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Seawaler temperature, salinity, inorganic nutrients and the standing crop of phytoplankton species
of the 841 water samples from the upper 125 m at 15-40 stations on the 6 semiannual cruises in the
southwestern waters of the East Sea (Korea) were siudied during the period from September, 1981 (o
Oclober, 1984, Among the 235 taxa identified two pennate diatoms, Cylindrotheca closterium and Niiz-
schia delicatissima, were the most common and dominau species. The multiple regression analyses bet-
ween net phyloplankion abundance (dependent variable) and associated environmental factors (indepen-
dent variables) were applied to the samples from the surface mixed-layer. In spring the coefficients for
the seawater temperature was 1.6 10 4.2 times greater Lhan those for salinity, while the coefficients for
the salinity was 2.1 to 3.4 times greater than those for seawater temperature in autumn. Distribution
pattern of phytoplankton standing crops on the T-S diagram was sensitive to the slight change of
seawaler Lemperature in spring, and salinity in autumn. Schematiically the zone of high standing crops
moved about on the T-S diagram in a cyclic manner. The distribution of phytoplankton standing crop
was quite closely associated with the hydrographic conditions among various kinds of environmental
factors studied.
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INTRODUCTION cesses for the phytoplankton community are en-

tirely different from that of the other cases.

Phytoplankton community in the sea is sub- Comparing the average ranges of adhesive and
jected to the synthetic influences of various phy- tractive forces for the benthic pennate diatoms
sical and biological processes. In each case, with the bottom shear stresses induced by the
however, the relative importance of each pro- northwest wind during autumn and winter,
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Choi (1984) concluded that most of the benthic
diatoms must be resuspended by the bottom
shear stresses in Gyeonggi Bay, Korea, and that
the seasonal variation of the surface wind might
be one of the most important factors affecting
the successional pattern of phytoplankton com-
munity in the bay. The large-scale horizontal
pattern of biological properties (primary pro-
duction and standing stock of phytoplankton
and macrozooplankton) could be used to infer
horizontal variations in the physical processes
which affect the rate of nutrient supply to the
euphotic zone in the central North Pacific
Ocean (Hayward and McGown, 1985).

A series of oceanographic survey on the
southwestern waters of the East Sea (Sea of
Japan) has been being carried out semiannually
since September, 1981. This present paper deals
with the data from the first half of the above pe-
riod, viz. 1981-1984 (RIBS, 1982, 1983, 1984,
1985). In the southwestern waters of the East Sea
the gradient of water temperature was estimated
most significant for the distribution of phyto-
plankton species among the seven environmen-
tal factors examined in spring, and the gradient
of salinity in autumn through canonical correla-
tion analysis (Shim and Lee, 1987) on the same
data used in the present study. Multiple regres-
sion analysis between phytoplankton standing
crop and the associated environmental factors
and also the plotting of phytoplankton standing
crops on the plane of T-S axis were done for the
understanding of the more detailed processes
engaged with.

MATERIALS AND METHODS

During the 6 cruises of the training ship
‘“‘Hanbada’’ of the Korea Maritime University
for the four years (1981-1984), a large number
of phytoplankton samples were collected along
with simultaneous measurements of seawater
temperature and salinity (Table 1) in the study
area. The study area is approximated to be
10,000 square kilometers, and most of the basin

Table 1. Number of stations and phytoplankton
samples in each cruise

Cruise Period Station Sample
I '81.9/21-24 40 257
1 '82.3/29-4/1 15 82
i ’82. 10/25-29 35 253
v '83. 4/11-16 4 201
A% '84. 5/14-18 41 33
VI ’84. 10/29-11/1 15 15
, {36 °
2

asn

Fig. 1. A map showing the study area (1: Cruise |, 2:
Cruise 2, 3: Cruise 3, 4: Cruise 4, 5: Cruise S, 6:
Cruise 6). The isobath of 200 meter water depth iy
indicated by solid line.

is continental shelf except the northern con-
tinental slope exceeding 1,500 meter in depth
(Fig. 1). Four major water masses are known in
the study area, i.e., Tsushima warm current
water, North Korean cold water, East Sea deep
proper water (Kim and Kim, 1983), and the less
saline coastal water. The coastal water is more
influential in summer and autumn due to the
heavy riverine discharges from the neighboring
lands (Moriyasu, 1972).

Water temperature was measured using pro-
tected and unprotected reversing thermometer
attached to Van Dorn bottles. The analyses of
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Table 2. Summary of water temperature, salinty, aid reiphytoplankion standing crop in each cruise. Data are camptled

to show mean, standard deviaiion(S.D.), and :wmber of determinations(no.d.).

Cruise 2 4 5 I 3 6
Mon./Dat. 3729-4/1 4/11-16 5/14-18 9/21-24 10/25-29 10/29-11/1
Temp.(°C) (all samples)
Mean 12.34 12.19 11.68 19.32 17
S.D. (no.d.) 2.03(82) 2.18(253) 3.54(167) 6.29(244) 4.42(267)
(surface samples)
Mean 13.21 13.38 14.2 23.64 20.33 19.66
S.D. (no.d.) 0.84(15) 0.93(34) 0.44(25) 1.26(38) 0.97(35) 1.35(15)
Salinity (%0) (all samples)
Mean 34.52 34.42 33.69 33.70
S.D. (no. d)) 0.10(82) 0.17(237) 0.66(248) 0.52(195)
(surface samples)
Mean 34.57 34.48 33.06 33.29
S.D. (no.d.) 0.03(15) 0.12(33) 0.82(36) 0.26(26)
Netphytoplankion standing crop (cells/m/) (surface samiples)
Mean 66 78 70 28 41 76
S.D. (no.d.) 46(15) 61(34) 48(33) 23(38) 49(35) 120(15)

salinity on the seawater subsamples from the
Van Dorn bottles were done with a digital sali-
nometer, Autosal Guildline Model 8400. In
organic nutrients (nitrate, nitrite, silicate and
phosphate) were measured using Technicon
Autoanalyzer AA II. Seawater subsamples for
the quantitative study of phytoplankton were
stored in 500 m/ polyethylene bottles, and fixed
with modified Lugol’s solution as a preser-
vative. Phytoplankters were observed under a
microscope (Nikon type 104), and Sedgwick-
Rafter slides were used for the cell counting.

RESULTS AND DISCUSSION
Phytoplankton community

A total of 235 taxa were identified; 1 blue-
green, 1 cryptomonoid, 1 rhaphidophycean, 4
silicoflagellates, 72 dinoflagellates, and 155 dia-
toms. Quantitatively diatom occupied 67-97%
of total netplankton standing crop (cells/m/),
and dinoflagellates 2-31% during the entire 6
cruises. Maximum cell concentration of net-
phytoplanton reached 368 celis/m/. Mean net-
phytoplankton abundance seemed to show a bi-

modal pattern in its temporal variation while
unimodal pattern was found in the temporal
fluctuations of mean surface water temperature
and salinity (Table 2). Two peaks of netphyto-
plankton abundance might possibly be found
at the time of medial level of seawater tem-
perature and salinity.

Two pennate diatoms, Cylindrotheca clos-
terium and Nitzschia delicatissima, were the
most common and dominant phytoplankton
species in the present study (Table 3). Dinofla-
gellates were frequent from April (Cruise 4) to
September (Cruise 1), and they were also domi-
nant from May to September. The most domi-
nant species seems to be switched off unpredic-
tably viz. opportunistically: the most dominant
species not only occupied great portion of total
standing crop at an one instance, but also were
replaced by another species soon (Table 3).

Multiple regression analyses between phyto-
plankton abundance and the associated environ-
mental factors

The multiple regression analyses between
netphytoplankton abundance (dependent
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Table 3. Mean percent dominance represented by the dominani species that occupied more than 5% of the total standing

crop of netphytoplankion in each cruise.

Cruise 2 4 b I 3 6
. 3/29 4/11 5/14 9/21 10/25 10/29

Period (M/D) -4/1 -16 -18 -24 -29 1171

Chaetoceros compressus 5 7

Rhiz. setigera v. pungens 11

Nitzschia pungens 8

Nirzschia seriaia 13 47 6

Thalassivsira pacifica 42

Nitzschia delicatissima 24 7 8 15 17

Cylindrotheca closterium 5 14 12

Gyrodinium sp. 8

Gymnodinium sp. 16

Chaetoceros rortissimus 26

Chaeroceros lorenzianus 5

Table 4. Number of samples (n), multiple correlation
(R), number of independent variables (m), and
coefficients of the independent variables for the
netphytoplankton abundance (dependent vari-
able). All the variables were standardized for
the multiple regression analyses. Phytoplank-
ton abundance (cells/m/) were log-normaily
transformed before the standardization. Sam-
ples from the upper-35-meter layer were chosen
for the multiple regression analyses.

Cruise CR2- CR4.- CR1- CR3-
March  April  September October
n 38 86 137 64
m 7 6 3 7
R 0.785  0.637 0.582 0.319

coefficients

T 0.328  0.517 -0.237 0.093
S -0.287 -0.125 -0.446 0.142
nitrate -0.249 -0.174 -0.054
nitrate 0.133 -0.114 0.027
phosphate -0.168  -0.295 0.202
silicate -0.382  0.148 0.131
disvd. oxygen 0.182 0.056 0.073

variable) and the associated environmental fac-
tors (independent variables) clearly showed the
relative importances of water temperature and
salinity to the phytoplankton communities
(Table 4 and 5). In spring (Cruise 2 and 4) water
temperature had higher coefficients (Table 4):

Table 5. Multiple regression analysis between neiphyto-
plankton abundance (cells/m/) and the two en-
vironmental factors i.e., water temperature and
salinity (n; number of samples, R; multiple cor-
relation). All the variables were standardized
for the multiple regression analyses. Phyto-
plankton abundance (cells/m/) were log-
normally transformed before the standardiza-

tion. Samples from the upper-35-meter layer

were chosen for the multiple regression

analyses.
Cruise CR2- CR4- CR1- CR3-

March  April  September October

n 38 86 137 64

R 0.462  0.560 0.580 0.216

coefficients
T 0.527 0.618 -0.229 0.054
S -0.318 -0.146 -0.480 0.181

water temperature had the second highest coef-
ficient (0.328) next to silicate concentration (0.382)
in Cruise 2, and the highest (0.517) in Cruise 4.
Salinity showed higher coefficients in autumn
(Table 4): salinity had the highest coefficient
(0.446) in Cruise 1, and the second highest
(0.142) next to phosphate concentration (0.202)
in Cruise 3. The relative importance of water
temperature and salinity for the phytoplankton
distribution is well demonstrated in the result of
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Fig. 2. Distribution of netphytoplankion standing crops on the T-S plane (A: Cruise 2-March, B: Cruise 4-April, C: Cruise

1-September, D: Cruise 3-October).

the multiple regression analyses between net-
phytoplankton abundance and the two environ-
mental factors (Table 5): water temperature
showed 1.64.2 times higher coefficients than
salinity in spring, and salinity had 2.1-3.4 times
higher coefficients than water temperature is
autumn.

Distribution pattern of standing crop on the
plane of T-S axes

Distribution pattern of phytoplankton stan-
ding crop on the plane of T-S axes were examin-
ed into to understand the subtle trend. Samples

were scattered widest over the T-S diagram in
September (Cruise 1), and in late March (Cruise
2) they were concentrated in a narrow band (Fig.
4A— 4D). The distribution of high standing
crop was restricted in an upper right corner of
the T-S diagram in March (Fig. 2A), and then it
expanded to the whole upper part of the di-
agram in mide-April (Fig. 2B). In September the
zone of high standing crop covered the left two
thirds of the T-S diagram leaving only the right
one third with low standing crop (Fig. 2C). In
late October (Fig. 2D) the zone of high standing
crop in the T-S diagram assumed the form of
reversed ““L’’ which is the mixed type of
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Fig. 3. A schematic diagram illustrating the relative posi-
tions of the zones of high sianding crop on the
T-S plane. Closed circles in each zones indicaie
the relative positions of highest standing crop (A:
March, B: April, C: September, D: October).

horizontal and vertical rod (Fig. 2B and 2C).
Schematically the zone of high standing crop
moved about on T-S diagram in some cyclic
manner (Fig. 3). In March (A in Fig. 3) high
standing crop was possible where the water tem-
perature was highest even though salinity was
high. At that time less saline and nutrient-rich
coastal water was much colder than offshore sa-
line water (Fig. 4A). As the less-saline coastal
water gets warmer along time, high standing crop
is also possible where the salinity is rather low (B
in Fig. 3). It is possible because the less saline and
nutrient-rich coastal water is not quite colder
than offshore water now (Fig. 4B). In spring,
therefore, slight increase in seawater temperature
is much more important for the phytoplankton
community than the salinity difference (Shim
and Lee, 1987). Contrary to the situation in spr-
ing the zone of high standing crop seems to be
much more sensitive to salinity than water tem-
perature in September (C in Fig. 3) and October
(D in Fig. 3). In September standing crop
greater than 100 cells/m/ were restricted within
the zone where the salinity was less than 33 %o,
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Fig. 4. Coniour lines of the netphytoplankton standing

crops (cells/m/) on the T-S plane in each cruise
(A: March, B:April, C: September, D: October).
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and the zone of high standing crop was rather
vertical in its rod-shape (Fig. 4C).

Distribution of standing crop and hydrographic
conditions

The great horizontal gradient of SST (sea sur-
face temperature) in early spring (Kang and Jin,
1984a; Kang, 1985) in the study area can explain
why the zone of high standing crop on T-S dia-
gram is restricted within small upper right cor-
ner (Fig. 2A and Fig. 3). In early autumn light
condition and water temperature can’t be con-
sidered as possible limiting factors for phyto-
plankton growth in the study area, but inorganic
and organic nutrients can be: as the seasonal
thermocline depth is minimal in warm season,
nutrient cycling is severely restricted. Moreover,
such nutrient depletion is very severe in the
warm Tsushima Current water (Shim ef al.,
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1989; Lee, 1986). In this case there are two
possible sources of nutrient supplies into the
study area. One of the sources is the less saline
and nutrient-rich coastal water from Nagdong
River, the coastal area of Southern Sea of Korea
and East China Sea (Lim and Chang, 1969,
Park, 1985), and also from Yangtze Estuary
(Kang and Jin, 1984b). The other minor source
of nutrient supply is the local nutrient flux up-
wards from the extensions of the North Korean
cold water (Lim, 1983; Lee, 1986) near Gampo
and Ul-gi area. Of the above two possible
sources of nutrient supplies the less saline
coastal water is much more important than the
local upward flux of inorganic nutrients. This is
the reason why the zone of high standing crop is
sensitive to salinity than water temperature in
autum in the study area (Fig. 2C, D and Fig. 3).
The striking contrast of influences of the gra-
dients of water temperature and salinty on the
phytoplankton community between early spring
and autumn is well illustrated in a synthetic
diagram under absolute T-S scale (Fig. 4).
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