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Abstract

Aim: 

Methodology: 

Results: 

To investigate the distribution pattern and species composition of zooplankton in relation to different 
water bodies.

Zooplankton communities were investigated at 11 stations in the East Sea, three stations in 
the East China Sea and four stations in Philippine Sea. Sea surface temperature and salinity were 
simultaneously measured during the sampling.

The mean sea surface temperature was highest in the Philippine Sea and lowest in the East Sea. 
Total 198 species of seven zooplankton phyla were identified. In the East Sea, copepods were most 
dominant (52%), followed by amphipods (23%). In the East China Sea, copepods comprised 86% of all 
zooplankton species with 5% mollusks. In the Philippine Sea, copepods accounted for 79% of all 
zooplankton species. Zooplankton densities were higher in the East China Sea than other seas, followed by 
the East Sea and the Philippine Sea. The species number of zooplankton was higher in the Philippine Sea 
than other seas. Warm water species was dominated in the Philippine Sea, followed by the East China Sea. 
Relative proportion of cold water species were higher in the East Sea than other seas.

 Zooplankton communities were indicated by oceanographic characteristics of water bodies.

 East Sea, Oceanic currents, Philippine Sea, Zooplankton communities
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Key words:

Comparison of zooplankton communities in the East 
Sea, East China Sea and Philippine Sea

Journal of Environmental Biology 861-870Vol. 402019September© Triveni Enterprises, Lucknow (India) 

Authors Info
1,3 1 2B.R. Lee , W. Park *, H.K. Kang , 
3 3 3H.W. Lee , H.S. Ji  and J.H. Choi   

1Department of Marine Biology, 
Pukyong National University, 
Busan-48513, Korea
2Korea Institute of Ocean Science 
and Technology, Busan-49111, 
Korea
3National Institute of Fisheries 
Science Fisheries Resources 
Research Center, 
Tongyeong- 53064, Korea 

*Corresponding Author Email : 

wpark@pknu.ac.kr

Reviewed by

Professor Hyun Jei Park

Dr. Jung Nyun Kim

Edited by

Professor Chung Il Lee

How to cite : Lee, B.R., W. Park, H.K. Kang, H. W. Lee, H. S. Ji and J. H. Choi: Comparison of zooplankton communities in the East Sea, East China Sea and 

Philippine Sea. J. Environ. Biol., 40, 861-870 (2019). DOI : http://doi.org/10.22438/jeb/40/5(SI)/SI-06

Paper received :  11.01.2019                                                            Revised received :  25.03.2019                                                             Accepted: 30.04.2019

To investigate the zooplankton communities in relation to different water bodies 

Oceanographic characteristics Zooplankton communities 

Water temperature 
-Philippine sea (highest)
-East Sea Sea 
 (lowest) 

Water salinity
-Philippine sea (highest)
-East China Sea (lowest) 

Zooplankton densities
-East China Sea (highest) 
-Philippine sea (lowest)

Proportion of warm water
species
-Philippine sea (highest) 
-East China Sea (lowest)

Dominant species in each water mass

- Philippine sea : Corycaeus speciosus, Ostracod spp., Oncaea venusta
- East China Sea : Paracalanus parvus s.l., Calanus sp. Copepodite, Oncaea venusta
- East Sea Sea : Corycaeus speciosus, Euchaeta rimana, Oncaea venusta
- Co-occurring species : Corycaeus speciosus, Euchaeta rimana, Oncaea venusta

Zooplankton communities varied with different water bodies 
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Fig. 1 : Sampling stations in the three seas in the subtropical and temperate regions of the northwestern Pacific Ocean in May 2012: The East Sea (ES1-
11), East China Sea (ECS1-3) and Philippine Sea (PS1-4).

Introduction

Zooplanktons are important constituents in most marine 
planktonic communities and play a role in the transfer of energy 
from phytoplankton to higher trophic levels (Liao et al., 2006). 
They maintain higher trophic levels and are important indicators 
of water masses. Zooplankton communities are influenced by 
oceanographic characteristic as well as biological interactions 
(Omondi et al., 2011). In particular, hydrographical properties of 
water masses play a major role in shaping zooplankton 
community structure and respond quickly to any changes 
(Mahesh et al., 2015). Calanoida are abundantly distributed in 
oligotrophic waters, cyclopoids and cladocerans are dominant in 
eutrophic waters (Wetzel, 1990).  

The subtropical and temperate regions of northwestern 
Pacific Ocean are characterized by various water bodies: 
Eutrophic waters in the East China Sea and East Sea and an 
oligotrophic water in Western Pacific warm pool (Lee et al., 2012). 
The East China Sea is affected by coastal upwelling and river 
discharge from the north (Lee et al., 2012). It is a productive area 
in the west of Pacific Ocean (Wong et al., 2000) and is strongly 
affected by nutrient rich river such as Changjiang River (Zheng et 
al., 2015) and Kuroshio Currents to transport warm seawater 
(Ichikawa and Chae, 2002). Warm water species such as 
Nannocalanus minor, Undinular vulgaris and Paraeucalnaus 

attenuates representing the Kuroshio Current appear in the East 
China Sea (Zuo et al., 2006).

The East Sea marine environment is influenced by the 
Tsushima Warm Current and the North Korea Cold Current. The 
Tsushima Warm Current, which is a branch of the Kuroshio 
Current, flows northeastward through the Korean Strait from the 
ECS while the North Korea Cold Current, a branch of the Liman 
Current, does southward along the Korean coast (Rebstock and 
Kang, 2003). Cold water masses are strengthened during spring 
which cold water species such as Oithona atlantica and Metridia 
pacifica are dominant in the East Sea/Japan Sea. Warm water 
species such as Oncaea media, Clausocalanus sp., and Acartia 
pacifica become adundant when the Kuroshio Current 
overwhelms in fall (Kang et al., 2002).

The Philippine Sea is influenced by North Equatorial 
Current which feed the northward-flowing Kuroshio Current (Qu 
and Lukas, 2003; Qiu and Chen, 2010). Also, there is a warm pool 
where sea surface temperatures are highest in the world ocean 
(Ridout and Reynolds, 1998). The surface layer of the western 
warm pool is characterized by oli gotrophic system, which has 
high temperature, low nitrates, low salinity, low chlorophyll and 
deep thermocline (Allain et al., 2007). In the warm pool of 
northwestern Pacific Ocean, large planktonic copepods such as 
Eucalanus californicus and Rhincalanus sp. are predominant 
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sampling, temperature and salinity were measured with a CTD 
(Sea Bird 911 plus).

Zooplankton diversity was estimated by Shannon-Wiener 
diversity(Shannon and Weiner, 1963). To analyze similarity 
among stations, Bray-Curtis similarity index was determined. 
According to the index, cluster analysis (PRIMER 6.1.6) was 
calculated and showed images with the result of nMDS. When 
data were not fit into normal distribution, the data were transferred 
as log(x + 1) analysis. Spearman rank correlation coefficient was 
used to compare the surface water temperature, surface water 
salinity and the densities of dominant common species in the East 
Sea, East China Sea and Philippine Sea. 

Results and Discussion

Temperature and salinity: The mean sea surface temperature 
was highest in the Philippine Sea, and lowest in the East Sea. In 
the Philippine Sea, the mean sea surface temperature was higher 
than 28℃. The mean sea surface salinity was lowest in the East 
China Sea. Sea surface salinity was 32.6 at ECS3 in the East 
China Sea (Fig. 2).

Species composition and abundance : Total 98 species of 
zooplankton of seven phyla were identified. Among these, 116 
copepod species of 46 genera were identified. Zooplankton 
species at each sea ranged from 22 to 65 spp. Zooplankton 

863

(Shimode et al., 2012 a, b).

Zooplankton communities vary with varying water masses. Three 
different study areas are located in northwestern Pacific Ocean, 
particularly in the way of Kuroshio Current. In the study area, the 
Kuroshio Current influences three study regions with different 
scales. Moreover, there are regional water mass characteristics 
such as warm pool, and river flows. In this respect, zooplankton 
communities vary with varying water masses.

The aim of this study was to investigate the distribution 
pattern and species composition of zooplankton in relation to 
different water bodies in the subtropical and temperate regions of 
the northwestern Pacific Ocean. 

Materials and Methods

Zooplanktons were collected from 11 stations in the East 
Sea(ES1-11) in May 2011, three stations in the East China Sea 
(ECS1-3) and four stations in the Philippine Sea (PS1-4) in May 
2013 (Fig. 1). A Bongo net with a mesh size of 200 ㎛ was 
obliquely towed. When the water depth was shallower than 300 
m, a Bongo net was towed from near bottom to surface, while 
water depth was deeper than 300 m, it was towed at a 300 m 
depth to the surface. In the laboratory, zooplankton was identified 
to species level. Each sample was divided into subsamples 
finalizing 300-500 individuals in counting. During zooplankton 

B.R. Lee et al.: Comparison of zooplankton communities

Fig. 2 : Sea surface temperatures (A) and salinities (B) at sampling stations in the subtropical and temperate regions of the northwestern Pacific Ocean: 
East Sea, East China Sea and Philippine Sea in May 2012.

40ºN

30ºN

20ºN

10ºN

125ºE 130ºE 135ºE 140ºE 125ºE 130ºE 135ºE 140ºE

30

28.5

27

25.5

24

22.5

21

19.5

18

16.5

.15

13.5

12

A

34.6

34.15

33.7

33.25

32.8

32.35

31.9

31.45

31

B

Journal of Environmental Biology, Special Issue, September 2019



O
n
l
i
n
e
 
C
o
p
y

864

species was highest at PS2 in the Philippine Sea, while the lowest 
at ECS3 in the East China Sea (Fig. 3). Zooplankton densities 

-3varied from 79.4 to 2,100.4 ind.m . The zooplankton densities 
-3were highest in the East China Sea (407.4 - 2100.4 ind.m ), while 

-3
they were lowest in the Philippine Sea (79.4 - 306.7 ind.m ) (Fig. 
3, 4).Copepod species were composed of 50% of zooplankton 
species in all the seas.

In the East Sea, copepod densities were highest (52%), 
followed by amphipods (23%) and chordates (11%). In the East 
China Sea, copepods comprised 86% of all zooplankton species 
with 5% mollusks. In the Philippine Sea, copepods accounted for 
79% of all zooplankton species (Fig. 5).Shannon-Wiener 
diversity indices among stations ranged between 1.8 and 3.8. 
Species diversity was relatively higher in the Philippine Sea than 
other seas (Fig. 6). In the East Sea/Japan Sea, three most 
dominant species were Themisto spp. juvenile, Oithona atlantica 
and Metridia pacifica. Themisto spp. juvenile was the most 
dominant species and occurred at all stations, except ES2. In the 
East China Sea, Paracalanus parvus, Calanus spp. copepodite 
and Oncaea venusta were relatively abundant. Among these 
species, Paracalanus parvus s.l. was the most abundant species 
and occurred at all stations of the East China Sea. Corycaeus 
speciosus, Ostracod spp. and Calanid spp. copepodite were 
dominant in the Philippine Sea. Corycaeus speciosus was the 

most abundant species, followed by Ostracod spp. and Calanid 
spp. copepodite (Fig. 7).

The community of zooplankton is known to be closely 
linked to oceanographic characteristics of water mass. The 
East/Japan Sea is influenced by northward flowing the Kuroshio 
warm Current and southward flowing the North Korea Cold 
Current (Ashjan et al., 2005; Kwak et al., 2014). Currents in the 
East Sea/Japan Sea vary with seasons. In spring, the Tsushima 
Current is weak. Cold water is highly variable in ES and cold 
phase emerges during late spring (Mitchell et al., 2005). 
Zooplankton composition also varies with seasons. Zooplankton 
composition was dominated by copepods which comprised 60% 
of total numerical abundance, followed by other crustaceans 
(27%) and appendicularians (4%) in May. Cold-water species 
such as Pseudocalanus minutus, Metridia pacifica and Oithona 
atlantica were also abundant in May (Kang et al., 2002). In this 
study, zooplankton abundance was lower than previous studies, 
while species composition was similar to that reported by Kang et 
al. (2002). This result suggests that the East Sea/Japan Sea was 
influenced by cold water and dominated by cold water species 
during spring.

The water masses of the East China Sea varies with 
seasonal patterns (Gong et al., 1996). The East China Sea is 

B.R. Lee et al.: Comparison of zooplankton communities

Fig. 3 : Number of species and abundance at sampling stations in the subtropical and temperate regions of the northwestern Pacific Ocean: East Sea, 
East China Sea and Philippine Sea in May 2012.
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Fig. 4 : Zooplankton densities in the subtropical and temperate regions of the northwestern Pacific Ocean: The East Sea, East China Sea and Philippine 
Sea in May 2012.

40ºN

30ºN

20ºN

10ºN

125ºE 130ºE 135ºE 140ºE

37º20'N

37º10'N

37º00'N

131º29'E 131º49'E 132º09'E

<500 501-1000 1001-2000 >2000

<500 501-1000 1001-2000 >2000

Fig. 5 : Taxon composition of zooplankton in the subtropical and temperate regions of the northwestern Pacific Ocean: The East Sea, East China Sea 
and Philippine Sea in May 2012.
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strongly influenced by freshwater inputs and the warm Kuroshio 
Current. In general, the mean semi-monthly strength and flows of 
the warm Kuroshio Current are maximum in late spring and 
minimum in October (Kawabe, 1988). However, the seasonal 
variation of current is different from year to year (Oka and 
Kawabe, 1998). In the East China Sea, zooplankton density was 

-31,915 ind.m . Copepods were the most abundant, comprising 
over 80%. Copepods belonging to family Paracalanidae occurred 
more than 40% of total zooplankton abundance, followed by the 
species of families Oncaeidae (18%) and Oithonidae (14%) (Lee 
et al., 2011). Calanus sinicus, Euchaeta concinna, Paracalanus 
aculeatus, Oithona similis and Ditrichocorycaeus affinis occurred 
in more than 80% and were the most abundant species (Zue et 
al., 2006). In this study, zooplankton densities in the East China 
Sea were relatively higher than other Seas. Also, dominant 
species were similar to the previous studies of Lee et al. (2011) 
and Zue et al. (2006). In particular, warm temperate species such 
as Calanus sinicus was common in the East China Sea. C. sinicus 
are affected by ocean currents with their distribution and life 
history strategies, being regarded as a biological indicator to the 
evidence of water movements (Hwang and Wong, 2005). The 
present result indicates that the East China Sea in spring was 
affected by the warm Kuroshio Current.

The Philippine Sea includes various trophic systems from 
oligotrophic waters and more productive waters (East China Sea) 
(Lee et al., 2012). In the Philippine Sea, zooplankton density was 

-3967 ind.m . Mesozooplankton abundance was low and species 
smaller than 1 mm in body lengths were dominated(56%) in the 
Philippine Sea. Small copepods were dominant including species 
of families Oncaeidae (20.7%), Oithonidae (20%) and 
Clausocalanidae (14.3%) (Lee et al., 2012). The present results 
corroborate with previous studies of Lee et al. (2012). Small 
copepods are relevant to inhabit the warm waters because they 
have high fecundity and growth rates and are less limited by 
insufficient food environments (Turner, 2004). 

Co-occurring species and environmental factor : Corycaeus 
speciosus was found in ES2, ECS1 and PS1-3. C. speciosus was 
most abundant in the Philippine Sea with densities ranging from 

-31.7 – 138.9 ind. m . The density of C. speciosus was not 
correlated with sea water temperature (r=0.375; p > 0.05), nor 
salinity (r=0.215; p> 0.05) (Table 1). The densities of E. rimana 

-3 ranged from 0.01 – 3.2 ind.m and occurred at ES9, ECS2 and 
PS2-PS4. The highest density of E. rimana was at PS3 in the 
Philippine Sea. The densities of E. rimana were significantly 
correlated with sea water temperatures (r=0.633; p < 0.01), while 
not with salinities (r=0.396; p> 0.05). O. venusta appeared at ES, 
ECS1, ECS2 and PS3. The densities of O. venusta ranged from 

-30.01 – 240.8 ind.m . The density of O. venusta was relatively 
higher at ESC2 of the East China Sea, but lower at PS3 of the 
Philippine Sea. The densities of O. venusta were not significantly 
correlated with sea water temperatures (r=0.319; p> 0.05) and 
salinities (r=0.121; p> 0.05) (Fig. 8).

B.R. Lee et al.: Comparison of zooplankton communities

Fig. 6 : Shannon-Wiener diversity index of each station in the subtropical and temperate regions of the northwestern Pacific Ocean: The East Sea, East 
China Sea and Philippine Sea in May 2012.
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The members of family Corycaeidae are widely 
distributed in temperate and tropical waters, associated with 
warm currents (Vidjak and Bojanić, 2009). Among the members, 
Corycaeus speciosus is represented mainly by oceanic region 
species. The front zone of East Sea were influenced by warm 
current than cold one, with C. speciosus showing diversity of 48.6 

-3ind.m  (Park and Choi, 1997). C. speciosus occurred comprising 
0.34 – 3.64% in the southern East China Sea (Shih and Chiu, 
1998). The species of family Corycaeidae was third dominant 
species (15%) in warm pool (15%) (Lee et al., 2011). In this study, 
C. speciosus was found in all three seas and corroborate with the 
previous study of Lee et al. (2011). However, temperature and 
salinity showed insignificant correlation. The results reveal that C. 
speciosus is distributed in oceans irrespective of water 
temperature and salinity. 

Euchaeta rimana is a subtropical, open-ocean copepod 
common in the plankton of North Pacific central gyre (Yen et al., 
1991). The abundance of E. rimana is maximum in the oceanic 
waters of eastern and southeastern Hong Kong (Wong et al., 
2012). This species is found in the East China Sea, where water 
temperature and salinity are high, supposed to be influenced by 
warm Kuroshio Water (Zue et al., 2006; Tseng et al., 2008). In the 

present study, E. rimana occurred in all three seas. Therefore, the 
occurrence of E. rimana in three seas may be carried by the warm 
Kuroshio Current into three seas.

Oncaea venusta is widely distributed in different oceans. 
O. venusta is dominant during summer in the northern Taiwan 
Strait (Hsieh and Chiu, 2002; Lee et al., 2009) and is relatively 
abundant in the East China Sea and Taiwan Strait during spring 
and fall (Hsio et al., 2011). In the present study, O. venusta 
dominated in the Philippine Sea although the occurrence of this 
species is not correlated with temperature and salinity. However, 
small size copepods were abundant at the subsurface layer of 
Philippine Sea, where chlorophyll was maximum and composed 
mainly of small-size phytoplankton (Taniguchi, 1977). The 
sampling of present study was not made by different water layers. 
However, the occurrence of O. venusta was supposed to be 
influenced food conditions at the subsurface layer in the 
Philippine Sea. 

Zooplankton community : The stations were classified into four 
groups at 40% level of similarity. 11 stations in the East/Japan Sea 
and four stations in the Philippine Sea were grouped one. 
Stations in the East China Sea were divided into two groups, one 
group of ESC1 and ESC2 and the other one of ESC3 (Fig. 9). The 
results of cluster-analysis by Bray-Curtis similarity indicated 
grouping of stations within similar water bodies. Zooplankton in 
the East Sea Sea were represented by high abundance of cold 

867B.R. Lee et al.: Comparison of zooplankton communities

Fig. 8 : Distribution of co-occurring species in the East, East China Sea 
and Philippine Sea in May 2012. 
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water species such as Themisto spp. juvenile, Oithona atlantica 
and Metridia pacifica. Those within northerner stations in the East 
China Sea included relatively smaller species such as 
Paracalanus parvus s.l., Oncaea venusta, Atlanta sp., Corycaeus 
robustus and Oithona longispina. The southern most station in the 
East China Sea retained Calanus spp. copepodite, Paracalanus 
parvus s.l., Corycaeus affinis, calanid copepodites and 
Paracalanus spp. copepodites. Those in the Philippine Sea 
consisted of various tropical species, such as Oncaea 
mediterranea, Cosmocalanus darwinii and Euchaeta plana.

The composition of zooplankton communities are 
influenced by water masses. Base on the habitat by water mass, 
zooplankton are usually categorized as warm-temperate species, 
eurythermal and low saline species, tropical species and cold 
water species (Chen, 1994). In the present study, four groups of 
zooplankton were divided by three seas. Oithona atlantica, 
Metridia pacifica and Paracalanus aculeatus were widely 

distributed in the East Sea Sea. Paracalanus aculeatus is carried 
by cold water mass (Dur et al., 2007). Oithona atlantica and 
Metridia pacifica are indicator species of cold water (Kang et al., 
2002; Lan et al., 2009). Cold water species had higher 
composition of total zooplankton caused by the cold water input of 
Liman Current (Kang et al., 2002). 

Zooplankton in the East China Sea was clustered into two 

groups. A few tropical species, e.g. Calanus sinicus and Undinula 

vulgaris, which can be included in the Kuroshio species, were found 

at ECS1 and ECS2 stations. Calanus sinicus is a temperate 

species, inhabiting temperature range of 5-23ºC (Chen, 1992). 

Undinular vulgaris are found in warm saline water (Zue et al., 2006). 

ECS3 station did not have any water indicator species, which may 

be restrict their distribution only to this region. Therefore, the East 

China Sea can be indicated by a mixed water community by warm 

and saline Kuroshio Current and temperate water.

868 B.R. Lee et al.: Comparison of zooplankton communities

Table 1: Results of Spearman rank correlation coefficient between common species and environmental factors in the East Sea, East China Sea and 
Philippine Sea in May 2012

Parameters                    Temperature                                        Salinity

r p r p
Corycaeus speciosus 0.375 >0.05 0.215 >0.05
Euchaeta rimana 0.633 <0.01 0.396 >0.05
Oncaea venusta 0.319 >0.05 0.121 >0.05

Fig. 9 : Comparison of zooplankton distribution between stations based on a cluster analysis using log10-trnasformd abundance data and Bray-Curtis 
dissimilarity index.
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Cosmocalanus darwinii occur in large number in the 
Kuroshio Current (Lo et al., 2014). Pleuromamma gracilis is an 
indicator species of tropical water (Lee et al., 2011) and 
distributed in the warm-core eddy (Strzelecki et al., 2007). 
Tropical species are centered on the warm pool of the Philippine 
Sea, where Cosmocalanus darwinii and Pleuromamma gracilis 
were also present. 

The Kuroshio Current affected all the study areas. The 
results conclude that zooplankton communities were influenced 
by the oceanographic characteristics of water bodies.
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