
J. Ecol. Environ. 38(3): 361-366, 2015

361 pISSN: 2287-8327   eISSN: 2288-1220

JOURNAL OF
ECOLOGY AND ENVIRONMENT
http://www.jecoenv.org

Copyright © 2015 The Ecological Society of Korea. All rights are reserved.

Diversity of freshwater Cladoceran species (Crustacea:  
Branchiopoda) in South Korea

Hyungi Jeong1,*, Alexey A. Kotov2, Wonchoel Lee3, Raehyuk Jeong3, Seuk Cheon1

1Nakdong River Environment Research Center, Goryeong 717-873, Korea
2A.N. Severtsov Institute of Ecology and Evolution, Leninsky Prospect 33, Moscow 119071, Russia
3Department of Life Science, Hanyang University, Seoul 133-791, Korea

Abstract
We investigated cladoceran fauna from 71 study areas in South Korea. Sixty-two taxa were found, of which there were 30 

planktonic and 25 littoral-benthic cladoceran species. In the present study, taxa of cladocera were identified by biograph-

ical traits. Species endemic to the Far East were found in the northernmost areas of South Korea, whereas Palearctic spe-

cies were found in the southernmost areas. Generally, coexistence of cladoceran species in northern and southern areas 

was observed, implying possible faunistic complexes of cladocera in various areas of South Korea. We believe that further 

studies conducted in different habitats will greatly expand our knowledge of the biodiversity of cladocera in South Korea. 
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INTRODUCTION

Cladocera is one of the major zooplankton groups in 

various freshwater habitats, where few other species have 

managed to penetrate. Cladocerans generally prefer len-

tic water, and are therefore uncommon in lotic water bod-

ies. Most biologists regard cladocerans as planktonic (as 

represented by the well-known genus Daphnia); however, 

they tend to be more diverse in the littoral zone, living 

among various freshwater macrophytes (Whiteside and 

Harmsworth 1967, James et al. 1998, Maia-Barbosa et al. 

2008). Some species live in the profundal zone of large 

lakes, ground waters, caves, and even in the cavities be-

tween leafs of bromeliad plants, and in small drops of wa-

ter, on the mosses of cloud tropical forests (Sinev 2002). 

Because of their adaptability to various habitats, and the 

relative lack of data available on the various habitat types, 

we assume that there is a considerably greater diversity 

of freshwater cladocera than currently described (Jeong 

et al. 2013).

The order Cladocera comprises four sub-orders: Ano-

mopoda Sars, 1865, Ctenopoda Sars, 1865, Haplopoda 

Sars, 1865 and Onychopoda Sars, 1865 (Fryer 1987). Each 

of them can be alternatively identified as Anomopoda, 

Ctenopoda, Haplopoda, and Onychopoda, respectively. 

These sub-orders further comprise more than 700 spe-

cies and 100 genera. Over the last two decades, significant 

progress has been made in the study of some genera of 

Ctenopoda (Korovchinsky 2004), Anomopoda (Smirnov                                                                                                                                         

1992, 1996, 1998, Kotov and Štifter 2006, Van Damme and 

Dumont 2008, Kotov 2009, Sinev 2009) and Haplopoda 

(Korovchinsky 2009), using morphological analysis. Al-

though considerable progress has been made recently 

in cladoceran taxonomy, there are still many gaps in our 
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Sample collection and Identification

Each sample was filtered through nets with a mesh size 

of approximately 30–100 µm. All filtered samples were 

thoroughly washed with 95% alcohol. Determination of 

cladoceran classification was accomplished swith the aid 

of a binocular stereoscopic microscope at 10–40× mag-

nification, and they were further observed under a com-

pound optical microscope, Zeiss Axioscop II (Carl Zeiss, 

Germany).

This study used current species names, from the most 

recent available literature and published papers in Korea 

(Jeong et al. 2014, Kotov et al. 2012), in addition to the 

checklist of FADA (2013).

Diversity estimation

All data for continental South Korea were compiled 

(Fig. 1), and EstimateS 9.0 (Longino and Colwell 1997) 

was used to estimate total species richness of cladocera in 

the region. Accumulation curves were plotted by comput-

ing Chao 2 estimators (EstimateS). In cases of a relatively 

small sample size, the estimates for the species richness 

were computed by using 95% confidence intervals. 

knowledge. According to Forró et al. (2008), overall cla-

doceran species richness is probably up to four times 

higher than what is currently known. 

Much work is required of cladoceran taxonomists in 

different regions worldwide (Korovchinsky 2013). Prog-

ress in the classification of Cladocera needs to be accom-

panied by studies of the regional fauna of the Iberian Pen-

insula (Alonso 1996). Besides the studies of Uéno (1937) 

and Manujlova (1964), cladocera of the northern part of 

East Asia have not garnered much attention, despite its 

tremendous diversity. As a result, the biology of freshwa-

ter zooplankton is poorly understood, outside of the Ne-

arctic and Western Palearctic (Benzie 2005). 

Although in recent years, endemic species or lineages 

have not been reported in Asia, eastern Russia, and sur-

rounding territories, Glagolev (1995) and Ishikawa (1895a, 

1895b, 1896) have described several species endemic to 

Asia. Similar studies are lacking in the Holarctic, in con-

trast to impressive advances being made in tropical and 

subtropical countries (Elmoor-Loureiro 2000, Maiphae et 

al. 2008). From a zoogeographical point of view, the di-

versity of cladocera in the Palearctic is greater than that 

in any other zone (Frey 1987, Forró et al. 2008). Conse-

quently, the Korean Peninsula, which is a part of the Pal-

eractic ecozone, is likely to have a very high diversity of 

cladocera. 

This paper aims to present a brief overview of cladoc-

eran fauna, based on zoogeographical traits, and a quan-

titative estimation of cladoceran species diversity in the 

Korean Peninsula.

MATERIALS AND METHODS

Study sites 

In 71 sites in South Korea (Fig. 1), samples were taken 

from different biotopes, including lakes, swamps, ponds, 

brackish waters, and rice paddies, over the period 2009-

2014. In the case of small ponds or puddles, a total sample 

was obtained by combining smaller samples from differ-

ent parts of the body of water. In the case of larger bod-

ies of water, several samples were taken from different 

biotopes. The samples were taken using plankton and dip 

nets that were placed over macrophytes and near-shore 

substrates. Because of insufficient data on abiotic factors, 

environmental data were excluded from this study.

Fig. 1. Map of the Korean Peninsula with localities sampled during 
study period (+, valley; △, rice paddy; □, pond; ○, swamp; ★, reservoir; ⓧ, 
lake; ▲, stream; ●, river).



Diversity of Cladocerans in freshwater

363 http://www.jecoenv.org

high (Table 2). Among the cladocerans sampled, 30 eco-

logical groups were identified as planktonic species (both 

pelagic and sub-littoral), and 25 identified as littoral and 

benthic species (Table 2). 

Normally, the number of littoral cladocerans is two to 

three times higher than that of pelagic cladocerans. Our 

results may have been influenced by insufficient sam-

pling of the littoral zone. We also assume that the list of 

planktonic cladocerans is more complete than that of lit-

toral cladocerans. Many species which were not defini-

tively identified by Yoon (2010), were identified in recent 

studies (Jeong et al. 2012, 2013, 2014, Kotov et al. 2012). 

These apparent differences could be attributed to varying 

sample sizes, sampling frequencies, and seasonal varia-

tions at the times of sampling, across the different stud-

ies. Considerably more research is necessary, to compile a 

comprehensive list of Korean cladocerans. 

Quantitative estimation of the cladoceran diver-
sity of South Korea

Cumulative curves of the species accumulation are 

represented in Fig. 2. The best model for the estimation of 

total species richness is Chao 2, yielding minimum vari-

ance and giving a prediction of 97 species in contrast to 

the 62 that were identified in the present study. Neither 

curve should plateau, because as more samples are taken, 

there should be an expected corresponding increase in 

the number of revealed and predicted taxa, according to 

the Chao 2 model (Fig. 2).

RESULTS AND DISCUSSION

Cladoceran fauna from South Korea

We identified 62 cladoceran species in 71 locations, 

55 of which were identified to the species level. In eight 

cases, we were able to identify the taxon to the generic 

level only (Table 1). In a few cases, specimens either were 

juveniles, or were deformed, displaying morphologically 

intermediary features of the known taxa. 

Chydorids were the most diverse group of cladocera, 

followed by daphniids and sidids (Table 1). Other families 

were represented by fewer species (Tables 1 and 2). These 

results were quite expected, as chydorids compose ap-

proximately half of all cladocerans worldwide (Forró et al. 

2008). The frequency of planktonic species was relatively 

Table 1. Cladocerans sampled in study sites throughout South Korea 
during the period 2009–2014

                            Taxa Number of species

Cladocera Sididae 8

Bosminidae 3

Daphniidae 17

Moinidae 4

Ilyocryptidae 4

Macrothricidae 2

Chydoridae 23

Leptodoridae 1

       Total 62

Fig. 2. Species accumulation curves for cladoceran taxa in South Korea (The dotted line represents the values for the Chao2 species richness estimator. 
The solid line is the sample-based rarefaction curve).
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Table 2. List of cladocerans found according to each habitat type (The number of sites found are represented within each habitat type)

Species list

Distribution

HabitatRiver
(3)

Stream
(5)

Valley
(2)

Lake
(13)

Reservoir
(20)

Pond
(17)

Swamp
(6)

Rice paddy
(5)

Alona affinis 　 　 　 　 　 1 　 　 littoral and benthic
Alona costata 1 1 1 2 littoral and benthic
Alona guttata 2 1 2 1 littoral and benthic
Alona kotovi 1 littoral and benthic
Alona sp. 4 3 littoral and benthic
Alonella excisa 1 1 1 littoral and benthic
Bosmina fatalis 1 planktonic
Bosmina longirostris 2 8 1 2 planktonic
Bosminopsis deitersi 1 1 1 1 planktonic
Camptocercus uncinatus 1 -
Camptocercus vietnamensis 1 -
Ceriodaphnia cornuta 3 1 planktonic
Ceriodaphnia pulchella 1 planktonic
Ceriodaphnia quadrangula 1 1 planktonic
Ceriodaphnia reticulata 1 planktonic
Ceriodaphnia sp. 1 2 1 1 planktonic
Chydorus irinae 1 littoral and benthic
Chydorus sphaericus 1 2 6 3 3 littoral and benthic
Chydorus sp. 4 7 2 2 littoral and benthic
Coronatella rectangula 1 1 2 2 3 1 littoral and benthic
Daphnia galeata 3 5 planktonic
Daphnia obtusa 1 2 1 1 planktonic
Daphnia pulex 1 1 planktonic
Daphnia similoides 1 planktonic
Daphnia sinevi 2 1 planktonic
Daphnia sp. 1 1 1 planktonic
Diaphanosoma dubium 1 1 1 1 1 planktonic
Diaphanosoma macrophtalma 2 1 planktonic
Diaphanosoma orghidani 2 1 planktonic
Diaphanosoma transamurensis 1 1 planktonic
Diaphanosoma sp. 1 2 2 2 1 planktonic
Disparalona hamata 1 3 2 3 2 1 -
Disparalona ikarus 1 1 1 1 -
Dunhevedia crassa 1 littoral and benthic
Ilyocryptus cuneatus 1 1 littoral and benthic
Ilyocryptus raridentatus 1 littoral and benthic
Ilyocryptus spinifer 2 1 2 1 littoral and benthic
Ilyocryptus yooni 1 littoral and benthic
Kurzia longirostris 1 littoral and benthic
Leberis diaphanus 1 littoral and benthic
Leptodora richardi 1 planktonic
Leydigia acanthocercoides 1 littoral and benthic
Macrothrix pennigera 1 littoral and benthic
Macrothrix rosea 1 1 littoral and benthic
Moina affinis 1 planktonic
Moina micrura 1 planktonic
Moina weismanni 1 1 planktonic
Moina sp. 1 1 1 planktonic
Nedorchynchotalona chiangi 1 -
Picripleuroxus denticulatus 1 1 1 3 3 2 littoral and benthic
Picripleuroxus laevis 1 2 littoral and benthic
Pleuroxus jejuensis 1 1 littoral and benthic
Pseudochydorus globosus 2 littoral and benthic
Pseudosida szalayi 1 -
Scapholeberis kingi 4 3 2 3 1 planktonic
Sida crystallina 1 1 1 littoral and benthic
Sida ortiva 1 1 2 littoral and benthic
Simocephalus congener 1 1 planktonic
Simocephalus mixtus 1 4 2 2 1 planktonic
Simocephalus serrulatus 2 2 1 planktonic
Simocephalus vetulus 1 1 1 planktonic
Simocephalus sp. 4 2 1 planktonic

Number of species
within habitat type

9 8 3 42 35 26 19 10 　
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tially vast biodiversity of cladocera. Further studies and 

revisions of other cladoceran taxa in the region, will likely 

show a significant increase in the current number of en-

demic taxa. 
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