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ABSTRACT 
 
Habitat quality, phytoplankton, zooplankton, macro-invertebrates, hydrophytes 
and fish communities were surveyed in 29 lakes and reservoirs in Jeollanam-do 
Province, Korea, in 2015. Among the four hundred and thirty-two (432) 
phytoplankton species identified, two hundred and eighteen (218) were 
Chlorophyceae and 41 were Cyanophyceae (green and blue-green algae). The 
standing crop of phytoplankton ranged from 61 to 468,067 cells/ml and 
Aphanocapsa sp. was the dominant species (21.6% relative density). The 52 
zooplankton taxa identified included 42 Rotifera, eight Cladocera and 32 
Copepoda and the relative abundance of these major groups varied from 9.7 to 
67.6%. Annual mean density across the 45 sampled sites was 421 ± 539 
individuals/L, lower than the value obtained in the previous work in 2014. 
Compared with the findings of the past surveys, species diversity and abundance 
were lower, whereas the proportion of Rotifera was higher. The macro-
invertebrate community across 10 surveyed sites comprised 74 species 
distributed in 68 genera belonging to 52 families. The 7,936 aquatic insects 
identified corresponded to 47 species within the 43 genera. Diptera were the 
most abundant macro-invertebrates (31.4%), followed by Mollusca (24.1%), 
Ephemeroptera (14.3%), Crustacea (12.0%), Annelida (6.7%), and Trichoptera 
(6.5%). Tracheophyta from 10 sampled sites comprised 260 taxa: 20 varieties, 
two formae, one sub-species, 237 species, 197 genera and 76 families. There 
were 44 taxa (16.9%) of naturalized plants, seven of which are classified as 
causing disturbance to wild ecosystems according to the Ministry of 
Environment. The 10 sampled sites yielded 41 species of fish fauna belonging to 
16 families and eight orders. Among these, Korean endemic species (five families 
and two orders) presented 20.3% dominance and a 12.2% endemism index. The 
dominance index of alien species, Cyprinus carpio, Carassius cuvieri, Lepomis 
macrochirus and Micropterus salmoides was 16.2%. The information provided 
here contributes to our knowledge and evaluation of disturbed lake 
communities, allowing us to improve the environment and implement better 
water quality protection measures to increase the health and sustainability of 
these lakes. 
 
Key words: Phytoplankton, zooplankton, aquatic invertebrates, hydrophytes, 
fish, environment, lentic, lotic, endemic. 
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INTRODUCTION 
 
Aquatic ecosystems may be classified into oceanic and 
freshwater. The latter may then be divided into the lotic 
system in which the water flow from small and large rivers 
is distributed over the interior of a landscape and the 
lentic system, which comprises waters with limited flow, 
such as lakes and ponds and the marshlands connected to 
them (Welschenmeyer and Lorenzen, 1985; Barnes and 
Mann, 1991; Welch and Lindell, 1992). Cycles occurring in 
these freshwater ecosystems are largely influenced by the 
characteristics of the water environment. Aquatic 
ecosystems support a large number and wide variety of 
organisms, but they can be severely disturbed by 
fluctuations in water volume and quality. It is very hard for 
these ecosystem to recover after a disturbance and 
economic damages are usually massive. Therefore, 
protection of aquatic ecosystems is fundamental for the 
maintenance of the Earth’s ecosystem itself (Odum, 1971). 

Traditional subsistence agriculture and intensive 
agriculture in the Jeollanam-do Province and Gwangju 
Metropolitan City of Korea depend on the lakes distributed 
across these areas for their maintenance. However, these 
waters are stressed by pollution beyond their capacity to 
self-purify.  

The increase of pollutants and eutrophication resulting 
from the dramatic urbanization and industrialization of 
these areas during the latter half of the 20th century have 
greatly influenced the ecological structure and function of 
the lakes, which have been distorted by water pollution 
(Park et al., 1992; Lee et al., 2000; Kim and Park, 2003; 
Seong et al., 2003). The major lakes, including Juam and 
Dongbok, that are part of the YeongsanRiver and 
SeomjinRiver system, are of great value as drinking water 
sources. In these lakes, Microcystis spp., Peridinium spp., 
and Staurastrum spp. are increasingly forming algal 
blooms; in other words, tidal water pollution occurs more 
frequently. In addition, a survey of coliform bacteria and a 
microbial indicator of drinking water quality revealed that 
water quality in the lakes tended to coincide with fecal 
pollution in river basins due to precipitation (Chung et al., 
1994; Choi et al., 1998; Lee, 1998). These phenomena are 
as a result of the distortion of natural nutrient cycles 
mainly due to artificial interventions. 

It is essential to assess the habitat conditions of lake 
organisms and identify organism communities and biota in 
order to protect water resources and water quality and to 
maintain the health of the aquatic ecosystem. The present 
study examined the habitat conditions and the 
characteristics and distribution of phytoplankton, 
zooplankton, benthic macro-invertebrates, hydrophytes 
and fish inhabiting the major lakes located in Jeollanam-do 
Province and Gwangju Metropolitan City. The technical 
information and knowledge provided here contribute to 
the systematic, scientific and efficient improvement of the 
environment in these lakes and will help inform water 
quality protection measures to maintain the health and  

sustainability of lake ecosystems. 
 

 

MATERIALS AND METHODS 

 

In 2015, 29 lakes located in Jeollanam-do and Gwangju 
Metropolitan City (Figure 1) were surveyed for their general 
trophic state, use and water quality parameters. Zooplankton, 
phytoplankton, benthic invertebrates, hydrophytes and fish 
density and diversity were also examined, as well as species 
abundance, standing crop of individuals, dominant species, 
rare and naturalized hydrophyte species and protected and 
introduced fish species. 

Water and biota sampling followed the Lake 
Environment Survey Guidelines (amended version) 
published by the Korean Ministry of Environment (2009). 
Zooplankton and phytoplankton were sampled four 
different times within the 29 lakes, whereas benthic 
invertebrates, hydrophytes and fishes were sampled twice 
at only 10 lakes: Yeongsan, Guemho, Youngam, Gaecho, 
Hakpa, Bongam, Dunjeon¸ Bojeon, Sopo and Kungok. 

The trophic level evaluation of the 29 lakes followed the 
revised method of Carlson’s trophic state index (TSIm). 
TSIm indices were calculated according to total 
phosphorus (TP) and chlorophyll a concentrations and 
trophic level was obtained on the basis of the average 
values of these indices. Values < 40 imply that the lake is 
oligotrophic, values between 40 and 50 indicate a 
mesotrophic lake and values over 50 indicate a eutrophic 
lake. 

 

 
RESULTS AND DISCUSSION 

 

Habitat conditions 

 

The water quality survey (Figure 2) revealed that mean 
water temperature ranged from 11.9ºC in Damyang to 
17.8ºC in Guemho. Sangsa and Suyang showed the lowest 
pH (7.1) and Dunjeon and Bulgap showed the highest (8.3). 
The annual mean dissolved oxygen (DO) density ranged 
between 8.5 mg/L (Sangsa and Juam) and 11.9 mg/L 
(Bosung) and electric conductivity ranged between 68.0 
µs/cmin Damyang and 2464.0 µs/cm in Guemho. 
Chlorophyll a varied between 3.2 mg/m3 in Suaeo and 60.3 
mg/m3 in Gaecho. Total nitrogen (TN) presented the 
lowest value in Naju (0.598 mg/L) and the highest in 
Yeongsan (3.254 mg/L) and TP was lowest in Dongbok 
(0.010 mg/L) and highest in Gwangiu (0.110 mg/L). 
There were 11 mesotrophic lakes (that is, Gwangju, Naju, 
Damyang, Dongbok, Bulgap, Sangsa, Suyang, Suaeo, 
Youngam, Jangseong and Juam), whereas the remainder 
were classified as eutrophic (Table 1). 
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Figure 1: Lakes or reservoirs included in the present study. 1: Jangseong, 2: Damyang, 3: Gwangju, 4: Naju, 5: 
Daedong, 6: Bulgap, 7: Daedong reservoir, 8: Suyang, 9: Odong, 10:  Yeongsan, 11: Guemho, 12: Youngam, 13: 
Hakpa, 14: Gaecho, 15: Sopo, 16: Dunjeon, 17: Bongam, 18: Bojeon, 19: Kungok, 20: Juam, 21: Sangsa, 22: 
Bosung, 23: Suaeo, 24: Hadong, 25: Dongbok, 26: Baekun, 27: Jangsu, 28: Jijung, 29: Sudong. 

 
 
Phytoplankton distribution and characteristics 
 
Phytoplankton diversity was surveyed in 45 locations 
within the 29 lakes belonging to the Yeongsan River and 
Seomjin River system. Among the 432 species identified, 
122 were diatoms, 218 were green algae, 41 were blue-
green algae and 51 belonged to several taxa, including 
Euglena spp. In terms of taxonomic composition, 28% of 
the taxa found were diatoms, 50.5% were green algae and 
9.5% were blue-green algae. Thus, the most abundant taxa 
within phytoplankton were green algae and diatoms.  

Phytoplankton species diversity ranged from six to 72 
species and the peak was obtained during the second 
survey (Figure 3). Species diversity was higher in Gaecho, 
Dunjeon, Bosung 2, Sopo and Odongthan in other locations 
and it was relatively poor in Youngam 1 and 2, Yeongsan 1, 
Guemho 1 and Sangsa 1. Phytoplankton population density 
ranged from 61 to 468,067 cells/ml and the highest value 
was obtained during the second period surveyed (Figure 
4). Overall, there were larger gaps between species density 
in several lakes from the second to the fourth survey 
periods than in the first survey, a finding that may be 
associated with the proliferation of blue-green algae. 
During the entire survey period, the dominant species of 
phytoplankton were blue-green algae, including 
Aphanocapsa sp., Microcystis sp., Coelosphaeriumnae 
gelianum, Phormidium valderianum var. tenuis, Oscillatoria 

sp., and Merismopedia minima. Aphanocapsa sp., in 
particular, was the most dominant species, corresponding 
to 21.6% of the cells observed per ml, although Microcystis 
sp. and C. gelianum also showed quite high relative density 
values (12.3 and 11.3%, respectively). 
Chlorophyll a concentration ranged from 0.06 to 204.65 
mg/m3 (Figure 5). 
 
 
Zooplankton distribution and characteristics 
 
Zooplankton communities were assessed four times during 
2015 in 45 locations within the 29 lakes and 52 taxa were 
identified: 42 Rotifera, 8 Cladocera and 2 Copepoda. The 
first to fourth surveys identified 23, 33, 43 and 39 taxa, 
respectively, with the third and the fourth surveys 
(conducted in August and November, respectively) 
showing relatively high species diversity. Zooplankton 
diversity was highest in Dunjeon, Gaecho and Daedong and 
few species were observed in Guemho 1, Suaeo 2 and 
Youngam 2. 

The mean abundance registered over the four surveys at 
the 45 locations was 421 ± 539 individuals/L (N = 180), 
which is slightly inferior to the results (537 ± 1,189) obtained 
in 2014. Values varied from the first to fourth surveys (339, 
472, 555 and 321 individuals/L, respectively), with the highest 
abundance in the third survey (Figure 6). Annual mean 
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Figure 2: Water quality parameters measured at the study sites 2008 to 2014 (previous studies, closed circles) and in 2015 
(present study, open circles). 1: Gaecho, 2: Gwangju, 3: Kungok, 4: Guemho, 5: Naju, 6: Damyang, 7: Daedong, 8: Daedong reservoir, 
9: Dongbok, 10: Dunjeon, 11: Baekun, 12: Bosung, 13: Bojeon, 14: Bongam, 15: Bulgap, 16: Sangsa, 17: Sopo, 18: Sudong, 19: 
Suyang, 20: Suaeo, 21: Yeongsan, 22: Youngam, 23: Odong, 24: Jangseong, 25: Jangsu, 26: Juam, 27: Jijung, 28: Hadong, 29: Hakpa. 

 
 
abundance (N =4) was highest in Naju1 (1,561), followed by 
Kungok (1,209) and Yeongsan 1 (1,038) and lowest in 
Damyang1 (47) and Bojeon (49). Average relative richness of 
the major zooplankton taxa (N = 180) was 67.6% for Rotifera, 
9.7% for Cladocera, 6.8% for Copepoda and 15.9% for 
unclassified larvae; the proportion of Rotifera slightly 
increased over its 2014 value of 64%. The dominant species 
were the rotifers Polyarthra vulgaris and Keratella 
cochlearis, although Copepoda larvae were frequently sub-
dominated. Compared with studies from 2008 to 2014, the 
number of taxonomic groups and the density found in the 
present study slightly decreased and the proportion of 
Rotifera increased. 

The mean (N =4) density found for Rotifera, Cladocera and 
Copepoda were 334 ± 515, 20±215, and 22±44, respectively. 
Cladocera density was lower than the average observed in 
2014 (62 ± 215) but similar to that observed in 2013 (3±75). 
As for variation across locations (Figure 7), Rotifera 
proliferated, particularly in Naju1 (1,519±1,436 individuals/L) 
and Kungok (1,093±856 individuals/L) and their density was 
especially low in Bojeon (28±14 individuals/L) and Damyang1 
(40±24 individuals/L). Cladocera showed a relatively high 
density in Dunjeon (185±403 individuals/L), Yeongsan1 
(65±171 individuals/L) and Jijung (65±180 individuals/L). 
Copepoda showed a noticeably high density in Dunjeon 
(164±168 individuals/L) and appeared frequently in Jijung  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Academia Journal of Biotechnology; Kim et al.         402 
 
 
 

Table 1: Trophic level classification of the lakes surveyed in the present study in 2015tgyaz, based on Carlson’s 

trophic state index (TSIm) average values for total phosphorus (TP) and chlorophyll a (Chl a). 
 

Lake TSIm(TP) TSIm(Chl a) Average Classification 

Gaecho 72 69 71 Eutrophy 

Gwangju 51 47 49 Mesotrophy 
Kungok 57 57 57 Eutrophy 
Guemho 59 56 58 Eutrophy 
Naju 49 48 49 Mesotrophy 
Damyang 47 41 44 Mesotrophy 
Daedong 55 54 54 Eutrophy 
Daedong reservoir - - - - 
Dongbok 42 40 41 Mesotrophy 
Dunjeon 66 57 61 Eutrophy 
Baekun 52 58 55 Eutrophy 
Bosung 57 60 59 Eutrophy 
Bojeon 67 65 66 Eutrophy 
Bongam 60 51 56 Eutrophy 
Bulgap 46 43 44 Mesotrophy 
Sangsa 48 40 44 Mesotrophy 
Sopo 63 54 58 Eutrophy 
Sudong 56 50 53 Eutrophy 
Suyang 55 40 47 Mesotrophy 
Suaeo 49 37 43 Mesotrophy 
Yeongsan 63 56 60 Eutrophy 
Youngam 56 44 50 Mesotrophy 
Odong 60 61 60 Eutrophy 
Jangseong 48 44 46 Mesotrophy 
Jangsu 58 55 56 Eutrophy 
Juam 47 43 45 Mesotrophy 
Jijung 62 58 60 Eutrophy 
Hadong - - - - 
Hakpa 68 48 58 Eutrophy 

 
 

 
 

Figure 3: Number of species belonging to each different group, within each lake. 1: Gaecho, 2: Gwangju-1, 3: Gwangju-2, 4: Kungok, 5: Guemho-
1, 6: Guemho-2, 7: Guemho-3, 8: Naju-1, 9: Naju-2, 10: Damyang-1, 11: Damyang-2, 12: Daedong, 13: Daedongreservoir, 14: Dongbok-1, 15: 
Dongbok-2, 16: Dunjeon, 17: Baekun, 18: Bosung-1, 19: Bosung-2, 20: Bojeon, 21: Bongam, 22: Bulgap, 23: Sangsa-1, 24: Sangsa-2, 25: Sopo, 26: 
Sudong, 27: Suyang, 28: Suaeo-1, 29: Suaeo-2, 30: Yeongsan-1, 31: Yeongsan-2, 32: Yeongsan-3, 33: Youngam-1, 34: Youngam-2, 35: Youngam-3, 
36: Odong, 37: Jangseong-1, 38: Jangseong-2, 39: Jangsu, 40: Juam-1, 41: Juam-2, 42: Juam-3, 43: Jijung, 44: Hadong, 45: Hakpa. 
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Figure 4: Variation in phytoplankton cell numbers per taxa group across study sites. 

 
 

 
 

Figure 5: Variation in chlorophyll a, from the first to the fourth survey periods across study sites. 

 
 
(83±116 individuals/L). Copepoda larvae presented a high 
density in Dunjeon (205±310 individuals/L), Jangsu (192±281 
individuals/L), Yeongsan2 (180±245 individuals/L), and 
Yeongsan1 (116±123 individuals/L). Immature Copepoda and 
larvae were present at a high density in Dunjeon, Yeongsan 
and Jangsu, whereas in Kungok, larval density was noticeably 
high and immature adults were very scarce. Therefore, the life 
cycle distribution of Copepoda populations varied according to 
location (Figure 7). The mean number of taxonomic groups 
was highest in Dunjeon and Sopo (12 taxa) followed by 
Gaecho, Daedong reservoir, Daedong and Yeongsan2 (11 taxa).  

By contrast, very low diversity values for taxa were found in 
Guemho 1 (3 taxa), Damyang 2 and Dongbok 1 (4 taxa) (Figure 
8). 
 
 
Benthic macro-invertebrate distribution and 
characteristics 
 
Collected macro-invertebrates were identified and 
classified into four phyla, seven classes, 17 orders, 52 
families, 68 genera and 74 species. Among these, aquatic
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Figure 6: Zooplankton mean abundance across study sites (N = 4). 

 
 

 
 

Figure 7: Zooplankton mean abundance within each taxa group, across study sites (N = 4). 

 
 
insects (Arthropoda) accounted for more than half of the 
taxonomic groups (63.5%), distributed across six orders, 
31 families, 43 genera and 47 species. The phylum 
Mollusca was represented by two classes, four orders, 10 
families, 13 genera and 15 species accounting for 20.3% of 
the taxonomic groups and the phylum Annelida (two 
classes, three orders, five families, six genera, and six 
species) accounted for 8.1% of groups. Crustacea (phylum 
Arthropoda: three orders, five families, five genera and five 
species) corresponded to 6.8% of the taxonomic groups 
and the phylum Platyhelminthes (one species) to 1.4%. 
Among the aquatic insects, Coleoptera had the highest 

diversity (nine families, 11 genera and 11 species; 14.9%) 
followed by Ephemeroptera (six families, nine genera and 
10 species; 13.5%), Odonata (four families, eight genera 
and nine species; 10.2%), Diptera (five families, five genera 
and six species), Trichoptera (three families, five genera 
and six species; 8.1%) and Hemiptera (four families, five 
genera and five species; 6.8%)(Figure 9). 

Considering variation in taxa diversity across lakes, 
Bongam registered the largest values (three phyla, five 
classes, 11 orders, 25 families, 29 genera and 32 species), 
whereas Sopo showed the lowest value (12 species). In 
terms of collecting locations, the largest species diversity 
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Figure 8: Mean number of zooplankton species across study sites (N = 4). 

 
 

 
 

Figure 9: Macro-invertebrate species number ratios according to the collection site within lakes. 

 
 
at the entrance of the lake was observed in Dunjeon (four 
phyla, four classes, 10 orders, 18 families, 21 genera and 
21 species) and the lowest was found in Sopo (nine 
species). In general, macro-invertebrate species were more 
dominant in lotic zones than in lentic zones. Regarding lake 
water bodies, the highest number of species appeared in 
Hakpa (three phyla, five classes, 10 orders, 15 families, 16 
genera and 17 species) and the poorest diversity was in 
Sopo (five species). 

Across all locations, the standing crop of the collected 

individuals was 7,936. Diptera accounted for the highest 
proportion (31.4%) of this value with 2,493 individuals, 
followed by Mollusca (24.1%), Ephemeroptera (14.3%), 
Crustacea (12.0%), Annelida (6.7%) and Trichoptera 
(6.5%) (Figure 10). In terms of collecting locations, the 
standing crop of the individuals collected at the entrance of 
the lake was 4,677. Diptera also accounted for the highest 
proportion of this value (34.1%; 1,596 individuals), 
followed by Ephemeroptera (23.0%), Mollusca (15.4%), 
Trichoptera (10.9%), Crustacea (6.8%) and Annelida 
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Figure 10: Macro-invertebratespecies number ratios across lakes. 

 
 
(4.3%). The standing crop of individuals collected in the 
water body of lakes was 3,259. Mollusca contributed the 
most to this value (36.7%; 1,196 individuals) followed by 
Diptera (27.5%), Crustacea (19.6%), Annelida (10.2%) and 
Ephemeroptera (1.8%). 

The Diptera Chironomus sp. dominated the surveyed 
locations in the first survey at both collection sites. The 
following species dominated samples taken from the lake 
entrance: Radix auricularia, Physaacuta, Gyraulus chinensis 
and Hippeutis cantori (Phylum Mollusca); Limnodrilus 
gotoi (Phylum Annelida); Gnorimosphaeromanaktongense 
and Caridinadenticulata denticulate (Class Crustacea); 
Baetis fuscatus and Uracanthe llarufa (Phylum 
Ephemeroptera); Ischnura asiatica (Phylum Odonata) and 
Goerodes KUa (Phylum Trichoptera). In the water body of 
the lake, Radix auricularia, Physaacuta and Hippeutis 
cantori of phylum Mollusca, Limnodrilus gotoi of phylum 
Annelida, Gnorimosphaeromanaktongense, C. denticulate 
and Macrobrachium nipponense of class Crustacea and I. 
asiatica of phylum Odonata were dominant. Dominance at 
the lake entrance was the lowest (0.60) in Youngam and 
highest (0.98) in Sopo, whereas within the water body, 
Sopo presented the highest dominance (1.00) and Gaecho 
the lowest (0.50). 

In the second survey, the dominant species were mainly 
Limnodrilus gotoi (Annelida) and Chironomus(C. 1sp. And 
C. 2sp.; Diptera) at both collection sites. Pomacea 
canaliculata, Radix auricularia, Hippeutis cantori, and 
Oxylomahirasei (Mollusca), Erpobdella lineate (Annelida), 
Macrobrachium nipponense (Crustacea), Uracanthellarufa 
(Ephemeroptera), Culicidae sp. (Diptera) and 
Macronemaradiatum (Trichoptera) dominated around the 

entrance. Cipangopaludinachinensismalleata, Radix 
auricularia and Hippeutis cantor (Annelida), 
Gnorimosphaeromanaktongense, Caridinadenticulata 
denticulata and Macrobrachium nipponense (Crustacea), 
Cloeon dipterum and Caenis KUa (Ephemeroptera), 
Muljarus japonicas (Hemiptera) and Culicidae sp. (Diptera) 
dominated in the lake water body. Dominance at the 
entrance was lowest in Youngam (0.44) and highest in 
Dunjeon (0.87), whereas in the water body, Dunjeon had 
the highest dominance value (0.92) and Hakpa the lowest 
(0.46). 

The diversity index at the lake entrance in the first 
survey was highest in Youngam (2.71) and lowest in Sopo 
(0.73). In the water body, Gaecho showed the highest 
diversity (2.97) and Dunjeon the lowest (0.55). In the 
second survey, Youngam had the highest diversity (3.22) 
and Hakpa the lowest (1.77) at the entrance of the lake and 
Hakpa had the highest (2.79) and Dunjeon the lowest 
(0.88) in the water body. 
 
 
Hydrophytes distribution and characteristics 
 
The assessed lakes were artificial reservoirs built for 
agricultural use, small and medium-sized in scale. The 
hydrophytes inhabiting them included 32 taxa consisting 
of 20 families, 28 genera, 31 species, and one variety 
(Table 2). Among these, 15 taxa corresponded to emerged 
hydrophytes: Persicaria thunbergii, Ranunculus tachiroei, 
Cardaminelyrata, Aeschynomene indica, Oenanthe javanica, 
Lycopus lucidus, Ecliptapro strata, Iris pseudoacorus, 
Aneilem akeisak, Phragmites communis, Leersia japonica, 
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Table 2: Main Hydrophytafound in the 10 surveyed lakes. 
 

Family Species 
Lakes*  

Code Type 
1 2 3 4 5 6 7 8 9 10 

Polygonaceae 
Persicariathunbergii (Siebold and 

Zucc.) H.Gross ex Nakai 
○   ○ ○  ○    19 EH 

 

Ranunculaceae Ranunculus tachiroei Franch. and Sav. ○   ○ ○  ○   ○  24 EH 

 

Nymphaeaceae 
Euryale ferox Salisb.  ○          35 F-LH 
Nelumbonucifera Gaertn.    ○      ○ 36 F-LH 
Nymphaeatetragona Georgi    ○       33 F-LH 

 
Ceratophyllaceae Ceratophyllumdemersum L. ○ ○ ○ ○  ○      37 SH 
 
Cruciferae Cardaminelyrata Bunge          ○  49 EH 
 
Leguminosae Aeschynomeneindica L.    ○ ○   ○ ○   53 EH 
 
Trapaceae Trapa japonica Flerow ○ ○ ○ ○ ○ ○ ○ ○ ○ ○  70 F-LH 
 
Halorrhagaceae Myriophyllumverticillatum L. ○ ○ ○ ○  ○  ○    79 SH 
 
Ammiaceae Oenanthejavanica (Blume) DC. ○   ○  ○ ○   ○  89 EH 
 
Gentianaceae Nymphoidesindica (L.) Kuntze         ○   98 F-LH 
 
Lamiaceae LycopuslucidusTurcz.    ○  ○      109 EH 
 
Compositae EcliptaprostrataL.    ○        143 EH 
 

Hydrocharitaceae 
Hydrillaverticillata (L.f.) Royle         ○   157 SH 
Hydrocharisdubia(Blume) Backer ○  ○    ○    152 F-LH 

 

Potamogetonaceae 

Potamogetoncrispus L. ○ ○ ○   ○  ○    173 SH 
Potamogetondistinctus A. Benn.    ○       166 F-LH 
Potamogetonmalaianus Miq.  ○ ○     ○   167 SH 
Zannichelliapedunculata Rchb.  ○ ○     ○   181 SH 

 

Najadaceae 
Najasgraminea Delile      ○      182 SH 
Najas marina L.  ○         183 SH 

 
Iridaceae Iris pseudoacorus L.    ○  ○ ○   ○  194 EH 
 
Commelinaceae Aneilemakeisak Hassk.    ○        195 EH 
 

Poaceae 

Echinochloacrus galli var. echinata 
Honda 

 ○ ○     ○   
 

205 EH 

Leersia japonica Makino ○ ○  ○ ○ ○   ○ ○ 200 EH 
Phragmites communis Trin. ○ ○ ○ ○ ○ ○ ○  ○ ○ 197 EH 
Zizanialat ifolia (Griseb.) Turcz. ex 
Stapf 

  ○    ○ ○   203 EH 

 

Lemnaceae 
Lemnaperpusilla Torr. ○     ○    ○  212 F-FH 
Spirodelapolyrhiza (L.) Sch. ○ ○    ○    ○ 211 F-FH 

 

Typhaceae 
Typhaangustifolia L. ○ ○ ○ ○ ○ ○    ○  217 EH 
Typhaorientalis C. Presl    ○  ○     218 EH 

 

32 taxa: 20 families, 28 genera, 31 species and 1 variety 13 13 11 18 7 14 8 8 6 11     
 

*Lakes: 1. Gaecho, 2. Kungok, 3. Guemho, 4. Dunjeon, 5. Bojeon, 6. Bongam, 7. Sopo, 8. Yeongsan, 9. Youngam, 10. Hakpa. Type: EH (Emerged hydrophytes), F-LH 
(Floating-leaved hydrophytes), SH (Submerged hydrophytes), F-FH (Free-floating hydrophytes). 
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Zizania latifolia, Echinochloacrus galli var. echinata, 
Typhaang ustifolia andTyphaorientalis. Submerged  
hydrophytes (eight taxa) included Ceratophyllum 
demersum, Myriophyllum verticillatum, Hydrilla verticillata, 
Potamogeton distinctus, Potamogeton crispus, Zannichellia 
pedunculata, Najas graminea and Najas marina. Floating-
leaved hydrophytes (seven taxa) included Nymphaeate 
tragona, Euryale ferox, Nelum bonucifera, Trapa japonica, 
Nymphoides indica, Hydrocharis dubia and Potamogeton 
malaianus. Floating hydrophytes were Lemna perpusilla 
and Spirodela polyrhiza. Among the 32 hydrophyta, one 
taxon was identified as first class (Zannichellia 
pedunculata), one as second class (Nymphoides indica) and 
two taxa as fifth class (Euryale ferox and Hydrocharis 
dubia). E. ferox was considered a second-level endangered 
species (that is, it is a wild species at risk of extinction). 
Bongam presented the richest variety of hydrophytes with 
18 taxa identified. Another 14 taxa were identified in 
Bojeon, 13 in Guemho and Sopo, 11 in Gaecho and 
Youngam, eight inYeongsan and Dunjeon, seven in Kungok 
and six in Hakpa.  

Tracheophytes totaling 228 taxa consisted of 65 families, 
172 genera, 206 species, 19 varieties, two formae and one 
sub-species. Among these, the following 20 taxa were 
considered rare: Salix chaenomeloides, Salix gracilistyla, 
Minuarti avernavar. coreana, Impatiens textori, Artemisia 
selengensis, Juncuseffusus var. decipiens, Alopecurusa 
equalis, Alopecurus pratensis 'Aureo 
variegatus,'Calamagrosti sepigeios, Miscanthus 
sacchariflorus, Paspalum distichum, Paspalum distichum 
var. indutum, Phalarisa rundinacea, Polypogon fugax, 
Carexneuro carpa, Carexsca brifolia, Cyperusa muricus, 
Cyperus difformis, Scirpus maritimus and Scirpus triqueter. 
Two plant species endemic to the Korean peninsula were 
found (Clematis trichotoma and Euscaphis japonica), along 
with 45 naturalized species: Rumex crispus, Phytolacca 
americana, Silene armeria, Chenopodium glaucum, Papaver 
rhoeas, Brassica juncea, Lepidium apetalum, Potentilla 
supina, Medicagolu pulina, Melilotus officinalis, Trifolium 
pratense, Trifolium repens, Vicia villosa, Sicyos angulatus, 
Oenothera biennis, Veronica arvensis, Veronica persica, 
Plantagolan ceolata, Ambrosia artemisii folia var. elatior, 
Aster pilosus, Aster subulatus, Aster subulatus var. 
sandwicensis, Bidens frondosa, Erigeron canadensis, 
Coreopsis lanceolata, Coreopsis tinctoria, Cosmos bipinnatus, 
Cosmos sulphureus, Erigeron annuus, Hypochaeris radicata, 
Senecio vulgaris, Solidago altissima, Sonchus asper, 
Sonchuso leraceus, Taraxacum officinale, Xanthium 
strumarium, Avenafatua, Dactylis glomerata, Festuca 
arundinacea, Festuc amyuros, Loliummulti florum, 
Paspalum distichum, Paspalum distichum var. indutum and 
Ambrosia trifida. Among these, several species were 
introduced either by human intervention or naturally from 
abroad that disturbed or might disturb the endemic 
ecosystem. These species were Sicyos angulatus, Ambrosia 
artemisii folia var. elatior, Ambrosia trifida, Aster pilosus, 
Hypochaeris radicata, S. altissima, P. distichum and P. 

distichum var. indutum. 
 
 
Fish distribution and characteristics 
 
Within the 10 lakes surveyed in the first and latter halves 
of 2015, 5,892 fishes belonging to eight orders, 16 families 
and 41 species were observed. The highest number of taxa 
(24) was found in Yeongsan. The habitat of Culter 
brevicauda, a species newly classified as second level 
(wildlife at risk of extinction) in 2012 was confirmed only 
in the upper Yeongsan. Among the 41 identified species, 
five were Korean endemic species and showed a 
naturalization rate of 12.2%. Four species were classified 
as introduced, presenting an infiltration rate of 9.8%. 

In terms of the taxonomic group, most of the species 
identified belonged to Cyprinidae (20,48.8%), while 
Cobitidae and Gobiidae were represented by three species 
each (7.3%) and Engraulidae, Odontobutidae and 
Centrarchidae had two species each (4.9%). Anguillidaea, 
Siluridae, Bagridae, Mugilidae, Hemiramphidae, 
Lateolabracidae, Osphronemidae, Channidae, and 
Tetraodontidae had one species each (2.4%). The main fish 
species were Coilianasus, Rhodeusuyekii, Hemiculterei 
genmanni, Zacco platypus and Culter brevicauda. 

The dominant species was Carassius carassius (1,277 
individuals, 21.7%) and the sub-dominant species was 
Hemiculterei genmanni (993 individuals, 16.9%). Among 
the identified fish, the Korean endemic species were 
Rhodeusuyekii (59 individuals, 1.0%), Squalidus 
gracilismajimae (62 individuals, 1.1%), Squalidus 
chankaensist suchigae (76 individuals, 1.3%), Hemiculterei 
genmanni (993 individuals, 16.9%) and Odontobutis 
platycephala (three individuals, 0.1%), belonging to two 
families. The prevalence of Korean endemic species was 
highest in Yeongsan (three species). Two species were 
identified in each of Kungok, Dunjeon, and Hakpa and one 
species in each of Gaecho, Guemho, Bongam, Sopo and 
Youngam. In Bojeon, there were no Korean endemic 
species (Table 3). 

The four exotic fish species collected from all the lakes 
belonged to two families (953 individuals, 16.2%) and 
included Cyprinus carpio (106 individuals, 1.8%), Carassius 
cuvieri(72 individuals, 1.2%), Lepomis macrochirus(526 
individuals, 8.9%), and Micropterus salmoides (249 
individuals, 4.2%) (Table 4). Guemho, Sopo, Yeongsan and 
Hakpa yielded more than three exotic species and one 
exotic species was identified in each of Kungok, Dunjeon 
and Bongam. No habitat for exotic species was observed in 
Gaecho and Bojeon and C. carpio were continuously 
observed in Kungok. 

In a fish community index analysis, dominance was 0.39, 
species diversity 2.80, species evenness 0.75 and species 
richness 4.61. The dominance was lowest in Yeongsan 
(0.36) and highest in Gaecho (0.69). Species diversity was 
lowest in Gaecho (1.56) and highest in Yeongsan (2.63). In 
terms of evenness, Gaecho showed the lowest value (0.63) 
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Table 3: The status of Korean endemic fish species at the 10 surveyed lakes. 
 

Species 
Lakes* 

1 2 3 4 5 6 7 8 9 10 

Rhodeusuyekii  23  15      21 
Squalidusgracilismajimae  62         
Squaliduschankaensistsuchigae        76   
Hemicultereigenmanni 197  118 59  52 231 61 147 128 
Odontobutisplatycephala        3   

 
Number of Korean endemic species 1 2 1 2 - 1 1 3 1 2 
Number of species 12 13 16 13 15 11 13 24 18 15 
Endemic index(%) 8.3 15.4 6.3 15.4 - 9.1 7.7 12.5 5.6 13.3 
Total index (%) 12.2 (5/41) 

 

*Lakes: 1. Gaecho, 2. Kungok, 3. Guemho, 4. Dunjeon, 5. Bojeon, 6. Bongam, 7. Sopo, 8. Yeongsan, 9. Youngam, 10. Hakpa. 

 
 

Table 4: Status of exotic fish species at the 10 surveyed lakes. 
 

Species 
Lakes* 

1 2 3 4 5 6 7 8 9 10 

Cyprinuscarpio  106         
Carassiuscuvieri   16    10 33 11 2 
Lepomismacrochirus   114   46 41 195 49 81 
Micropterussalmoides   49 42   17 30 26 85 

 
Number of invasive species - 1 3 1 - 1 3 3 3 3 
Number of species 12 13 16 13 15 11 13 24 18 15 
Invasive index (%) - 7.7 18.8 7.7 - 9.1 23.1 12.5 16.7 20.0 
Total index (%) 9.8 (4/41) 

 

*Lakes: 1. Gaecho, 2. Kungok, 3. Guemho, 4. Dunjeon, 5. Bojeon, 6. Bongam, 7. Sopo, 8. Yeongsan, 9. Youngam, 10. Hakpa. 

 
 

Table 5: Fish community analysis based on species, as indicated by the dominance (DI), diversity (H'), evenness (J'), and 
richness (RI) indices calculated across the 10 surveyed lakes. 

 

Lakes DI H’ J’ RI 

Gaecho 0.69 1.56 0.63 1.88 
Kungok 0.51 1.99 0.77 1.78 
Guemho 0.41 2.25 0.81 2.36 
Dunjeon 0.58 1.85 0.72 1.92 
Bojeon 0.49 2.11 0.78 2.35 
Bongam 0.51 1.87 0.78 1.71 
Sopo 0.64 1.83 0.71 1.89 
Yeongsan 0.36 2.63 0.83 3.29 
Youngam 0.44 2.25 0.78 2.68 
Hakpa 0.45 2.12 0.78 2.18 
Total 0.39 2.80 0.75 4.61 

 
 
and Yeongsan the highest (0.83). Species richness was the 
lowest in Bongam (1.71) and the highest in Yeongsan (3.29, 
Table 5). 

The biota of the major lakes in the water systems of 
Yeongsan and Seomjin Rivers were surveyed in order to 
provide baseline data for scientific studies and efficient 
solutions to the conservation and safety of aquatic 
ecosystems and water resources. Although no exotic 
species were confirmed in this study, there may well be 
exotic species within the 29 lakes located in Jeollanam-do 
Province and Gwangju Metropolitan city. Thus, efforts to 

perform further surveys, to implement and improve 
management policies within these ecosystems should be 
continued. 
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