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Background: Due to the rapidly changing climatic conditions, South Korea faces the
grand challenge of exotic species. With the increasing human movement, the influx of
alien species to novel regions is prevalent across the globe. The latest research suggests
that it is easy to prevent the introduction and establishment of alien species rather than
controlling their spread and eradication. Like other countries, the Korean Ministry of Environment released a list (in 2018) of 45 potential risky exotic fish species considered likely
to be invasive candidate fish species if they ever succeed in entering the Korean aquatic
ecosystems.
Results: The investigation into the invasion suitability traits showed that potential risky
fish species could utilize those features in becoming invasive once they arrive in the Korean aquatic ecosystems. If the novel species establish viable populations, they are likely to
incur higher economic costs, damage the native aquatic fauna and flora, and jeopardize
the already perilled species. Furthermore, they can damage the installed infrastructure,
decline overall abundance and biodiversity, and disturb the ecosystem services. Here we
reviewed the list of fish species concerning their family, native origin, preferred aquatic
biomes, main food items, current status in Korea, and potential threats to humans and
the ecosystems. Data shows that most species are either already designated as invasive
in the neighboring counties, including Japan, Vietnam, Thailand, and China, or originate
from these countries. Such species have a higher climate match with the Korean territories.
Conclusions: Therefore, it is exceptionally essential to study their most critical features
and take regulatory measures to restrict their entry. The incoming fish species must be
screened before letting them in the country in the future. The regulatory authorities must
highlight the threatening traits of such species and strictly monitor their entrance. Detailed research is required to explore the other species, especially targeting the neighboring countries fish biodiversity, having demonstrated invasive features and matching the
Korean climate.
Keywords: Korea, exotic species, risky fish, fish control, spread, ecological impacts

Introduction
Invasive alien species (IAS), also known as non-native
species (NNS), are a persistent and devastating threat to
biodiversity, ecosystems, and services (Cuthbert et al.,
2021; Pyšek et al. 2020). Scientists are continuously warning about the increasing global invasions, simultaneous
threats to the ecosystems, and damages leading to huge socioeconomic costs (Copp et al. 2021; Haubrock et al. 2021a).
Furthermore, the invasion threat is expanding owing to
globalization and climate change (Kim et al. 2021a; Mamun
et al. 2018; Seebens et al. 2018). The experts suggest the
most cost-effective strategy in their prevention of spread
and invasion of the potentially invasive species to negative

the future impacts of IAS (Diagne et al., 2021; Leung et al.
2002). The threats posed by the invasive species involve the
decline of native biodiversity (Kim et al. 2019), extinction
of threatened species, modifications to the critical cycles
ensuring the sustainability of recipient ecosystem, physical
habitat alterations, and damages to the installed infrastructure (Jarić et al. 2019; Pyšek et al. 2012).
Researchers believe that only a tiny portion of IAS has
been illustrated so far, which indicates the possibility of a
large number going undetected (Alexander et al. 2014; Jang
et al. 2002). Therefore, it is becoming increasingly important to discuss the potentially invasive species that may become invasive if they could enter an ecosystem. The
non-native fish species (NNFS) could enter the novel eco-
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systems through many entryways, with humans the most
recurrent facilitators (Atique et al. 2020). Ideally, the most
advantageous introduction pathways include intentional
release, stocking for biocontrol, food, aquaculture, sports,
conservation, aquarium escape, bait release, accidental release, and miscellaneous escapes e.g., from aquaculture
ponds, ballast release etc. (Fuller 2003; Seebens et al. 2021).
Owing to the increasing trends of live organism trade,
the introduction of new species for food, aesthetics, and
game fishing, the inflow, and influence of IAS is projected
to increase by 20 times in the next three decades (Sardain
et al. 2019). Perhaps feeling the potentially imminent
threats to the native biodiversity, the Korean Ministry of
Environment (MOE) has recently started working on designating potential risky species and has consistently released and updated the list of potentially invasive species
that could be highly damaging to the ecosystems if they
invade the various ecosystems in South Korea. The updated list of alien alert species that could potentially become
invasive in the future comprises a total of 300 potential
risky species, including 25 mammals, 7 birds, 84 fish, one
Mollusk, one Arthropod, 28 Amphibians, 22 reptiles, one
insect, 32 spiders, and 99 plant species. This list is continuously updated following the latest trends, literature, and
changing climatic conditions. This is important to mention
that during this study, we have explored only 45 potential
risky fish species following the list released by MOE in
2018. These species have been selected on various traits
that could assist them in invading the Korean ecosystems
once they land or enter the Peninsula through multiple
means. Here, we discuss the salient invasion features of the
45 fish species that could be the new invaders in South Korean aquatic ecosystems and how they could thrive after
their arrival.

Potential Reasons for Selection as
Potential Invaders
It is important to pinpoint why these fish species have
been selected as the potential risky species and the species
of interest having a greater potential to become an invasive
or a pest in the Korean freshwater ecosystems. When an
exotic species is introduced or gets a chance to enter a novel ecosystem matching their climatic and habitat requirements, they can quickly establish, reproduce and spread to
the most favoring areas of the ecosystem to become IAS.
Therefore, a species that can successfully endure these
phases of the invasion process can become an insidious
threat to native biodiversity. Concomitantly, the influx of
potential risky species can adversely affect by causing severe damage, such as ecosystem disruption, destruction of
feeding, breeding, habitat grounds, economic losses, and
human health damages (Bomford 2008; Son et al. 2021).
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The other reasons for selecting the potential risky alien
fish species are the disturbing climate changes and habitat
fragmentation affecting the native species and making
room for IAS. Most of the risky fish species are already either invasive or introduced in the neighboring countries
for several reasons, including aquaculture, filling the ecological niches, ornamental, public aquariums, and game
fishing purposes to support the local fisheries and aquaculture industries. This also explains that the fish species
can become invasive and established species upon entrance
into the Korean Peninsula. The neighboring countries
screened for the potential risky fish species include Japan,
China, Vietnam, the Philippines, Thailand, and other
nearby states where regular trade occurs to and from South
Korea. The rapid and unrestrained influx of IAS can render the typical feeding and breeding grounds inescapable
for the native fish species more vulnerable and detrimental, allegedly causing a decline in native fish biodiversity.
Therefore, these species are already posing an extremely
severe threat to the countries where they are present. Other
reasons to keep these fish species on the list include keeping them on the watch list at the borders so that their entries through legal pathways could be restricted and monitored to control their introduction and potential spreads.
Furthermore, it is also significant to mention that the researchers should be vigilant while conducting the field
surveys. Suppose they detect any samples of these fish species. In that case, they can report to the relevant expert authorities to take the necessary steps to control their spread
and eradicate them before establishing viable populations.
This is also one step ahead to save the Korean government’s billions of national exchequer on control and eradication costs. Like most nations, Korea is also a signatory of
the Convention on Biological Diversity (CBD) to improve
the general understanding of fish biodiversity. This is due
to the public’s direct involvement for awareness purposes.
Therefore, it is essential to identify and monitor the possible IAS entry pathways, along with the screening of potential risky alien fish species for timely management and
control to avoid the future crises of established IAS communities (SCBD 2014).

What Makes an Invasive Species
Successful in a Novel Environment?
IAS are regarded as the leading threats to native biodiversity as nearly 42 percent of the native threatened or endangered species could be at risk due to the alien invasive
species. Invasive species are characterized by their essential
ability to adapt to new habitats, reproduce successfully and
quickly establish thriving populations, and are harmful to
the native fauna and flora (Mollot et al. 2017; Vitousek et
al. 1997), and may inflict ecological and economic damage.
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Among the multiple effects of a successful invasive species,
it must have spread to the novel ranges, have massive environmental and economic consequences by threatening the
human services rendered by the ecosystem (Emery-Butcher
et al. 2020). Some of the most crucial factors that help establish viable fish populations are the climate match with
the native and novel area, prior success as invasive species,
higher trophic plasticity, being attractive for multiple human uses (commercial fisheries, aquaculture, game fishing,
ornamental trade), and have lower absolute fecundity rate
(Cambray 2003; Chan et al. 2021). Therefore, it can be
summed up that if a species can harm the new ecosystem
structure, quality, and physical habitat, it can pose a severe
threat to human health and economy, can grow and reproduce rapidly, have the ability to establish viable populations, can spread even aggressively and cause a decline of
native species are successful invaders. One of the essential
factors apart from the availability of feeding and breeding
grounds is the adaptability to new climates and temperatures. If an ecosystem is vulnerable to environmental variations and is prone to degradation, invasive species may
have a higher success rate. Besides, the absence of any external threats, less palatability, and lack of top predators in
the new ecosystem can further assist them in establishing
far-reaching populations. If the native fish species can not
compete with the invading species for space, food, and defense to tackle predation by the invaders can further aggravate the conditions for natives and tilt the essential factors
in favor of the establishment of invasive species. South Korea is consistently facing the severe threat of rapidly shifting climatic features causing the decline of native fish populations by disturbing their natural spawning and
concomitant recruitment of the next generation. Simultaneously, it creates space for the invasion of other species by
providing them ample opportunities to establish their populations and expand their range (Kim et al. 2021b).

List of Fish Species Considered to be
Potentially Invasive in Future
Below is the list of 45 potential risky fish species that
could become invasive if ever introduced or imported for
any purpose (Table 1). The information on salient features
of potentially dangerous fish species is mainly summarized
from the Fish base and some other invasive species databases such as United States Fish and Wildlife Service
(USFSW), Centre for Agriculture and Bioscience International (CABI), and Animal Diversity Web (ADW) for precise information on most of the species. Some of the endemic species in Japan were assessed based on the
information provided by Japanese researchers. Most of
these potentially risky fish species are already declared invasive elsewhere out of their native ranges and are mainly
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native to North America and Asia. The majority of the
species (although native to North America) are already declared invasive in the neighboring nations of South Korea
(including Japan and Thailand), which pose an even greater risk of invasions if they are successful in entering by any
of the invasion pathways. The potential risky fish species
are compiled here by their family, native ranges, most preferred aquatic biomes, feeding niches, current status in Korea (introduced or established or absent), along with potential threats to humans. This information aims to inform
the researchers and public about the importance of restricting their entry and eradication urgency upon introduction, followed by establishing Korean freshwater ecosystems.

Known Impacts of Potential
Risky Alien Fish Species
Lengthy details are published on introducing exotic fish
species to novel freshwater ecosystems, which has accelerated in the recent decades (Cucherousset and Olden 2011).
The introduction of alien fish species and their invasion
continuously imperil endangered and threatened biodiversity (Kim et al. 2021a). Numerous studies highlight the
emerging IAS and their ecological impacts on recipient
ecosystems and biodiversity. Most alien fish pose a severe
threat to the native biodiversity, mainly fish. Invasive alien
fish species are increasingly contributing to higher extinction threats to freshwater biodiversity, especially fish, along
with a synergistic pattern of habitat fragmentation loss, altered flow, shifting climatic conditions, pollution and overexploitation (Dudgeon et al. 2006). They are equally threatening to the already periled fish species, such as threatened
and endangered species facing the daunting challenge of
survival. This is a common observation that an exotic species actively compete with the native species for food,
space, shelter and impact the spawning grounds and early
life stages of the native species jeopardizing the native biodiversity and abundance (Al-Chokhachy and Sepulveda
2019). Keeping the details mentioned earlier in consideration, we enlist some of the most critical ecological impacts
the potential risky exotic fish species may have on the native fish fauna in South Korea.
1. M
 icropterus dolomieu is known for its strong negative impact on native fish species and depletes the native fish biodiversity and abundance, as reported by
Weyl et al. (2013) in South Africa.
2. S iniperca chuatsi is a demersal piscivorous fish species. They have developed specialized feeding methods mainly preying upon the fry of other fish species,
thereby leading to declining fish biodiversity and
abundance (Liang et al. 1998).
3. G
 ambusia affinis can negatively impact aquatic bio-

Zander

Bowfin

Alosa sapidissima

Alosa
pseudoharengus
Sander lucioperca

Amia calva

Channidae

Clariidae

Cyprinidae

Cobitidae

Ictiobus cyprinellus Bigmouth
buffalo
Ictiobus niger
Black
buffalo
Labeo rohita
Roho
Labeo

American
shad
Alewife

Pygocentrus
Piranha
nattereri
Atractosteus spatula Alligator
gar
Phractocephalus
Redtail
hemioliopterus
catfish
Maccullochella
Murray cod
peelii

Clupeidae

Europe and Asia

Pakistan, Thailand,
and South China

Native range

Streams and rivers

Oceania

Pakistan, India,
Bangladesh,
Myanmar, and
Nepal

North America

North America

North America

Europe and Asia

North America

North America

Blue crabs, turtles, waterfowl or other
birds and small mammals
Fish, crabs, and fruits

Nocturnal, insects, plankton,
invertebrates, and fish
Insects and decaying plants.
Opportunistic feeder on fish,
zooplankton, and crustaceans
Insects, worms, and fish

Mollusks, crustaceans, worms, fish
eggs, small fish, and insect larvae
Planktonic invertebrates

Fish, snakes, frogs, insects, earthworms,
and tadpoles

Feeding niche

Rivers, streams, and lakes

Impoundments, lakes, and rivers

Asiatic clam, algae, diatoms, and
crustaceans
Plants

Invertebrates, fish, amphibians.
Occasionally reptiles, birds, and
aquatic mammals
Marine; freshwater; brackish,
Plankton, copepods, and mysids.
anadromous
Occasionally small fish
Coastal rivers, lakes, and streams
Shrimps and small fishes; diatoms,
copepods, and ostracods
Large and turbid rivers, eutrophic lakes, Carnivorous, piscivorous, cannibalistic
brackish coastal lakes, and estuaries
Swamps, sloughs, lakes, and pools
Fishes, frogs, crayfish, insects, and
and streams
shrimps
Large rivers, lakes, and impoundments Cladocera and cyclopoid copepods

Large rivers, swamps, bayous, and
lakes
Rivers

North America
South America

Creeks and interconnected ponds

Rivers

Stagnant waters, lakes, and pools

Estuarine lagoons and lakes

Estuaries, lagoons, lakes, large rivers

Ponds, streams, and rivers

Aquatic biomes

South America

European
Eurasia
perch
North african Africa, Europe, and
catfish
Asia
Red-bellid
South America
pacu

Round goby

Striped
snakehead

Common
name

Centrarchidae

Piaractus
brachypomus

Clarias gariepinus

Neogobius
melanostomus
Perca fluviatilis

Amiidae

Catostomidae

Channa striata

Scientific name

Acheilog
nathidae

Family

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Introduced (reasons
unknown), not
established
Not present

Status in Korea

Table 1 List of potential risky exotic 45 fish species designated by the Ministry of Environment, Korea in case of a successful entry or introduction to the Korean aquatic ecosystems

Harmless

Harmless

Potential
pest
Harmless

Harmless

Harmless

Harmless

Harmless

Harmless

Traumato
genic
Harmless

Potential
pest
Potential
pest
Potential
pest
Traumato
genic

Potential
pest

Threats to
humans
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Silurus glanis

Leuciscidae

Morone chrysops

Scardinius
Common
erythrophthalmus
rudd
Acheilognathus
Red tabira
tabira
bitterling
erythropterus

Percichthyid

Percidae

White bass

Black
bullhead
Morone americana White perch
Odontobutidae Micropterus
Smallmouth
dolomites
bass

Ameiurus melas

Brown
bullhead

Flathead
catfish
Atlantic
salmon
Wels catfish

Longfin
loach
Chinese
sleeper
Sea lamprey

Weatherfish
Black carp

Green
sunfish
Longear
sunfish
Spotted bass

Common
name

Moronidae

Ameiurus
nebulosus

Salmo salar

Petromyzon
marinus
Pylodictis olivaris

Paramisgurnus
dabryanus
Perccottus glenii

Micropterus
punctulatus
Misgurnus fossilis
Mylopharyngodon
piceus

Lepomis megalotis

Lepomis cyanellus

Scientific name

Lepisosteidae

Ictaluridae

Gobiidae
Gobionidae

Gasterosteidae

Esocidae

Family

Table 1 Continued

Lowland rivers, backwaters, oxbows,
ponds, and lakes
Rivers, creeks, lakes, and ponds in
plains

Not present

Not present

Not present

Not present

Not present

Not present

Piscivorous, insects, crustaceans,
zooplankton
Plankton, terrestrial insects, and plant
material
Native plants

Rotifers, copepods, and Cladocerns
Crayfish, native fishes, and aquatic
insects

Potential
pest
Potential
pest

Harmless

Harmless

Potential
pest
Harmless

Harmless

Harmless
Potential
pest

Harmless

Not present

Not present

Potential
pest
Harmless

Potential
pest
Not present
Harmless
Introduced to fill the Potential
ecological niche, Not pest
established
Not present
Harmless

Mollusks, insects, leeches, crayfish and
Not present
plankton, worms, algae, plant material,
fishes
Clams, snails, plant material, and fishes Not present

Invertebrates and fish

Squids, shrimps, and fish

Crayfish, clams, and fishes

Wide variety of invertebrates, tadpoles,
and fish
Parasitic on large fish species

Insect larvae, small crustaceans

Threats to
humans

Introduced (unknown Harmless
reasons), Established
Not present
Harmless

Status in Korea

Invertebrates, insects, and occasionally
small fishes
Insects, larger crustaceans, frogs, worms, Not present
grubs, and small fish
Insect larvae and small mollusks
Not present
Mollusks
Not present

Insects and microcrustaceans

Feeding niche
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Japan

Eurasia

Small to large rivers

Fresh, brackish, and coastal waters
Lakes and rivers

North America
North America

North America

Creeks and small to large rivers

Creeks and small to large rivers

Ocean, small to large rivers and
lakes
Lakes and rivers

Small to large rivers

Lakes, ponds, backwaters, and
marshes
Shallow coastal areas, anadromous

Rivers and streams

Slow-flowing rivers
Rivers and lakes

Small lakes, ponds, rivers, and
streams
Streams, lakes, and reservoirs

Streams, lakes, and ponds

Aquatic biomes

North America

North America

Atlantic Ocean and
North America
Europe and Asia

Northeast and
western Atlantic
North America

Europe and Asia
Southern China,
Vietnam, Russia,
Europe
China and Russia;
Taiwan
China

North America

North America

North America

Native range

Atique and An

Page 5 of 13

Japan
North and Central
Streams, rivers, and lakes
America
North America,
Vegetated lakes, pools, creeks, and
Eurasia, Central Asia large rivers

Mosquito
fish
Northern
pike

Fish, frogs, snakes, insects, and small
mammals
Plankton, insects, prawns, small fish,
and small mammals
Generalists, larvivorous, zooplankton,
detritus
Carnivorous: feeds on smaller fishes, frogs,
crayfish, small mammals, and birds

Vegetated lakes, swamps, creeks, and
small to medium rivers
Lakes and rivers

North America

No data available

Shellfish and algae

Small-bodied fishes, shrimps, and other
aquatic animals
Aquatic insects and other invertebrates

Lakes, ponds, and swamps with reed

Small to large rivers, lakes

Piscivorous
Epiphytic algae, zooplankton, and
zoobenthos
No data available

Feeding niche

China, Vietnam,
Rivers with dense vegetation
Russia
Japan; North America Small streams

Japan

North America

Rivers, lakes, and ponds

Lowland rivers and large lakes
Rivers and large lakes

Aquatic biomes

Mandarin
fish
Small head
stickleback
Chain
pickerel
Biwa trout

Smallmouth
buffalo
Wataka

Japan

Europe and Asia
Japan

Native range

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present

Not present
Not present

Status in Korea

Data source: Fish base, ADW, CABI and USFSW. ADW, Animal Diversity Web; CABI, Centre for Agriculture and Bioscience International; USFSW, United States Fish and Wildlife Service

Esox lucius

Oncorhynchus
masou rhodurus
Xenocyprididae Gambusia affinis

Sinipercidae

Gasterosteus
microcephalus
Esox niger

Siluridae

Serrasalmidae

Ischikauia
steenackeri
Siniperca chuatsi

Salmonidae

Field
Gudgeon

Gnathopogon
elongatus
elongatus
Ictiobus bubalus

Poeciliidae

Common
name

Asp
Zezera

Scientific name

Petromyzontidae Aspius aspius
Pimelodidae
Biwia zezera

Family

Table 1 Continued

Potential
pest
Potential
pest

Harmless

Harmless

Harmless

Harmless

Harmless

Harmless

Harmless

Harmless
Harmless

Threats to
humans

Atique and An
Journal of Ecology and Environment (2022)46:05

Page 6 of 13

Atique and An

Journal of Ecology and Environment (2022)46:05

diversity, feed on or wound other small native fish
species, and destroy them through competition (Haas
et al. 2003). It is also known to affect the rare/protected species and the native fauna (including frogs).
4. E
 sox Lucius can significantly impact biodiversity by
altering fish communities through competition and
predation.
5. C
 hanna striata can significantly alter the native fish
biodiversity and aquatic fauna in the invaded ecosystem as it is a strong predator and can survive under
harsh environmental conditions (Davidson 1975).
6. N
 eogobius melanostomus has led to diet shifts among
predatory species and changed the food web composition (Bzoma and Stempniewicz 2001). Furthermore,
it negatively impacts the native fish recruitment in
Great Lakes and strongly competes for food and shelter with native species (Corkum et al. 2004).
7. P
 erca fluviatilis : As it feeds on fish, macroinvertebrates, and zooplankton, it can significantly alter the
native freshwater communities (Closs et al. 2003).
8. C
 larias gariepinus : It can generally harm biodiversity,
ecosystem, and native fauna.
9. P
 iaractus brachypomus : They can negatively impact
the ecosystem, especially stressful dry season conditions, as they switch to the opportunistic feeding
mode on small fish, zooplankton, and crustaceans.
10. P
 ygocentrus nattereri : There are no known adverse
impacts of this species reported.
11. A
 tractosteus spatula : There are no documented reports on the negative impacts of gar; however, it is
highly likely to damage the native fish fauna if it is
introduced.
12. P
 hractocephalus hemioliopterus : Currently unknown.
13. M
 accullochella peelii : There are no documented reports on the negative impacts.
14. A
 losa sapidissima : There are no documented adverse
effects on native species of the introduced ecosystems.
15. A
 losa pseudoharengus : They negatively impact fish
biodiversity by size-selective predation on zooplankton species by eliminating the most prominent species and alter dominance to the small-sized species
(Johannsson 2003; Wells 1970). Further, the impact
by preying on native fish species pelagic larvae causing a sharp curtail in the recruitment of native fish
species (Madenjian et al. 2008), and by causing thiamine deficiency in salmonids preying mainly on A.
pseudoharengus , which results in lower reproductive
accomplishment (Gnaedinger 1964).
16. A
 mia calva : There are no documented reports on the
negative impacts of gar; however, it is highly likely to
damage the native fish fauna if it is introduced, as
they are voraciously piscivorous.
17. S ander lucioperca : It can result in reduced populations of native prey and contender fish species. It may
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also cause trophic shifts and extirpation of native fish
species (Müller et al. 2010).
18. Ictiobus cyprinellus : It may compete with native fish
species for food and space if it becomes invasive or is
introduced (Moyle 1976).
19. Ictiobus niger : Currently unknown.
20. L abeo rohita : There are no documented reports on
the negative impacts, nor is there a recorded history
of invasiveness of this species.
21. L epomis cyanellus : It competes with and preys upon
the native fish species, leading t to the decline and alter their population structure and distribution patterns (Olden and Poff 2005).
22. Lepomis megalotis : Currently unknown.
23. M
 icropterus punctulatus : It can hybridize with small
mouth bass and potentially pose trophic competition to
the top predators in the food chain (Whitmore 1983).
24. M
 isgurnus fossilis : It is a strong competitor and pre
dator; therefore, it can pose a grave threat to the trophic chain and population structure if introduced.
25. M
 ylopharyngodon piceus : It has a higher potential to
negatively impact the native fish communities through
food, space of the endangered or threatened species
(Nico and Neilson 2011).
26. P
 aramisgurnus dabryanus: Reportedly can compete and
hybridize with native weatherfish species in Japan.
27. P
 erccottus glenii : It is a voracious predator with specialized morphological features that help hunting
various aquatic species leading to the decline of native aquatic biodiversity and disturbed trophic structure (Miller and Vasil’eva 2003).
28. P
 etromyzon marinus: being parasitic, they can enormously damage several native and commercial fish species.
29. P
 ylodictis olivaris is an aggressive predator on large
and top predatory fish species; therefore, it is highly
likely to cause a decline in native top-predator fish
species (Quinn 1987).
30. S almo salar : It generally negatively impacts the native
fish fauna and their ecosystems if introduced.
31. S ilurus glani s: This catfish may impact the native fish
fauna by increasing competition for indigenous and
critically endangered fish habitats and switching to
the most appropriate food resources for their feeding
(Martino et al. 2011).
32. A
 meiurus nebulosus : It can decrease the abundance
and diversity of exotic and native predators where introduced (Hughes and Herlihy 2012).
33. A
 meiurus melas : It directly or indirectly impacts introduced habitat through increased turbidity, reduced
substrate stability, competition, and predation of native species (Leunda et al. 2008; Rosen et al. 1995).
34. M
 orone americana : It competes for food and shelter
with the native fish species, therefore can negatively
impact native biodiversity and cause a decline (Fuller
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et al. 2008).
35. M
 orone chrysops : This intermediate predator can
negatively impact the small native fish species and
their abundance (Schultz 2004).
36. Scardinius erythrophthalmus is a potential pest for
its fast consumption of aquatic plants, leading to the
decline of vulnerable native aquatic plant species
(Lake et al. 2002).
37. A
 cheilognathus tabira erythropterus : They compete
with the native bitterling species for egg deposition
during spawning; therefore, it may lead to decreased
reproductive success, ultimately causing particular
species decline (Froese and Pauly 2011).
38. A
 spius aspius : Except for hybridization with native
fish species (Leuciscus idus), no other adverse impacts are reported (Kottelat and Freyhof 2007).
39. B
 iwia zezera : They are known for hybridizing native
fish species (Froese and Pauly 2011).
40. G
 nathopogon elongatus elongatus : Currently unknown.
41. Ischikauia steenackeri : Currently unknown.
42. Ictiobus bubalus : Currently unknown.
43. E
 sox niger : Ther are suspected of hybridizing and
impacting native species by competition, especially
threatened and endangered fish species (Herke et al.
1990).
44. G
 asterosteus microcephalus : It eats the native fish species eggs and larvae and competes with them for food
and space, thereby leading to the decline of native fish
species where introduced (Wisconsin SeaGrant 2016).
45. Oncorhynchus masou rhodurus : Currently unknown.

Potentially Tempting Factors of
Fish Introduction
There is a general review that the introductions of invasive alien fish species are primarily harmful to the native
biodiversity (Segev et al. 2009; Townsend 2003). However,
there also have been discussions surrounding the impacts
of IAS, characterizing them all bad (Gozlan 2008) and vice
versa (Vitule et al. 2009). Based on the literature search for
the current list of potential lrisky fish species in Korea, it
was found that most fish species invasions were purposefully mediated by humans for aquaculture, ornamental,
catch fisheries, filling the ecological niche, biocontrol, and
game fishing. Some were also accidental, such as escape
from aquaculture and ornamental facilities. Below are the
potentially compelling reasons that could be the leading
reasons for the intentional introduction of the potentially
risky 45 exotic fish species. Therefore, it is important to
highlight that while screening the new fish species as potential risky species in the future, these factors and possible
uses must be carefully considered. Most fish species are either well-known for the commercial fisheries potential,
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game fishing, highly commercial aquaculture prospects,
public display in aquariums, and rare cases, could be used
as a biological control agent, which could be even more
detrimental to the whole aquatic biodiversity. The data
presented here was mainly modified from the Fish base.
1. M
 icropterus dolomieu : Commercial fisheries, gamefish, public aquariums.
2. S iniperca chuatsi : Popular food fish, commercial
fisheries, aquaculture.
3. G
 ambusia affinis : Used as a biocontrol agent for mosquitoes; however, it has been rarely proven. It is also
used as a live feed and for ornamental purposes.
4. E
 sox Lucius : Highly commercial fisheries and aquaculture, gamefish, and public aquariums.
5. C
 hanna striata : Highly commercial fisheries and
aquaculture, public aquariums.
6. N
 eogobius melanostomus : Commercial fisheries, com
mercial aquarium, and occasional bait.
7. P
 erca f luviatilis : Highly commercial fisheries and
aquaculture, gamefish.
8. C
 larias gariepinus : Minor commercial fisheries, commercial aquaculture, and gamefish.
9. P
 iaractus brachypomus : Minor commercial fisheries,
commercial aquaculture, and aquarium.
10. P
 ygocentrus nattereri : Little commercial fisheries,
commercial aquarium.
11. A
 tractosteus spatula : Minor commercial fisheries,
gamefish, and aquarium fish.
12. P
 hractocephalus hemioliopterus : Minor commercial
fisheries, gamefish, and aquarium fish.
13. M
 accullochella peelii : Highly commercial fisheries
and aquaculture, gamefish.
14. A
 losa sapidissima : Highly commercial fisheries and
gamefish.
15. A
 losa pseudoharengus : Highly commercial fisheries,
baitfish.
16. Amia calva : Gamefish and public aquariums.
17. S ander lucioperca : Highly commercial fisheries and
aquaculture, gamefish, and public aquariums.
18. Ictiobus cyprinellus : Minor commercial fisheries,
commercial aquaculture, and gamefish.
19. Ictiobus niger : Minor commercial fisheries, commercial aquaculture, and gamefish.
20. L abeo rohita : Highly commercial fisheries and aquaculture, gamefish.
21. L epomis cyanellus : Highly commercial aquaculture
and gamefish.
22. Lepomis megalotis : Public aquariums.
23. Micropterus punctulatus : Gamefish.
24. Misgurnus fossilis : Noncommercial fisheries, baitfish.
25. M
 ylopharyngodon piceus : Highly commercial fisheries and aquaculture.
26. P
 aramisgurnus dabryanus : Highly commercial aquaculture.
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27. P
 erccottus glenii : Small commercial fisheries with po
tential aquarium usage.
28. Petromyzon marinus : Small commercial fisheries.
29. Pylodictis olivaris : Gamefish and public aquariums.
30. S almo salar : Highly commercial fisheries and aquaculture, gamefish.
31. S ilurus glanis : Highly commercial fishing and aquaculture, gamefish.
32. A
 meiurus nebulosus : Minor commercial fisheries, com
mercial aquaculture, and gamefish.
33. A
 meiurus melas : Highly commercial fishing and aqua
culture, gamefish.
34. M
 orone americana : Small commercial fisheries, game
fish, and public aquariums.
35. M
 orone chrysops : Experimental and aquaculture and
gamefish.
36. S cardinius erythrophthalmus : Minor commercial fisheries, commercial aquaculture, gamefish, commercial
aquarium, and a routine bait.
37. A
 cheilognathus tabira erythropterus : No particular in
terest of humans.
38. A
 spius aspius : Highly commercial fisheries and aquaculture, gamefish.
39. Biwia zezera : No particular interest of humans.
40. G
 nathopogon elongatus elongatus : No particular interest of humans.
41. Ischikauia steenackeri : No particular interest of humans.
42. I ctiobus bubalus : Highly commercial fisheries and
gamefish.
43. Esox niger : Gamefish.
44. Gasterosteus microcephalus : Noncommercial fisheries.
45. Oncorhynchus masou rhodurus : Commercial fisheries.

Discussion
Freshwater fisheries play a vital role in many aspects of
human societies especially providing high-quality proteins
to the poor fisher communities in developing countries
(Ray et al. 2021). In the preceding two decades, there has
been an awakening about checking the introduction and
spread of IAS in most countries. The International Union
of Conservation of Nature (IUCN) has indexed some of the
leading IAS, which has not served the intended purpose to
manage the entry and influx of IAS across the world. The
list was recognized as the ‘world’s 100 worst IAS’ as part of
the global recognition of the issue and awareness about the
management across the globe (IUCN 2000). The neighboring nation of Japan designated the alien species by promulgating an act viz. IAS act in 2005. Following this, there are
now 145 IAS set species along with other types (Kil et al.
2015). According to Xu et al. (2012), there is an IAS inventory in China comprising 734 species managed under the
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‘Chinese Biodiversity Conservation Action Plan’.
The United Kingdom established a plan as ‘Great Britain
Invasive Non-Native Species Strategy’ in 2013 to devise
their strategy for controlling IAS, and designated 142 species as legitimately forbidden in UK (GB Non-Native Species Secretariat 2016). Similarly, New Zealand manages 969
species by blocking them through their inventory in a
clean list based on the Biosecurity act in 1993 (Brenton-Rule et al. 2016). Various federating states of the United States of America promote the integrated management
of 2,873 species through their Clean and Dirty Lists. The
dirty list recorded the IAS under the Federal Noxious
Weed Act passed by the US congress in 1993 (US Department of Agriculture 2010). Norway has prepared a list of
2,595 species on their Norwegian Black List, which is further subdivided into 1,180 IAS capable of breeding in Norway with 203 as the door knockers, while 106 species are
considered to have a severe impact in Norway (Gederaas et
al. 2012). The European Network on Invasive Alien Species
has designated 496 species in North and Central Europe,
while Australia enlisted 563 IAS to control their influx.
Similarly, a total of 1,109 introduced exotic species were
reported in 2011, which almost doubled up to 2,160 species
within a short period of two years in 2013 (Kil and Kim
2014). The MOE has notified the variety of IAS into various groups viz. mammals, fish, amphibians, birds, reptiles,
plants, insects, and invertebrates as per the notification of
MOE (Ministry of Environment notification 2017). Considering the alarming situation, the new act on conservation and use of biological diversity was promulgated in
2013 and amended in 2019 to manage the increasing influx
of IAS. This act duly defined the IAS as disturbing or likely to disturb the ecological system balance, therefore requiring approval for import and transfer for domestic inflow. As a result of this activity, a list of potential risky
alien species was prepared by the leading scientists across
the country and updated annually.
To construct the list of these species, data on harmful
ecological features, physiological characteristics, and case
studies in case of harmful impacts in the invaded ecosystems were duly considered. The four leading criteria for
designating any species as IAS included being recognized
globally as a risky species and can inflict ecological, economic, and social damages. It was further assessed if they
have identical genetic compositions with similar environmental and climatic requirements. Suppose there are chacnes of these characteristics among the potential risky
species. In that case, they must have a high probability of
establishment if conducive climatic conditions and suitable
habitat matches are available. Based on these four features,
potential risky species were designated in South Korea.
There has been an increasing number of investigations
on the economic costs of managing the IAS in various
countries (Crystal-Ornelas et al. 2021; Haubrock et al.
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2021b). A considerably large amount of funds are being
spent by many countries to effectively tackle the influx of
IAS around the world (Luque et al. 2014). For instance, the
case of common carp invasion costs approximately 12 million US dollars per annum to control the damages inflicted
to native fish diversity, invertebrates, and plants (McLeod
2004). Therefore, it is becoming increasingly essential to
efficiently maintain the influx of IAS to manage the prevention and control costs. Perhaps the most compelling
reason the advanced nations have resorted to preparing
potential risky species lists. Therefore, it is necessary to be
proactive about the new invasions before they enter and establish viable populations. Furthermore, the list of potential risky species must be regularly updated to manage the
emerging IAS actively.

ence.
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