (or Shiome) between
the Kuroshio and Oyashio (UDA 1936; NOVIKOV
1982; MATSUMIYA and TANAKA 1976; PAVLY-
CHEV 1977; SABLIN and PAVLYCHEV 1982).

It seems that the variation of oceanographic
conditions which represents the lower limit of
the water temperature for inhabiting ~Pacific

'saury affects the distribution and movement
‘and thus the formation of the fishing ground

(KunDIUS 1966; NOVIKOV 1966).
In general, the size frequency distribution of
a population is ‘the result of the interaction of

growth ‘and ‘survivorship functions together with

variation introduced by periodic phenomena,
such as seasonal recruitment and by the strength
of the year class. Because size distributions
contain a record -of past recruitment, growth

and survival, as well as oceanographic conditions

as basic causes for other population parameters
it is reasonable to search for ways in which
they might reveal population information, es-
pecially for epipelagic fish like Pacific saury to
understand the migration pattern. If distribu-
tions and movements of fish populations are
dependent upon variations of oceanographic
conditions, fish populations would be indicators
of variations of oceanographic -conditions and
thus the pattern of distributions and movements
would be available to ‘indicate variations of
oceanographic conditions.

Pacific saury have a specific body shape, in
that large isize fish -are caught in the net by the
anterior (head) part of the body while small
size fish are caught by the posterior (tail) part
of the body for the net with the same mesh
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size. ‘Therefore, it can, be. considered that the
meshes: of. gill nets for. Pacific. saury would not
have the selectivity for Pacific: saury fishing in
analysing the qualitative structure from catches.
Other. studies also hold: the same view (KASA-
HARA and: OTSURU 1952; HOTTA. 1964). The
mesh sizes of Pacific saury drift gill nets which
have been used in the Japan Sea off Korea
range from 9 to 11 knots constantly and es-
pecially 10. 5 knots mesh size is the most com-
mon. Accordingly, annual Pacific saury length
frequency distribution data used. in this study
have the consistency in sampling and. can be
considered as random samples which represent
the population.

Considering the abnormally cold phenomenon
in spring of 1963 in the Japan Sea, it could be
assumed that the major component of the catch
in the Japan Sea off Korea would be also the
medium size group of 27-28cm mode. Ac-
cordingly, KUROIWA (1966)’s data on the pro-
portions of size groups of Pacific saury in spring
of 1963 in the Japan Sea off Japan were used
in this study. SHAW (1962) stated that even
in schools as many as million fish all members
are of a similar shape, and: speed increases with
size and the fish of a species therefore tend to
sort themselves by size and by generation in the
sea. Accordingly, Pacific saury in the East
China Sea and the Japan Sea would tend to
make schools and to sort themselves by size
and also have different speeds by size. Fish
cruise at 3 to 10 fish lengths per sec (CUSHING
1981) and thus it is extremely natural that larger
fish cruise faster than smaller fish. On the
other hand, HARDEN JONES (1977) stated that
there was no obvious relation between fish
length and speed. However, THOMPSON (1975)
wrote that the larger it grows the greater is
its speed in the case of the aquatic animal.
And it is known that there is an exponential
relationship between them (SENTA 1983). As
noted in the previous chapter, there were very
significant multiple correlationships of annual
surface water temperature anomalies to com-
position rates of Pacific saury by size group and
distances from centers of the fishing ground to
Lat. 38°30’ N, and to composition rates of Pacific
saury by size group and catch. This result re-

presents- that- oceanographic conditions in winter
and. spring, especially the water temperature
distribution at the upper layer in the fishing
ground affect the composition. of Pacific saury
by size group which enter the fishing. ground.
In other words, the lower is the water temper-
ature in the fishing ground compared to normal
years, the later recruits the large size group
which is the main target for fishing. According-
ly, the position of center of the fishing ground
would. be partial to the south and the density
of fish shoals would be low and the catch would
be also low, compared to normal years. And
the water temperature is high, the reversed
phenomena occur.

On the distribution and migration of Pacific
saury in the East China Sea and the Japan Sea,
RUMJANTSEV (1947) and APANOVICH (1962)
reported the summer distribution in the north
Japan Sea off Korea and monthly distribution
in spring-summer season, respectively. KoTova
(1958) reported monthly distributions and move-
ments of spawning groups of Pacific saury, based
on the data of RUMJANTSEV (1947). NoOVIKOV
(1979) reported northward and southward mig-
ration routes of spawning groups of Pacific
saury in the Pacific Ocean and the Japan Sea.
And Tsurrta (1979) reported the migration
routes. of Pacific saury in the northwestern Pacific
Ocean. KOBAYASHI et al. (1970) presumed
migration routes of spring developed Pacific
saury, considering growth stages and annual
life periodicity. Many supposed migration routes
of Pacific saury in the Japan Sea off Korea
were reported by HUE and Kim (1959), Han

‘and GONG (1965), HARA (1966), SUH and KIM

(1970), GONG (1975) and GONG and LEE (1977),
but they didn’t mention the migration of Pacific
saury by size group. NISHIMURA (1965) stated
that Pacific saury in the Japan Sea were a
typical epipelagic species and they moved to the
north extensively in the northward migration
period and they moved to the south extensively
but partially to the Korean side in the south-
ward migration period. NISHIMURA (1969) re-
ported that the winter grounds were from
Tsushima to the west of Kyushu and that the
motive of the northward movements of saury
in early spring was not in the strength of the
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Tsushima Warm Current but in the northward
spreading of upper water mass which was re-
leased from the northwest wind stress. Con-
cerning the winter grounds of Pacific saury,
NIsHIMURA (1965), HAN and GONG (1965),
FUKATAKI (1966) and SUH and KiMm (1970)
reported and most of them thought that the
winter grounds were in the Korea Strait and
its southern area. Especially, FUKATAKI (1966)
reported that Pacific saury had different winter
grounds by size group and thus bigger fish spent
winter in the southern area and smaller fish in
the northern area, especially the large and extra-
large size groups moved to the south to spend
winter in the south of Tsushima, not in the
south Japan Sea off Korea. SUH and Kim (1970)
also reported that Pacific saury in the lower
latitude were larger than those in the higher
latitude in the south of the Japan Sea off Korea.
Prevailing oceanographic conditions that affect
migration patterns of Pacific saury are believed
primarily responsible for the large fluctuations
in catch rate (HATANAKA, 1956). MATSUDAIRA
et al. (1956) recognized that migrations of juvenile
and adult Pacific saury which migrate south-
north direction in the areas whose water tem-
perature ranges from 13 to 18°C in each season
were correspondent to geographical distributions
of the high productive zone in the northwest
Pacific Ocean including the East China Sea and
the Japan Sea. SHUNTOV (1967) remarked that
the northward migration of Pacific saury in the
Japan Sea began in March or April and at first
the large proceeded and a little later the small
followed along the warm water. On the contra-
ry to SHUNTOV (1967), KiM (1973a) reported
that the medium size group of the northward
migrating Pacific saury in spring in the Japan
Sea off Korea proceeded and the large size group
followed, but in the southward migration period
the large size group moved to the south first.
KUROIWA (1963) stated that in the northward
migrating Pacific saury along the coast of Japan
in spring the large size group appeared first in
the north and thus the ‘large size group was
thought to move to the north first. In Fisheries
Agency of Japan (1972) Pacific saury which are
caught by drift gill nets in the northward mig-
ration period in the Japan Sea off Japan consist

of mainly large fish of 30-31 cm mode each year
and as the fishing period proceeds, that is, in
the north, the size of Pacific saury is large,
and the size increases about lcm by month
during the period of April to July, and the
fishing rate of small Pacific saury smaller than
26 cm becomes higher near the closing period
of fishing.

Reports on the distribution and movement of
Pacific saury in the East China Sea and the
Japan Sea didn’t have detailed information on
the distribution time and migration routes of
Pacific saury in the Japan Sea off Korea, and
they didn’t agree to the views of the distribution.
and movement by size group. The phenomenon
that the large size group (mode, 30 cm) appeared
in the south Japan Sea in the wintering periods:
(example, in winter of 1975/76) could deny the
theory that only 28 to 29cm Pacific saury ap-
peared -in the period (FUKATAKI 1966). KiMm
(1973a) and FUKATAKI (1966) stated that in the
southward migration period the large size group
first moved to the south in the Japan Sea off
Korea and the southeast of the Japan Sea off
Japan, but there exists an exception in this
statement (example, in autumn-winter season of
1972/73). This exception means that small
Pacific saury first immigrate to the north fishing
ground in the early southward migration period
(October to November) and then the large size
group follows, and near December this large
size group gets ahead of the small size group
and in the closing season of fishing (February)
the large size group already gets out of the
Japan Sea to the East China Sea. On the other
hand, as shown in annual and monthly length
compositions from winter of 1970/71 to spring
of 1971 and from winter of 1976/77 to spring
of 1977, proportions of smaller than medium
size Pacific saury accounted for considerable
amounts compared to the large size group.
Also, in length compositions of Pacific saury in
the western coast of Hokkaido in spring of 1977,
only the exceptional medium size group (mode,
25-26 cm) appeared (WAKOH 1978).  As noted
in the horizontal distribution chart of surface
water temperatures and the variation of annual
water temperature anomalies in the previous
chapter, oceanographic conditions of the fishing
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ground in the Japan .Sea off Korea were very
variable in winter and spring. The water tem-
peratures in winter and spring of 1958/59 and
1959/60 were pretty high, those of 1970/71,
1975/76 and 1978/79 were more or less high.
In these years, the thermal front which was
formed between the East Korean Warm Current
and the North Korean Cold Water was formed
northward and was extended longitudinally. On
the other hand, the water temperature in winter
and spring of 1962/63 and 1980/81 were ab-
normally low, and those of 1967/68, 1969/70,
and 1976/77 were pretty or more or less low.
In these years, the thermal front was formed
in the southern area and was extended lati-
tudinally. In spring of 1970 and 1977 the water
temperature was very low near Ulreungdo, but
it was normal near mid-coastal area and the
southern part of the thermal front. Therefore,
the surface water temperature anomalies in
winter and spring for 17 stations were represent-
ed pretty or more or less high for these years.
Especially, when water temperatures are high
in winter-spring season, the large size group
(mode, 29 cm) cosists of the major component
in length compositions. On the other hand,
from the southward migration period in autumn-
winter season (October to February) of 1975/76
to spring of 1976 the large size group (mode,
30 cm) occurred continuously in the Japan Sea
off Korea, and from late spring to early summer
(June to July) the large size group didn’t occur.
The occurrence of the large size group in the
Japan Sea off Korea from the southward mig-
ration period (example, autumn-winter season
of 1975/76) to the north migration period (spring
of 1976) would be explained by the fact that as
water temperatures during the periods were
high the large size group spent winter here and
then moved to the north with the medium size
group from the early northward migration period
and from around June the large size group got
ahead of the medium and small size groups and
got out of fishing grounds and then moved to
the north of the line of Lat. 38°30/ N earlier
than other size groups.

From winter of 1969/70 to spring of 1970
water temperatures were low, and only the
medium size group and the small size group

occurred, but from May the large size group
began to occur. In winter-spring season of ab-
normally low water temperature years which
were mentioned above the large size group didn’t
occur entirely. ' In this case it seems that the
large size group moved to the north rapidly
according to the rapid spreading of the warm
water since July when the fishing operations
had already ended. In length compositions of
Pacific saury the 27-28 cm group was the main
component in the early northward migration
period of spring and a little later from around
April or May the large size group (30-31cm)
consists of the main component of the catch.
And as the second case, from the wintering
periods (around February) through spring only
the medium and small size groups consist of the
main component of the catch, and at this time
as the water temperatures were abnormally low
in the south Japan Sea off Korea, the large size
group doesn’t appear in the fishing grounds.
As the third case, from the southward migration
period (October to February) to spring (March
to June) the large size group is continuously
distributed in the Japan Sea off Korea, and at
this time the water temperature was preity or
abnormally high in winter-spring season. In
this case the large size group first moves to the
north and after June this group doesn’t appear
and instead the medium size group consists of
the main component of the catch. Accordingly,
in the fishing grounds of the Korean Pacific
saury drift gill net fishery,
temperatures are pretty or abnormally high,
both the large and medium size groups spend
winter together and they can be the target of
fishing from winter to spring (example, 1975/
76). And when water temperatures are ab-
normally low, the medium and small size groups
are dominant and the large size group doesn’t
seem to be the target of fishing from the winter-
ing period to spring, because the large size
group passes through the fishing ground rapidly
after the main fishing season.

Accordingly, the distributions and movements
by size group would be explained in relation to
variations of oceanographic conditions. Fig. 6
shows a model of seasonal migrations of Pacific
saury by size group for normal, abnormally cold,

when water

— 67 —



GONG;. HIRANO:and: ZHANG.

Cold type

T
132°

Ly
134"

T
136°

——
138°

-

T
154°

136

T
138

— 68

USSR
Normal type

126° 20 & 120° | 1m0 w° | 1m° | aa° 110° | 122°

Fig. 6. Possible schematic migration routes of
different size groups of Pacific saury under the
normal, cold and warm oceanographic conditions
in the Japan Sea off Korea. The largest dots
represent the large size group, the medium
dots, the medium size group, and the smallest
dots, the small size group. The crossed line
represents the oceanic thermal front in spring.
Sp, denotes spring (Apr. — June), Su, summer
(July —Sep.), Au, autumn (Oct. — Dec.), and
Wi, winter (Jan. — Mar.). ’

and abnormally warm oceanographic conditions
in the Japan Sea off Korea. When the oceano-
graphic conditions are normal, the center of the
distributions of the large size group is in the
west of Kyushu, that of the medium size group
is in the Korea Strait and the west of Kyushu,
and that of the small size group is in the
southern waters of Korea in the wintering
period. Together with the spreading of the
Fast Korean Warm Current water which was
free from the stress of the northwesterly seasonal
winds in early spring (around late March),
Pacific saury move northward through the mid-
dle of the Japan Sea. Around April and May
the small and medium size groups occur first
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and: next the large size group: occurs late near
the Polar Front. Pacific saury: immigrate con-
tinuously to the Korean Pacific saury drift gill
net fishing grounds. of the south of Lat.. 38°30/ N
untill. May. From around June the position
of the Polar: Front does not move at the sub-
surface layer deeper than 50m,. but the water
temperature at the surface layer becomes higher
“than 15°C because of the extension of the warm
current surface water. Around July Pacific
saury rapidly move northward and' almost get
out of the Korean fishing grounds of Lat. 38°
30" N owing to the superficial water with high
temperature and low salinity which was extended
from the south. In the north of the Polar
Front the large size group proceeds and the
medium and small size groups follow the large
size group. In summer the center of the dis-
tribution of the large size group is near the line
of Lat. 42° N, and the medium and small size
groups are distributed in the south of the line.
After Pacific saury spend summer in the north
Japan Sea, they conduct the southward migration
in autumn. In the eastern coast of the Korean
Peninsula the medium and small size groups
occur first and thereafter the large size group
occurs in the early southward migration period
(October to November). When Pacific saury
- move to the winter ground, the large size group
and the extra large size group get ahead of the
medium and small size groups and reach the
winter ground earlier. Therefore, in the fishing
grounds of the south of the Japan Sea off Korea
the large size group is scarce and the medium
size group represents the main component. In
the southward migration period as the depth of
the upper mixed layer reaches 30m and the
front is not formed at the surface layer and the
surface water drifts to the south Japan Sea
together with the strengthening of northwesterly
seasonal wind, southward migrating Pacific saury
with the drift of surface water move to the
south faster than the speed of the northward
migration. As Pacific saury which move to the
north along the coast of the Japan Sea off Japan
follow the warm area of the south of the Polar
Front which is operated as the temperature
barrier, there is no fish accumulation in the area.
However, Pacific saury which move to the north

along: the coast of the Japan Sea off. Korea
don’t. move to: the north easily owing to the
barrier of the Polar Front and stay for a while
in the early northward migration period (around
March to April), and then together with suc-
ceeding northward. groups  they form a dense
fish accumulation of spawning group due to
accumulated. food organisms:and:- flotsams. Ac-
cordingly, the density of Pacific saury is high
near the Polar Front and’ the good fishing time
of the Korean Pacific saury drift gill net fishery
is- May.

When the water temperature is abnormally
high compared to other years, even in the
wintering period (around February) all the size
group of the southward migrating Pacific saury
in the Japan Sea stay in the south Japan Sea
of the north of the Korea Strait, too. Accord-
ingly, the large and medium size groups of
Pacific saury are caught together in the fishing
grounds of the Korean Pacific saury drift gill
net fishery from December to March continu-
ously (example, winter of 1975/76 to spring of
1976). 1In this case the Polar Front is partial
to the north compared to normal years. In the

.early northward migration period (late March)

the medium and small size groups are distributed
in the north and the large size group is in the
south, but in spring (April to May) when they
reach near the Polar Front the large size group
gets ahead of the medium and small size groups
and afterward the latter follows the former. In
the high water temperature period before and
after 1960 the proceeding northward migrating
Pacific saury reached the East Korea Bay which
is on the line of Lat. 30°N even in March
(SHUNTOV 1967). Around June they reach the
line of Lat. 40°N and in summer (July to
August) the center of distributions of the large
size group is on the line of Lat. 44° N and those
of the medium and small size groups are in
the south of that of the large size group. The
southward migrating Pacific saury in autumn
move to the south with a slow speed, when
the strength of the high temperature and low
salinity warm current surface water prevails
continuously. At this time the density of Pacific
saury is low even in October in the fishing
grounds of the Korean Pacific saury drift gill
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net fishery, and the fishing periods in autumn-
winter season begin in November unlike normal
years.

When the water temperature is abnormally
low compared to normal years, the large and
medium size groups of the southward migrating
Pacific saury in the Japan Sea move to the
west of Kyushu, getting out of the Japan Sea
in the wintering period (around February).
If the northerly wind which accompanies the
cold water is strong, the northward flowing
Tsushima Warm Current is impeded consider-
ably and the front is extended in parallel with
latitude in the south Japan Sea, and finally the
cold water barrier which hinders the advance
of Pacific saury is formed. In the early north-
ward migration period (March to April) the
large size group doesn’t recruit to the Korean
fishing grounds. In such a case that the water
temperature of spring is not considerably low,
the large size group occurs around May (spring
of 1970). In such a case that the water tem-
perature in winter-spring season is abnormally
low (example, 1963, 1977 and 1981), the pro-
portion that the large size group recruits to the
Korean fishing grounds is extremely small or
sometimes nil in spring-summer season (March
to July). Even in such a case that in spring
the large size group recruits late or does not
recruit entirely, according as the Polar Front
moves to the north since July and the warm
current surface water extends, Pacific saury
which were already got out of the winter
grounds migrate northward rapidly and spend
summer in the north Japan Sea for a little
while. When it is very cold (1963) in winter
(January to February), fishing operations are
not usually carried out. In fishing grounds
which were formed in normal years as the
medium size group consists of the main com-
ponent of the catch and the large size group
does not recruit, the abundance index is low
and fishing conditions are poor. Though the
large size group occurs, it occurs late, and thus
good fishing periods by catch or abundance index
in spring (March to July) are delayed to June
unlike normal years (May). In this case the
interval between monthly distribution centers
of fishing grounds is large and the dispersion

from the center is also large. The positions of
distribution centers of each size- group in spring
and summer are partial to thé south compared
to normal years. The southward migrating
Pacific saury in autumn are pushed by the
strong northwesterly seasonal wind and thus
move to the south with a great speed. In this
case, Pacific saury die in large quantities from
contacting with the low salinity surface water
which was extended to the south Japan Sea.
In all the three types of the migration model
the range of distribution and the distance of
movement for the large size group are con-
sidérably larger than those for the medium or
small size group. Because the ranges in the
model denote distribution centers, real ranges
of the distribution would be much wider. On
the other hand, it seems that those in the Japan
Sea off Japan have the similar distribution
pattern as in the Japan Sea off Korea. How-
ever, since eggs and larvae of Pacific saury are
drifted at the surface layer, they have a quite
different distribution pattern from adults.

In conclusion, this study is on the migration
of Pacific saury based on the biological infor-
mation as well as oceanographic factors, and
we think this kind of study has not been done
yet. The results of this study may be used to
forecast fishing conditions with high precision,
predicting qualities (size group) and quantities
of Pacific saury by means of estimating the
condition of the recruitment to the fishing
ground, based on oceanographic observations.
In future, further studies on the validity of this
migration model as well as the mathematical
expression of the model should be continued
from now on.

7. Summary ;

1. We studied the migration of Pacific saury
by means of oceanographic observations (1957-
1982), length frequency distributions (1957-
1982), and catch and effort data of the drift gill
net fishery (1959-1982), considering that Pacific
saury in the Japan Sea off Korea and the East
China Sea are one of typical epipelagic fish.

2. In the Japan Sea off Korea no periodicity
of variations of surface water temperatures.
was recognized and their seasonal and annual
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variations were great. - The surface water
temperatures from winter of 1962/63 to spring
of 1963 and from winter of 1980/81 to spring
of 1981 were abnormally low, and those in
spring of 1970 and 1977 were lower-than-
normal. For each period above 6ceanic thermal
fronts with great temperature gradient were
formed further south compared to normal
years in the Japan Sea off Korea.

3. Monthly shifts of Pacific saury drift gill
net fishing grounds (south of Lat. 38°30’ N)
were examined by centers of abundance in-
dices and their dispersions from the centers.
The highest abundance indices occurred from
April to June with the peak in May, and fish
shoals continuously recruited from the south
to the fishing ground until May and suddenly

" they moved to the north from June. The
speed of the southward migration of Pacific
saury in autumn was faster than that of the
northward migration in spring.

4. In the length frequency distributions of
Pacific saury in the fishing ground of the
Japan Sea off Korea in winter-spring season,
when the water temperature was lower-than-
normal, the composition rate of the large size
group was low. And when it was high, the
large size group spent winter in the fishing
ground.

5. When the surface water temperature in the
fishing ground off Korea was low in winter-
spring season, the oceanic thermal front was
shifted to the south compared to normal years,
the composition rate of the small size group
was high, the center of the fishing ground
was shifted to the south, the dispersion of the
fishing ground was great, the abundance index
was low, and the catch in spring was also
low. On the other hand, when the surface
water temperature was high in the same
season, most phenomena described above were
reversed except that the catch in spring was
not always high due to the earlier northward
movement of Pacific saury.

6. It was necessary that the oceanographic
environmental conditions should be fully taken
into consideration for the study of migration
pattern of Pacific saury. Thus, a schematic
migration model of Pacific saury was sug-

gested, being divided into.three oceanographic

types, that is, normal, abnormally warm and

cold types. .

1) In the normal type, Pacific saury which
are spending winter in the southern part
of the Japan Sea off Korea and the East
China Sea are distributed separately by size
group, that is, the smaller in the northern
part, the larger in the southern part. In
the northward migration period in spring
or in the southward migration period .ifi
autumn, the larger fish migrate to get ahead
of the smaller fish.

2) In the warm type, as the winter ground
is shifted to the northern part compared to
the normal condition, even the larger fish
remain in the south of the Japan Sea off
Korea to spend winter. )

3) In the cold type, the center of the winter
ground is shifted to the south of Kyushu,
and in the northward migration period the
large size group doesn’t move to the middle
part of the Japan Sea due to the barrier of
the thermal front which is formed in the
southern part of the Japan Sea, and then
it moves northward rapidly in early summer.

7. As a result, this study can be used to pre-
dict the Pacific saury stock structure qualita-
tively and quantitatively, understanding the
conditions of temporal recruitment of Pacific
saury by size group to the fishing grounds,
based on the information of variations of
oceanographic environmental characteristics.
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HETHEEE Y~ ~ OHE & ¥ & DR
Aok EEEGT - RERY

BERE(HARME) 8 X R Y FEEY v = (Cololabis
saira, BREVOORT) OEME &, AEE, SHERL
DR BIHER (1957~814F) #AELTYH v ~pEE
Rt lic, MEHRBUARO—ETHEy v~
DEE L — BT B, WEREALEEY RS
ZBRTIVLBEURED DND, T THE % FEHER
A, KREARSIFCHEFEEO=Z20 RS T T, yr=
DEEEEAEREE FARBREL K,

FEEMIENC B\ T, BESERE R X ORI
THRET Y v~ REGNIEMER, kFF
CONTNBETEREINRTWS, ¥k, EEpJ LE
PUEOE THCRARA THDIZY, AP EN
¥ EMKERER, sESUTRERXEER 2-16
AR, T RS S X4 1-15-1

LTCE#ET 5,

BRI BN, BEE R TE AR 2
ek o THRENDDT, KEATH-TdHEKEET
IR THEAT 5, —7F, EEERORKBEBEOSHE L
1%, Lat. 44°N :81dH 5,

SPAEIT EEAE IR B TR T B A G 7 B 1 L PE

AKX - CTaH L, BFEQI L BREREET
BRINDAFNROMEC X -, TESRB IS DK
BB B AR & T B3 2 ARV, L,
EZoiorikd tf@EchEd3X ks,
. AMERERR, BERBOEEICET A EREYERC
LT, v = ofRERHN, BRANRE~OMAREL
BRET2HCE T, yre0HEY, BENEEL TR
HORERT2ENHRD LELD,
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