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Abstract

Invasive alien fish species, such as the largemouth bass, Micropterus salmoides (Lacepede, 1802), and bluegill, Lepomis macrochi-
rus Rafinesque, 1819, have rapidly spread across freshwater ecosystems in Korea, raising serious ecological threats. This study in-
vestigated the impact of these invasive alien species on fish communities in large lakes and small reservoirs over a 5-year monitoring
period (2019-2023). Eight sites, including four lakes and four reservoirs, were surveyed twice a year. Fish were collected using cast
nets, kick nets, and gillnets (for lakes). Species diversity indices (Shannon’s H', Pielou’s J', and Margalef richness) and dominance
indices were calculated. Poisson-based analysis of variance models was applied to examine the relationship between the densities
of invasive alien species and the diversity of fish communities. Sites with higher densities of largemouth bass and bluegill had sig-
nificantly lower diversity indices. Non-metric multidimensional scaling analyses indicated distinct community groupings according
to the type of waterbody and the presence of invasive alien species. These results emphasize the need for continued monitoring and
management strategies tailored to different habitat scales.
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Introduction

The growth of international trade and industrial devel-
opment has resulted in an increase in the influx of alien
species (Bellard et al. 2013; ME 2006). According to the
Global Invasive Species Program, there are four types
of introduction pathways of alien species: intentional,
accidental, contained, and post-introduction spread via

vectors. In Korea, the majority of alien species have been
intentionally introduced for purposes such as agricul-
ture, ornamental use, and the pet trade, although some
cases have involved unintentional or contained introduc-
tions (Bang et al. 2004). Among alien species, fish are
often deliberately introduced for fisheries and biological
control. Nevertheless, unintentional introductions have
also occurred due to the escape of farmed individuals,
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released pets, or mixing during the release of other fish
species. In Korea, both intentional and unintentional
introductions appear to be the major pathways for the
invasion of alien fish species. The introduction of such
alien species can result in both ecological and economic
damage; in fact, it has been reported that the global eco-
nomic loss due to the spread of alien species amounts to
approximately 530 trillion KRW annually (IPBES 2023).
Moreover, invasive alien species are among the most sig-
nificant direct drivers of global biodiversity loss. In par-
ticular, biological diversity has been significantly altered
in freshwater ecosystems by invasive alien species over
the past 50-100 years, with their impact on biodiversity
intensifying continuously (IPBES 2023). As per the most
recent national survey, 2653 alien species have been
identified in Korea, showing a steady increase from 894
species recorded in 2009 (NIE 2021). Among them, alien
fish accounted for 879 species (NIE 2023), comprising
33.13% of all recorded alien species.

In Korea, the most prominent invasive alien fish spe-
cies are the largemouth bass, Micropterus salmoides
(Lacepede, 1802), and bluegill, Lepomis macrochirus
Rafinesque, 1819. The largemouth bass is a species
native to the southeastern United States. It was intro-
duced to Korea from North America in 1973 to im-
prove fishery resources, being first released into Cheo-
rwon and Lake Paldang, after which it spread through
rivers and reservoirs throughout the country. The blue-
gill, also native to the southeastern United States and
belonging to the same family, was introduced to Korea
from Japan in 1969 for the same purpose, after which
it spread to rivers and lakes nationwide.

Aquatic ecosystems are relatively enclosed systems
that are particularly vulnerable to disruption caused
by the introduction of alien species (Strayer 2010). As
invasive alien species, fish occupy the higher trophic
levels in ecosystems and induce more profound chang-
es than other taxonomic groups (Orians 1995; Strayer
2010). Moreover, alien fish may compete with native
fish species and alter the food web, potentially affect-
ing water quality and nutrient cycling (Gallardo et al.
2015). In particular, the introduction of novel preda-
tors exerts the greatest impact on native benthic inver-
tebrates (Gallardo et al. 2015).

The largemouth bass reduces fish species diversity
in invaded ecosystems and modifies food web structure
(Carpenter and Kitchell 1993; Takaharu et al. 2015).
Due to its generalist feeding habits and behavior of
guarding spawning grounds, it often becomes an apex
predator in aquatic ecosystems (Hill and Cichra 2005;
Almeida et al. 2012), exerting significant negative ef-
fects on reservoirs and rivers (Ko et al. 2008). Blue-
gills are omnivorous and feed on both plant and ani-
mal material; however, they often exhibit a preference
for animal prey, depending on the environment. Their
broad diet and rapid population growth pose a threat to
invertebrate and fish communities (Song et al. 2012).
Consequently, both the largemouth bass and bluegill
have been designated as ecosystem-disturbing species

under the Natural Environment Conservation Act since
1998 (Act on the Conservation and Use of Biological
Diversity, Article 21-2, Risk Assessment) and are sub-
ject to management in Korea (NIE 2021; ME 2024).

Freshwater ecosystems are typically classified into
lotic systems, such as rivers, and lentic systems, such
as lakes, reservoirs, and wetlands. Unlike rivers, lakes
and reservoirs exhibit stagnant water with minimal flow
and generally support a single stable community struc-
ture (Dobson and Frid 2009). Over time, fish species
inhabiting lentic environments develop species-specific
ecological and physiological strategies that allow them
to adapt to these conditions and maintain their popu-
lations (Kim et al. 2005). Nevertheless, in such sin-
gle-community lentic systems, the introduction of alien
species can cause a decline in biodiversity (Vitousek et
al. 1996), and studies have also reported a significant
reduction in fish species diversity in lakes and reser-
voirs invaded by alien species (Maezono and Miyashita
2003; Maezono et al. 2005). The impact of alien spe-
cies may vary depending on the size of the reservoir. In
small lakes with relatively low ecological complexity,
there is limited available space, resources are scarce,
and native fish communities are more vulnerable to dis-
ruption. In contrast, large lakes with greater ecological
complexity and more available habitats may buffer the
spread of alien species to some extent.

Therefore, this study focused on assessing the relative
abundance and community structure of fish communities
in lakes colonized by invasive alien species, namely blue-
gill and largemouth bass, based on 5 years of monitoring
data from large and small lakes. The outcomes of this
research may support management strategies that aim to
maintain balanced fish communities by regulating popu-
lations of these species.

Materials and methods

Fish monitoring was conducted twice annually (in sum-
mer and autumn) from 2019 to 2023 at eight sites where
largemouth bass and bluegill were present. These sites
included four lakes—Lake Chuncheon, Lake Chungju,
Lake Daecheong, and Lake Jangseong—and four res-
ervoirs—Susim, Gangjeong, Buckchosan, and Gwan-
glyeong (Fig. 1).

Cast nets (mesh size: 5 x 5 mm) and kick nets (mesh
size: 4 X 4 mm) were used to evaluate the fish fauna at
each site. Furthermore, in the four large lakes, gill nets
(4- and 12-panel types, each 50 m in length) were set
for more than 12 h and then retrieved. Cast nets were
thrown at least 10 times per site, and kick netting was
conducted for 40 min. All captured fish were identified
and counted on-site. Native fish were released back into
the habitat after identification, excluding the invasive
alien species. The relative abundance of each species
was calculated to compare fish assemblages among the
sites. Community structure was analyzed using indices
of species diversity, evenness, and richness.
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Figure 1. Map showing the eight study sites located in South Ko-
rea. A. Lake Chuncheon, B. Lake Chungju, C. Lake Daecheong,
D. Lake Jangseong, E. Gangjeong Reservoir, F. Buckchosan
Reservoir, G. Susim Reservoir, H. Gwanglyeong Reservoir.

Species diversity was calculated using the Shannon—
Wiener index (Pielou 1969):

) ni, N
#=3 [ ]
where § is the total number of species, 7, is the number of
individuals of species i among the collected individuals,
and N is the total number of individuals collected.
Evenness was estimated with Pielou’s evenness index
(Pielou 1975):

which expresses the ratio of observed diversity to the
maximum possible diversity.

Species richness was evaluated using Margalef’s rich-
ness index (RI) (Margalef 1958):

(5-1)

RI=1m

where N is the total number of individuals in the sample.

The effect of the relative abundance of largemouth bass
and bluegill on fish species diversity was evaluated by
analysis of variance (ANOVA) using R (ver. 4.4.2) based
on the Poisson distribution. ANOVA was conducted using

the aov function with the specified Poisson family, and the
Type II sum of squares was applied using the car package
(ver. 3; Fox and Weisberg 2019). For post hoc analysis,
the emmeans package (ver. 1.10.7; Russell et al. 2021) was
used for comparing pairwise mean differences, and Tukey’s
HSD was applied for identifying statistically significant
group differences. The relationship between sampling sites
and fish assemblages was further analyzed using non-met-
ric multidimensional scaling (nMDS) with the metaMDS
function from the vegan package (ver. 2.6-10; Oksanen et
al. 2025) in R (ver. 4.4.2). Dissimilarity among sites was
evaluated using the Bray—Curtis distance. The ordination
results were interpreted based on the stress value, where
values < 0.2 indicate acceptable ordination and values <
0.05 indicate excellent fit (Clarke and Warwick 1994).

Results

Over the 5-year monitoring period, 9105 individual fish
representing 41 species from 11 families were collected
from the four lake sites, with the invasive alien species
bluegill and largemouth bass accounting for 3947 individ-
uals (a relative abundance of 43.35%; Table 1). Among
the lakes, Lake Chuncheon exhibited the highest relative
abundance (72.98%; 1383 individuals) and the greatest
species richness (27 species). Bluegill and largemouth
bass were consistently dominant in Lake Chuncheon, re-
sulting in elevated dominance values and a corresponding
decline in evenness. In Lake Chungju, bluegill remained a
persistent subdominant species, although cyprinids, such
as Coreoperca herzi Herzenstein, 1896, were also abun-
dant, resulting in a slightly different community structure.

In Lake Daecheong, the abundance of invasive alien
species declined in 2023 compared with earlier years;
however, their relative abundance still reached 40.78%.
As 18 species were present, both the diversity index and
species richness were the highest among the four lakes.
Lake Jangseong also exhibited a lower proportion of in-
vasive alien species in 2023; however, the small number
of species collected implied that the richness and diversi-
ty indices were only minimally affected.

Bluegill was predominant in the four reservoirs (Table 2).
In Gangjeong, only bluegill was recorded, although the
overall abundance was comparatively low. In Buckchosan,
largemouth bass was dominant until 2020; however, after
a complete removal project, no invasive alien species were
detected, resulting in increases in diversity and richness. In
Susim, only largemouth bass was observed, although 1780
individuals representing 20 species were captured; hence,
the dominance values were low. In contrast, both large-
mouth bass and bluegill were detected in Gwanglyeong,
and these two species were also found for several years in
this reservoir, indicating a marked community imbalance.
Across the lakes, C. herzi and bluegill were typically dom-
inant or subdominant, whereas in the reservoirs, C. her-
zi, bluegill, largemouth bass, and the goby, Rhinogobius
brunneus (Temminck et Schlegel, 1845), were frequently
dominant or subdominant (Table 3).
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Table 1. Fish assemblage data year and lakes in South Korea, 2019-2023.

Lakes at the study site
Species Chuncheon Chungju Daecheong Jangseong
2019 2020 2021 2022 2023|2019 2020 2021 2022 2023|2019 2020 2021 2022 2023|2019 2020 2021 2022 2023

Order Cypriniformes

Family Cyprinidae
Cyprinus carpio

Carassius auratus 17 3 9 3 3 7 2 7 10 11 5 1 43 |18 11 27 33 54

Carassius cuvieri*

[ O N

Acheilognathus lanceolata intermedia
Acheilognathus yamatsutae 9 22 2
Acanthorhodeus chankaensis 29
Pseudorasbora parva 3 4 2 2
Pseudopungtungia nigra** 1
Pungtungia herzi 1 2 11 1 2
Sarcocheilichthys variegatus wakiyae* 1
Sarcocheilichthys nigripinnis morii* 3 3
Squalidus japonicus coreanus* 3 4 2
Squalidus chankaensis tsuchigae* 8 3 2 78 25 24 11 13 |12 115 36 49
Hemibarbus labeo 0 9 42 17 15| 1 8 3 34 7 4 94 41 18 42
Hemibarbus longirostris 2 4
Pseudogobio esocinus 9 6 5 7 22 1 9 8 10 4 105 7 5 1
Microphysogobio yaluensis* 1
Zacco temminckii 2
Zacco koreanus*
Zacco platypus 9 14 2 5 8 135 31 6 35 11 |29 1 7 6 8§ 16 9 21 5
Opsariichthys uncirostris amurensis 4 21 2 7 2 1 15 30
Squaliobarbus curriculus 66 1 1
Erythroculter erythropterus 2 10 15
Hemiculter eigenmanni 4 139 115 297 191 73 [ 469 175 79 238 44 |280 153 375 237 137
Family Cobitidae
Iksookimia hugowolfeldi* 2 2
Cobitis nalbanti* 6 2
Order Siluriformes
Family Bagridae
Pseudobagrus fulvidraco 4 1 1 1 4
Family Siluridae
Silurus asotus 1
Order Osmeriformes
Family Osmeridae
Hypomesus nipponensis 7 1 3166 4 1 1 5 1 2
Plecoglossus altivelis 3
Order Salmoniformes
Family Salmonidae
Oncorhynchus masou 1
Order Perciformes
Family Centropomidae
Siniperca scherzeri 4 2 3 2 3 3 1 2 1
Coreoperca herzi* 6
Family Centrarchidae
Lepomis macrochirus® 206 287 60 159 126| 20 166 126 79 62 | 137 365 74 37 137|145 339 161 297 51
Micropterus salmoides* 136 8 50 106 164 | 1 23 24 2 |20 34 14 15 9 |14 50 30 101 31
Family Odontobutidae
Odontobutis platycephala® 1 1 1 1
Odontobutis interrupta™® 2 2
Family Gobiidae
Gymnogobius urotaenia 1
Rhinogobius giurinus 2 2
Tridentiger brevispinis 1 7123 2 1 1 1
Family Channidae
Channa argus 1 1 1 1
Total individuals 398 448 1838 477 384 | 239 354 469 448 187 | 759 737 280 375 358|503 805 652 750 294
Total species 12 16 12 10 16 | 13 10 9 12 1213 12 13 13 18|12 13 12 12 11
Shannon’s Diversity Index (H') 128 124 1.69 146 164|144 137 102 1.70 1.64|1.23 148 187 144 200|128 1.64 127 1.51 153
Pielou’s Evenness (J') 0.51 045 0.68 0.63 0.59]0.56 0.59 0.46 0.68 0.66|0.48 0.59 0.73 0.56 0.69|0.51 0.64 0.51 0.61 0.64
Simpson’s Dominance Index (1) 0.86 0.84 0.59 0.68 0.760.73 0.79 090 0.60 0.72|0.80 0.73 0.55 0.73 0.51|0.84 0.61 0.82 0.71 0.65
Species richeness (RI) 1.84 246 2.10 146 252|219 153 130 1.80 2.10|1.81 1.67 2.13 2.02 2.89|1.77 1.79 1.70 1.66 1.76

*: Korean endemic species, A: Korean endangered species, ®: Invasive alien species, 4: alien species
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Table 2. Fish assemblage data from reservoirs in South Korea, 2019-2023.

Reservoirs at the study site

Species Gangjeong

Buckchosan Susim Gwanglyeong

2019 2020 2021 2022 2023

2019 2020 2021 2022 2023

2019 2020 2021 2022 2023|2019 2020 2021 2022 2023

Order Cypriniformes

Family Cyprinidae
Cyprinus carpio 1 6 2 4 10 6
Carassius auratus 7 3 13 21 30 87| 4 26 10 11 87 7
Carassius cuvieri* 1
Ctenopharyngodon idellus 1
Acheilognathus lanceolata intermedia 2
Pseudorasbora parva 8 8 14 70 47 10 48 1
Squalidus japonicus coreanus* 11 1
Squalidus chankaensis tsuchigae*® 1 6
Hemibarbus labeo 1 1
Abbottina rivularis 4
Microphysogobio jeoni* 11 89
Aphyocypris chinensis 1
Zacco platypus 1
Opsariichthys uncirostris amurensis 1 7
Squaliobarbus curriculus 6 16 13 32 89 42 116 47
Erythroculter erythropterus 1 18 10 48 46 39 127
Hemiculter eigenmanni 59 41 28 83 77 138 29 66 23
Family Cobitidae
Misgurnus anguillicaudatus 11 16 20 1 1 1

Misgurnus mizolepis
Order Siluriformes
Family Bagridae
Pseudobagrus fulvidraco
Family Siluridae
Silurus asotus 1
Order Beloniformes
Family Adrianichthyidae

Oryzias sinensis 126 205 205
Oreder Synbranchiformes
Family Synbranchidae
Monopterus albus 1 1 1
Order Perciformes
Family Centrarchidae
Lepomis macrochirus® 1 791 188 294 206
Micropterus salmoides® 19 20 9 20 37|40 143 69 50 19 29 204 11 46 165 66
Family Odontobutidae
Micropercops swinhonis 9 3 1
Family Gobiidae
Rhinogobius giurinus 3 30 21 44 127 145 135 1 1 135
Tridentiger brevispinis 9 43 1 11 46
Family Channidae
Channa argus 1 1 1
Total individuals 98 113 89 207 256 | 65 189 148 302 429|438 243 278 392 429|995 199 354 373 66
Total species 8 8 7 8 14 | 4 2 2 4 5 10 8 1 15 5 2 2 5 4 1
Shannon’s Diversity Index (H'") 125 1.70 1.55 1.71 2.03]099 055 041 097 1.07|175 182 1.65 188 1.07|0.51 021 0.58 0.72 0.00
Pielou’s Evenness (J') 0.60 0.82 0.80 0.82 0.77|0.71 0.80 0.59 0.70 0.66|0.76 0.87 0.69 0.70 0.66|0.73 031 036 0.52
Simpson’s Dominance Index (1) 0.80 0.54 0.65 0.61 047|082 1.00 1.00 0.90 0.79|0.52 040 0.65 0.55 0.79|1.00 1.00 0.96 0.99
Species richness (RI) 1.53 148 134 131 234|072 0.19 020 0.53 0.66|1.48 127 1.78 234 0.66|0.14 0.19 0.68 0.51 0.00

*: Korean endemic species, ®: Invasive alien species, 4: alien species

Korean endemic species were collected in Chuncheon
(8 species, mean endemic rate 29.6%), Chungju (2 species,
10.5%), Daecheong (2 species, 8.7%), Jangseong (5 species,
23.8%), Gangjeong (2 species, 10.0%), and Susim (3 spe-
cies, 15.0%), but were not observed in Buckchosan or Gwan-
glyeong (Tables 2, 3). In addition, the endangered species,
Pseudopungtungia nigra Mori, 1935, was captured once in
Chuncheon in 2019 but has not been recorded thereafter.

nMDS analysis of fish communities and largemouth
bass/bluegill densities revealed that all sites contained

invasive alien species (Tables 1, 2; Fig. 2). Among the
lakes, Lake Chuncheon had the highest proportion of in-
vasive alien species (72.98%), whereas among the reser-
voirs, Gwanglyeong showed 99.19% (Table 3). Bluegill
was dominant in the lakes, whereas largemouth bass was
dominant in the reservoirs (Fig. 2).

A Type II Poisson-based ANOVA revealed that the
density of both largemouth bass and bluegill significantly
affected species diversity (Table 4). Largemouth bass den-
sity exerted a significant effect on diversity (£, ,, = 8.58,
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Table 3. Fish community characteristics in the study sites in South Korea.
Factor Lake Reservoir

Chuncheon Chungju Daecheong Jangseong Gangjeong Buckchosan Susim Gwanglyeong
N 1895 1697 2509 3004 763 1133 1780 1987
N 27 19 23 21 20 8 20 7
D L. macrochirus ~ H. ei i H eig i H. ei H. ei; R. giurinus S. curriculus L. macrochirus
RA [%] 44.22 48.03 40.06 39.35 37.75 35.92 16.52 74.43
B M. salmoides L. macrochirus L. macrochirus L. macrochirus M. salmoides O. sinensis E. erythropterus M. salmoides
RA [%] 28.76 26.69 29.89 33.06 13.76 29.21 14.61 24.76
N, 1383 503 842 1219 105 184 167 1,971
RA [%] 72.98 29.64 33.56 40.58 13.76 16.24 9.38 99.19
ENs 8 2 2 5 2 0 3 0
ER [%] 29.6 10.5 8.7 23.8 10.0 0 15.0 0

N = total number of individuals, § = number of species, D = dominant species, B = subdominant species, N, = number of invasive alien species, EN = number of Korean

endemic species, RA = relative abundance, ER = mean endemic species rate.
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Figure 2. Density of Micropterus salmoides (A) and Lepomis macrochirus (B) at the study sites in South Korea during the moni-

toring period.

P = 0.0057), and bluegill density exerted a very strong
effect (F, ,,=21.02, P <0.0001), and the interaction be-
tween them was also significant (¥, ,,=14.87, P<0.001).
Neither lake size nor its interactions with largemouth bass
or bluegill density significantly affected diversity (P >
0.05), and the largemouth bass x lake size interaction was
similarly nonsignificant (P > 0.05).

The nMDS ordination further revealed distinct clus-
tering of communities according to waterbody size (lakes
vs. reservoirs; Fig. 3), confirming size-related differences
in fish assemblages. Buckchosan plotted separately from
the other reservoirs, indicating community shifts after the
complete removal of largemouth bass in 2020.

Discussion

Largemouth bass and bluegill have been introduced to im-
prove fishery resources in several countries. Similarly, they
were introduced to Korea to address food shortages and im-
prove fish stocks. Since their introduction, both species have
adapted to and spread across most rivers and reservoirs,
causing ecological disturbances. Largemouth bass are now
widely distributed throughout the country, including Jeju
Island, and are especially abundant in the main river chan-
nels, with higher densities typically observed in low-gradi-
ent rivers (Kim and An 2021). Largemouth bass prefer lentic

habitats with slow or stagnant water flow (Lee et al. 2009).
Similarly, bluegill prefer slow-flowing environments and are
now widely distributed across rivers and reservoirs in Korea,
with particularly high occupancy rates in weedy dam lakes
and reservoirs (Son and Song 2006). This indicates differ-
ences in microhabitat between the two species.

In the presently reported study, bluegills were largely
absent from reservoirs, except for one individual in Buck-
chosan and a few individuals in Gwanglyeong. Howev-
er, their abundance was high in larger lakes, exhibiting a
distinct distribution pattern compared with that of large-
mouth bass, which were present at all sampling sites.
Lake Chuncheon had the highest number of species and
the highest proportion of invasive alien species (72.98%).
In contrast, the other lake sites (Chungju, Daecheong, and
Jangseong) exhibited lower relative abundances of inva-
sive alien species (29.64%, 33.56%, and 40.58%, respec-
tively). In reservoirs, except for Gwanglyeong (99.19%),
the relative abundance of invasive alien species was low-
er, ranging from 9.38% to 16.24%, indicating a generally
lower load of invasive alien species than that in lakes.

These differences can be attributed to several factors.
First, the sampling methods differed between lakes and
reservoirs. Cast nets and kick nets used in lakes have
limitations, especially in deeper waters; hence, gill nets
were also deployed, which were particularly effective in
collecting species such as largemouth bass and bluegill
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Table 4. ANOVA results using the Poisson distribution (Type II tests; response: Shannon index) in the study site in South Korea.

Sum DF F value Pr(>F)
Largemouth bass density 1.1041 1 8.5795 0.005720
Bluegill density 2.7050 1 21.0195 4.814¢-05
Lake type 1.9142 1 14.8740 0.000431
largemouth bass density:Bluegill density 0.0634 1 0.4924 0.487138
largemouth bass denstiy:Lake type 0.0666 1 0.5176 0.476248
Bluegill density:Lake type 0.3520 1 2.7349 0.106420
largemouth bass density:Bluegill density:Lake type 0.2125 1 1.6512 0.206579
Residuals 4.8903 38
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Figure 3. Ordination plots of fish species from four lakes and four reservoirs, in South Korea, based on non-metric multidimen-

sional scaling (nMDS; stress value = 0.18).

that were active at depths of 2-3 m. Second, lakes may
have been prioritized earlier in fishery improvement
projects, resulting in earlier and more extensive introduc-
tion of invasive alien species, which are now reaching
ecological saturation. In contrast, most reservoirs have
been established for agricultural purposes and may have
experienced a delayed introduction of invasive species.
For instance, in Buckchosan, largemouth bass was dom-
inant until 2020 (relative abundance 63.08%—75.66%);
however, after a complete removal project, no invasive
alien species have been observed since 2021, resulting
in an overall decrease in their 5-year cumulative abun-
dance. In Gwanglyeong, only a few individuals of native
species, such as carp Cyprinus carpio, crucian carp, Car-
assius Carassius (Linnaeus, 1758), topmouth gudgeon,
Pseudorasbora parva (Temminck et Schlegel, 1846), and
northern snakehead, Channa argus (Cantor, 1842), were
recorded, whereas most captured fish were invasive alien
species, indicating a severely degraded fish community.

The analysis of largemouth bass and bluegill densities
in lakes and reservoirs revealed that both species were
significantly negatively correlated with fish species diver-
sity. These results are consistent with those of Lee et al.
(2020), who reported that the abundances of largemouth
bass and bluegill significantly and negatively correlated
with the total abundance of native fish. This suggests that
increased densities of invasive alien species correspond
to decreased species diversity. Because diversity reflects
both species richness and evenness, the dominance of in-
vasive alien species implies a decline in ecosystem health
and stability. Largemouth bass feed on aquatic insects,
fish, and shrimp, and those inhabiting lakes primarily
prey on fish (Ko et al. 2008; Park et al. 2019). Bluegills
are omnivorous and feed on both plant material and an-
imal prey; however, in introduced habitats, they tend to
prefer animal prey and feed on aquatic invertebrates,
small fish, and fish eggs (Mittelbach 1984; Azuma 1992).
At invaded sites, both species probably caused declines in
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the abundance of native species through direct predation
and competition for food and habitat, leading to reduced
species richness and abundance.

It has been almost 50 years since the introduction of
largemouth bass and bluegill into the freshwater ecosys-
tems of Korea, and numerous studies continue to report
their negative impacts on fish communities, native spe-
cies, and endemic fauna. According to Kim (1997), the
average percentage of endemic species in Korea is 25.9%.
Compared with this value, all study sites exhibited lower
proportions, except for Chuncheon (29.6%). Therefore,
it is important to develop ongoing strategies and conduct
consistent monitoring to protect and restore river eco-
systems. The presently reported study was conducted in
lakes and reservoirs within the Hangang, Geumgang, and
Yeongsangang River basins; therefore, some variability
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