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On the primary productivity in the southern sea of Korea

CHANG-S00 CHUNG AND DONG-BEOM YANG
Korea Ocean Research & Development Institute. Ansan P. O. Box 29. KyungKi-Do 425-600, Korea

GBI HRS] —IREEN

WE% - R
RN

Southern sea of Korea was investigated for primary productivity during four scientific cruises of
Korea Ocean Research and Development Institute. Frontal structure appeared to be an imponant
physical characteristic in enhancing the phytoplankton production in the study area. Relatively high
productivity was occured near the front between Tsushima Warm Current Water and Coastal Waters
of China Continent in March 1990 and in November 1989. and near the front between Tsushima
Warm Current Water and Korean Coastal Water in April 1989. In August 1988 high productive
zone was limited to the tidal front off the southwestern coast of Korea. Nutrient supply related
to the frontal structure might play a dominant role in increasing the primary productivity but mecha-
nisms of nutrient enrichment are not clear. Average column productivity showed its maximum in
April 1989 (1727 mgC/m?/day) while relatively low values were measured in March 1990 and in Nove-
mber 1989 (314 and 517 mgC/m?/day). In the Coastal Waters of the China Continent, incident light
may be an important factor in regulating the phytoplankton production because of low light penetra-
tion rate resulting from high turbidity.
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INTRODUCTION

Photosynthetic production by phytoplankters is
the basis of marine life. Thus the measurement
of primary productivity is essential in understan-
ding the foodweb structure of ecosystem and fi-
sheries yields. Primary productivity may have an
important effect upon the distribution and fluxes
of properties in the ocean (Deuser, 1986) and its
rate is a fundamental aspect of phytoplanktonic
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community structure and biogeographical patterns
(Steele, 1974).

In many earlier oceanographic studies on Ko-
rean Waters, comparatively little emphasis was
paid to the area off the south coast of Korea. Va-
rious water masses including the Tsushima Warm
Current Water, the Korean Coastal Water, the
Coastal Waters of the China Continent and the
Yellow Sea Botton Cold Water are expected to
be under the complicated lateral interaction in the
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Fig. 1. Sampling stations in the outhern sea of Korea.

southern sea of Korea. The Tsushima Warm Cur-
rent branches from the warm and haline Kuroshio
and approaches the southern coast of Korea du-
ring all seasons. One branch of the Tsushima
Warm Current flows northwest carrying waters of
high salinity and temperature. In summer this wa-
ter has its characteristics largely modified compa-
red to those in winter since the Tsushima Warm
Current is originated from mixed water between
the Kuroshio and freshwaters on the continental
shelf in the East China Sea. Gong (1971) reported
that a coastal water mass is located in the sou-
thern sea of Korea throughout the year. extending
a considerable distance from the shore: and there
exists conspicuous fronts between this Korean
Coastal Water and the Tsushima Warm Current
Water, These fronts are located farther offshore
in summer than in winter. Cyclonic eddies related
to these fronts are particularly dominant in the
southeast of Sorido Island (Lim, 1976). In the west

of Jeju Island thermohaline f{ront is formed bet-
ween Thushima Warm Current Water and Coastal
Waters of the China Continent and this front is
likely to appear as an eddy (Lee. 1983).

Frontal structure is important in enhancing the
phytoplankton growth in the ocean since conse-
quent lateral mixing and upwelling processes in-
duce high nutrient pools to the adjacent waters
(Pingree. 1978). Thus high biological activities not
only in the primary producers but also in the hi-
gher trophic level could be observed in the frontal
zone (Pingree and Mardell. 1981: Atkinson and
Targett. 1983). Gong (1971) reported that frontal
structure in the southern sea of Korea are impor-
tant for mackerel fishery.

Little is known about the characteristics of pri-
mary productivity in the southern sea of Korea.
Most of the previous observations dealt with the
productivity of the coastal waters (Choi and
Chung. 1966. Kang. 1967).
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Fig. 2. Distribution of salinity in the surface waters in March. 1990 (%o).

The purpose of this study is to report a prelimi-
nary result of primary productivity measurements
obtained from the cruises of Korea Ocean Resea-
rch and Development Institute in the southern sea
of Korea and to relate these results to the hydrog-
raphic regime.

MATERIALS AND METHODS

Data were obtained from four scientific cruises
made in March 16-27. 1990. April 17-26. 1989. Au-
gust 16-27, 1988 and November 16-26, 1989. Samp-
ling stations are shown in Fig. 1. Temperature and
salinity data were obtained from CTD casts obtai-
ned by phisical oceanography tcam of KORDI
(KORDI. 1989. 1990). Nitrate concentraions were
determined by using the Technicon Autoanalyzer
II following the method described by strickland
and parsons (1972). Chlorophyll a was measured
on the acetone extracts spectrophometrically using
the method described in Parsons e al (1984). Li-
ght penetration and sample dephths for primary
production measurements were usually estimated
from the secchi depth. A 1% light level at 3 times

the secchi depth was assumed. For the measure-
ments of primary productivity 220 m/ of seawater
samples taken at four depths were incubated on
deck. 5uCi of C-14 labled NaHCO: were innocu-
lated at each bottle. Bottles were kept in polyethy-
lene cylinder covered with nickel screen which
provides the incident light corresponding to each
sampling depth.
hours. At the end of the incubation samples were
immediately filtered onto the 045 um Millipore
filter paper. After inorganic carbon was driven off

Incubation periods were 2 to

by acidification C-14 uptake rates were measured
on LKB 1215 Liquid Scintillation Counter using
Instagel (Packard. Co.) as a scintillation cocktail.
Light uptakes were corrected by subtraction of the
dark uptake. which was usually a small fraction
of the light uptake. Daily primary productivity was
calculated from PI (Photosynthesis/Irrandiance)
curve and incident light data. Optimal light inten-
sity was measured by incubating samples at four
different light conditions (100, 50, 25. 12.5%). Nic-
kel screen and Licor-185B quantummecter were
used for the control of light condition.
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Fig. 3. Distribution of chlorophyll a in the surface waters in March. 1990 (ug/1).
RESULTS tal Waters of the China continent. but it reached

March. 1990

In March, warm saline waters of Tsushima
Warm Current (T>14C. S$>34%0) widely distri-
buted in the east and south of Jeju Island (Fig
2). Colder and less saline waters of Coastal Waters
of the China Continent (T<10T. S$<322%o)
could be observed in the southwestern extremities
of study area.

Surface nitrate contents ranged from 1.40 o0 876
yM and water column was vertically homoge-
neous in nitrate concentrations (KORDI. 1950).
Less than 4uM was measured in the Tsushima
Warm Current Water while higher values were
found in the western part of the study arca where
influence of Coastal Waters of the China Conti-
nent. Yellow Sea Bottom Cold Water and Korean
Coastal Water was dominant (KORDI. 1990).

Surface cholrophyll a concentrations ranged
from 009 pg/lFig. 3) with higher values located
near the edge of coastal water (KORDIL 1990). In
March 1990, the depth of the euphotic zone avera-
ged to be only 4m in the area influenced by Coas-

up to 50m in the Tsushima Warm Current Water
(KORDIL. 1990).

Surface productivity in March 1990 varied from
3 to 140 mgC/m’/day (Fig. 4). High surface produ-
ctivity was confined to the edge of Tsushima
Warm Current area bordering the haline front
with Coastal Waters of the China Continent. In
the west of 124°E. it seems that the relatively low
productivity in nutrient rich waters might be resul-
ted from the weak light condition in the turbid
water (KORDI. 1990) and from low temperature
(less than 10° C). Optimal light intensity for the
primary production estimated from Pl curve in
the west of 124° E was about 160 pE/m*/sec whe-
reas this value for the whole area averaged to be
234 yuE/m2/s. Assimilation number ranged from 1.7
to 195mgC/mg Chl a/h. In March 1990, water
column productivity varied from 80 to 610 gC/m’
/day (M=031gC/m"/day).

April 1989

In April 1989 steep thermal gradients in the sur-
face waters extended northeast separating Tsu-
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Fig. 4. Distribution of surface priman productivity in March. 1990 (mgC/m’/day).
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Fig. 5. Distribution of salinity in the surface waters in Aprl. 1989 (%o).
shima Warm Current Water from coastal waters Surface nitrate contents showed less than 1 uM
(Fig. 5). This front was located in the west and at most of the stations. From 20-30 m layer nitrate

north of Jeju Island. contents incresed with increasing depth due to the
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Fig. 6. Distribution of surface primary productivity in April. 1989 (mgC/m’/day).

onset of thermocline (KORDI, 1989). Less than
0.2 pg/1 of surface chlorophyll a was measured in
the Tsushima Warm Cument Water (KORDL
1989). Vertical distribution of chlorophyll a showed
higher values at 10-30m depth which implies verti-
cal flux of nutrents is important in supporting
the phytoplankton biomass. The depth of the eu-
photic zone estimated from secchi disc depth was
19-43m averaging 31m. Surface productivity in Aril
1989 ranged from 22.8 to 222 mgC/m*/day (M=%9.
8 mgC/m’/day) which are four times higher than
summer values (Fig. 6). Surface productivity of
more than 150 mgC/m?*/day was found at the front
between Tsushima Warm Current Water and Ko-
rean Coastal Water from which it might be sugge-
sted that cross frontal mixing and/or physical stru-
cture related to this frontal structure is favorable
for the phytoplankton growth. In the western part
of the study area mainly influenced by Coastal
Waters of the China Continent (KORDI. 1989)
surface productivity exceeded also 150 mgC/m’/
day. In this area more than 1.5 pg/1 of subsurface
chlorophyll maximum was observed at 10-20 m
layer (KORDI, 1989). Though surface productivity
was also high in this region in March 1990 availa-
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Fig. 7. Photosynthesis/Irradiance curve in April. 1989.

ble hydrographic data are not sufficient to explain
relatively high biological activity in this zone. Wa-
ter colmn productivity in April averaged to be
1727 mgC/m*/day which is the highest value du-
ring the sampling period. Assimilation number in
the surface water ranged from 4.3 to 258 mgC/mg
Chl a/h.

Photosynthetic ability of phytoplankton increa-
sed with increasing light intensities at low light
level. However it showed maximum at 25-50% sur-
face illumination corresponding 141-386 pE/m2/s
and decreased at high light intensities (Fig. 7).
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Fig 9. Vertical distribution of temperature along 33° 30° N in August. 1988 ¢ O

August 1988

In August surface salinity decreased by to 4%c
compared to that of winter, 1987 (KORDI, 1588)

due to the freshwater inflow (Fig. 8). No steep
horizontal temperature gradient could be observed
in the surface layer in August 1988 (KORDI, 1989).
Distinct thermocline was observed at 20-40m de-
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Fig. 10. Distribution of surface primary productivity in August 1988 (mgC/m‘/day).

pth (Fig. 9). Nitrates (M=0.2 uM) were nearly dep-
leted in the upper layer because upward flux of
nitrogen from bottom layer is limited due to the
strong seasonal thermocline. Mean Chlorophyll a
content was 0.16 pg// in the surface waters (KO-
RDI. 1989). Subsurface cholrophyll maximum of
over 0.5ug/l could be found at some stations off
the western tip of Jeju Island. Euphotic zone de-
pth estimated from secchi disc depth varied from
22 to 54m (M=40m). In August 1988 euphotic
zone depth in the western part of the study area
reached 38m which is an order of magnitude hi-
gher than in March 1990. Maximum chlorophyll
a values were observed at 5-10% of surface illumi-
nation depth which correspeonds to nutricline. It
is well known that temperate coastal waters strati-
fied during the summer months are generally cha-
racterized by well defined subsurface chlorophyll
maxima associated with a relatively shallow pyc-
nocline and nutricline (Cullen and Eppley. 1981).

Surface primary productivity ranged from 2.8 to
564 mgC/m'/day (M=184 mgC/m%/day). High
productivity was located in the coastal waters off
the southern coast (Fig. 10).

November 1989

As shown in Fig. 11. distinct haline front could
be observed between 125° E and 126° E in the
southeast of Jeju Island in November 1989. Accor-
ding to Lee (1983). off the southwest coast of Ko-
rea, changes in hydrographic fields from stratified
state of summer to a vertically homogeneous one
of winter appeared to occur most actively in No-
vember. He stated that during this transitional pe-
riod coincident thermal and salinity fronts are for-
med along the boundary between water masses.

Surface chlorophyll a ranged from 005 to 1.57
ug/l averaging 0.50 yg/l (KORDI, 1990). Near the
front more than 1 pg/ of chlorophyll was found
in the surface waters (Fig. 12). In the Tsushima
current Water and the Coastal Waters of the
China Continent surface chlorophyll a concentra-
tions were generally low. On the vertical profile
relatively high chlorophyll a concentrations were
observed at 12-25% depth of surface illumination.
Euphotic zone depth in the southwestern part of
study area was only 5m showing the influence of
turbid water from the coast of China.
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Fig. 12.Distribution chlorophyll a in the surface waters in November. 1989 (pg/1).

Surface primary productivity ranged from 2 to as was the case of chlorophyll a (Fig. 13). It is

114 mgC/m'/day (M=41mgC/m‘/day). High sur- interesting to note that one can not observe the high

face productivity was located in the frontal zone surface productivity in the frontal zone between
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Korean Coastal water and Tsushima Warm Cur-
rent Water. Mean water column productivity was
517 mgC/m?2/day with higher values in the frontal
zone. Photosynthetic ability increased with increa-
sing light intensity but optimal light intensity oc-
cured at 12-25% depth of surface illumination (104-
218 uE/m’/s, M =116 pE/m?/s). Assimilation num-
ber ranged from 2 to 22 mgC/mg Chl a/h showing
higher values in the frontal zone.

DISCUSSION

As shown above frontal structure seems to be
an important physical characteristics enhancing
the high phytoplankton production in some por-
tion of the southern waters of Korea. High produ-
ctivity was found at the front between Tsushima
Warm Current Water and Coastal Waters of the
China Continent in March and in November. and
at the front between Tsushima Warm Current
Water and Korean Coastal Water in April. Surface
productivity was high ncar the tidal front off the
southwestern coast in August. Thus nutrients sup-
ply near the frontal structure might play a domi-

1 1 1
126° t27° 128°

g. 13.Distributivon of surface primary productivity in November. 1989 (mgC/m’/day).

nant role in supporting the higher rate of primary
production in the frontal zone than adjacent wa-
ters.

During warm period tdal fronts are known to
be formed off the western and southwestern coast
of Korea (Lie, 1985. 1989). The modulation of the
intensity of tidal mixing by variable bottom depth
in shallow seas results in areas of well-mixed and
stratified waters separated by frontal discontinuties
(Simpson and Hunter, 1974). In the English Cha-
nnel and Celtic Sea the highest levels of chloroph-
yll a during the summer months are associated
with temperature gradients, both in surface fronts
between well-mixed and well-stratified waters and
in the seasonal thermocline (Pingree er al, 1978).
Favourable conditions for phytoplankton produc-
tion could be met by nutients brought up to the
mixed layer in the frontal zone. It is not clear,
however, whether the cross-frontal mixing or other
physical progresses related to the frontal structure
is an important process for the nutrient enrich-
ment in the frontal zone. Cyclonic eddies frequen-
tly result in the upwelling of nutrient rich bottom
water as in the Gulf Stream (Yoder er al, 1981)
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and off the eastern coast of New Zealand (Brad-
ford er al. 1982). At present it is difficult to explain
the mechanisms of nutrient enrichment in the fron-
tal zone hence physical processes occurring in
this zone are poorly understood. More extensive
studies are needed in order to relate physical pro-
perties to the chemical and biololgical consequen-
ces in the sothern waters of Korea.

Another important physical properties regulating
the phytoplankton production might be an inci-
dent light intensity. Optimal light intensity is im-
portant in that the phyloplankton shows photo-
adaptation under low light intensity and photo-
inhibition under high light intensity. Thus P{Pho-
tosynthesis/Imadiance) curve is important in under-
standing the interaction between organisms and
environment. Above the compensation intensity.
if other factors remain optimal, production increa-
ses more or less linearly with increasc in light
intensity. With further rise in light intensity. the
rate of increase in production tends to fall until
a level is achieved at which the response is maxi-
mal.

Optimal light intensities for the primary produc-
tion in the study area were 234puE/m¥sec in Mar-
ch, 300 pE/m?/sec in November as was shown in
previous chapter. It seems that phytoplankton co-
mmunity is adapted to seasonal variation of light
intensity. The depths at which optimal light inten-
sity occurred were 25-50% of surface illumination
in April and 12-25% in November. In August ch-
lorohpyll maximum layer was located at 5-10% sur-
face illumination. In the Coastal Waters of the
China Continent euphotic zone depth was less
than 5m in March and in November suggesting
the diminution of photosynthetic ability due to
the light attenuation by suspended solids origina-
ted from Chinese coast.

Productivity is often limited to the availablility
of nitrogenous nutrents in sea water. Using C/N
value of 6, nitrogen requirement in this area in
March 1990 is calculated to be 1.1-8.5mg at N/m’
/day (m=43 mg at N/m‘/day) from the producti-
vity values. Considering the turnover time of nitro-
genous obtained by dividing in situ nitrate concen-
trations with nitrogen requirement rates which

is mostly less than | day (KORDI. 1990) othe
sources of nutrients c.g. river discharges, upward
flux or eddy diffusion might be important in su-
pporting the primary productivity. Nitrogen require
ment in April 1989 was 1.2 mg at N/m“/day which
is higher than in summer. This means that nitro-
genous nutrients are rapidly recycled and external
supply of nutrients is essential in maintaining the
high phytoplankton productivity.

During the study period average water column
productivity showed its maximum in April (1727
mgC/m/day) and relatively fow values in March
and November (314, 517 mgC/m*/day). It is diffi-
cult 10 estimate the annual primary productivity
because water column productivity was measured
in summer. If we assume summer productivity va-
luc as @ mean of those in March and November.
annual productivity in the southermn waters of Ko-
rea is estimated 1o be about 270 gC/m*/yr. But this
value is only an estimation and further detailed
study would provide more relialbe water column
productivity data. Our suggested value might be
an overestimation if one combarcs thi: value to
the productivity data of other regions. Ryther
(1969) reported average primary productivity values
of world ocean as 50. 100 and 300gC/m/yr for
open ocean, continental shell and upwelling arca
repectively. Estimation of Finenko (1978) is not
very different from that of Ryther. He reported
28. 91. 237 gC/m*fyr for oligotropic area. tropical
upwelling area and neritic zone of the Pacific
Ocean respectively. Our estimate of primary pro-
ductivity in the southern sea of Kerea is close to
the values for the neritic zone reported by Finen-
ko (1978).

Around Korean peninsula annual primary pro-
ductivity was reported to be 141 gC/m’/yr for the
mid-eastern Yeliow Sea (Choi et al., 1988), 150-200
gC/m/yr for East China Sea including Yellow
Sea (Nishimura, 1983) and over 180 gC/m’/yr cold
waters of Japan Sea (Kobientz-Mishke er al. 1970).

CONCLUSION

Present study showed distribution of primary
productivity in the southern sea of Korea with
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maximum value occurrng in spring. Productive
areas were localized near the front between water-
masses in some portion of the study area. Al-
though large areas of southern sea of Korea were
investigated for primary productivity during this
study, much has to be done to evaluate the pri-
mary productivity in this area. Detailed descrip-
tions of the phytoplankton production in terms
of the physical processes of mixing and stabiliza-
tion and the interaction of these processes with
light and nutrient requirements for phytoplankton
growth should be made in the future.

For a better evaluation of primary productivity
classical sampling methods in that stations and
sample depths are chosen with long interval
should be reconsidered. The subsurface phytopia-
nkton populations in shelf environments probably
make an important contibution to total annual
primary production. Difficulties of sampling these
subsurface layers and of measuring net production
under conditions equvalent to those experienced
by plant cells within the water column restricts
atempts to quantify photosynthetic rates. Further-
more fronts in the southemn sea exhibit great sea-
sonal and interannual varability (Gong, 1971).
More sophisticated time/space sampling of physi-
cal. chemical and biological parameters is needed
in the future in order to provide better insight
into the paradigm of increased biotic activity at
fronts.
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