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Abstract
The American bullfrog, Lithobates catesbeianus, has been introduced to all
continents with suitable environments and most populations are now viable. This is
also the case of the Korean Peninsula, where the invasive L. catesbeianus has a
significant negative impact on the local fauna. Here, we review the introduction
pathway and population establishment for the species in the Republic of Korea. We
then review effective population control methods and make recommendations for
the most efficient ways to manage L. catesbeianus populations based on the
specific environment of the Republic of Korea. This is the first account of the
multiple introductions of the species in the country, the past failures at population
establishments, and also the first summary of population control methods that had
an impact on population mitigation before their abortion. Our recommendations for
population control are based on the local ecology and landscapes and highlight the
need for multiple control methods to be used in synergy.
Key words: invasive species, north east Asia, population mitigation, population
control, wetlands, amphibian, anuran

Background
Anthropogenic introduction of species results in the establishment of
populations beyond their native ranges. The American bullfrog ([Rana]
Lithobates catesbeianus Shaw, 1802; Figure 1.; Yuan et al. 2016) is among
the most dramatic examples of such introductions and has reached the
specific distinction of the worst invasive amphibian species worldwide
(Lowe et al. 2000). The species is a highly adaptable generalist (Jancowski
and Orchard 2013) and has established viable populations in more than 40
countries with diverse environments in North and South America, Europe
and Asia over the last century (e.g. Lever 2003; Laufer et al. 2008; Giovanelli
et al. 2008; Akmentins and Cardozo 2010; Amphibian Specialist Group 2015).
This results in a wide distribution for both its natural and invasive ranges
(Adams and Pearl 2007). Population expansion of L. catesbeianus is followed
by the destruction of ecosystems (Kolar and Lodge 2001) through competition
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Figure 1. An adult (A; Snout vent length 173 mm) and a tadpole (B; total length 142 mm)
Lithobates catesbeianus from wild populations in Ganghwa island and Daegu area respectively
in Korea. Photos by Jordy Groffen.

(Blaustein and Kiesecker 2002; Pearl et al. 2004; Boone et al. 2004), direct
predation on native species (Fisher and Shaffer 1996; Adams 1999; Doubledee
et al. 2003; Kats and Ferrer 2003; Wang et al. 2007), behavioural modification
resulting in fitness loss (Heo et al. 2014), habitat displacement (Kiesecker
et al. 2001), and pathogens transmission (Garner et al. 2006; Roedder et al.
2013; Borzée et al. 2017; Yap et al. 2018; Saucedo et al. 2019) from which
the invaders are mostly immune (e.g. Adriaens et al. 2013). A non-exhaustive
list of examples demonstrating the detrimental impacts of L. catesbeianus
on local wildlife includes both direct and indirect effects. For instance,
native frog density and species richness were significantly lower in areas where
L. catesbeianus is present in China (Li et al. 2011b). In regions of North
America where L. catesbeianus was introduced, their larvae have altered
microhabitats use, increasing vulnerability of native frog larvae to predation
by fish (Kiesecker and Blaustein 1998). Additionally, L. catesbeianus larvae
(Figure 1B) outcompete native tadpoles for food, resulting in limited growth
and increased mortality among native larvae (Kupferberg 1997). It has
been more than half a century since L. catesbeianus was first introduced to
the Republic of Korea (Jang and Suh 2010; Chang et al. 2011), and the
species is now successfully established as a result of both intentional
releases and escapes (Park et al. 2014). The impact of L. catesbeianus on
several native species has been demonstrated through both direct predation
(Ra et al. 2010; Park et al. 2015; Figure 2) and indirect effects (food competition
e.g. Kiesecker et al. 2001; Ficetola et al. 2007). The species known to be
directly impacted are the two Pelophylax species: P. nigromaculatus and
P. chosenicus (Ko et al. 1991; Shim et al. 2005; Ra et al. 2008), a Hylid
species (Dryophytes suweonensis; Borzée et al. 2017) and a snake species
(Elaphe rufodorsata; Park et al. 2014).
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Figure 2. Example of predation on local wildlife. This individual American bullfrog (Lithobates
catesbeianus) was retrieved in Iksan, Republic of Korea on 24 May 2019 and was found to have
ingested an adult Dryophytes japonicus, a Cornu sp. snail and a non-identified coleoptera.
Photo by Amaël Borzée.

Species on which L. catesbeianus have demonstrated indirect impacts
include the frog-eating rat snake, Oocatochus rufodorsatus, which displays
a significant difference in tail length and a shorter latency in tongue
flicking, linked with improved foraging efficiency when in sympatry with
L. catesbeianus (Heo et al. 2014). Other indirect impacts include the fact
that L. catesbeianus carries the chytrid fungus (Yang et al. 2008) and that
the presence of L. catesbeianus relates to a higher prevalence of chytrid
fungus in Japanese treefrogs (Dryophytes japonicus) and Suweon treefrogs
(D. suweonensis) in Korea (Borzée et al. 2017). In addition, saprolegniasis
and chromomycosis, two infectious fungus linked to L. catesbeianus, were
found in Rana huanrensis, P. chosenicus, and Bufo gargarizans (Kim et al.
2008; Groffen 2017). Finally, L. catesbeianus has also been identified as the
introduction vector of ranavirus, a virus responsible for mass mortality
events in R. huanrenensis (Kwon et al. 2017).
Despite the spontaneous extinction of single individual populations of
L. catesbeianus populations in Europe (Ficetola et al. 2007), such local
extirpations have not been recorded in Korea and mitigation measures are
required. However, success rate in population extirpations are typically
related to the size of the water body involved, independently of the method
used (Pearl et al. 2005). In small ponds, a combination of direct manual
removal and other management actions is known to be effective in
eradicating or controlling populations (Banks et al. 2003; Doubledee et al.
2003). For larger water bodies, draining is more efficient, despite potentially
leading to the selection of larvae with rapid development (Spitzen-van der
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Sluijs and Zollinger 2010). As a result of its exceptional adaptability, it is
difficult to extirpate established L. catesbeianus populations (Adams and
Pearl 2007). Here, we retrace the origins of L. catesbeianus in the Republic
of Korea, the population control methods used, and provide guidelines to
regulate population growth.

History of the invasive Lithobates catesbeianus in the Republic of
Korea
Lithobates catesbeianus is larger than any native Korean amphibian species
for all life stages (Lee and Park 2016). Furthermore, females can lay two egg
clutches consisting of 1,000 to 40,000 eggs (Bury and Whelan 1984; Snow
and Witmer 2010), outnumbering any local species (Jeon et al. 2018). The
species’ survival rate is comparatively higher, with ca. 13% of individuals
reaching metamorphosis, and ca. 32% surviving the two years from
metamorphosis to adulthood (Govindarajulu et al. 2005, 2006). Although
L. catesbeianus can survive at extremely high densities (> 780 adults per
hectare; Schwalbe and Rosen 1988), they thrive at low densities (Govindarajulu
2004). These morphological and physiological characteristics alone are
enough for L. catesbeianus to outcompete smaller and less prolific species,
but the species can also disperse over long distances to colonize new sites
(Willis et al. 1956).
Lithobates catesbeianus is currently present and established on the
western and southern areas of the Korean peninsula—including numerous
islands (Figure 3; Jang and Suh 2010; Chang et al. 2011),—with a potential
expansion towards the centre of the peninsula catalysed by climate change
(Andersen and Jang 2018). A population has also been reported close to
Pyongyang in the Democratic People’s Republic of Korea, introduced
trough farming activities (Dr. Seliger, pers. comm.).

First introductions
Lithobates catesbeianus was first introduced into the Republic of Korea in
1959 by Jinhae National Fish Farm to be produced as a potential alternative
food source (Kim 1972; Oh and Hong 2007; National Institude of Ecology
2014; Park et al. 2014). However, none of the individuals survived due to
the absence of appropriate farming protocols (National Institude of Ecology
2014). The first research on captive breeding in Korea was conducted with
individuals imported in 1971 by the director of the Natural History Museum
from Ewha Womans University, with the purpose of researching alternative
food sources (Kim 1971a, b, 1975; Oh and Hong 2007). A total of 30,000
individuals were raised in laboratory and their value as meat source was
explored as a potential solution to the protein shortage ongoing in Korea at
that time (Donga 1973). One of the first recorded outdoor captive breeding
attempt was conducted in 1973, by two middle school teachers in Chuncheon,
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Figure 3. Known presence of Lithobates catesbeianus in the Republic of Korea between 2001
ad 2019. Data extracted from GBIF (DOI: 10.15468/dl.ln8tnx). Credit sources: ESRI, USGS,
NOAA and Copernicus.

Gangwon Province. Within three years of importing two breeding pairs of
L. catesbeianus from the United States of America, the farmed population
was composed of 450 adults and 30,000 tadpoles (Donga 1976). The successful
breeding of L. catesbeianus was widely publicized and lead to a boom in
captive farming of the species, with additional individuals being imported
from Japan as early as 1973 and distributed to all Korean provinces (Kim
1975; Shim et al. 2005; Oh and Hong 2007).
Until recently, L. catesbeianus individuals were regularly released to the
wild, principally from Buddhist temples during ceremonies (Liu et al. 2012).
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While the frequency of these religious ceremonial releases has significantly
decreased, it is still regarded as a promoter of invasive population
establishment (Liu et al. 2012).

Established populations
In the early 90’s an unconfirmed rumour that L. catesbeianus meat had
aphrodisiac properties (Donga 1991, 1996) led to a temporary increased
demand for farmed frogs. However, the demand was never high enough
for farmers to make a living out of L. catesbeianus, and frog production
was halted. Remaining individuals were indiscriminately released in the
environment (Kil et al. 2011), and a last effort was made to step-up production
in natural conditions. Individuals were released and left unattended in
Uiam Lake in Gangwon province (Kyunghyang 1980) among others.
The establishment of wild populations started in the South-east of the
country, with three wild populations established in 1975 (Park et al. 2014),
but it wasn’t until a few years later that wild individuals were considered a
threat to the local ecosystem (Ko et al. 1991; Kang and Yoon 1994). In
1998, following reports on the widespread presence of the species, the
Ministry of Environment labelled L. catesbeianus as an “ecosystem
disturbance organism” (Ministry of Environment 2006). The Ministry of
Environment and non-governmental organisations tried several approaches
to eradicate L. catesbeianus populations (Choi et al. 1998; Kim and Ko
1998), including public education (Hangyoreh 1997a), advertising the species
as food source (Hangyoreh 1997b); offering student awards (Kyunghyang
1997; Maeil Business News Korea 1998), collecting individuals from the wild
to be used in anatomy classes (Park et al. 2014), and even monetary
compensation (Hangyoreh 1998b). These actions resulted in significant
populations declines, from 61 populations in 1996 to about 20 populations
in 2002 (Ministry of Environment 2002; Park et al. 2014). However, these
actions were discontinued due to political conflicts (Hangyoreh 1998a),
and populations were allowed to expand, especially in the southern
provinces of Korea (Shim et al. 2005; Andersen and Jang 2018).

Applied management actions
Globally, a number of actions have been taken to minimize the impact of
L. catesbeianus on native populations. However, control and eradication of
the invasive L. catesbeianus populations is difficult, and some management
measures have been reported as inadequate (Adams and Pearl 2007). Most
common management actions successful in controlling or eradicating
L. catesbeianus populations include habitat modification (Adrados et al. 2002;
Maret et al. 2006), shooting adults (Govindarajulu et al. 2005; Mandin
2015), netting (D’Amore et al. 2009; Louette et al. 2013), chemical control
(Snow and Witmer 2010), trapping (Snow and Witmer 2011), fencing (e.g.
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Banks 2003; Ficetola et al. 2007), and electrofishing (Orchard 2011). For
increased success, Adams and Pearl (2007) suggested merging two
management options: direct removal and habitat manipulation. Both
actions have enhanced results in the early stages of invasions, and direct
removal is more effective for small, isolated ponds, where re-invasion by
overland dispersal is less likely. In Korea, no management action plans
have been set yet, although it has been discussed abundantly (Bang et al.
2006; Biodiversity Division of Nature Conservation Bureau 2018).

Habitat modification
Habitat modification aims at indirectly decreasing landscape suitability to
L. catesbeianus. Protecting and maintaining ephemeral habitats reduces the
risk of L. catesbeianus presence, as the species is highly aquatic and
tadpoles spend their first winter under water (Collins 1979; Boone et al.
2004). For instance, modification of water management for agricultural
practices in the European Union resulted in the decrease of L. catesbeianus
populations and consequent extinction (Adrados et al. 2002). Drying
livestock watering ponds contributed to the eradication of L. catesbeianus
in Arizona, USA (Maret et al. 2006). Another example of population
control is the drainage of ponds every other year in California, which has
been reported to cause a 50% decrease in L. catesbeianus densities, thus
enabling the survival of threatened Rana draytoni (Doubledee et al. 2003).
However, drying livestock watering ponds and draining natural ponds to
control L. catesbeianus populations also impacts native wildlife, and
methods that do not harm native species are needed (e.g. Simberloff et al.
2005; Maret et al. 2006).

Fencing
Fencing was used in different studies to reduce L. catesbeianus populations,
often in combination with direct removal (Thiesmeier et al. 1994; Banks et
al. 2003; Ficetola et al. 2007). Fences are generally set-up around ponds to
collect adult L. catesbeianus and afterwards ponds are drained to remove
remaining frogs and tadpoles (Thiesmeier et al. 1994; Banks et al. 2003;
Ficetola et al. 2007). This method is generally effective (Thiesmeier et al.
1994; Ficetola et al. 2007), but fencing has to be maintained as incomplete
eradication attributed to this method, and breeding has been observed in
the summer following fencing and removal, with post-metamorphic
individuals found in the area two years later (Banks et al. 2003).
However, it is important to note that successful actions following this
method have been performed at early stages of invasion, through fencing
of all breeding wetlands and active eradication of live individuals (Ficetola
et al. 2007). Direct removal is generally conducted by shooting adults
(Schwalbe and Rosen 1988; Rosen and Schwalbe 1995; Doubledee et al.
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2003). Population control through draining and shooting is achievable on a
short time period, as lower efforts have resulted in an 80% drop in
population densities (Doubledee et al. 2003).

Trapping
Trapping L. catesbeianus individuals can be conducted for both adults and
larvae. Adult are generally trapped with floating traps (e.g. Snow and
Witmer 2011), and effective traps may provide a non-invasive, less
challenging and time-efficient way to curb populations (Snow and Witmer
2010, 2011). Another benefit of traps is the ability to target L. catesbeianus
over a variety of habitats (Baskin 2002). For instance, multiple capture
traps have been used to remove invasive cane toads (Rhinella marina), a
threatening species to Australian ecosystems (Lever 2003; Kraus 2009; Murray
et al. 2011). This highly effective trapping method removes 25–40% of the
population (McCallum 2006), providing an important mean to control
populations (Schwarzkopf and Alford 2007).
A type of trap that has been successfully used for L. catesbeianus (Bury
and Whelan 1984) is a modified multiple capture trap, originally designed
for R. marina (FrogWatch, Darwin, Australia). An optimised version of
these traps consists of two identical 69 × 69 × 25 cm traps constructed with
1.3 × 1.3 cm wire mesh. Three of the lateral sides of the trap include a oneway door (30.5 × 12.7 cm) made out of clear plastic strips hanging from the
top of the openings. The buoyancy of the trap is maintained by attaching
Styrofoam, with the trap placed directly in water so that the entry doors are
levelled with the water surface (Snow and Witmer 2011). Trap efficiency
was found to increase with lures, specifically fishing lures, lights and crickets
(Snow and Witmer 2011). The best outcome resulted in 1–7 L. catesbeianus
captured per night, with bright red and yellow fly-fishing lures.
Recommended types of baits are listed below. Trapping can also target larvae.
Double-fyke nets used in Belgium, proved effective at catching tadpoles in
small shallow ponds, as an averaged 6% of the tadpole population was
caught during each trial (double fyke net/24 h; Louette et al. 2013).

Lures
Light-emitting diodes
This has been used as an bait for R. marina (e.g. Frogwatch 2006) and
L. catesbeianus (Snow and Witmer 2011), because light attracts insects that
in turn attract amphibians. It also increases probability of capture of
Pelophylax nigromaculatus in traps in Korea (Yoon et al. 2017).
Coloured Lure
Green glow sticks (Antonishak et al. 2017) and brightly coloured fishing
lures (red and yellow) hung with monofilament lines inside traps have
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been demonstrated to enhance the efficiency of traps. To enable multiple
captures, hooks are removed before use (Snow and Witmer 2011).
Mating opportunity
Placing a female L. catesbeianus in traps could attract multiple males
(Snow and Witmer 2011), as despite being territorial, male L. catesbeianus
are generally opportunistic when attempting to mate with females
(Howard 1978).
Acoustic signalling
Calling males aggregate in choruses and leks because of positive feedback
loops (Wells et al. 1988; Brooke et al. 2002; Llusia et al. 2013). Placing
speakers broadcasting advertisement calls in specific areas is likely to
increase the number of males caught. As the anuran hearing system is
optimised to receive and respond to conspecific vocalizations, only specific
components of calls are needed to attract conspecifics (Ryan and Rand
2001). Engineered calls can be used to attract specific individuals
(Yasumiba et al. 2015) in the form of super-stimuli to attract individuals to
the source of the vocalization (Klump and Gerhardt 1987), such as
hypothesised in female toads (Muller and Schwarzkopf 2017).
Additionally, using acoustic signals from preys can also increase trapping
rate (Schwarzkopf and Alford 2007).
Olfactory attractants
Chemical communication between amphibians for social or reproductive
interactions (e.g., Wabnitz et al. 1999; Kikuyama et al. 2002) can be used to
lure individuals. Females of some anuran species use olfactory cues to
locate and approach males (Wabnitz et al. 1999). Reproducing these signals
in an adequate way for L. catesbeianus can increase capture rate (Xu et al.
2017). In addition, R. marina is able to locate preys using their olfactory
system (Boland 2004), and thus traps can be baited with olfactory
attractants, such as fish food (Yoon et al. 2017)
Using olfactory attractants can also result in increased capture rates of
tadpoles. For instance, bufonid tadpoles are highly attracted to bufogenins
and the compound has been used to bait traps (Crossland et al. 2012).
Bufogenins are also effective at attracting L. catesbeianus, although with a
lesser effect (Xu et al. 2017). To improve the quality of attractants, and
because L. catesbeianus tadpoles are attracted by newly spawned
conspecific eggs (Buxton and Sperry 2016), the extracellular coat (i.e., jelly
coat) or ground conspecific eggs can be used to bait traps.
A potential drawback is the non-specificity of attractant; a non-targeted
species was caught in the multi-entry traps used by for adult L. catesbeianus
(Snow and Witmer 2011). In Korea, attractants are likely to result in the
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by-catch of native Bufo gargarizans, as individuals already get regularly
trapped in fishing nets during their breeding season.

Chemical control
A different approach to L. catesbeianus population control is the use of
three chemicals known to have an impact: caffeine (10%), rotenone (1%)
with permethrin (4.6%), and chloroxylenol (5%), with water used as
solvent for all chemicals. Their application results in 100% mortality (Snow
and Witmer 2011). However, the impact of these compounds on nontarget species has not been tested and using them directly in the field could
result in the death of co-occurring species. The only chemical to which
L. catesbeianus were exposed in Korea was Azole, impacting both the
steroidogenesis and breathing of individuals (Kim et al. 2006).

Electro-fishing
Modified fishery electro-shockers have been used to successful eradicate
two recently established L. catesbeianus populations in Canada (Orchard
2011), and tested on other populations (Allen and Riley 2012; Gilbert et al.
2017). The operation needs to be repeated following tadpole metamorphosis
into aquatic or semi-aquatic juveniles to increase success (Orchard 2011).

Native predators
Lithobates catesbeianus tadpoles are nutritious for species able to feed on
them. To exploit this angle in population control, native predators (Esox
lucius) were introduced in a field trial on non-indigenous L. catesbeianus
tadpoles. Lithobates catesbeianus population decreased, but native
planktivorous fish species followed the same trend (Louette 2012).
Therefore, and despite being an effective option, its implementation needs
to be carefully considered. In Korea, L. catesbeianus is preyed upon by a
few native fish species, including Northern snakeheads (Channa argus),
Yellowhead catfish (Pseudobagrus fulvidraco) and Amur catfish (Silurus
asotus; Li et al. 2011a; Heo et al. 2014). Following tests on the feeding
behaviour of C. argus on tadpoles conducted by Chuang et al. (in press),
further work with C. argus should be considered. Tadpoles L. catesbeianus
are, however, ignored by all birds considered (No et al. 2017).

Recommendations
Efficient practices for the Republic of Korea
Despite past notable eradication of several L. catesbeianus populations in
Korea, the species is now spreading again (Andersen and Jang 2018), and
its impact on the ecosystem is increasing. Recommendation at the
international level have been issued (IUCN Invasive Species Specialist
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Group; IUCN 2000), but these methods are not adequate for all landscapes.
Here, we make recommendations specific to Korea. Despite the need for
long term funding, these actions are likely to result in effective
extermination in some locations, and control in other locations, assuming
further introductions do not occur. Thus, policies for amphibian trade into
Korea should be reinforced at the same time.
Research conducted in Korea (Shim et al. 2005) recommends exploiting
intraspecific competition and predations as a key factor to control
L. catesbeianus populations, with a special focus on re-establishing
populations of predators such as raccoon dogs (Nyctereutes procyonoides),
egrets (Egretta garzetta), grey herons (Arden cinerea), and snakes principally
preying on amphibians (Oocatochus rufodorsatus). We, however, highlight
the fact that the bird species cited herein are known not to feed on
L. catesbeianus in Korea (No et al. 2017), and the snake species cited
declined because of L. catesbeianus (reviewed in Park et al. 2014).

Focus on dispersion avoidance
Eliminating large established L. catesbeianus populations is a proven
challenge, especially in wetland landscapes. Currently, the lowlands of
western Korea are mostly agricultural wetlands, with ditches and dykes
adequate to fulfil the ecological requirements of L. catesbeianus and
facilitate dispersion. First, focusing on the prevention of dispersion
towards additional sites would ramp-up the mitigation effort. This would
first require modeling dispersion pathways for the species, followed by
blockages setting to prevent further dispersion. The areas where mitigating
programs have to be conducted should be selected to enhance the chance
of success, for example by selecting landscapes with a few small water
bodies (Adams and Pearl 2007), matching with the edge of rice-paddy
complexes in Korea.
Efforts to control populations should be initiated in the fall, first
focusing on the removal of L. catesbeianus larvae, followed by the removal
of adults in spring. This two-stage removal is indispensable, and targets
tadpoles first because the removal of adults would lead to a higher survival
of early metamorphic stages through reduced cannibalism (Govindarajulu
et al. 2005).
Following the modernisation of Korean agriculture, many natural
ditches surrounding rice paddies where replaced by concrete U-shaped
ditches with minimal or no vegetation. Although many anuran species
were found to avoid these concrete ditches (e.g. Groffen et al. 2018; Naito
et al. 2012), L. catesbeianus are still abundant in both natural and concrete
ditches (pers. obs.). Compared with natural ponds, concrete ditches impair
anuran exit, providing an opportunity to easily catch L. catesbeianus with
nets or fences.
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Long term population control
As of 2019, there is no monitoring program openly providing data on the
occurrence and distribution of L. catesbeianus in Korea. In order to control
the species, determining core populations and dispersal rates and routes is
pivotal. In addition, there is no current population management despite
successes in the 1990s (Park et al. 2014). The establishment of long-term
population control, even at low intensity, would prevent the establishment
of new populations, and may stop the local extirpation of the species such
as the Suweon treefrog (Dryophytes suweonensis; Borzée et al. 2017) and
the Gold-spotted frog (Pelophylax chosenicus; Ra et al. 2008).
When population mitigation efforts are successful, it is commonly
assumed that further introductions or the few remaining individuals will
not be a threat. However, even a handful of adults can catalyse a reinvasion within a few generations (Ficetola et al. 2008a). Estimates point at
10-year management plans for population eradication (Doubledee et al.
2003), depending on the species’ lifespan (Casper and Hendricks 2005).
Monitoring of managed small populations through powerful methods such
as eDNA sampling may help determining the presence of a few shy
individuals (Ficetola et al. 2008b).

Education and general public involvement
Past successful population control of L. catesbeianus in Korea relied on the
involvement of the general public, of all ages and classes (reviewed in Park
et al. 2014). Stepping up the control effort through public involvement
provides a much larger task force, at many different levels. For instance,
most Korean students are required to conduct some volunteer work, and
L. catesbeianus collection and deposition to specific centres could be listed
within the range of volunteering activities that can be selected. Furthermore,
there is a system of monetary compensation for a number of other invasive
species, including L. catesbeianus (Jang 2017), where each kilogram of
L. catesbeianus is rewarded by 5,000 KRW. This program is now restricted
to Ulsan but re-establishing it would provide an additional angle onto
population control. This monetary compensation program has proved its
efficiency in Korea, despite the risk of captive breeding aiming for the
monetary compensation.
Involvement of the general public in eradicating or controlling invasive
species first requires protocols for proper species identification. One
example of widespread public involvement for invasive-species control is
the control of Rhinella marina in Australia. Community groups and
government organisations organise R. marina collection activities, during
which volunteers catch thousands of toads sometimes in a single night (e.g.
Groffen and Porter 2015). Furthermore, participants are encouraged by
community groups and government organisations to kill R. marina
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individuals caught even outside of the collection events, for example to
keep their backyard or street toad free. These community groups and
government organisations effectively educate the public through
presentations, brochures, posters or websites (e.g. Kimberley Toad Busters
2010; Groffen and Porter 2015; Department of Parks and Wildlife Service
2013). A survey among residents from Darwin, Australia showed that
trained individuals were more successful in distinguishing the eggs,
tadpoles, sub-adults and adults of the invasive R. marina from those of
native frogs (Somaweera et al. 2010).
Education may even be more important in Korea, as L. catesbeianus is
relatively similar to Pelophylax species. During the mid-1990s NGOs in Korea
were actively participating in catching and exterminating L. catesbeianus
locally (Park et al. 2014), and their role should be reimplemented. Well
trained groups can supervise the general public to further reduce risk of
species misidentification. In this way, mis-identified frogs can be released
(e.g. Cunningham 1996). Furthermore, education about the impact of
invasive species may minimise the number of new releases or escapes.
Therefore, we strongly recommend the Korean government to provide
funding for NGOs and government departments to facilitate public
involvement and provide education and guidance for species identification.

Conclusion
Curbing or extirpating Lithobates catesbeianus populations from the
Republic of Korea, if possible, will substantially benefit the overall health,
stability and diversity of the native fauna in the region. It is, however, a
very costly undertaking which should be set over at least a decade to
achieve the intended results. A clear first benefit would be a decrease in
predation and pathogen prevalence on the Korean wildlife.
Additional benefits that are yet to be demonstrated in Korea are also
likely to occur. For instance, L. catesbeianus populations in the USA were
boosted by the presence of the invasive bluegill sunfish (Lepomis gibbosus;
Adams et al. 2003), which fed on macroinvertebrates that were themselves
preying on L. catesbeianus tadpoles (Werner and McPeek 1994). In Korea,
another invasive Bluegill sunfish species, Lepomis macrochirus, has been
introduced, and the same effect on L. catesbeianus is expected.
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