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Abstract
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Aim: Zooplankton are distributed by hydrographic factors such as temperature and salinity. The research
aims to investigate the distribution patterns of zooplankton and indicator species of water bodies, and to
understand the relationship between zooplankton distribution and water bodies in Korean waters in winter.
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Methodology: Zooplankton, samples were collected and temperatures and salinities were recorded at 130
stations around Korean peninsula in the Yellow Sea and the northern East China Sea (ECS), using a Bongo
net and CTD in winter, 2016. Research areas using K-mean clustering based on temperatures and salinities
were divided into six water bodies:the North Korea
Cold Current (NKCC), the East Korea Warm Current
(EKWC), the Jeju Warm Current (JWC), the Yellow
Sea Warm Current (YSWC), the Yellow Sea (Y1), and
mixed water. The indicator indices for water bodies
were calculated using INSPAN (Indicator Species
Analysis).
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Results: NKCC, YSWC and Y1 were represented by
high proportions of cold water species of 81, 44 and
41 species, respectively, while EKWC and JWC were
relatively dominated by warm water species of 99 and
102 species. The water bodies of Yellow Sea and the
northern ECS were greatly similar, but the
East/Japan Sea was significantly distinguished. With
the Indicator value and distribution, indicator species
for water bodies were identified: Scolecithricella
minorin the NKCC, Candacia bipinnata,
Clausocalanus furcatus, and Pleuromamma
gracilisin the EKWC, Scolecithricella longispinosa
and Euchaeta plana in the JWC, Centropages
abdominalis in the Y1.

Reviewed by
Professor Hyun Jei Park
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Interpretation: Distributions of zooplanktons and the
similarity of community structures were determined
by the interaction of water bodies. Zooplankton
species can be used as indicator of water bodies
because of their dependence on ocean currents.
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Introduction
The Korean peninsula is enclosed by the East Sea, the
East China Sea and the Yellow Sea, which are characterized by
different physical and biological features (Rebstock and Kang,
2003). In the East Sea, the East Korean Warm Current (EKWC)
and North Korean Cold Current (NKCC) create a well-defined
sub-polar front (Yoon, 1982; Isoda et al., 1992; Kim et al.,
1998).The EKWC which is a branch of Kuroshio Warm Current
(KWC) supplies heat and salts to Korean waters by flowing
northward (Yasui et al., 1967), and the NKCC which is a branch of
Oyashio Cold Current provides high nutrients.

Zooplankton communities vary with varying water
masses and few comparisons of biological features of three seas
have already been published. Keeping in view of the above, this
study aimed to investigate the community structure and indicator
species of zooplankton around the Korea peninsula.
Materials and Methods

Sampling : Zooplanktons were collected from 130 stations in
Korean waters during winter season of 2016. (Fig. 1).
Zooplanktons were collected using a Bongo net (the mouth
diameter of 80 cm and the mesh size of 333 µm). The net was
towed double-obliquely hauling up to near the bottom to the
surface with a flow meter. If the depth of water > 200 m, the net
was towed to maximum 100 m. Zooplanktons were preserved in
70% ethyl alcohol. Vertical temperature and salinity profiles were
measured with a CTD (SBE 9 plus) at 1 m depth interval at the
sampling stations.

In laboratory, samples were scanned before analysis
under a stereomicroscope. Approximate by 300-500 zooplankton
organisms were splitted for analysis using a Motoda splitter and
then enumerated in a Bogorov counting tray. Copepods were
identified to species level and other zooplanktons were identified
to the lowest taxonomical level if possible.

Among zooplankton, copepods are major food of fish
larvae and express a most dominant zooplankton group in marine
ecosystem (Lan et al., 2004). In the East/Japan Sea and northern
ECS, copepods are dominated, while Sagittidae spp. juveniles
are abundant in the Yellow Sea (Rebstock et al., 2003). Some
copepod species indicate a certain water mass (Brodsky, 1950;
Hwang et al., 2006). Centropages abdominalis and Metridia

East/Japan Sea
Yellow Sea

36ºN

KOREA

33ºN

On

Functioning of marine ecosystem is strongly affected by
zooplankton community (Dur et al., 2007). Also, the structuring of
zooplankton communities is dependent on large scale physical
processes such as transport of water masses by current in
various ecosystems (Hwang and Wong, 2005; Hwang et al.,
2006; Tseng et al., 2008). In the East/Japan Sea, variety of
zooplankton species appear by sub-polar front not only warm
water species, but cold water species (Park et al., 1998). The
Northern East China Sea (ECS), the gate of warm water moving
northward, comprises high diversity with a tropical and subtropical species (Jang et al., 2012), while Yellow Sea
characterizes low diversity, but high biomass.

30ºN

The Yellow Sea consists of YSCBW, YSWC, the Korea
Coastal Current and YDW, overlying shallow continental shelf
with average depth of approximate 44 m (Uda, 1934; Lee, 1968;
Lie, 1984). Each water mass has its own distinct characteristics
and interact ion with each other (Teague et al., 2003).

39ºN
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In the Southern Sea of Korea, the northward flowing warm
water flows into the Yellow Sea and the Korean Strait after
passing through the northern ECS. To the east, the northern ECS
boards on Kyushu, and to the west, it boards the mainland of
China (Lee, 1992). The hydrography of northern ECS is
characterized by Taiwan Warm Current (TaWC) originated in the
KWC, Jeju Warm Current (JWC) as a branch of TaWC (Nitani,
1972; Fang et al., 1991; Teague et al., 2003) and coastal water
such as the Yangtze Diluted Water (YDW) (Lie et al., 2002;
Beardsley et al., 1985). Also, the Yellow Sea Cold Bottom Water
(YSCBW) and the Yellow Sea Warm Current (YSWC) are formed
in the ECS (Nitani, 1972). In particular, a strong thermohaline
front forms across the south of Jeju Island and separates the
coastal water from the JWC.

pacifica are cold water species (Brodsky, 1950), while
Clausocalanus arcuicornis, C. furcatus, Scolecithrix danae and
Paracalanus aculeatus belong to warm water species (Hsieh et
al., 2004; Hwang et al., 2006).

Co
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Fig. 1 : Map of sampling stations in Korean waters. Each symbol
indicates sampling areas in Korean waters in winter 2016.
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Indicator species analysis : Korean waters were divided by sea
surface temperature and salinity using K-means clustering.
Vertical profiles of sea surface temperature and salinity were
investigated with ODV (Ocean Data View 4). Prior to investigate
species representing water masses, indicator species value was
calculated by Dufrene and Legendre (1997) and over 60% of
indicator species value was selected as indicator species. The
Indicator value (Ind-Val) of individual species was calculated as
by the following equation:
Ind-Val = RA kj x RFkj x 100
Mean number of individuals of species j across sites of group k
Sum of the mean numbers of individuals of species j overall group
RFkj =

The number of sites in cluster k

Total number of sites in that cluster k

36º N

On

39º N

Where, RA is the relative abundance of species in group k, RF is
the relative frequency (presence/absence) of species j in group k.
Monte-Carlo method was used to test the significance of Ind-Val

30º N

33º N

Results and Discussion
Oceanographic characteristics: Sea surface temperature
ranged between 4.5-16.5°C, it was highest in the eastern part of
ECS and lowest in the northern Yellow Sea. Surface salinity
ranged between31.89-34.71psu, it was highest at the eastern
Jeju Island and lowest in the western sea of ECS (Fig. 2).

Korean waters were divided into six water bodies: (A), (B),
(C), (D), (E), and (F), consisting of 15, 36, 30, 20, 19 and 10
stations, respectively. Group (C) was characterized by the highest
sea surface temperature and salinity whereas Group (E) and (F)
was characterized by lowest sea surface temperature and salinity
(Fig. 3; Table 1).

In the East Sea, warm current and cold current clearly
varied within 37.25°N. Also, cold current appeared at water depth
deeper than 50 m with lowest temperature of 1.26°C. Warm water
had a highest temperature of12.63°C. In the Yellow Sea, water
masses were relatively homogenous. In the northern ECS, warm
hypersaline water and cold hyposaline water were strongly
separated within 125.5°E. Warm hypersaline water had a highest
temperature and salinity of 16.41°C and 34.66 psu, while cold
hyposaline water had a lowest temperature and salinity of 8.95°C
and 32.42 psu (Fig. 4).
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RAkj =

by randomly permuting the data and recalculating Ind-Val. The
result was deemed significant at<0.05 with PC-ORD.
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Data analysis : Species diversity (H′) was calculated by Shannon
and Wiever (1963). Cluster analysis using Bray-Curtis similarity
matrix was used to analyze the similarity of zooplankton
communities by stations at 60% similarity level. To find a
difference between communities, One-way ANOSIM (analysis of
similarity) was conducted with PRIMER (version 6.1.6) (Clarke et
al., 2001). Spearman rank correlation coefficient was used to
compare the sea surface water temperature, sea surface water
salinity and the densities of dominant and indicator species in
Korean waters using SPSS 12.0K.

Water bodies consisted of 6 currents: Group (A) as
NKCC; group (B) as EKWC; group (C) as JWC; group (E) as
YSWC and group (F) as original water bodies of Yellow Sea and
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Fig. 2 : Horizontal distribution of temperature and salinity at 10 m depth in winter 2016. (a) Temperature, (b) Salinity.
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Distribution of water bodies in Korean waters: The East Sea is
deepest with a wide and varied vertical range of temperature due
to sub-polar front made of EKWC and NKCC. EKWC transported
Tsushima Warm Current (TsWC) with high salinity and
temperature along the eastern coast. Under EKWC, NKCC within
1-4°C prevailed from 50 to 100 m depth along the coastal water of
Gangwon Province in February (Cho and Kim, 1994; Choi et al.,
2012). In the East/Japan Sea, the EKWC and NKCC creating
sub-polar front is located at 38-39ÚN (Yoon, 1982; Isoda et al.,
1992; Kim et al., 1998). In the present study, sub-polar front was
formed more southward than where was reported at 37ÚN due to
enhanced NKCC in winter (Park et al., 2007). Also, sea surface
layer prevailed due to warm water over 10°C, while sea bottom
was occupied by cold water below 4°C in the sub-polar front
region.

On
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Fig. 3 : Temperature-Salinity diagram of clustering groups in winter 2016.

Y1. In addition, complex currents distributed around the JWC
were defined as mixed water (Fig. 5).
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16

Fig. 4 : Cross sections of temperature and salinity along three solid lines. (a) East Sea, (b) Yellow Sea, (c) Northern East China Sea.
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Table 1 : Average temperature and salinity of each clustering groups in winter 2016
Average salinity (psu)

(A)
(B)
(C)
(D)
(E)
(F)

8.55
11.28
14.53
9.53
7.8
6.09

34.07
34
34.39
32.86
32.51
32.62

East Sea

Co
py

Average temperature (!)

39ºN

Clustering

was characterized by low salinity and temperature, which
werenot coincided with previous studies. However, mean sea
surface water temperature and salinity in the KCC in the Yellow
Sea were 6°C and32.5, which was similar to previous study (Koh
et al., 2014).

33ºN

36ºN

Species composition and abundance : A total of 199 species of
zooplankton belonging to ten phyla were identified. Of these, 170
species were arthropods and 126 species were copepods. The
species number was highest (102) in JWC followed by 99 species
in EKWC, 81 species in NKCC, 44 species in YSWC, and 41
species in Y1.

Zooplankton densities ranged between 7.6-926.5 inds.m. The mean density of zooplankton was highest (351.4 inds.m-3) in
EKWC followed by NKCC, JWC, YSWC and Y1 (115.1 inds.m-3).
Species diversity indices ranged from 0.91 to 3.12. Average of the
index was highest in EKWC (2.67), followed by NKCC, JWC,
YSWC and Y1 (2.01). Diversity was not proportional to the
biomass (Fig. 6).

122ºE

125ºE

128ºE
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30ºN

3

131ºE

Fig. 5 : Distributions of the water masses. (A): NKCC, (B): EKWC, (C):
JWC, (D): Mixed water, (E): YSWC, (F): Y1.
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Northern ECS is a route of northward moving warm water.
Warm water such as JWC makes a thermohaline front with YDW
(Lie et al., 2001). JWC flows into the Jeju Strait after turning
clockwise around Jeju Island, with over 10°C, 33.5-34.0 psu (Lie
et al.,1999; Lie et al., 2000, 2001). Upon investigation of tracking
Jeju currents, the JWC was distinguished from Kuroshio branch
water located in the east coast of Jeju Island, and partially affects
the TsWC through Korea Strait (Lie et al., 2000). Also, Yangtze
river runoff accounts for more than 80% of freshwater, released a
range of 9,900-10,200m3/s in northern ECS (Riedlinger et al.,
1995). Similar to previous studies, northern ECS produced
thermohaline front with various water bodies, such as JWC and
mixed water influenced by coastal water.
During winter, the Yellow Sea is affected by northwest
winds, southward China coastal water and Korean coastal water
(Hsueh, 1988; Riedlinger et al., 2000; Naimie et al., 2001). The
YSWC enhancing during winter flows northward to the Yellow Sea
with heat and saline (Hwang et al., 2014). In our research, YSWC

The most dominant species in NKCC were
Pseudocalanus newmani, Metridia pacifica and Oithona
atlantica, and cold water copepods comprising 96% were
dominated. Warm water copepods were relatively high in JWC
(28%) and EKWC (24%). In EKWC, dominant species were
Pseudocalanus minutus, Oithona plumifera and Metridia pacifica.
In JWC and Y1, dominant species wasCalanus sinicus. In YSWC,
dominant species were Calanus sinicus, Oithona atlantica and
Paracalanus parvus s.l. (Table 2; Fig. 7), respectively.

In the East Sea, cold water species such asM. pacifica, P.
newmani, O. atlantica and P. parvus s.l. charged 46.2%.Warm
water copepods of M. tenuicornis, Clausocalanus pergens,
Ditrichocorycaeus affinis and C. arcuicornis occupied 14.4% in
winter (Chiba et al., 2003). In this study, cold water copepods such
as P. newmani, M. pacifica and O. atlantica were dominated,
coinciding with previous studiesof Chiba et al. (2003) and Kang et
al. (2007). The prevailing cold water species may result from
NKCC due to sampling layer deeper than 100 m depth.
C. sinicus is dominated in the ECS (Chen et al., 1992) and
P. parvus s.l. is abundant in off China coastal water (Chen et al.,
1974). Also, P. aculeatus, C. sinicus, Ostracoda and
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Fig. 6 : Horizontal distribution of zooplankton density (inds. m-3) and species diversity indices in Korean waters in winter 2016. (a) Density, (b) Diversity
indices.

Table 2 : Mean abundance and composition of dominant mesozooplankton by water masses in winter 2016
Species

NKCC

Pseudocalanus newmani
Metridia pacifica
Metridia sp. copepodite
Oithona atlantica
Neocalanus spp. copepodite
Pseudocalanus minutus
Metridia sp. copepodite
Oithona plumifera
Metridia pacifica
Calanoida spp.copepodite
Calanus sp. copepodite
Calanus sinicus
Euchaetidae spp. copepodite
Calanoida spp.copepodite
Sagittidae spp. juvenile
Calanus sp. copepodite
Calanus sinicus
Oithona atlantica
Sagittidae spp. juvenile
Paracalanus parvus s.l.
Sagittidae spp. juvenile
Calanus sp. copepodite
Calanus sinicus
Calanidae spp. copepodite
Calanoida spp. copepodite

EKWC

JWC

YSWC

Y1

On

Current

Mean abundance (inds.m )

Composition (%)

54.41
33.73
23.87
19.66
15.24
70.28
26.47
23.05
22.71
16.65
33.16
9.57
8.80
7.76
7.28
21.87
18.83
18.23
16.40
4.85
25.49
19.52
17.96
6.19
5.73

19.84
12.3
8.7
7.17
5.56
19.30
7.27
6.33
6.24
4.57
28.57
8.25
7.59
6.69
6.27
20.76
17.88
17.31
15.57
4.61
22.11
16.93
15.58
5.37
4.97

-3
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Warm water copepods

C. sinucus, P. parvus s.l., O. atlantica, D. affinis and O. similis
were abundant during winter (Lim et al.,2009). In this study, C.
sinicus was found to be the dominant species in YSWC and Y1. In
YSWC, high population of P. parvus s.l. was due to the effect of
warm water coming from northern ECS.

100%
75%
50%
25%
0%

NKCC

EKWC

JWC

YSWC

Y1

Fig. 7 : Compositions of warm and cold water species of 30 dominant
copepods by water masses in winter 2016.

Siphonophora were dominated in winter in northern ECS (Park et
al., 2000). P. aculeatus is reported as a warm indicator species of
Kuroshio branch current (Hsieh et al., 2004). Likewise, effect of
JWC made relatively high density of P. aculeatus with a high
proportion of warm water copepods, and also JWC was
dominated by C. sinicus and chaetognath juvenile.

Zooplankton community structure : The East/Japan Sea,
northern ECS and the Yellow Sea are well associated. The
northern ECS and the Yellow Sea interact with YSWC and coastal
water, varying with seasons (Ichikawa et al., 2002; Lee et
al.,2007; Chen 2009). Zooplankton assemblages and water mass
distributions are associated (Chen et al.,2015). Zooplankton
communities between the Yellow Sea and northern ECS showed
60% dissimilarity in fall (Chen et al.,2015), while those between
two seas were similar in study. This difference may be influenced

li
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Acartia bifilosa, A. omorii, C. sinicus, D. affinis,
Eurytemora pacifica, Pavocalanus crassirostris and P. indicus
were dominated in the Yellow Sea (Kim et al., 1991). In particular,

Zooplankton communities : nMDS analysis indicated that
zooplankton communitiesin NKCC, EKWC and JWC were
distinctly separated, and several stations of JWC were included in
YSWC, Y1, and mixed water (Fig. 8). As a result of SIMPER
analysis, NKCC and JWC showed highest dissimilarity, while
YSWC and Y1 showed the lowest dissimilarity. In pairwise tests,
combination among YSWC, Y1 and mixed water were not
significantly different. The NKCC did not differ significantly from
the EKWC and the JWC was not significantly distinguished from
mixed water. Combinations for others were significantly different
(Table 3).

Co
py

Cold water copepods

MDS results of zooplankton
Resemblance: S17 Bray Curtis similarity

On

2D Stress : 0.21

Fig. 8 : Result of MDS grouping in winter.
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Table 3 : Results of SIMPER and ANOSIM pair-wise tests for difference on mesozooplankton community between groups in winter 2016

NKCC

EKWC

JWC

YSWC
Y1

versus groups

SIMPER

EKWC
JWC
YSWC
Y1
Mixed water
JWC
YSWC
Y1
Mixed water
YSWC
Y1
Mixed water
Y1
Mixed water
Mixed water

Pairwise Tests

Average dissimilarity

R statistics

p-level

68.66
87.02
83.81
86.44
86.69
81.8
80.34
83.53
83.9
75.5
76.95
74.95
58.44
71.45
72.28

0.115
0.829
0.89
0.894
0.559
0.576
0.68
0.709
0.453
0.385
0.364
0.106
0.105
0.031
-0.018

3.6
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
9.6
29.4
54.5

Co
py
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Table 4 : Results of Spearman rank correlation coefficient between dominant species and temperature and salinity in winter.‘-‘ means p-value, >0.05

EKWC

JWC

YSWC

Y1

Temperature

Pseudocalanus newmani
Metridia pacifica
Metridia sp. copepodite
Oithona atlantica
Neocalanus spp. copepodite
Pseudocalanus minutus
Metridia sp. copepodite
Oithona plumifera
Metridia pacifica
Calanoida spp.copepodite
Calanus sp. copepodite
Calanus sinicus
Euchaetidae spp. copepodite
Calanoida spp.copepodite
Sagittidae spp. juvenile
Calanus sp. copepodite
Calanus sinicus
Oithona atlantica
Sagittidae spp. juvenile
Paracalanus parvuss.l.
Sagittidae spp. juvenile
Calanus sp. copepodite
Calanus sinicus
Calanidae spp. copepodite
Calanoida spp.copepodite

Salinity

r

p

r

p

-0.116
0.089
-0.120
-0.253
-0.105
0.105
-0.120
-0.119
0.089
-0.304
0.057
-0.336
0.793
-0.304
-0.296
0.057
-0.336
-0.253
-0.296
0.220
-0.296
0.057
-0.336
-0.097
-0.304

<0.01
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
<0.05
<0.001
<0.001
<0.001

0.306
0.439
0.297
0.086
0.316
0.442
0.297
0.017
0.439
-0.234
-0.244
-0.407
0.760
-0.234
-0.466
-0.244
-0.407
0.086
-0.466
0.142
-0.466
-0.244
-0.407
0.013
-0.234

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.01
<0.001
<0.001
<0.01
<0.001
<0.01
<0.001
<0.001
<0.001
<0.01
<0.001
<0.01
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NKCC

Species

On

Current

by YSWC and the Korea coastal current, prevailing during winters
(Kondo, 1985). YSWC plays an important role in transporting heat
and salt to the Yellow Sea (Ichikawa et al.,2002; Lie et al., 2000),
and KCC flows southward along west Korea due to strong north
wind in winter (Koh et al.,2014).

Zooplankton communities of the East Sea separated from
other seas are determined by the path of currents. EKWC and
JWC originate from KWC (Rebstock et al., 2003). However, two
water bodies showed different physical properties (Lie et al.,
1994). KWC makes two main branches, one is TaWC, flowing to
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East Sea

East Sea

East Sea

East Sea
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East Sea
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East Sea

East Sea

Co
py

East Sea

East Sea

East Sea

East Sea

East Sea

East Sea

Fig. 9 : Distribution of indicator species: (a) Candacia bipinnata, (b) Pleuromamma gracilis, (c) Euchaeta plana, (d) Scolecithricella longispinosa, (e)
Themisto gaudichaudii, (f) Euphausia pacifica, (g) Ditrichocorycaeus affinis, (h) Scolecithricella minor, (i) Corycaeus affinis, (j) Calanus sinicus, (k)
Paracalanus parvus s.l., (l) Centropages abdominalis, (m) Oithona atlantica, (n) Oncaea venusta.
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Table 5 : Results of Spearman rank correlation coefficient between indicator species and temperature and salinity. ‘-‘ means p-value, >0.05

NKCC
EKWC

JWC

YSWC
Y1

Species

Temperature

Scolecithricella minor
Candacia bipinnata
Calanus sinicus
Paracalanus parvus s.l.
Ditrichocory caeusaffinis
Clausocalanus furcatus
Pleuromamma gracilis
Oncaea venusta
Euchaeta plana
Scolecithricella longispinosa
Oithona atlantica
Oithona atlantica
Themisto gaudichaudi
Centropages abdominalis
Euphausia pacifica

r

p

r

p

0.227
0.529
-0.336
0.220
0.411
0.328
0.290
0.713
0.472
0.584
-0.253
-0.253
-0.264
-0.122
-0.318

<0.01
<0.001
<0.001
<0.05
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.01
<0.01
<0.001

0.084
0.725
-0.407
0.142
0.313
0.541
0.423
0.789
0.174
0.321
0.086
0.086
-0.456
-0.176
-0.505

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.05
<0.001
<0.05
<0.001

Table 6 : Indicator species index in winter 2016. (Ind-Val, Indicator value)
JWC
Ind-Val
78.6
76.4
73.7
66.8

NKCC

li
ne

Species
Oncaea venusta
Euchaeta plana
Scolecithricella longispinosa
Oithona atlantica

Salinity

Co
py

Current

p-value
<0.001
<0.05
<0.001
<0.05
EKWC

Ind-Val

p-value

Species

Ind-Val

p-value

Pseudocalanus newmani

66.6

-

Calanus sinicus
Oncaea venusta
Paracalanus parvus s.l.
Ditrichocorycaeus affinis
Clausocalanus furcatus
Pleuromamma gracilis
Pseudocalanus minutus

76.5
73.8
73.7
68.5
63.9
62
60.3

<0.05
<0.05
<0.05
<0.05
<0.01
-

YSWC

On

Species

Y1

Species

Ind-Val

p-value

Species

Ind-Val

p-value

Oithona atlantica
Ditrichocory caeusaffinis
Themisto gaudichaudi
Sagitta nagae

84.3
69.8
65.8
63.8

<0.01
<0.05
-

Centropages abdominalis
Euphausia pacifica

86.6
77.8

<0.001
<0.001

the northern ECS and another one is TsWC, flowing to the
East/Japan Sea (Guan et al., 1982). Throughout the path,
characteristics of TaWC and TsWC changed, and it affected JWC
and EKWC, respectively. Although the East/Japan Sea was
associated with northern ECS through the Korea Strait,
community structures of zooplankton between the two seas were
different in the present study.

Correlation zooplankton with temperature and salinity: P.
newmani and M. pacifica, which were dominant in NKCC, were
positively correlated with salinity during the study. O. atlantica
was negatively correlated with temperature. In EKWC, P. minutes
and M. pacifica were positively correlated with salinity. In JWC, C.
sinicus had a negative correlation with temperature and salinity. In
YSWC, O. atlantica was negatively correlated with temperature,
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S. minor, indicator species of NKCC, was positively
correlated with sea surface temperature. In EKWC, C. bipinnata
had a strong positive correlation with sea surface temperature
and salinity. D. affinis, C. furcatus and P. gracilis were positively
correlated with sea surface temperature and salinity. P. parvus s.l.
was positively correlated with sea surface salinity. C. sinicus was
negatively correlated with temperature. In JWC, E. plana and S.
longispinosa were positively correlated with sea surface
temperature and salinity, while O. venusta was positively
correlated with only sea surface salinity. O. atlantica, which was
dominant species in both JWC and YSWC, was negatively
correlated with sea surface temperature. In Y1, C. abdominalis
was negatively correlated with sea surface salinity, and another
indicator species, E. pacifica, had a negative correlationship with
temperature and salinity (Table 6).

The Yellow Sea has two currents, and T. gaudichaudii was
the indicator species of YSWC. T. gaudichaudii was one of the
most abundant amphipod specie of southern hemisphere
(Mackey et al., 2012), particularly in Antarctic and sub-antarctic
(Piatkowski, 1985). In this study, T. gaudichaudii showed a
negative relationship with temperature and salinity. In northern
Yellow Sea, C. abdominalis was relatively higher in the cold
waters and occurred in the northern part of Yellow Sea (Kang et
al., 2008). This species was found in cold-neritic seas (Jang et al.,
2012). Y1 features lowest sea surface temperature and salinity,
the environment where C. abdominalis occurs. Another indicator
species, E. pacifica was broadly distributed in Korea, and
abundant in the southern Yellow Sea. However, krill swarms were
patchily distributed (Powell and Okubo, 1994). Thus, it is hard to
survey quantitative analysis of the krill and to select an indicator
species.

li
ne

Indicator species : Following the Indicator species analysis, S.
minor was considered as an indicator species of NKCC and was
dominated in northern East Sea. In EKWC, C. sinicus, P. parvus
s.l. and D. affinis were broadly distributed in Korea, while C.
furcatus, C. bipinnata and P. gracilis were distributed and
dominated in southern East Sea. In JWC, O. atlantica dominated
in Korean waters, while O. venusta was found in the East Sea and
northern ECS. E. plana was distributed in the Yellow Sea and
northern ECS, and highest in the vicinity of Jeju Island. The
densities of S. longispinosa were highest in the eastern part of
northern ECS and the Korea Strait. Themisto gaudichaudii which
was an indicator species of the YSWC was broadly distributed in
Korean water. In Y1, C. abdominalis and E. pacifica were broadly
distributed in Korea and highest in the Yellow Sea. E. pacifica was
most abundant in the Yellow Sea (Table 6, Fig. 9).

Distribution of S. longispinosa coincided with the path of JWC
flowed from northern ECS to Korea Strait turning clockwise
around Jeju Island. In addition, S. longispinosa was usually found
off Yangtze river when salinity was high (Cheng et al., 2014).
Following the studies, S. longispinosa can be considered to be a
strong indicator species of JWC. Another indicator species, E.
plana, was broadly distributed in the Korean water, but abundant
only in the areas affected by JWC. E. plana is a warm water specie
and was found to be abundant in the western part of Jeju Island
(Park et al.,1992). O. atlantica was broadly distributed in Korea
and cold water species (Chiba et al., 2003), thus it can not
consider to be an indicator species of JWC which is characterized
by high temperature and salinity.

Co
py

while P. parvus s.l. was positively correlated (Table 5).

On

In this study, Korean water was divided into six water
bodies to find the indicator species. Except for mixed water, five
water bodies had indicator species. In the East Sea, S. minor
which is an indicator species of sub-arctic water (Hooff et al.,
2006) was an indicator species of NKCC and found in the East
Sea and the southern sea of Korea (Jeong et al.,2014; Chiba et
al.,2003). S. minor was most abundant in the northern East/Japan
Sea in the present study. S. minor can be an indicator species of
NKCC. KWC features high water temperature and salinity, and
formed the EKWC throughout the Tsushima Island (Rebstock et
al., 2003). C. bipinnata, C. furcatus and P. gracilis were indicator
species of KWC in the southern part of Japanese water (Noda et
al.,1998). In the present study, these three species were
positively correlated with sea water temperature and salinity, and
could be indicator species of EKWC which was branch of the
KWC. C. sinicus, P. parvus s.l. and D. affinis were broadly
distributed in Korea, thus these species cannot be considered an
indicator species.
In the East China Sea, Hsieh et al., (2004) reported O.
venusta and S. longispinosa as indicator species of TaWC.

Three sides of Korean peninsula are surrounded by seas
with different physical and biological characteristics driven by
water currents: NKCC, EKWC, JWC, YSWC, Y1, and mixed
water. The water bodies of the Yellow Sea and northern ECS were
highly similar, but East Sea Sea was distinguished from others.
Indicator species varied with varying water bodies, and the
similarity of zooplankton community structures varied with the
interaction of water masses.
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