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A Study on Oceanic Environmental Conditions
for Pacific Saury in Korean Waters*
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Abstract

Oceanic environmental conditions for Pacific saury, Cololabis saira (BREVOORT), were
studied by means of meteorological data (1959-1982), oceanographic observations (1957-1982),
and catch and effort data of the Korean drift gill net fishery (1959-1982).

The wind had considerable influence upon the variation of the surface water temperature
in the Japan Sea off Korea. The distribution and strength of the currents, the location of
the thermal front, and the circulation pattern could be easily determined by the horizontal
distribution of water temperatures, as the horizontal and vertical salinity gradients in winter-
spring were small at the upper layer of this area. In winter-spring seasons having low water
temperatures (for example in 1963, 1970, 1977 and 1981) the oceanic fronts were formed from
east to west and were farther south in the Japan Sea (between Lat. 36°N and 37°N) compared
to normal years, and water temperatures north of the fronts were very low. No periodicity
was recognized in the annual variations of oceanographic conditions at the upper layer of the
area. From this phenomenon it was recognized that annual variations in oceanographic con-
ditions were substantial in the area and did not correspond to conditions of the Korea Strait side.

The range of surface water temperatures suitable for commercial fishing of Pacific saury
was 10-20°C. The water temperature for the best fishing ranged from 13-18°C centered
around 15°C and the salinity for the best fishing was 34.1 %. In spring-summer (March to
July), the relationship between the movement of the 15°C isotherm and the shift of centers
of fishing grounds of Pacific saury had a positive significant correlation. The high tempera-
ture and low salinity of superficial water which originates from the East China Sea hastened
the northward movement of Pacific saury in the Japan Sea.

The oceanic front, when Pacific saury begin the northward movement from wintering
ground, is a cold barrier to these migrations. The density of fish shoals tended to be high
around the front in spring-summer. The density of fish shoals in the Japan Sea off Korea was
higher than that off Japan which was related to the structure and position of the oceanic front.

1. Introduction

Pacific saury, Cololabis saira (BREVOORT),
are mainly taken by gill nets in Korean waters.
Recently the Pacific saury gill net fishery has
operated in the southwestern Japan Sea, south
of Lat. 38°30/N. The fishery operates year-
round except in August and September, and the
main fishing period varies year after year. The
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annual catch of Pacific saury in Korean waters
ranged from 10,000 to 40,000 metric tons during
1960-1970, but in the early 1980s declined sharply
to less than 10,000 mt. With the sharp decline
in catches of Pacific saury and the onset of
annual variations in rich and poor harvests,
forecasting of fishing conditions would be ex-
tremely valuable.

Oceanographic observations in the Japan Sea
off Korea were initiated in the 1920s. Since
the 1930s, large scale observations encompassing
the entire Japan Sea area have been conducted
(N1smpa 1927, 1930, 1933; Fisheries Experiment
Station of Governmental-General of Tyosen 1928~
42, 1936a, 1936b, 1936¢, 1943; Fisheries Research
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and Development Agency 1979). SUDA and
HIDAKA (1932), SUDA et al. (1932), UDA (1934a,
1934b, 1936a), MrvyAzAKI (1953), LEONOV (1948,
1958), RADZIKHOVSKAYA (1961), KAJIURA et
al. (1958), MIYATA (1958), GONG (1962), Fujn
et al. (1976), LEE and BONG (1968), NAGANUMA
(1972, 1979), KAWABE (1982a, 1982b) and YOON
(1982a, 1982b, 1982c) described the oceanographic
structure and water movements of the Japan Sea.
GONG et al. (1983) explained variations of ocean-
ographic conditions of the Japan Sea off Korea.

A number of studies have been conducted on
the influences of oceanic fronts on fishing grounds
and fishing conditions (FUKUSHIMA 1958, 1979;
MATsuMIYA and TANAKA 1976; NOVIKOV
1982; SABLIN and PAVLYCHEV 1982). HaTa-
NAKA (1956) stated that oceanic conditions can
change migration patterns of Pacific saury and
cause fluctuations in rates of fishing. MATSU-
DAIRA et al. (1956) noted that seasonal mig-
rations of Pacific saury are dependent on the
seasonal transition zones of high plankton pro-
duction which are mainly formed in boundary
zones of the northwestern Pacific Ocean including
the East China Sea and the Japan Sea. SHUNTOV
(1967) stated that the accumulations of flotsams
and food organisms in the boundary zones be-
tween currents in the Japan Sea may govern
the location of spawning schools of Pacific saury.
NAGANUMA (1967) and HAN and GoNG (1970)
indicated that oceanic fronts were closely related
to the fishing conditions for Pacific saury in the
Japan Sea. DPatterns of thermal stratification
and oceanic fronts were considered to be im-
portant factors for the success of saury fishing
off the coasts of the U.S.S.R. and Japan (UDA
1936b; KuUNDIUS 1966; NOVIKOV 1966).

Many studies on the range of water tempera-
tures and salinities inhabited by Pacific saury in
the Japan Sea have been reported (RUMJANTSEV
1947; KoTova 1958; TABATA 1963; HAN and
‘GONG 1965; SaNO 1966; NISHIMURA 1969;
Kim and GonG 1978). However, these studies
didn’t encompass the entire season and the limits
of distributions of Pacific saury.

In order to determine the reasons for and to
predict variations in catch, it will be necessary
to understand the interrelationships between
abundance, fishing intensity, and environmental

factors. Moreover, if differences in distribution
and migration of Pacific saury by size groups
are affected by oceanographic conditions, the
movements and abundance of these size groups
would be of concern here, since the success or
failure of the fishery would be controlled by
environmental factors (GONG ez «al. 1983).

The objective of this study is to analyse mete-
orological and oceanic environments which are
basically related to the distribution of Pacific
saury stock, and from these analyses, contribute
to the development of method of accurate fore-
casting conditions for Pacific saury.

We would like to express our sincere appreci-
ation to Drs. Takashige SuUGIMOTO, Hideaki
NAXATA, Denzo INAGAKE, Mikio NAGANOBU,
and Ichiro AOKI of Ocean Research Institute,
the University of Tokyo for suggesting problems
and for their valuable help during the study.
Qur gratitute is extended to Mr. Sung Hwan
Ha and Mr. Sang Hwa CHUNG, current and
former Director-Generals of the National Fish-
eries Research and Development Agency of
Korea. Many members of the same agency
including Mr. Hack Kern SUH, Mr. Song Jeong
SoN, Mr. Won Seok YANG and Mr. Dae Won
PARK put a great deal of work into the actual
production of this paper. Our gratitude is also
extended to Miss Kyong Sook OK and Miss
Yeong Ja LEE for calculation and typing of the
text.

2. Materials and methods

As Pacific saury are one of the typical epipe-
lagic species, they are mainly caught by drift
gill nets which are usually set near the sea
surface. Thus, the structure of the upper layer
was analysed, based on oceanographic observa-
tions.

Meteorological data on daily wind direction
and force were derived from Monthly Weather
Reports (Central Meteorological Office 1959-
1982). The wind stress index was estimated by
multiplying the monthly average wind force by
100 for southerly (between 135° and 225°) and
northerly (between 315° and 45°) values. As
wind stress indices together with air tempera-
tures were assumed to affect surface water
temperatures, they were compared with surface
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water temperature anomalies. Wind stress in-
dices were also correlated with catch records of
Pacific saury to determine the influence of wind
stress on fishing conditions.

Water temperature and salinity data were
derived from coastal and offshore oceanographic
observations (Central Fisheries Experiment Sta-
tion 1954-1963; Fisheries Research and Develop-
ment Agency 1964-1982a), CSK (Cooperative
study of the Kuroshio and Adjacent Regions)
Data Report (Japan Oceanographic Data Center
1966-1970), the Marine Environmental Atlas
(Japan Oceanographic Data Center 1978), charts
of horizontal temperature distributions derived
from the Pacific Saury Fishing Ground Surveys
compiled by the authors from 1961 to 1982
and Oceanographic Prompt Report in Japan Sea
Fishing Grounds (Japan Sea Regional Fisheries
Research Laboratory 1957-1982). Fig. 1 shows
stations where oceanographic observations were
made by the National Fisheries Research and
Development Agency in Pusan, Republic of
Korea. Variations of oceanographic character-
istics in fishing grounds were analysed by seasonal
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Fig. 1. Locations of stations for oceanographic
observations in Korean waters.

variations of water temperatures and salinities:
at each station and were shown in the horizontal
and vertical distributions of water temperatures.
and salinities.

Average 10-day surface water temperature
anomalies for each month in 1957-1981 were
obtained from the coastal and offshore oceano-
graphic observations and standardized values. of
variation in water temperature were classified
(GONG et al. 1983).

Positions of thermal fronts were considered to
correspond to mid-isotherms having greater than
0.1°C/mile horizontal gradient of water tempera-
tures in dense isothermal zones. The ranges of
the optimum water temperature and salinity for
Pacific saury fishing were obtained from distri-
butions of catches, surface water temperatures,
and salinities by statistical block (0.5° Lat.X
0.5° Long.) from those blocks having both
oceanographic observations and fishing records.

Annual Pacific saury catch data were obtained
from catch by species records (Government
General of Tyosen, Production Bureau 1930),
Catch Statistics (Central Fisheries Experiment
Station 1961), and Yearbook of Korean Fish-
eries Statistics (Korea, Office of Fisheries, Mini-
stry of Agriculture and Fisheries 1960-1982).
Catch and effort data by year, month, week
and statistical block from the Pacific saury gill
net fishery were derived from both Reports of
Weekly Fishing Conditions (Central Fisheries
Experiment Station 1959-1963; Fisheries Re-
search and Development Agency 1964-1982b).
Some of the effort data (1959-1967) were obtained
from monthly reports of the Pacific saury gill
net fishery compiled by the authors.

The smallest unit of fishing effort used was
a drift gill net “set’”’. A “‘set’” of drift gill net
is a half of a “‘pil”’ net (1 pil=100 ken=151.5m).
Catch per unit of effort (CPUE) is in terms of
weight of catch per set (kg/set). The mesh
size of the drift gill nets used by the fishery
ranges from 9.5 (36.6 mm) to 10.5knots (31.9
mm) and averages 10knots (33.6 mm). The
nets were constructed with cottons in the 1930s,
but since 1961 the nets have been made of
synthetic fibre (GONG et al. 1984). Because the
length of gill net in a “‘set’”” was kept constant
during the period of 1959 ot 1981, it was not

<

— 38 —



&

Oceanic Environmental Conditions for Pacific Saury in Korean Waters

necessary to standardize fishing effort in the
calculation of CPUE. The abundance and
centroids of fishing grounds were calculated by
the formulae of GONG ez al. (1983).

Monthly mean catches combined overall years
were compared with variations in oceanographic
conditions obtained from isopleths of monthly
distributions of surface water temperature and
salinity. From this data the relationship between
centers of fishing grounds based on monthly
mean abundance indices and locations of optimum
water temperature and salinity for Pacific saury
was estimated.

3. Environmental characteristics of fishing

grounds
(1) BSeasonal distribution of southerly and

northerly winds

Monthly indices of wind stress at Ulreungdo
in 1959-1982 were estimated to examine the
influence of winds on sea surface thermal con-
ditions and fishing operations (Fig. 2). In gene-
ral, winds were predominantly northerly during
spring-summer months (April to August) and
southerly during winter months (January to Feb-
ruary). In early spring (March) and autumn
(September to December) wind stress was about
equally from the south and north. The periods
of January 1959 through March 1961, August
1975 through December 1976, and September
1978 through March 1980 were characterized by
weak southerly and northerly winds.

(2) Variation in oceanographic conditions
A.  Horizontal distributions of oceanographic
characteristics
Horizontal distributions of water temperature
in April or May 1961-1978 for colder than nor-
mal and warmer than normal years were illust-

rated to examine annual variations in surface

water temperatures and the thermal structure
in spring in the Japan Sea off Korea.

Oceanic fronts usually represent boundaries
between two water masses. It generally appears
as a discontinuous zone of density, but when
the salinity gradient is relatively small, it appears
as a discontinuous zone of temperature.

Fig. 3 shows the horizontal distribution of
temperature at the surface in late June and late
July 1961 and at 50 m in mid-June 1969. In
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Fig. 2. Monthly southerly (135°-225°) and north-
erly (315°-45°) wind stress indices at Ulreungdo,
1959-1982. Positive values denote northerly
wind stress and negative values southerly wind
stress.

June 1961 temperatures were 16-18°C in coastal
waters along the southeastern part of the Korean.
Peninsula and 19-21°C along Long. 130°E. In
late July, temperatures along the southern coast.
were lower (13-16°C). than those one month
earlier, but in offshore areas, they were higher

(24-25°C) than in the previous month. The:
~ decrease of coastal surface temperature in July

suggests that there was strong coastal upwelling
induced by the strong southerly winds. The
temperature distribution at 50 m in June 1969
showed a thermal front with a large tempera-
ture gradient extending southward from near
Ulreungdo Island and then eastward, passing
near Tokdo Island.

Fig. 4 shows the position of thermal fronts at
0, 50, 100, and 200 m in July 1961, June 1969,
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Fig. 3. Horizontal distribution of temperature (°C) at the surface during June 17-27, 1961
(A), July 22-August 2, 1961 (B) and at the 50 m layer during June 8-21, 1969 (C) in the
Japan Sea off Korea.
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Fig. 5. Locations of thermal fronts at the 100 m
in the southwestern Japan Sea in 1964 (ab-
normal cold type), 1966 (southern coast cold
type), 1969 (normal water type), 1974 (northern
coast cold type) and 1976 (abnormal warm
type). W denotes high temperature region and
‘C low temperature region.
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February 1976, and April 1977. The positions
of thermal fronts at 50 and 100m in each of
these periods were the same. However, in
February 1976 it was apparently located to the
north. In June 1969 there was a thermal front
located in the vicinity of Ulreungdo and Tokdo
Islands, and an additional front to the south at
100 m. In April 1977 Polar Fronts were recog-
nized at 50 and 100 m between Lats. 37°00/N
and 37°30’N, and in the south between Lats.
35°30’N and 36°00’N, passing near Tokdo and
Oki Islands.

Fig. 5 shows the annual average position of
thermal fronts at 100m, and illustrates five
kinds of thermal fronts which are typical off
Korea; abnormally cold water type (1964), ab-
normally warm water type (1976), northern coast
cold water type (1974), southern coast cold water
type (1966), and normal water type (1969). In
1964 the thermal front at 100 m extended north-
ward along Long. 130°30’E, surrounding the
low temperature region developed in the coastal
area along the Korean Peninsula. In 1966 the
thermal front which was formed around the
Chukpeon and Chuksan low temperature region,
approached the Chumunjin coastal area and
then extended to the northeast and to the south,
reaching the Yamato Bank, surrounding the
tongue-like north Ulreungdo low temperature
region. In 1969 the thermal front at 100 m,
like that at 50 m, extended from coastal waters
near Ulsan to the north, and then turned south
forming a tongue between Ulreungdo and Tokdo
Island, and then approached the Yamato Bank.
In 1974, while the thermal front approached
coastal area in the south, the cold water along
the northern coast dominated, and caused the
front to turn eastward parallel to Lat. 38°N
and then proceed northeastward to north of
Tokdo Island. In 1976, because of the pre-
dominance of the East Korean Warm Current,
and the recession of the coastal low tempera-
ture water and the north Ulreungdo low tem-
perature water, the thermal front extended
northward near the east of the Korean Penin-
sula and did not form in the vicinity of Ulre-
ungdo Island.

Another thermal front which originated near
the southeastern part of the Korean Peninsula

and extended toward the mainland of Japan
changed direction at Lat. 35°30’'N, Long. 131°
30’E, and then extended northeastward, passing
between Tokdo and Oki Islands. This branch
was called the Tsushima Warm Current Thermal
Front, and it’s position was relatively stable
from year to year. As shown in the figure the
thermal front off the north Korean Peninsula
corresponded to the Polar Front. The front off
the south Korean Peninsula, however, did not
always correspond to the discontinuous density
zone. When the warm current water was
dominant, such as in February 1976, the Tsu-
shima Warm Current Thermal Front moved
northward and overlapped with the Polar Front.
In all cases, when the horizontal salinity gradient
was small in winter and spring (January to June),
thermal fronts at each depth layer corresponded
to the Polar Front. It is apparent that the
winter-spring distribution of the water system
off Korea is reflected by the structure and
location of thermal fronts.

In summer and autumn (July to December)
salinity gradients were large, and temperature
gradients small at the surface and, therefore it
was impossible to detect the Polar Front at the
surface. However, because horizontal salinity
gradients in subsurface waters were small each
year, the thermal front could be detected by
the horizontal temperature gradient which ap-
proximately corresponded to the ‘Polar Front.
The Polar Front was detected by the differences
of densities.

As already mentioned, the vertical temperature
and salinity gradients from winter to spring
were small. Accordingly, the circulation pattern
could be determined by the distributions of
vertical integrated mean temperatures using the
following methods. The relationship between
water temperature () and salinity (s) at depth
(2) can be expressed as follows:

ot op
P ey QD)

and the dynamic depth (D) can be expressed,
4 z
p=[pae={ps ;92 (2

from (1) and (2), D= Szgu(t; z) dz, where, p de-
0
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Fig. 6.

Surface geostrophic circulation referenced to the 200db level (A)

and integrated mean temperature from surface to the 200 meters (B)

in May 1963.

Current speed at a particular location is determined by

measuring the distance between adjacent contour lines (drawn at 0.02
dyn. meters intervals) and comparing the distance to a nomogram curve

for the specific latitude.

mnotes density and ¢, acceleration of gravity.
“Thus the change of the scalar field shown by
isotherms can be considered to reflect changes
in the pressure field and therefore currents
(YAMASHITA 1941; MivATA 1960).

Fig. 6 shows the surface geopotential topo-
graphy referred to the 200db in May 1963 and
the horizontal distribution of the vertical inte-
grated mean temperature from the surface to
200 m as expressed by:

1
200
In cases where the dynamic depth anomalies
were high, water temperatures were also high,
and where anomalies were low, water tempera-
tures were low. Where the horizontal gradients
of the integrated mean temperatures were large,
the horizontal gradients of the dynamic depth
anomalies were also large. Therefore, there
was correspondence in these features as there
was in distribution patterns. When the positions
of thermal fronts at 0, 50 and 100 m in May

200
tedz
0

TZOO =

1963 were compared with distributions of the
dynamic depth anomalies and vertical integrated
mean temperatures, they had similar distribution
patterns. Consequently, the location of thermal
fronts which are formed by contact between
warm and cold water corresponded to the dis-
continuous zone which was defined by the distri-
butions of the vertical integrated mean tempera-
tures or the geopotential topography. However,
this correspondence occurred regularly only in
January to June when the horizontal salinity
gradient was small. There was not always
correspondence in other seasons.

The horizontal distribution of surface salinities
were examined to determine possible effects of
salinity on fishing conditions in spring-summer.
The mean salinities in July 1961 to 1978 and
the salinities in July, August or September of
each year were grouped into above and below
33.0 %o, in order to examine the distribution of
the low salinity surface water during summer
in the East Korean Warm Current region
(Fig. 7). In July the low salinity water (<£33.0
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2

Fig. 7.
than 33.0 %0 (shaded area) in the Japan Sea off
Korea, July and August 1961-1978.

Distribution of sea surface salinities less

‘%0) extended from near the Korea Strait to south
of Ulreungdo Island in normal years, but in
August it extended along the entire Korean
Peninsula and the East Korean Warm Current
region. The figure shows that the distribution
of low salinity water was extensive in August
1963, 1972, 1973 and 1975, but limited in August
1971 and 1974.

B. Vertical distributions of oceanographic

characteristics

As previously described, the FEast Korean
‘Warm Current overrides the upper layer of the
Japan Sea Proper Cold Water as it moves north-
ward and where it contacts the North Korean
Cold Current the Polar Front is formed. In
order to describe the oceanic structure of the
East Korean Warm Current area, vertical distri-
butions of temperature, salinity and density (o)
along the oceanographic observatory line 104

ws 45 67 B 0 1 11 1213

Depth in meter

anee]
I

Depth in metor
0
g

400

Fig. 8. Vertical sections of temperature (°C) (A),
salinity (%) (B) and density (¢;) (C) along
oceanographic observation line 104 (parallel
with Lat. 37°03’N from coast to Long. 131°30’
E) in the Japan Sea off Korea during December
6-7, 1968.

(Lat. 37°03'04”N) in early December 1968 were
examined (Fig. 8). The wvertical section of
temperatures shows the seasonal thermocline,
which was located near the 12°C isotherm, at
the layer of 50 to 80m, and the permanent
thermocline, which was located near the 5°C
isotherm at the layer of 100 to 300 m. In the
vertical section of salinity, a halocline, which
was located near the 34.2 % isohaline, was
formed at the layer of 50m. The vertical
sections of density showed that the upper mixed
layer depth was 40 m, and the seasonal pycno-
cline was present at about 50 m in coastal areas
and at 70m in offshore areas. The pattern of
vertical sections of density was similar to that
of water temperatures and salinities.

The distributions of temperature and salinity
in longitudinal section along the northward flow
pattern of the East Korean Warm Current are
shown in Fig. 9. The figure shows that mean
water temperatures and salinities of April (1961-
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1978) in the Korea Strait (206/04-209/07) were
homogeneous from surface to bottom, and those
along Lat. 130°E (209/07-107/07) were low at
the upper layer in the northern part of the
sampled area. In December 1961-1978 the upper
layer of the water mass had higher temperatures
and lower salinities than that in April. In April
1976, which was a warmer than normal year
the vertical sections of temperature and salinity
showed that the water mass had higher tempera-
tures and salinities than other years. However,
in April 1981, which was an abnormally cold
year, conditions were similar to other years in
the Korea Strait, but north of Lat. 36°N (north
of station 102/07) the water mass had low
temperatures and salinities, and thus the dis-
continuous zone of temperature and salinity was
formed from the surface to the layer of 200 m
between stations 209/07 and 102/07.

C. Seasonal variations in water temperatures

and salinities

Isopleths of mean sea temperature and salinity
at four stations were examined to gain an under-
standing of the patterns of seasonal variations
in temperatures and salinities (Fig. 10). In the
west channel of the Korea Strait (St. 207/04)
the water temperatures in winter (January to
March) were quite homogeneous throughout the
water column and declined to less than 14°C
in February, which is the period of minimum
water temperatures during the year. From about
April temperatures began to rise gradually.
Peak temperatures occurred at later time period
with increasing depth. In September water
temperatures began to decrease and the seasonal
summer thermocline began to disappear in
October because of vertical mixing. In December
the seasonal thermocline disappeared and the
decline in water temperatures continued with
minimum water temperatures occurring in Feb-
ruary.

With regard to changes in salinity at the sur-
face, it began to decrease from about June or
July and reached a minimum in July, August
and September, and then began to increase from
October. Accordingly, there was a two-month
time lag between the beginning of the increase
in water temperature and the decrease in salinity.
Since water temperatures began to decline from

September, and salinity began to increase from
October, there would also be an one-month time
lag between the beginning of the decrease in
water temperature and that of the increase in
salinity.

At station 102/07 east of Changgigap, the
permanent thermocline is formed at the 100 to
150 m depth layer. The distribution patterns of
water temperature and salinity by month and
depth layer and the time lags between increases
or decreases in water temperature and decreases
or increases in salinity were similar to those
in the west channel of the Korean Strait. At
St. 104/09 east of Chukpeon and at St. 106/07
east of Chumunjin, the water temperature began
to increase from May, therefore there would be
a two or three-month time lag between this in-
crease and the beginning of the decrease in
salinity. There would also be one-or two-month
time lag between the decrease in water tempera-
ture and the increase in salinity, since the former
took place from about September and the latter
from about October or November.

As shown above, processes of change in water
temperature and salinity didn’t correspond in
time even at the same station, but these pro-
cesses also lag differently.

In general, there are two periods of differing
surface conditions in the East Korean Warm
Current area, that is, a low temperature and
high salinity period which occurs in the winter
season and a high temperature and low salinity

.period which occurs in the summer season.

However, if classified in more detail, there would
also be two intermediate periods of mild tempera-
ture and mild salinity between the above seasons,
one in spring (May and June) and the other in
autumn (November and December). The autumn
period had a somewhat lower salinity than the
spring period.

D. Long-term fluctuations in oceanographic
conditions, and the relationship between sea
surface temperature anomalies and wind
stress

In order to determine annual and seasonal

variations in sea surface temperatures in fishing
grounds for Pacific saury, monthly temperature
anomalies were estimated and their standardized
fluctuation indices plotted (Fig. 11), based on
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Fig. 11. Monthly changes of fluctuation indices (FI) of sea surface tempera-

tures for 1957-1981 period at the 17 selected stations in the Japan Sea off

Korea.

FI represents the percentage of deviations from mean (X) to

standard deviation (¢) (FI=(X—X)/0x100) (After GONG et al. 1983).

10-day mean water temperatures in 1957-1981
at 17 coastal and offshore stations (GONG et al.
1983). Fluctuation indices in the summers of
1959, 1960, 1961, 1964, 1967 and 1975 were higher
than 200, and thus surface temperatures were
abnormally high. The indices in winter and
spring of 1972, 1976, 1979 and 1980 were higher
than 130 and thus surface temperatures were
pretty high. On the other hand, the indices
for 1963 and 1981 were lower than —200, show-
ing that surface temperatures were abnormally
low. The indices for autumn 1957, spring 1968,
winter 1969/70, - autumn 1972, summer and
autumn 1974, winter 1976/77, and spring 1977
were lower than —130, indicating pretty low
surface temperatures. There was no apparent
cycle in variations of surface water temperatures.
In relation to wind stress indices, surface water -
temperatures were high when southerly and
northerly winds were weak, and low when these
winds were strong (Figs. 2 and 11). The relation-
ship between annual wind stress indices at
Ulreungdo Island (Fig. 2) and annual mean sea
surface temperature anomalies from the 17 select-
ed stations is shown in Fig. 12. In 1959 and 1960
-‘water temperatures were high while wind stresses
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Wind stress‘ index in 1,000
Fig. 12. Relationship between the index of annual
wind stress for combined northerly and souther-
ly winds at Ulreungdo and annual mean sea

surface temperature anomalies at the 17 selected
stations off Korea, 1959-1981.

were weak, and in 1963 and 1981 water tempera-
tures were low while wind stresses were strong.
This relationship had a significant negative corre-
lation (r=-—0.508, n=23, P>0.05) when all 23
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years (1959-1981) of data were used. Moreover,
the wind stress indices and the anomalies of
water temperatures for the 276-monthly periods
from January 1959 to December 1981 showed a
highly significant negative correlation (r= —0.255,
n=276, P>0.01). Accordingly, the stronger the
northerly and southerly wind stresses, the lower
the surface water temperatures in the East
Korean Warm Current region off Korea.

4. Relationship between distributions of fish-
ing grounds and oceanic fronts
As shown in the previous chapter, the position
of thermal fronts which extended north along
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Fig. 13. Catch per unit of effort by statistical
block from the Korean Pacific saury gill net
fishery in the Japan Sea off Korea, 1959-1982.
The solid line represents the position of the
oceanic thermal front in a normal water
temperature year in summer.

the coast of the Korean Peninsula varied in
location from east to west annually, and the
thermal front near Ulreungdo Island showed
large south to north variation in location. How-
ever, cold water regions always developed in
the area between Ulreungdo and Tokdo Islands.
except in abnormally warm years like 1976 when
the East Korean Warm Current area was un-
usually warm, and made contact with the warm.
water from the south and formed a tongue-like:
southward thermal front.

As shown in Fig. 13 by the distribution of
CPUESs, the areas of high density which were:
extended south to north along the coast of the:
Korean Peninsula, were located along the thermal
front which extended south to north along the
periphery of the low temperature region. On
the other hand, high densities north of Tsushima.
Island were located along the Tsushima Warm
Current Thermal Front and between Ulreungdo
Island and the east coast of the Korean Penin-
sula as well as between Tokdo Island and Yamato
Bank along the Polar Front. Therefore, good
fishing grounds corresponded to the distributions.
of thermal fronts.

5. Influence of winds on Pacific saury gill

net fishing activities

Recently about 500 Pacific saury drift gill net
fishing vessels have operated in Korean waters.
Most were in 10 to 50 gross tonnage class with.
less than 19 in the 50 to 100 gross tonnage:
In January and February 1963 fishing
operations could not be carried out not only
because of strong prevailing northerly winds but
also because of abnormally cold weather. In
the winter of 1975/76, however, northerly winds.
were weak and it was also warm, so that fishing

class.

Table 1. Relationship between number of days with low wind speeds (<8.0 m/sec)
or wave height (<2 m) and fishing effort, catch and catch per unit effort (CPUE)
“for the Korean saury gill net fishery, 1959-1978

May November
Operation Catch Operation Catch
days landed CPUE days landed CPUE
n 20 20 20 20 20 20
r 0.076 —0.041 —0.094 —0.015 0.065 0.099
" Significant no no no no - no no

r; Correlation coefficient



Oceanic Environmental Conditions for Pacific Saury in Korean Waters

operations could be conducted throughout the
winter. Table 1 shows the relationship between
days of fishing, catch, and CPUE of the Korean
Pacific saury fishery and days having winds of
less than 8 m/sec at Ulreungdo Island in months
of good fishing (May and November). As shown
in the table, there was no significant correlation
between wind speed and fishing operations for
Pacific saury in these months.

6. Optimum water temperatures and salinities
for saury fishing

Gill net fishing for Pacific saury off Korea is
carried out in surface waters shallower than
2.5m. The distribution of surface water tempera-
tures observed during 132 cruises of research
vessels in 1959-1981 were compared with cor-
responding weekly catch distributions by statis-
tical block to determine the water temperatures
that corresponded to good catches. Salinities
observed during 98 cruises were also compared
in the same manner to determine optimum
salinities for Pacific saury fishing. The ranges
of monthly weighted mean water temperatures
and salinities in which Pacific saury were caught
and the means of these values and +1 and 2SD
of these means are shown. The means repre-
sent the most favorable conditions for Pacific
saury fishing (Fig. 14).

The most favorable water temperatures in the
spring-summer season (March to July) during the
northward migration of Pacific saury tended to
increase in succeeding months; it was 11.1°C
in March, 13.3°C in April, 14.8°C in May,
17.6°C in June, and 20.2°C in July with an
overall seasonal mean of 15.4°C. The most
favorable water temperature in the autumn-
winter season (October to February), during the
southward migration of Pacific saury tended to
decrease in succeeding months; it was 17.2°C
in October and November, 14.9°C in December
and 11.3°C in February with an overall seasonal
mean of 14.8°C.  The most favorable annual
water temperature was 15.2°C. The range of
the water temperatures in which Pacific saury
were caught throughout the year in the study
area was 6.5-23.5°C, and the range of the mean
+1SD was 12.7-17.7°C, and that for £2SD
was 10.1-20.2°C.

Temperature (°C)

n

TR TN YR TN AN SN Y TN TN NN TN NN YO S SN VOO OO O |

| e— saccasmsen asoeoocctas wemw—— |
s cascs poes:
oo oo s v |
I e e sesen mecrssrse v

ielr.~Dec.

T T T T T T T T T
Annual M A M o J 0 N n [

average Northward migration season

54.8

3]
2]

Salinity (%e)
"
é
£y

33.4

1
2]
o

L~Feu,

Fel.-Dec.

21
2]
o

Oet

TN T T TN Y T WA T T YO TS NN N T U D W G S T

2]
7
@

2
2]
ES

P o & 1 ¥
average Northward migration season  Sauthward migration season
Fig. 14. Optimum temperature and salinity at
the sea surface for Pacific saury fishing off
Korea. Midpoints of each bar represent means,
the darkened part of the bar one standard
deviation and the entire bar two standard
deviations.

The most favorable salinity in the spring-
summer season (March to August) tended to
decrease in succeeding months; it was 34.3 %o
in March, 34.4 %0 in April, 34.2 %0 in May, 34.1
%0 in June and 33.9 % in July, with an overall
seasonal mean of 34.2 %». The optimum salinity
in the autumn-winter season (October to Feb-
ruary) tended to increase in succeeding months;
it was 33.6 % in October, 33.7 %0 in November,
34.0 %0 in December, and 34.4 %> in February,
averaging 34.0 %> over the entire season. The
optimum salinity throughout the year was 34.1
%. The range of salinities in which Pacific
saury were caught throughout the year in the
study area was 33.2-34.8 % and the range of
the mean +1SD was 33.8-34.0 %0, and that for
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+2 8D was 33.6-34.7 %o.

In summary, the best catches of Pacific saury
in Korean waters were made in water tempera-
tures ranging from 13°C to 18°C, and averaged
15.2°C. Good fishing grounds were located in
salinities of 34.1%. The temperature and
salinity values corresponding to good fishing in
the spring-summer season were slightly different
from those in the autumn-winter season.

7. Relationship between fishing periods and

superficial water

The superficial water with high temperature
and low salinity which entered the Japan Sea
through the Korea Strait from the East China
Sea extended to off the south portion of the
Korean Peninsula in about July (Fig. 7). The
areas having surface salinities less than 33.0 %
were shaded in Fig. 7. The low salinity area
in July 1961 was wider than that in July of
normal years. The salinity in July 1966 was
high. The salinity in July 1974 was nearly

normal being low in Korean waters of the Japan
Sea and high in Japanese waters. The salinities
in August of 1961, 1963, 1972, 1973, 1975 and
1976 in Korean waters were normal or a little
lower than normal. Areas of high salinity were:
much wider than normal in August 1971 and
1974,

Comparing salinities to anomalies of surface
water temperatures revealed that when salinities:
were abnormally low, water temperatures were
higher than normal, and when salinities were
abnormally high, water temperatures were low.
One exception was in 1963 when low salinities.
and low temperatures occurred simultaneously.

Pacific saury are mainly taken off Korea in
May during their northward migration and by
June and July the main shoals have moved to
north of Lat. 38°30’N. During this period the
high temperature and low salinity warm current
surface water enters the Japan Sea. When this
low salinity water extends earlier than normal,
the period of fishing for Pacific saury in Korean
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Monthly distribution of the 15°C isotherms (left panel) and the 34.1% isohalines

(right panel) at the surface which represent the optimum temperature and salinity for
Pacific saury fishing. A; Northward migration season, B; Southward migration season.

— 50 —



Oceanic Environmental Conditions for Pacific-Saury in Korean Waters

waters ends in July, but when the low salinity
water extends later than normal, fishing con-
tinues until August.

8. Distribution of optimum water tempera-
tures and salinities and centers of fishing
grounds
Fig. 15 shows the monthly distribution of 15°C

isotherms and 34.1 %o isohalines considered to be

optimum water temperature and salinity for

Pacific saury fishing in the entire Korean waters.

The 15°C isotherm moved northward between

March and July in Korean waters and south-

ward between October and February. How-

ever, the 34.1 %> surface isohaline moved very
little between January and July in these waters,
and remained between Lat. 37°N and Lat. 40°N.

Off the west coast of the Korean Peninsula, the

15°C isotherm was present in May, June, and

November, but the 34.1 % isohaline in these

months remained east of Long. 125°E.

Fig. 16 shows the relationship between the
positions of centers of abundance indices for
Pacific saury and the positions of the 15°C iso-
therm. In spring-summer (March to July) the
centers of abundance indices and the variables
were positively correlated (N=5, r=0.966,

P>0.05). In autumn-winter (October to Feb-
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Fig. 16. Relationship between the monthly mean
location of the 15°C isotherm and the centers
of abundance indices for Pacific saury off Korea
in spring-summer (dark circle) and autumn-
winter (open circle), 1959-1982.

ruary) the positions of the optimum water
temperature (15°C) as well as centers of fishing
grounds tended to move southward.

9. Discussion

Pacific saury are a typical epipelagic species
and are caught by gill nets in the upper layer
of the sea. Therefore, variations in the oceano-
graphic structure at the upper layer were analysed
to examine the relationship between changes in
fishing grounds and oceanic environmental con-
ditions.

Oceanographic conditions at the upper layer
in the East Korean Warm Current area are
classified into two periods each year, that is, a
low temperature and high salinity period peaking
in winter, and a high temperature and low
salinity period peaking in summer. There are
also intermediate periods of mild temperature
and mild salinity conditions in May and June and
in November and December (Fig. 10). Ocawa
(1981) stated that November was a period of
high salinity off southern Japan, but off Korea
November and December was a period of lower
salinity than in spring and lower than that off
southern Japan.

The time when the salinity begins to decline
in early summer is later in the northern than
southern Japan Sea which is attributed to the
high temperature and low salinity superficial
water originating from the East China Sea.
The fact that the salinity in the western Japan
Sea is lower than that in the eastern Japan Sea
is due to the west Korean (Yellow Sea) coastal
water which is made less haline by summer
runoff and is chilled by cold-air in fall, and
moves southward and eastward through the
Cheju Strait and the Korea Strait into the Japan
Sea (HuH 1982a).

The gradient of horizontal and vertical salinity
in winter-spring (January to June) is small and
thus the water temperature distribution pattern
at the surface layer is similar to that at the 50 m
layer in the East Korean Warm Current area,
because the intrusion of high temperature and
low salinity warm current surface water comes
later. Moreover, the thermal water mass bounda-
ry at the surface layer is the same as that at
the subsurface layer (50 to 100 m layer), and the
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position of the thermal front at the surface layer
is the same as that at the subsurface layer in
the winter-spring season.

The pattern of water movement in this season
can be estimated by the horizontal distribution
of vertical integrated mean water temperatures
as well as the geopotential topography (Fig. 6).
The horizontal distribution of water tempera-
tures at the layer of 100 m was similar to the
geopotential topography (0/300db) (TANIOKA
1968; GONG and PARK 1969; SHUTO 1982).

However, in summer-autumn (July to October)
as the high temperature and low salinity warm
current surface water covers the surface layer,
and the seasonal thermocline is developed, the
structure of the surface layer is different from
that of the subsurface layer. Accordingly, the
positions of thermal fronts at the surface, 50 m,
and 100 m are different. Butin summer-autumn,
as the high temperature and low salinity warm
current surface water is restricted to the super-
ficial layer in the peripheral area of the Polar
Front, the positions of thermal fronts of depth
greater than 50 m have no significant difference.
Therefore, the structure at the upper layer in
the East Korean Warm Current area and ad-
jacent region can be determined by the distri-
bution of surface water temperatures at least in
the winter-spring season (January to June).

The distribution of surface water tempera-
tures in spring were significantly different from
the mean distribution for the year (GONG et al.
1983). Accordingly, because warm currents were
strong in spring (April or May) 1960, 1966,
1972 and 1976, the surface thermal front was
formed north of Lat. 36°N and extended north-
ward and eventually northeastward. The ther-
mal fronts in spring 1963, 1970, 1977 and 1981
were between Lat. 36°N and Lat. 37°N and
north of the thermal front temperatures were
remarkably low compared to the mean value.
It is well known that abnormally low tempera-
tures were recorded and the thermal front was
shifted to the south in the southwestern Japan
Sea including the Fast Korean Warm Current
area in spring 1963 (HAN and GONG 1965;
NAGANUMA 1966; HAN and GONG 1970; GONG
and OH 1977; KITANI and UDbA 1969; GONG
and SON 1982; GONG and LIE 1984; KOLPACK

1982; Japan Sea Regional Fisheries Research
Laboratory 1976). The positions of the thermal
fronts at the surface in 1972 and 1981 could be
seen by satellite infrared imagery (Hum 1974,
1982a, 1982b).

However, in 1970 the temperature in the east
channel of Korea Strait was lower than that in
the East Korean Warm Current area (MITA
1967; NAGANUMA 1977; INOUE 1981; ToMmo-
SADA 1982; Japan Sea Regional Fisheries Re-
search Laboratory 1970; KawaMoTO and
OcawaA 1981). UpA (1958) stated that varia-
tions of oceanographic conditions in the Japan
Sea, especially in Korean waters, were large.
HipAKA and Suzuxr (1950) and NAGANUMA
(1981) stated that there was a 6.5 or 7 year
periodicity in variations of oceanographic charac-
teristics in the southern Japan Sea and in the
strength of the Tsushima Warm Current. On
the other hand, in waters off Korea there was
no apparent periodicity in surface water tempera-
tures and seasonal and annual variations were
large (Fig. 11).

Considering the relationship between surface
water temperature anomalies and winds in the
East Korean Warm Current area, years having
weak winds have high temperatures and con-
versely years having strong winds have low
temperatures (Figs. 2, 11 and 12). However’
in 1966 and 1967 water temperatures had posi-
tive anomalies while the wind stress indices were
high. This discrepancy suggests that there would
be other factors affecting on the relationship
between the two variables. The East Korean
Warm Current is strong in summer and weak
However, the Tsushima Warm Cur-
rent is apparent throughout the year in the
southern Japan Sea. Strong cold northwesterly
seasonal winds in winter accelerates cooling of
the sea surface and impedes the northward
movement of the warm current water. On the
contrary, weak wind stress in winter allows the

in winter.

warm current to extend northward which reduces
the cooling of the surface water.

In summer southerly winds prevail (Fig. 2).
If the southerly winds are continuous in early
summer when the upper mixed layer is thin,
temperatures in Korean coastal waters are re-
duced by coastal upwelling and high tempera-
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ture water accumulates offshore. If the wind
is strong and coastal upwelling doesn’t occur,
surface water temperatures will be lower because
of the wind mixing of the surface layer. In
practice, surface water temperatures in July were
lower than in June in the area off the southeast
coast of the Korean Peninsula because of coastal
upwelling induced by southerly winds between
June and July of 1961 (Fig. 3). Surface water
temperatures in the south and central areas of
the Japan Sea off Korea fluctuate according to
the strength of the Tsushima Warm Current
and the North Korean Cold Current water, but
the northerly winter and southerly summer winds
greatly influence variations in surface water
temperatures.

According to ASAT and KATO (1981), annual
fluctuations in water temperatures result from
variations in the volume of the Tsushima Warm
Current rather than air-sea heat exchange during
the summer, but during the winter variations
in the air-sea heat budget contribute to varia-
tions in water temperatures. This is because
cold northwesterly winds in winter facilitates
the heat exchange (MIYAZAKI 1952; Maizuru
Marine Observatory 1972). However, if coastal
upwelling also occurs in summer, the tempera-
ture of coastal waters becomes lower and that
in offshore waters becomes higher because of the
accumulation of warm current water. Oscillations
.of the thermal front are irregular and are affected
largely by the air in the East Korean Warm
Current area. Thus variations in oceanographic
conditions in this area are not related to the
periodicity of variations in the Tsushima Warm
Current which occurs commonly in the Korea
Strait and in the costal areas off Japan.

‘Winds influence Pacific saury fishing activities
in two ways; one is that fishing operations can
not be conducted when northwesterly winds in
winter are strong, and the second is that it is
impossible to conduct fishing activities during
Typhoons in summer and winter. But in sum-
mer, Pacific saury already leave south Korean
waters and thus are no longer targets of the
Korean gill net fishery. Winds in spring and
summer do not significantly affect the operations
of the fishing vessels (Table 1).

Many studies report on the range of tempera-

ture and salinity inhabited by Pacific saury in
the Japan Sea, but they differ from the results of
this study. The reason is that different regions
and seasons were studied (GONG et al. 1983).
FUKATAKI (1966), from analyses of data from
KoTtova (1958) and HOTTA (1964), suggested
that during periods of decreasing water tempera-
tures, Pacific saury inhabit areas warmer than
about 10°C. NISHIMURA (1969) estimated that
the range of optimum water temperature for
saury was 13-19°C.

It is reasonable that the range in water tempera-
ture for commercial fishing is 10-20°C and the
range of the most favorable water temperature
is 13-18°C centered around 15°C, even though
conditions tend to change seasonally as shown
in the previous chapter (Fig. 14).

In Korean waters the 15°C surface isotherm
is usually located west of Kyushu in winter, in
the area between Lat. 37°N and Lat. 40°N in
spring (May and June) and autumn (November
and December), but moves to the northernmost
Thus the
However, the
34.1 %o ischaline at the surface remains in the
area between Lat. 37°N and Lat. 40°N without
much geographic wvariation in winter-spring
(January to June) (Fig. 15).

Variations in oceanographic conditions at the
upper layer in the East Korean Warm Current
area in winter-spring (January to June) are
dependent upon changes in water temperatures
rather than salinities, but in summer-autumn
(July to December) they are dependent upon
changes in salinities as well as temperatures.
The south-north movements of the 15°C iso-
therm in spring-summer (March to July) and the
shifts in centers of fishing grounds for Pacific
saury were strongly correlated (Figs. 14, 15 and
16). In winter and summer there is not a
direct correspondence because Pacific saury move
out of the Korean fishing grounds with the belt
of the optimum water temperatures.

part of the Japan Sea in summer.
seasonal movement is extensive.

10. Summary

1. Pacific saury is a typical epipelagic fish of
the Japan Sea and the East China Sea. Oceanic
environmental conditions for Pacific saury were
studied by means of meteorological data (1959~
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1982), oceanographic observations (1957-1982),
and catch and effort data of the Korean drift
gill net fishery (1959-1982).

2. In the East Korean Warm Current area
the stronger the southerly and northerly winds,
the lower the surface temperatures. As the
horizontal and vertical salinity gradients in winter-
spring were small in this area, the distribution
and strength of the water currents, the locations
of the thermal front, and the water circulation
pattern could be determined by the distribution of
Oceanographic conditions
(the strength and position of fronts and annual
surface water temperature anomalies) during the
period of lowest water temperatures in this area
remained the same from February until March
or April.

3. The surface water temperatures in winter-
spring (December to April) 1958/59 and 1959/60
were pretty high, and those in 1970/71, 1975/76
and 1978/79 were fairly high. On the other
hand, the surface water temperatures in winter-
spring 1962/63 and 1980/81 were abnormally
low, and those in 1967/68, 1969/70 and 1976/77
were pretty or fairly low.

In winter-spring seasons having low water
temperatures (for example in 1963, 1970, 1977
and 1981) the oceanic fronts were formed from
east to west and were farther south in the Japan
Sea (between Lat. 36°N and Lat. 37°N) com-
pared to normal years, and water temperatures
north of the fronts were very low.

It was recognized that annual variations in
oceanographic conditions were substantial in the
upper layer of the East Korean Warm Current
area of the Japan Sea off Korea and did not
relate to the periodicity of variations in the
Tsushima Warm Current which occurs commonly
in the Korea Strait and in the southern Japan
Sea off Japan.

4. The range of surface water temperature
suitable for commercial fishing of Pacific saury
was 10-20°C. The water temperature for the
best fishing ranged from 13-18°C and were
centered around 15°C. The salinity for the best
fishing was 34.1%.. In spring-summer (March
to July), the relationship between the movement
of the 15°C isotherm and the shift of centers
of fishing grounds of Pacific saury had a positive

water temperatures.

significant correlation.

5. The high temperature and low salinity
superficial water which originates from the East
China Sea had an effect on the northward move-
ment of Pacific saury in the Japan Sea. The
oceanic front, when Pacific saury begin the north-
ward movement from wintering grounds (in the
southern Japan Sea and the East China Sea),
is a cold barrier to these migrations.

6. Correspondingly, based on the distribution
of annual CPUE values by statistical block from
the Pacific saury drift gill net fishery, the density
of the fish shoals tended to be high around the
front in spring-summer. The density of fish
shoals in the Japan Sea off Korea was higher
than that off Japan which was related to the
structure and position of the oceanic front.
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