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ABSTRACT

Objectives: We aimed to investigate the species composition of fish and benthic macroinvertebrates in the

Namgang Dam reservoir and assess the reservoir’s ecological quality.

Methods: Fish and benthic macroinvertebrates were seasonally sampled around the Namgang Dam reservoir

from October 2013 to September 2014.

Results: A total of 970 fish specimens were collected for this survey, including 4 orders, 14 families, and 25

species. Fourteen endemic species were observed, including Coreoleuciscus splendidus. The most observed

among the endemic species caught was Zacco koreanus (14.4%). A total of 9,093 benthic macroinvertebrates,

including 51 families and 92 species, were also found. The predominant species in the study area was

Chironomidae sp. 1. Diplonychus esakii, whose habitat is distribution-specific as designated by the Korean

National Institute of Environmental Research (NIER), were also observed. A total of 386 specimens were

collected of the invasive alien species Lepomis macrochirus, and the percentage of Lepomis macrochirus and

Micropterus salmoides made up 42.0% of all specimens collected in the area. 

Conclusion: The mean ecological score of the benthic macroinvertebrate community (ESB) ranged between 24

and 40, which indicates that the environmental condition of the target sites is somewhat poor. Based on the

results of this research, building habitats for benthic macroinvertebrates should be considered, and extermination

plans for invasive alien fish species should be prepared.
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I. Introduction

In Korea, rainfall is intense during the summer

season due to the influence of the monsoon climate

and localized heavy rain. Therefore, large- and

small-scale dams and weirs have been constructed

and operate all over the nation to effectively man-

age water resources. Dams are intensely distributed

in temperate zones, and it is a crucial issue that the

stream ecology is fragmented and the waterways

artificially changed.1,2)

The transformation from a natural stream to an

artificial lake increases retention of nutrient salts

and organic matter and greatly affects the water

ecosystem, flora, and fauna.3,4) The ecosystem in a

stream is disturbed by the construction of artificial

lakes or reservoirs, aggregate pocking, imprudent

release of captive creatures, construction of weirs

for irrigation, artificial banks, industrial wastewater,

and domestic sewage.5)

While a dam provides various benefits, it is also

a great artificial factor in disturbing the stream ecol-
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ogy.6) A dam disturbs the vertical exchange of water,

sediments, nutrients, and creatures; cuts the stream

connectivity; changes the water flow and bed struc-

ture; and affects the species of creatures in the

stream.7) The type of habitat is changed from lotic

to lentic. The community of freshwater fish and

benthic macroinvertebrates experience changes due

to these alterations in the habitat and stream ecol-

ogy.8-10) Particularly, the resultant decline in move-

ment routes for fishes can cause mutation of

species.

The analysis of a biotic community is useful for

assessing environmental conditions because the

biotic community reveals differences in structure

caused by both water pollution and naturally occur-

ring environmental changes.11,12) Benthic macroinver-

tebrates are a representative food source for fishes

and are useful as an indicator of water quality and

environmental stress because many sorts of them

are sensitive to water pollution.13,14)

Fish are the top-ranked consumers in a freshwater

eco-system, and they are closely related to human

life. Ecological evaluation around the area of a dam

reservoir can supply helpful information about pro-

viding a substitute habitat, building up a suitable

waterway, preparing spawning facilities, and desig-

nating areas where fishing is prohibited. Lee et al.

(2015) have reported that predominant fishes in the

newly constructed Gunwi Dam reservoir are Silurus

asotus, Zacco platypus, Pungtungia herzi, and

Zacco koreanus, while fishes such as Coreoleucis-

cus splendidus, Cobitis multifasciata, Liobagrus

mediadiposalis, Coreoperca herzi were not observed

after the construction of the dam.15) In the Naeseong

Stream, the populations of Cobitis sinensis and

Gobiobotia naktongensis, whose habitats are the

sand beds, decreased, while the populations of

Coreoperca herzi and Coreoleuciscus splendidus,

whose habitats are the pebble beds, increased during

the construction of the Yeongju Dam.16)

In this research, the species composition of fish

and benthic macroinvertebrates during each season

were investigated in the Namgang Dam reservoir.

Based on these results, changes in ecological quality

were evaluated with alterations in the water envi-

ronment around the dam.

II. Material and Methods

1. Research sites

The initial building of the multipurpose Namgang

Dam was completed in 1969, and reinforcement

construction continued in 2003. The dam is located

80 km upstream from the confluence of the Nak-

dong River. It is a concrete face, rockfill dam, with

a length of 1,126 m, a height of 34 m, a watershed

area of 2,285 km2, and a power capacity for elec-

tricity generation of 1.4×107 kW. This dam plays a

role in flood control and supplies water and provi-

sions for drinking water, industry, and agriculture.

In this experiment, fish fauna was investigated four

times: in October 2013, February 2014, April-May

2014, and August-September 2014. Investigation of

benthic macroinvertebrates was performed three

times: in October 2013, April 2014, and July 2014.

The sites of study are shown in Fig. 1.

2. Methods

Equipment such as cast nets (8×8 mm), skimming

nets (4×4 mm), and set nets were used at the sites

for sampling fishes. Cast nets were used ten times

at the sites. The fish collection equipment was cho-

sen based on the various conditions at the sampling

sites. Skimming nets and cast nets were used at St.

1 and St. 3 in the center of the stream, and, at St

4, in the waterfront areas, fishes were collected with

cast nets and set nets. Cast nets and skimming nets

were applied to the waterfront areas at St. 5, and

St. 6, which does not have any land route, was

reached by boat, and set nets were implemented. At

St. 7, fishes were collected with cast nets and skim-

ming nets in both the stream center and the water-

front area, while, at St. 10, cast nets and skimming

nets were also used, but only in the center of the
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stream.

Species of collected fish that could be easily iden-

tified were added to the data list and released

immediately. The other specimens were transferred

to the laboratory for classification and identification

after being fixed with a 10% formalin solution.

Identification followed the recommendations of

Choi et al. (1990)13) and Kim (1997)14), and the list

of fishes was arranged according to Kim (1997) and

Nelson (1994).17) The dominance index and the rich-

ness index of species were assessed by the methods

of McNaughton (1970)18) and Margalef (1958),19)

respectively.

Benthic macroinvertebrates were sampled with

Surber samplers (30×30 mm, mesh size 0.2 mm),

and qualitative collection was performed by hand

and with forceps. Specimens were moved into the

laboratory after treatment with 94% alcohol and

then observed with a stereoscopic microscope

(Olympus SZX12). Identification were followed the

suggestions of Kwon et al. (2013), Kim et al.

(2013), Won et al. (2005), Yoon (1988, 1995), etc.20-24)

ESB was used to assess environmental quality (i.e.,

environmental quality: score 4-very clean; score 3-

clean; score 2-polluted; score 1-very polluted), and

the methods for this assessment were chosen with

reference to Kong (1997).25)

III. Results and Discussion

1. Fish distribution

Fishes observed during the investigation included

4 orders, 14 families, and 25 species (Table 1).

Microphysogobio rapidus, Koreocobitis naktongen-

sis, Pseudobagrus brevicorpus, and Culter bervi-

cauda—fishes declared endangered by the Korean

Ministry of Environment—were reported at the

research sites in 2002 but were not found in this

experiment.

Indigenous Korean species found were as follows:

Fig. 1. Map of collection sites in the Jinyangho lake and neighboring area; the red circle indicates the study area.
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Acheilognathus koreanus, Coreoleuciscus splendidus,

Sarcocheilichthys variegatus wakiyae, Squalidus

gracilis majimae, Squalidus japonius coreanus,

Squalidus chankaensis tsuchigae, Microphysogobio

yaluensis, Zacco koreanus, Hemiculter eigenmanni,

Cobitis sinensis, Niwaella multifasciata, Liobagrus

mediadiposalis, Coreoperca herzi, and Odontobutis

platycephala. One of the most commonly found fish

among the indigenous species caught was Zacco

koreanus (14.4%). A total of 14 species were

observed, which is lower than the 2002 report’s 21

observed species.26-28)

Seven indigenous species, reported in the research

from 2002, were not recorded in this investigation:

Rhodeus uyekii, Acheilognathus yamatsutae, Micro-

physogobio jeoni, Microphysogobio rapidus, Koreo-

cobitis naktongensis, Pseudobagrus koreanus, and

Pseudobagrus brevicorpus. Pseudobagrus brevicor-

pus is known to have a habitat only in the Nakdong

river. Natural monuments and endangered species

Table 1. Total number of fishes collected from October 2013 to September 2014 at the sampling sites around Namgang

Dam

Species

Oct.

(2013)

Feb.

(2014)

Apr.-

May

(2014)

Aug.-

Sep.

(2014)

St. 1 St.3 St.4 St. 5 St.6 St. 7 St. 10

Cyprinus carpio ● 3

Carassius auratus ● 1

Acheilognathus koreensis ● ● ● 3 15

Pungtungia herzi ● ● ● ● 1 6 1 1 11

Coreolekuciscus splendidus ● ● ● ● 11 3 23

Sarcocheilichthys variegatus 

wakiyae
● ● ● 11 1

Squalidus gracilis majimae ● ● 29 1

Squalidus japonicus coreanus ● 2 16

Squalidus chankaensis 

tsuchigae
● 2

Hemibarbus labeo ● ● ● 3 4 65 7 3

Microphysogobio yaluensis ● ● ● ● 1 2 18 9

Zacco koreanus ● ● ● ● 52 37 30 21

Zacco platypus ● ● ● 4 16

Hemiculter eigenmanni ● ● ● 8 2 44

Cobitis sinensis ● ● ● 6 5

Niwaella multifasciata ● ● ● 1 3 9

Pseudobagrus fulvidraco ● 1

Silurus asotus ● 2

Liobagrus mediadiposalis ● ● 1 7

Plecoglossus altivelis ● 2

Coreoperca herzi ● ● ● ● 4 1 8

Lepomis macrochirus ● ● ● 11 14 34 287 40

Micropterus salmoides ● ● 12 4 4 1

Odontobutis platycephala ● ● ● ● 1 1 2 10

Rhinogobius brunneus ● ● ● 14 21

Total Number of Individual 21 14 13 16 112 106 25 139 152
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did not emerge in this investigation.

Dominant and subdominant species among those

caught were Lepomis macrochirus and Zacco kore-

anus. Lepomis macrochirus were distributed across

the most sites, since the Ministry of Environment

has designated them as an invasive, alien species.

Regarding the season, Carassius auratus, Pseudoba-

grus fulvidraco, and Silurus asotus were only

caught in the fall, while Cyprinus carpio and Ple-

coglossus altivelis only emerged in the summer.

The Korea Water Resources Corporation (2002)

reported that 44 species were found in this area.

However, the following 23 species were not found

at this time: Anguilla japonica, Carassius cuvieri,

Rhodeus ocellatus, Rhodeus uyekii, Acheilognathus

lanceolatus, Acheilognathus yamatsutae, Acheilog-

nathus rhombea, Acanthorhodeus macropterus,

Pseudorasbora parva, Hemibarbus longirostris, Mis-

gurnus anguillicaudatus, Pseudogobio esocinus,

Microphysogobio rapidus, Microphysogobio jeoni,

Opsariichthys uncirostris amurensis, Culter brevi-

cauda, Hemiculter leucisculus, Misgurnus mizolepis,

Koreocobitis naktongensis, Pseudobagrus koreanus,

Pseudobagrus brevicorpus, Siniperca scherzeri, and

Channa argus.

St. 1 was the furthest upstream of the sites, and

Zacco koreanus was the predominant species there.

Lepomis macrochirus was found at St. 1 in all sea-

sons, and Microphysogobio yaluensis, Niwaella mul-

tifasciata, Hemiculter eigenmanni, and Squalidus

japonicus coreanus were found for fall, winter,

spring, and summer only in endemic species at St 1.

The dominant and subdominant fishes at St. 3

were Zacco koreanus and Squalidus gracilis maji-

maes, respectively. Rock was distributed all over St.

3, and the water depth ranged between 0.4 m and

1 m. The seven indigenous fish species found there

were: Coreoleuciscus splendidus, Microphysogobio

yaluensis, Zacco koreanus, Cobitis hankugensis,

Niwaella mutifasciata, Liobagrus mediadiposalis,

and Coreoperca herzi.

The water deepened at St. 4, which was the

waterside area of the main stream. Fishes such as

Pungtungia herzi, Hemibarbus labeo, Lepomis mac-

rochirus, and Micropterus salmoides were observed.

The poorest ichthyofauna were observed at St. 5.

Waterbeds mostly consisted of mud, and only the

family of Centrachidae (Lepomis macrochirus,

Micropterus salmoides) was found. However, Lep-

omis macrochirus and Micropterus salmoides were

not found in the spring and winter. The water at

St. 5 was stagnated, and reed and bush grew at the

waterside. This created a hideout for Lepomis mac-

rochirus, but Lepomis macrochirus only emerged in

August there.

Plenty of aquatic plants were thriving, and the

water velocity slowed, at St. 6. Various ages of

Lepomis macrochirus, from fry to adult, were found

there—more than other sites. Dominant and sub-

dominant species at St. 6 were Lepomis macrochi-

rus and Hemibarbus labeo, respectively. The

individual number of Hemiculter eigenmanni and of

Hemibarbus labeo increased, while that of Lepomis

macrochirus (the dominant species at the site),

decreased in February.

St. 7 consisted of water flowing through Jinju

City. The dominant species differed, depending on

the season. They included Lepomis macrochirus

(dominant in the fall), Rhinogobius brunneus (dom-

inant in the winter), and Zacco koreanus (dominant

in the summer). Pungtungia herzi was observed

only in the spring at St. 7.

Weirs had been constructed all over St. 10, and

rapids were distributed evenly. Eleven endemic spe-

cies were found, and St. 10 was the only location

where Lepmois macrochirus and Micropterus sal-

moides were not observed.

The lowest value on the species richness index

was 0.31, in the fall at St. 5. Only two species,

Lepomis macrochirus and Micropterus salmoides,

emerged then (Table 2). The highest value for the

species richness index (2.84) was found at St. 10.

The most varying habitats for fishes, such as rapids

and ponds, were also found at St. 10.
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The species observed in these areas (25 in total)

had decreased, compared with the 44 species

observed in the 2002 report. Lepomis macrochirus

were found at all sites, except St. 10 (Fig. 2). This

species is omnivorous but preys on invertebrates

and small fishes—eating the eggs of other fishes in

the spawning season. Biota equalization is prolifer-

ated globally by species adaptation.29-30) Therefore,

consistent research is required to prepare an exter-

mination plan to counteract the increase of Lepomis

macrochirus and Micropterus salmoides and offset

the ecosystem changes caused by their introduction.

2. Benthic macroinvertebrates

In total, 9,093 benthic macroinvertebrate speci-

mens, belonging to 18 orders, 51 families, and 92

species, were recorded. Chironomidae sp. was the

predominant species at most sites, and it is known

to be resistant to pollution. Diplonychus esakii was

observed only at St. 4; this is a distributive rare

species, whose females lay eggs on the male after

mating, and the male cares for the eggs. Constant

monitoring is required for the conservation of this

significant species.

Among the observed invertebrates of the Insecta,

Diptera was the most commonly observed order,

followed by species from Trichoptera and Odonata,

Ephemeroptera, Hemiptera, Coleoptera, Lepidoptera,

and Megaloptera. The EPT group (Ephemeroptera,

Plecoptera, and Trichoptera), which lives in a lotic

environment and is sensitive to variations in the

water environment, was found at 1322 inds. m−2 at

the sampling site. The highest number of species

(total 44 species) were recorded at St. 8, as was

the highest relative density composition (2778 inds.

m−2) of benthic macroinvertebrates. Emergence of

the Chironomidae sp. and Tubificidae sp. have been

reported upstream and downstream of domestic

dams, such as the Imha dams and Daechung dam.31)

The highest value for the species richness index

(3.91) was shown in April at St. 1, and the highest

value for the dominance index was 0.92, also in

April, at St. 8. The ESB was between 16 and 48.

The environmental condition of this area is some-

what bad, and most of the sites were shown to be

β-meso-saprobic. Construction of a habitat, such as

a floating type of spawning ground, is suggested to

increase the habitat of benthic macroinvertebrates

and to active protect them against tourists polluting

Table 2. Species diversity at each site around Namgang

Dam from 2013 to 2014

Sites
Oct.

(2013)

Feb.

(2014)

Apr.-May

(2014)

Aug.-Sep.

(2014)

St. 1 1.56 0.72 0.18 1.80

St. 3 1.57 0.55 0.46 1.52

St. 4 0.76 0 0.33 0.47

St. 5 0.31 0 0 0

St. 6 0.62 0.42 0.90 0.25

St. 7 1.53 0.60 0 1.71

St. 10 2.84 1.60 0.19 1.10

Fig. 2. Sampled fishes and dominance of Lepomis

macrochirus at St. 6.
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the water environment.

3. Other major ecological groups of animals

Eight families and 11 species of mammals, includ-

ing the leopard cat (Felis bengalensis), were found

at the research locations. Excretion of the leopard

cat, which is included in the Ministry of Environ-

ment’s list of second-grade endangered species of

wild fauna and flora, and excretion of Felis benga-

lensis were observed at St. 3 and St. 8 (Fig. 3).

Footprints and excretions of Lutra Lutra were found

at St. 3 and St. 9. This indicated that a Lutra Lutra

habitat zone exists around the Namgang reservoir.

The Lutra Lutra habitats were analyzed to deter-

mine the distribution, along with the vegetation

Salix koreensis Andersson. The predominant mam-

mal species were Hydropotes inermis and Nyctere-

utes procyonoides, which are frequently observed all

over the nation.

Thirty-one families and 55 species of birds were

Fig. 3. Photographs of fish, benthic macroinvertebrates, and tracks of mammals around Namgang Dam.
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observed in the proximity of the study area. Endan-

gered species, such as Aix galericulata (Natural

Monument No. 327), Falco tinnunculus interstinctus

(Natural Monument No. 323), Culculus poliocepha-

lus (Natural Monument No. 447), and Otus sunia

(Natural Monument No. 324), were found in the

area. Conservation of current habitats and protection

from interfering human activity are required.

Designing facilities over 5 m, or planting trees at

an interval of 300 m, would be helpful—giving

birds, such as Falco tinnunculus and Buteo buteo

places for rest and exploration.

IV. Conclusion

The purpose of this research was to evaluate the

ecological environment of the Namgang reservoir

and its neighboring region and to supply basic data

for preparing future eco-environmental plans for this

area. Since 1969, the Namgang dam has supplied

agricultural and industrial water, as well as drinking

water, to Jinju and surrounding areas. It was the

first multipurpose dam in the Nakdong River basin.

The following conclusions were drawn from this

investigation.

Dominant fish were Lepomis macrochirus across

the most sites. Fourteen of the 25 observed species

were endemic, and, of these endemic species, Zacco

koreanus (14.4%) were the most frequently captured

indigenous species.

Micropterus salmoides and Lepomis macrochirus

were confirmed at most sites and were maximized

in deeper water. The only location where these spe-

cies were not found was at St. 10. Endangered

Korean fish species, such as Microphysogobio rapi-

dus and Koreocobitis naktongensis, although reported

previously, were not found in this investigation.

Therefore, suitable management and extermination

plans for invasive fish should be considered because

indigenous fish species that are also natural enemies

to this alien fish have not been found.

Among the 9,093 benthic macroinvertebrates

observed, Chironomidae sp. were predominant at

most sites. This species is resistant to pollutants and

adjusts well to most environmental conditions.

Diplonycus esakii (a rare species) was identified, as

well as Semisulcospira forticosta, Smisulcospira

coreana, and Macrobrachium koreana (which are

Table 3. Dominant species, dominance index and richness index at the Namgang Dam

Sites Time Dominant Species Sub-dominant Species ESB DI RI

St. 1

Oct. Chironomidae sp.1 Palaemon paucidens 16 0.72 1.60

Apr. Trigomphus citimus Palaemon paucidens 45 0.21 3.91

July Palaemon paucidens Baetis fuscatus 29 0.55 2.43

St. 4

Oct. Chironomidae sp.1 Crocothemis servilia 28 0.55 2.71

Apr. Cipangopaludina chinensis malleata Aquaris paludum 22 0.53 2.08

July Aquaris paludum (Fabricius) Aquaris paludum 26 0.35 2.35

St. 5

Oct. Chironomidae sp.1 Cloeon dipterum 22 0.55 1.89

Apr. Chironomidae sp.1 Gerris latiabdominis 29 0.46 2.90

July Parafossarulus manchouricus Chironomidae sp.1 30 0.74 2.05

St. 8

Oct. Baetis fuscatus Chironomidae sp.1 44 0.44 3.14

Apr. Chironomidae sp.1 Apatania maritima 28 0.92 1.64

July Goera japonica Ecdyonurus levis 48 0.41 2.76

St. 9

Oct Paracercion calamorum Chironomidae sp.1 25 0.85 1.94

Apr. Chironomidae sp.1 Culex sp. 25 0.52 2.29

July Chironomidae sp.1 Physa acuta 22 0.88 2.06
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indigenous species). The ESB ranged between 16

and 48, and the environment was β-meso-aprobic at

most sites. The environmental condition of the tar-

get area is somewhat poor. Habitats of benthic mac-

roinvertebrates are not plentiful because of the rapid

water quantity variations in the reservoir. Therefore,

creating habitat facilities, such as artificial reefs and

floating spawning grounds, should be considered for

the reservoir, as well as improving methods to pre-

vent development and tourists from polluting the

water.
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