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Current Status of Korean Otter and Their Conservation
Seung Woo Han1 , Sung Yong Han2*
1
2

Institute for Sustainable Development, Seoul National University, Seoul, Korea
Korean Otter Research Center, Hwacheon, Korea

ABSTRACT
Among the 13 species of otters in the world, only one Eurasian otter (Lutra lutra ) is found in South Korea. In the
Korean Peninsula, otter pelts were historically valuable and expensive commodities used for international trade, and
otters have long been poached as hunting animals. Recent rapid economic development in South Korea has increased
habitat fragmentation and loss, creating a continuing threat to the natural environment. Otters live only in the area
of rivers and streams as a family group and are territorial (linear habitat). Due to these limited conditions of otter
habitat, the population size of otter is lower than that of onshore mammals. According to recent research, DNA
analyses using microsatellite markers have shown that only approximately 7-21 otter individuals inhabit river systems
for a length of 50-230 km. Korea's urban streams are associated with many threats that hinder otters from inhabiting
them. Many areas around the urban streams are surrounded by high concrete riverbanks, and the risk of roadkill is also
high. Nevertheless, ecological restoration projects in the urban rivers will contribute greatly to the stable inhabitation
of otters. Detailed otter conservation strategies, such as the elimination of threat factors, improvement of habitat
environment, and restoration of food resources and shelter, will provide a positive restoration effect on otter and river
ecosystems as well.
Keywords: Conservation, Eurasian otter, Korean otter, Lutra lutra , Republic of Korea

The 13 Otter Species in the World and
Eurasian Otter in Korea
There are a total of 13 species of otters worldwide (Table
1) (IUCN, 2021). Among them, five are found in Asia, and
only one species of Eurasian otter is found in South Korea (Fig. 1). This species has the widest range of habitat
among the 13 species, and it is found in Eurasian continent and North Africa (Roos et al ., 2015).
Eurasian otters are classified as a near threatened speReceived November 29, 2021; Revised December 8, 2021;
Accepted December 9, 2021
*Corresponding author: Sung Yong Han
e-mail hsy5034@hanmail.net
https://orcid.org/0000-0002-0256-9781

cies (NT) (Table 1), and it was reported that this species
is currently in a decreasing stage as habitat fragmentation and environmental destruction have been accelerated
worldwide (Roos et al ., 2015). The Eurasian otter species
native to South Korea has been under legal protection
since 1982.
Wilson and Reeder (2005) have identified a total of 12
subspecies of Eurasian otters. The subspecies found in
South Korea is known as Lutra lutra lutra . However, nearly
no taxonomic studies have been conducted in South Korea at the subspecies level so far.

History of Otters
Otters are semiaquatic mammal species that are mainly
active in water. The otter occupies an ecological niche

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology.
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Table 1. Classification and distribution of 13 species of otters in the world (IUCN, 2021)
Population trend

Species status

Sea otter

Common name

Enhydra lutris

Scientific name

Decreasing

EN

Coasts of Northern Pacific Rim

General distribution

Eurasian otter

Lutra lutra

Decreasing

NT

Eurasian continent, North Africa

Marine otter

Lontra felina

Decreasing

EN

Pacific Coast of South America

Giant otter

Pteronura brasiliensis

Decreasing

EN

South America

Spotted-necked otter

Hydrictis maculicollis

Decreasing

NT

Sub-Saharan Africa

Neotropical otter

Lontra longicaudis

Decreasing

NT

Central, South America

African clawless otter

Aonyx capensis

Decreasing

NT

Sub-Saharan Africa

Asian small-clawed otter

Aonyx cinereus

Decreasing

VU

South and Southeast Asia

Smooth-coated otter

Lutrogale perspicillata

Decreasing

VU

Southeast Asia, India, China

Hairy-nosed otter

Lutra sumatrana

Decreasing

EN

Southeast Asia

Congo clawless otter

Aonyx congicus

Decreasing

NT

Congo river basin

Southern river otter

Lontra provocax

Decreasing

EN

South America

North American river otter

Lontra canadensis

-

LC

North America

EN, endangered; VU, vulnerable; NT, near threatened; LC, least concern.

Fig. 1. Eurasian otter in South
Korea.
as a keystone species as well as a regulator that maintains healthy biodiversity in aquatic ecosystems (Mason
& Macdonald, 1986). Otters have been intensively hunted
in large numbers for commercial pelt harvest in the past.
Fortunately, international environmental organizations,
such as the International Union for Conservation of Nature (IUCN), were established in the mid-20th century, after which, otters received international protection (Duplaix
& Savage, 2020).
In the Korean Peninsula, there are historical records
stating that otter pelts were treated as a valuable, highcost international trading item (Chunchugwan, 1863;
Kim & Jeong, 1451). This leads us to believe that hunting
otter for their pelts was common in the past. However,
since the modern era of rapid national economic and
large-scale urban development continued to spread, the
otter’s natural habitat in rivers began to show the aspects
of habitat fragmentation and loss. Therefore, the need to
protect otters gradually emerged, and they began receiving legal protection after being designated as Natural
monument (Registered number 330) in 1982 and also
designated as Korean endangered species in 1998.

2

Because of these various protection efforts and the
media’s high interest in otters, public awareness on otter
protection quickly increased. Moreover, due to the otters’
cute and charismatic image, they became one of the representative iconic animals used to raise public awareness
on natural ecosystems and wildlife protection.

Lessons from the Extinction and the New
Appearance of Japanese Otters
In 2012, the Japanese Ministry of Environment officially declared the extinction of domestic otters (Nakanishi &
Izawa, 2019). The Japanese otter population sharply declined before the 1950s due to intensive hunting for pelt
and habitat destruction (Sasaki, 1995). Although Japanese
otters were legally protected since 1965, they had almost
been disappeared from the wild.
The last Japanese otters were found around the Shinjo
River in Susaki City on Shikoku Island, Japan, in 1979
(Nakanishi & Izawa, 2019). At that time, one individual
otter appeared to inhabit the Shinjo River basin from April
to September. Consequently, news about the discovery of
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this otter became a hot topic in Japan, and many experts,
photography clubs, and news outlets gathered around the
Shinjo River to photograph the animal. However, this otter disappeared after a few months, and for a long time
since then, no more Japanese otters have been observed.
Eventually, in 2012, the Japanese Ministry of Environment officially declared the extinction of Japanese otters
(Yoxon & Yoxon, 2019). According to Japanese otter researchers, their assessment on the extinction of Japanese
otters revealed that leading causes of extinction were excessive pressure from hunting, aquatic environment pollution, road construction, river development, damage from
net fishing, and low level of public awareness regarding
its protection (Ando, 2012; Sasaki, 1995).
However, in February 2017, special news arrived from
Tsushima Island, Japan. A research team led by Izawa
(Ryukhus Univ., Japan) was conducting a field survey using a camera trap in Tsushima Island, and surprisingly
one otter was caught on the camera (Nakanishi & Izawa,
2019). However, there have been no research records of
otters living in Tsushima Island. The Japanese Ministry of
Environment and a research team led by Sasaki (Chikushi
Jogakuen Univ., Japan) assumed that approximately four
otters are currently living in Tsushima Island based on
field surveys and genetic analysis of otter spraints (Cultural
Heritage Administration, 2020; Yoxon & Yoxon, 2019).
Nevertheless, the exact origin or route of entry to the island remains unclear. Based on genetic investigations, it
was presumed that these otters on Tsushima Island probably originated from South Korea. However, the shortest
distance between Tsushima Island and the south coast of
South Korea (Gyeongsangnam-do or Busan area) is approximately 50 km, a distance that otters cannot cross in
the sea. Therefore, the researchers assumed that the otters
might have arrived on Tsushima Island by chance on ships
traveling between Busan, South Korea, and Tsushima Island, Japan or due to other unknown causes (Yoxon &
Yoxon, 2019).

Eurasian Otters’ Territoriality and
Linear Home Range
The first academic research on otter species in South
Korea was conducted by Han (1997). Several studies
have been conducted since then, and otters have been
reportedly found in various rivers, from Gangwon-do to
the southern seacoast of South Korea (Cha et al ., 2004;
Daegu City, 2019; Nam, 2004).
Unlike other terrestrial mammals, otters, a semiaquatic
mammal species, are vulnerable and can only survive in
linear-shaped waterways, such as rivers and streams; it
is important to be mindful of this fact when describing
the distribution range of otters in Korea. In other words,
if the observed locations of otters are visualized at a re-

https://doi.org/10.22920/PNIE.2022.3.1.1

Fig. 2. Diagram of territoriality of Eurasian otter (Ando,
2004).
gional scale, it is easy to make an overestimation that
they are distributed in most regions of Korea. It is important to understand that otters have to live in a linearized
waterway, while other wild animals mainly live in an area
of polygon.
According to previous researches on the home range of
Eurasian otters, Erlinge (1967) reported the otter home
range is about 7-15 km, Néill et al . (2009) also reported
the range about 7.5-13.5 km, reaching up to 19.5 km in
some cases. Two females can be included within the territory of a male otter (Fig. 2) (Ando, 2004; Quaglietta et
al ., 2014). In other words, otter populations with a linear
home range encounter problems more frequently than
other terrestrial mammals. As otters mainly form family
groups with a male and female, a competition on territory occurs when another family group breaks into their
territorial domain (Remonti et al ., 2011). In addition, otters are vulnerable species that can have a relatively low
population size as they have to compete with each other
for available food resources, which adversely affects the
spread or dispersal of their gene flow.

Assessment of Otter Population Size in
South Korea
In South Korea, otters are vastly popular in the public
and media. When an otter is found in a particular area or
dies from a roadkill, the news is quickly reported in television or online newspapers. For this reason, there has been
a grave misunderstanding about the number of otters or
their range of distribution. For example, a family of otters
within a territory can travel upstream and downstream
along their waterway several times a day, exhibiting energetic movement (Erlinge, 1967). As such, when otters
move continuously from upstream to midstream, people
often mistakenly assume that the otters found in the
upstream, middle stream, and downstream are different
individuals and that many otters live around that area.
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Therefore, to study the number of otters in a specific
area, it is necessary not only to select an objective field
survey method but also to completely understand the
characteristics of their territoriality.
Fortunately, several studies have used microsatellite
markers to calculate the number of otters in South Korea. Park et al . (2011) calculated the number of otters by
analyzing the DNA of fresh spraints collected from areas
around Daegu City. Based on this study, a total of seven
individual otters were identified in the surveyed areas of
Shincheon and Kumho river, which are approximately 50
km long.
The Geum River Basin Environmental Office reported
the number of otters in the Daecheong Lake basin by
analyzing microsatellite markers (Geum River Basin Environmental Office/Ministry of Environment, 2017). A total
of 21 otters were identified through DNA analysis in the
survey area, with a total water system length of approximately 230 km.
Daegu City reported the number of otters in the entire Daegu City river system, which is approximately 100
km long, and identified 19 individual otters (Daegu City,
2019).
Based on the results of such genetic analyses, the actual number of otters was determined to be relatively small
(7-21 individuals), even though the habitats ranged from
tens to hundreds of km. These studies evidenced the vulnerability of the otters’ linear habitat and suggest that a
careful approach involving a scientific method of analysis
is needed when evaluating the number of otters instead
of reasoning based on a simple observation (Hájková et
al ., 2009; Kruuk et al ., 1986; Parry et al ., 2013; Sittenthaler et al ., 2020).

Reproduction
The gestation period of Eurasian otters is 61-74 days
(Wayre, 1979), and their average litter size is about 2.5
(Mason & Macdonald, 1986; Reuther & Festetics, 1980;
Ruiz-Olmo et al ., 2002; Stubbe, 1980). The reproduction
period of otters varies with the latitude and environmental factors of different countries. They exhibit different
characteristics depending on their habitat environments,
as some reproduce over the entire year or only in a particular season (Heggberget, 1988; Kruuk et al ., 1987; RuizOlmo et al ., 2002). For example, the otters inhabiting
North America (Lontra canadensis ) often shows delayed
implantation of the fertilized egg (Hamilton Jr. & Eadie,
1964; Melquist & Hornocker, 1983). On the other hand,
according to a study on the breeding season of Eurasian
otters in South Korea (Han, 1997), most Eurasian otters
give birth in the spring and sometimes also in the summer.

4

Diet
Otters are essentially opportunistic predators who
depend on foraging of various food resources in their
habitats (Rheingantz et al ., 2017; Smiroldo et al ., 2009).
Therefore, studying the otters’ dietary habits helps in
acquiring ecological information, such as their social behavior, habitat use, and population ecology. According
to previous studies, fish accounts for >80% of the entire
prey species of otters (Cha et al ., 2004; Clavero et al .,
2003; Heggberget & Moseid, 1994; Remonti et al ., 2010).
An analysis of the diet of South Korean otters was first
reported by Han (1997), which showed that fish was their
most frequent prey, followed by birds, crustaceans, amphibians, and small mammals.

Habitat Use
Several studies on the habitat use of otters in South
Korea have been conducted (Han, 1997; Shin et al ., 2020;
Son, 2000). Han (1997) studied the otter's most preferred
habitat environment at Yuncho Dam, Koje City, Gyeongsangnam-do, and found that they mostly prefer waterside environments, where rocks and vegetation coexist,
whereas the place with the lowest frequency of use was
an environment with a lot of mud. And Shin et al . (2020)
studied the habitat use of otters from the Geum River
system to the Daecheong Lake basin. The most frequently
used environment was wetlands (259.3 km), followed by
forests (77.0 km), grasslands (58.5 km), bare lands (51.0
km), and rockface (0.5 km). According to these results, it
could be judged that otters prefer the riverside environment the most where they can readily forage for food and
where various well-concealed shelters are available.

Coexistence of Humans with Otters
Otters can be found in rivers flowing through deserted
forest valleys and urban streams flowing through big cities. Therefore, it is natural to find otters in river catchments, such as in Shincheon in Daegu City, Han River in
Seoul City, and Jecheon in Sejong City. The appearance of
otters in such urban river environments is widely observed
not only in Korea but also in areas such as Hamburg in
Germany and Marina Bay in Singapore (Reuther, 1995;
Theng et al ., 2016). However, this does not indicate their
stable inhabitation. If riverbanks constitute a concrete
wall environment, it is unlikely that such places would be
inhabited by otters; it is likely that such places will only
be used as a simple waterway to pass by (Duplaix & Savage, 2020; Foster-Turley et al ., 1990). Moreover, in urban
environments, roadkill by cars is very likely to occur (Raymond et al ., 2021).
Whether it is an urban river or a valley in a forest, the
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most essential environmental condition for otters is the
presence of abundant food resources and safe hideouts.
Although it is important to preserve the natural habitat of
otters, ecosystem restoration projects targeting alreadydeveloped urban river areas should also be considered
when discussing conservation measures for otters, which
can be particularly helpful. In other countries, the restoration of otter habitats generally receives public support.
The New York River Otter Project in New York State (Raesly,
2001), the precedents of reintroduction of river otters in
Pennsylvania, USA (Serfass et al ., 2003), the restoration of
otter habitats in the Ise River, Germany (Reuther, 1998),
and the reintroduction of otters in the Netherlands (Jansman et al ., 2003; Koelewijn et al ., 2010) have all gained
public support.
Shincheon in Daegu City, Korea, is adjacent to the
Kumho River, Han River in Seoul City passes through the
city and Jecheon in Sejong City is connected to the Geum
River; therefore, ecological restoration projects in the
urban streams of metropolitan cities will further expand
the safe habitats of otters and may result in a healthy
recovery of the ecosystem. Furthermore, restoration of
otter habitat in urban streams is expected to be highly
supported by the public in terms of human coexistence
with otters and aquatic ecosystem restoration. Therefore,
the establishment of detailed otter conservation strategies
(Foster-Turley et al ., 1990; Weinberger et al ., 2019), such
as the elimination of otter threats, improvement of their
habitats, and restoration of their food resources and safe
hideouts, is not only important for otter but also for a
meaningful restoration process that reinstates the urban
river ecosystems.
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ABSTRACT
Farming practices that balance environmental friendliness with biodiversity are increasingly valuable. Wild plants on
farmlands compete for nutrients with crops and create a crucial microhabitat and resources for animals such as natural
enemies. Investigating farmlands and their surrounding plants with limited human and material resources has become
an essential aspect of evaluating the agricultural ecosystem services. This study investigated plants in six agricultural
long-term ecological research sites in Taiwan from 2017 to 2020 to determine the ideal season for investigation.
Cluster analysis was performed to group habitats with similar plant composition, and the species–area curves of the
clusters in each season were created. The results indicated that the agricultural ecosystem could be divided into
farmlands, banks, orchards, and tea gardens. The habitats were divided into farmland, bank, Chia-Yi orchard, Gu-Keng
orchard, and tea garden clusters. Ground plant cover can be investigated all year with at least 18 quadrats. However,
if human and material resources are limited, 10 quadrats should be the minimum for farmlands in autumn and for the
other microhabitats in spring. The minimum number of quadrats is 10 for banks, 17 for orchards, and 9 for tea gardens.
Keywords: Agricultural ecosystem, Ecosystem service, Long-term ecological research, Plant investigation

Introduction
A total of 36.8% of the land area worldwide is agricultural land (FAO, 2019). Agriculture has been developed for
more than a thousand years, and agricultural ecosystems
are a unique landscape that provides food but is disturbed
by human activity. This disturbance can strongly affect
biodiversity and the environment (McLaughlin & Mineau,
1995). Inappropriate cultivation and agricultural manageReceived October 1, 2021; Revised October 26, 2021;
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ment practices and chemical materials such as herbicides
and fertilizers can also reduce biodiversity (Dudley & Alexander, 2017), leading to a decrease in ecosystem service
value through landscape simplification, soil degradation,
water pollution, poor water and soil conservation, and the
extinction of species (Kanianska, 2016). The overuse of
agricultural chemicals can change the species composition
of agricultural ecosystems and negatively affect the gene
pool by reducing the number of natural enemies and increasing pests’ and weeds’ drug resistance (Bueno et al .,
2017; Cloyd, 2012). These factors decrease agricultural sustainability and biodiversity.
Agricultural practices that not only produce high
quantities of food but also balance biodiversity and environmental friendliness are crucial. Benton et al . (2003)
described the crucial nature of identifying methods to
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mitigate the negative effects of agriculture on the biodiversity of various ecosystems. Because long-term agricultural activity reduces the biodiversity in farmland plants
directly and indirectly (Stehlik et al ., 2007; Vickery et al .,
2001), many studies have indicated that the boundaries
of seminatural habitat farmlands are an essential dispersal
corridor for fauna (Dennis & Gary, 1992). The vegetation in seminatural habitat farmlands comprises natural,
human-made and mixed planting systems. Seminatural
habitat farmlands maintain wild plant biodiversity as well
as the variety in structure in trees, shrubs, grasslands, and
weeds. The variety of structure determines the diversity of
function, ensures the protection of the natural enemies
of pests, and decreases the number of pest species. Altieri
(1984) indicated that planting brussels sprouts (Brassica
oleracea L. var. gemmifera ) with broad beans (Vicia faba
L.) and field mustard (Brassica kaber [DC] L.C. Wheeler)
deters pests more than does planting brussels sprouts
alone. Lagerlof and Wallin (1993) noted that in terms
of the plant biodiversity in the borderlines of farmlands,
higher bank plant biodiversity results in more species of
pests in larger quantities. Wyss (1996) revealed that if
apple orchards are human-made bands of grassland 1 m
apart, the number of natural enemies of aphids increase.
The results of Yu et al . (1996) indicated that several flowers in nonpaddy habitats and Poaceae weeds are crucial to
protecting natural enemies.
Most of the agricultural landscapes consist of farmlands; buildings such as greenhouses, farmhouses, and
warehouses; and seminatural habitats at the borders of
farmlands such as grasslands, ponds, forests, and brooks.
These habitats are crucial to habitants even if they are
small (Jobin et al ., 2001; Morandin & Winston, 2014).
The borders of agricultural landscapes are mostly human
made. If landscape elements such as flora and native
plant species are predominant, the landscapes can be artificially reconfigured with ease to create an agricultural
ecosystem that balances biodiversity and ecofriendliness.
In such an ecosystem, the cultivated areas and various
bands of farmland vegetation serve as habitats for the
native fauna and flora (Marshall & Moonen, 2002).
The scope of farmland landscape in Taiwan is extensive.
Although the types of landscapes, flora, landforms, and
land use in farmlands are less varied than in the natural
environment, the time for basic investigation and research
can be several years and require considerable costs, labor,
and material resources. To efficiently utilize funding and
resources, the research production value must be calculated, researchers must be allocated tasks, the progress
and outcome must be periodically evaluated, and the
format and method for sharing data must be determined.
Therefore, developing and evaluating plant species investigation methods that involve biogeographical scales (Kent
& Coker, 1992) are essential to research.
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Wu et al . (2008) indicated that the regional grass flora
investigation in Taiwan requires at least 6.1 random quadrats with an area of 1×1 m2. However, the scale of the
investigation was the entire Taiwan, and the scope of agriculture was defined as all activity on farmlands, banks,
and orchards. Therefore, to identify the types of weeds in
farmlands, investigating the grass management, microhabitat conservation, and agricultural landscape creation
is insufficient; the category of “farmland” must be subdivided. We investigated the plants in the agricultural ecosystems in Taiwan during the most appropriate seasons
for the sake of efficiency and developed a methodology
for evaluating agricultural ecosystem services.

Materials and Methods
Study sites
We began the ground cover plant investigation at longterm agricultural ecology research stations located in the
center of Taiwan, where the average annual temperature
is 22-25.5°C and annual precipitation is 900-3,000 mm
(Center Weather Bureau Data, 1971-2020). The study
sites were Chi-Ko Branch Farm (CK site), Yuin-Lin Branch
Station (YL site), Chia-Yi Agricultural Experiment Branch
(CY site), Gu-Keng Branch Farm (GK site), and two tea
gardens in Min-Jian (MJ site), one practicing conventional farming and one sustainable farming (MJ-CF and MJSF sites) (Fig. 1). The crops in each site are as follows: rice
and peanuts at the CK and YL sites, lychee at the CY and
GK sites, and tea at the MJ-CF and MJ-SF sites. Weed
management comprises regular mowing and use of herbicides at the CK, YL, and MJ-CF sites and regular mowing
alone at the CY, GK, and MJ-SF sites.
Field investigation
The investigation was conducted from 2017 to 2020
during spring (March to May), summer (June to August),
autumn (September to November), and winter (December
to February). The habitats investigated were farmlands
(CK & YL sites), banks (CK & YL sites), orchards (CY &
GK sites), and tea gardens (MJ-CF & MJ-SF sites). In accordance with the recommendations of Wu et al . (2008),
more than 10 random quadrats with an area of 1×1 m2
in different habitats of the sites were investigated. The
coordinates, altitudes, and vertical projection cover of
the quadrats and the scientific names of the species were
documented. If the roots of a plant were outside the
quadrat but its branches or leaves were inside, the plants
were considered inside the quadrat. Because vertical projection cover was examined, the total plant cover could
be more than 100% in each sample.
Data analysis
Cluster analysis was performed to group the habitats
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with similar plant composition in each quadrat, and the
data were combined into clusters using R (version 4.1.1;
The R Foundation for Statistical Computing, Vienna, Austria). After cluster analysis, individual quadrats were randomly selected to calculate the number of plant species
for each cluster and season. We then merged the data
with those of nearby quadrats and calculated the number
of plant species to create species–area curves by plotting
the total number of species in each season. The species–
area curves were created using Microsoft Excel (version
2013; Microsoft, Redmond, WA, USA), and the point
of tangency was set to a slope of 1 to identify areas in
which the number of species increased slowly; the point
of tangency represents the minimum number of samples.
For habitats in the same cluster, one-way analysis of variance was performed using JMP (version 6.0; Statistical
Discovery, SAS Institute, Cary, NC, USA) to identify differences in cover and number of species among the habitats
and seasons and to determine the ideal sampling season.

Results
The habitats in each site were divided into five clusters:
1) the farmland cluster (F cluster), comprising farmland
data from the CK and YL sites; 2) the bank cluster (B cluster), comprising bank data from the CK and YL sites; 3)
the Chia-Yi orchard cluster (CY-O cluster), comprising orchard data from the CY site; 4) the Gu-Keng orchard cluster (GK-O cluster), comprising orchard data from the GK
site; and 5) the tea garden cluster (T cluster), comprising
tea garden data from the MJ-CF and MJ-SF sites (Fig. 2).
The data from the CK-F and YL-F clusters revealed two
independent monophyletic groups in the F cluster. The
data from the MJ-CF and MJ-SF clusters revealed two
independent monophyletic groups in the T cluster. However, because the data from the CK-B and YL-B clusters
were scattered, we did not mark them in Fig. 2.
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Fig. 1. Locations of long-term
agricultural ecological research.
CK, Chi-Ko Branch Farm; YL,
Yuin-Lin Branch Station; CY,
Chia-Yi Agricultural Experiment Branch Farm; GK, GuKeng Branch Farm; MJ-CF, MinJian tea garden for conventional
farming; MJ-SF, Min-Jian tea
garden for sustainable farming.

Fig. 2. Hierarchical cluster analysis of habitat groups. F,
farmland cluster; B, bank cluster; CY-O, lychee orchard
cluster at the Chia-Yi site; GK-O, lychee orchard cluster at
the Gu-Keng site; T, tea garden cluster; CK, Chi-Ko site; YL,
Yuin-Lin site; MJ, Min-Jian site; CF, conventional farming;
SF, sustainable farming.
Fig. 3 illustrates the species–area curves for the clusters
and seasons. The number of quadrats in each cluster was
as follows: 3.9-9.4 in the F cluster, 8.9-11.2 in the B cluster, 13.2-18 in the CY-O cluster, 10.3-14.9 in the GK-O
cluster, and 5.3–8.1 in the T cluster. Minimum quadrats
for weed investigation in agricultural ecosystem for each
microhabitat were presented in Table 1.
Table 2A presents a comparison of the number of
plant species among the clusters. The GK-O cluster had
the most species during all four seasons, followed by
the CY-O, T, B, and F clusters. Significant differences in
number of plant species were observed in the F, B, CY-O,
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and GK-O clusters. The F cluster had the most species in
autumn, followed by in winter, summer, and spring. The
B cluster had the most species in spring, followed by in
summer, autumn, and winter. The CY-O cluster had the
most species in spring, followed by in autumn, winter,
and summer. The GK-O cluster had the most species in
spring, followed by in summer, autumn, and winter. No
significant differences in number of plant species among
the four seasons were observed in the T cluster.
Table 2B presents a comparison of plant cover among
the clusters. The GK-O cluster had the highest cover in all
four seasons, followed by the CY-O, T, B, and F clusters.
Significant differences in plant cover among the seasons
were observed. The F cluster had the highest cover in
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Fig. 3. Species–area curves for each microhabitat in the
agricultural ecosystem for each season. F, farmland cluster;
B, bank cluster; CY-O, lychee orchard cluster at the Chia-Yi
site; GK-O, lychee orchard cluster at the Gu-Keng site; T, tea
garden cluster.
spring and autumn, followed by in summer and winter.
The B cluster had the highest cover in summer and autumn, followed by in spring and winter. The CY-O cluster
had the highest cover in autumn and winter, followed by
in spring and summer. The GK-O cluster had the highest
cover in summer and autumn, followed by in spring and
winter. The T cluster had the highest cover in summer,
followed by in autumn, spring, and winter.

Discussion
Our results in comparison with those of Wu et al . (2008)
indicate that 6.1 random 1×1 m2 quadrats are insufficient
for a plant survey in the microhabitats of the agricultural
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ecosystem. For areas such as paddy fields and tea gardens
with short, high-cover plants, such as peanuts, 10 (>9.4)
quadrats should be used in each season. For habitats on
the boundaries of farmlands, such as banks, 12 (>11.2)
quadrats should be used in each season. For orchard clusters with tall plants and cultivated grasslands, 18 quadrats
should be used to determine the number of plant species
number in the agricultural areas (Table 1).
All clusters except the F cluster had the most species
during spring (Table 2A). This is probably because the
temperature in spring increases, causing seeds to germinate and resulting in a large number of species but low
plant cover. In Taiwan, pre-emergency herbicides are applied to paddy fields such as those in the F cluster to inTable 1. Minimum quadrats for weed investigation in
agricultural ecosystem
Microhabitat
cluster
F
B

Season
Spring

Summer

Autumn

Winter

3.9

6.4

9.4

8.4

9.3

8.9

11.2

10.7

CY-O

16.2

15.0

18.0

13.2

GK-O

14.9

12.1

12.8

10.3

8.1

6.3

5.8

5.3

T

F, farmland cluster; B, bank cluster; CY-O, lychee orchard
cluster at the Chia-Yi site; GK-O, lychee orchard cluster at the
Gu-Keng site; T, tea garden cluster.

hibit the germination and growth of weeds and prevent a
population from being established before rice transplanting (January to February). After the first harvest, farming
transitions from paddies to upland fields. After the cultivation of peanut in autumn, the number of plant species
increases considerably because of irrigation. However,
the unique paddy–upland crop rotation to deter disease,
pests, and weeds during rice cultivation in Asian monsoon
areas strongly affects soil microhabitats and reduces weed
biodiversity (Hsiao et al ., 2013). Therefore, the number of
plant species in such areas is small.
The results for plant cover indicate normal plant growth
conditions, and the highest growth period, producing
a dense canopy, is from summer to autumn. For the F
cluster, the highest growth period was spring and autumn (Table 2B). This can probably be attributed to the
fact that during rice harvest in June and July, the aboveground plants are removed, reducing plant cover. Overall,
summer and autumn are conducive to investigating plant
cover in agricultural ecosystems. The accumulation of
soil organic carbon (SOC) is caused by interaction among
dynamic ecological processes such as photosynthesis, decomposition, and soil respiration (Ontl & Schulte, 2012)
and is directly or indirectly affected by the formation of
soil organic matter after plant decomposition. Large
amounts of SOC in plant biomass (Conant et al ., 2017) is
directly reflected by above-ground cover. In light of farmland carbon rights, plant biomass will become a crucial
indicator.

Table 2. Number of plant species and plant cover in the agricultural ecosystem of Taiwan during each season
Season
Spring

Summer

Autumn

Winter

P -value

(A) Species number
F

1.2±0.5c

1.4±0.7c

2.2±1.7a

1.7±1.4b

***

B

a

b

b

2.4±1.5c

***

CY-O

3.4±2.2

4.1±2.4

a

3.4±1.8

b

ab

5.1±2.0

5.9±2.2

a

5.6±2.1

b

ab

ab

*

c

5.3±2.3

GK-O

8.7±2.4

7.8±2.7

8.1±2.7

6.7±1.9

***

T

4.2±2.1a

3.9±2.1a

3.6±1.8a

3.9±1.9a

ns

(B) Cover
F

71.5±25.3a

34.1±35.3b

69.8±35.9a

17.0±27.8c

***

B

b

a

a

22.6±28.0c

***

a

a

***

b

**

77.6±28.6b

**

CY-O
GK-O
T

41.3±37.2

ab

114.1±26.9

ab

123.9±35.2

84.1±25.2ab

59.5±47.9

bc

103.2±30.3

a

131.6±36.5

90.5±19.8a

56.6±41.9
115.4±37.2

a

131.3±33.0

84.9±20.8ab

97.4±33.5
116.9±39.5

F, farmland cluster; B, bank cluster; CY-O, lychee orchard cluster at the Chia-Yi site; GK-O, lychee orchard cluster at the Gu-Keng
site; T, tea garden cluster.
*Indicates a significant difference among the seasons (one-way analysis of variance: *P <0.05, **P <0.01, ***P <0.001) and ns denotes
no significant difference (one-way analysis of variance: P ≥0.05). Numbers sharing letters indicate nonsignificant differences on
the basis of a least significant difference test with a 5% significance level (mean±standard deviation).
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Investigations of plant ground cover can be conducted
throughout the year with at least 18 quadrats in the subdivided microhabitats. However, if human and material
resources are limited, 10 quadrats should be the minimum
for farmlands in autumn and for the other microhabitats
in spring. The minimum number of quadrats is 10 for
banks, 17 for orchards, and 9 for tea gardens.
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Fish Community and Habitat Environmental
Characteristics in the Gudam Wetland
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Wetlands Center, National Institute of Ecology, Seocheon, Korea

ABSTRACT
In this study, we investigated the water quality and fish community of the Gudam Wetland, a riverine wetland in the
middle-upper reaches of the Nakdong River, during March-October 2020. The main results were as follows: average
annual flow rate: 45.0±23.7 m3/s, flow velocity: 0.4±0.3 m/s, water depth: 1.4±0.4 m, water temperature: 17.5±0.8°C,
pH: 7.8±0.2, electrical conductivity: 121.6±19.0 µs/cm, dissolved oxygen concentration: 11.4±0.9 mg/L, suspended
solids concentration: 3.8±2.0 mg/L, and the water quality was classified as Ia (very good). A total of 754 individual
fish belonging to 4 orders, 7 families, and 19 species were investigated. Cyprinidae was the dominant group, with 13
species. The dominant species was Zacco platypus (39.3%), followed by Pseudogobio esocinus (17.5%). There were 8
(42.1%) endemic Korean species and 1 exotic species, Micropterus salmoides . Four species were carnivores, six were
insectivores, and nine were omnivores. Regarding tolerance to environmental changes, 6 species were tolerant, 11 had
intermediate tolerance, and 2 were sensitive. Fish community analysis revealed dominance of 0.57, diversity of 2.04,
evenness of 0.69, and richness of 2.72, indicating a diverse and stable fish community. The fish assessment index
showed that the assessment class was B (average 62.5), which was higher than that of major streams of the Nakdong
River (class C). For sustainable conservation of the Gudam Wetland, management strategies such as minimizing
aggregate collection and preventing inflow of non-point pollutants are required.
Keywords: Fish community, Gudam Wetland, Ichthyofauna, Riverine wetland

Introduction
The Gudam Wetland (2,269,611.42 m2) is a riverine
wetland located in the middle and upper reaches of the
Nakdong River. With the decrease in the flow velocity
due to the construction of the Andong Dam and Gudam
weir, bed sediments accumulated, the appearance of a
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braided channel disappeared, and the vegetation settled
in the alluvial island, resulting in the formation of the
current wetland (Kang, 2011). In terms of the vegetation
environment, riparian vegetation such as perennial wet
grasslands and willow communities have developed (Lee
& Kim, 2021), serving as an area of high species diversity and an important habitat for endangered wildlife. In
addition, the sandbar formed in the wetland is used as
a resting and breeding ground for water birds, and the
lentic system and alluvial island near the Gudam weir
have high ecological value as a winter resting ground for
ducks (National Institute of Ecology, 2020). Despite various social and ecological functions and roles of riverine
wetlands, the Gudam Wetland is recognized as a target
for development and utilization, and is threatened by

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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continuous disturbances and losses such as land formation, eutrophication, hydrological disturbance, habitat destruction, and reduced biodiversity (Brinson & Malvárez,
2002; Davidson, 2014; Mitsch & Gosselink, 2000; Zedler
& Kercher, 2004).
For riverine wetlands with high environmental value,
efficient conservation measures and systematic management are required through monitoring and field surveys
to obtain various data, such as that of topography, water
quality, and biological species (National Institute of Ecology, 2020). In this regard, the Wetlands Center of the
National Institute of Ecology has conducted an intensive,
time-series survey by area to propose designation of wetland protected areas, targeting wetlands with ecological excellence. The results of the survey were utilized to
evaluate the ecological value of the wetland biodiversity
for eight areas, including vegetation, terrestrial insects,
birds, mammals, and fish (Ministry of Environment & National Institute of Ecology, 2020). Among these areas, fish
require various habitat conditions depending on changes
in the physical aquatic environment; thus, it is a useful
biological indicator for evaluating the aquatic ecosystem
(Chae & Yoon, 2011; Dolédec & Statzner, 2008; Ward,
1992; Yang & Chae, 1993). As apex predators, fish are
also one of the key factors in determining aquatic ecosystem biodiversity (Moyle & Cech, 2000). Ichthyofauna
surveys were conducted in the Gudam Wetland in a previous study on the Nakdong River ecosystem as a part of
the National Ecosystem Survey (Ministry of Environment
& National Institute of Ecology, 2015). These surveys
showed that endemic fish communities are well maintained in the Gudam Wetland, with a high ratio of endemic species and a low rate of introduced species (Kang,
2011). For quantitative analysis of aquatic ecosystem
health, the fish assessment index (FAI), which has been
established with eight metrics, was derived considering
the characteristics of rivers in Korea (National Institute of
Environmental Research, 2019).
In this study, as part of a nationwide intensive inland
wetland survey, an intensive survey on the ichthyofauna
distribution in the Gudam Wetland was conducted to

investigate the characteristics of ichthyofauna and fish
communities. Based on the results, this study aimed to
confirm the ecological value and importance of the Gudam Wetland as a fish habitat and obtain basic reference
biological data for the establishment of efficient conservation and management measures for the wetland.

Materials and Methods
Water quality survey
The Gudam Wetland is a representative S-shaped meandering river section among the channel sections of
the Nakdong River. A stable flow regime was confirmed
because of the Andong and Imha dams in the upstream
area of the wetland. The Gudam weir is installed in the
downstream area of the wetland, which enables river bed
stabilization and water level retention (Table 1).
To investigate the water quality of the Gudam Wetland, measurements of eight elements (flow rate, mean
flow velocity, mean water depth, water temperature, pH,
electrical conductivity [EC], dissolved oxygen [DO], and
suspended solids [SS]) were conducted in the Gudam weir,
Gwangdeok Bridge, Hahoe Village, in the main stream of
the Nakdong River on six occasions from April-October
2020 (April 30, May 31, June 29, August 29, September
22, and October 12). pH, EC, and water temperature were
measured using a waterproof tester (HI-98130; HANNA
Instrument, Nusfalau, Romania), DO was measured using
a portable DO meter (PDO-520; HANNA Instrument), SS
was measured using a portable turbidity meter (TB-31;
TOADKK, Tokyo, Japan), and flow velocity was measured
using a portable flowmeter (FLOWATCH; JDC, Yverdonles-Bains, Switzerland). Values were calculated by averaging three measurements at each site.
Survey method and community analysis method
Ichthyofauna community surveys were conducted from
March-October 2020. For survey sites, four points were
selected in the Gudam Wetland, located in the middle
and upper reaches of the Nakdong River near Andong-si,
Gyeongsangbuk Province, and the survey was conducted

Table 1. Results of the hydrological and water quality survey of Gudam Wetland
Water
Flow velocity Water depth temperature
(m/s)
(m)
(°C)

Survey
station

Flow rate
(m3/s)

St. A

45.0±23.7

0.4±0.1

1.0±0.3

St. B

45.0±23.7

0.7±0.2

1.5±0.2

pH

EC
(μs/cm)

DO
(mg/L)

SS
(mg/L)

17.4±0.8

7.9±0.3

114.0±16.7

11.5±0.9

3.4±2.1

17.5±0.9

7.7±0.1

118.3±16.7

11.4±0.8

3.4±2.0

St. C

45.0±23.7

0.1±0.1

1.8±0.1

17.7±0.7

7.7±0.2

132.3±18.3

11.3±1.0

4.5±1.6

Total

45.0±23.7

0.4±0.3

1.4±0.4

17.5±0.8

7.8±0.2

121.6±19.0

11.4±0.9

3.8±2.0

Values are presented as mean±standard deviation.
EC, electrical conductivity; DO, dissolved oxygen; SS, suspended solids.
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Key map

N 36 32' 31.15" E 128 31' 00.08"

N 36 32' 58.85" E 128 30' 36.17"
Fish survey site (St. A-C)
Water quality survey site (St. 1-4)
Boundary of survey area

0

0.5

1

1.5 km

N 36 32' 17.14" E 128 28' 02.26"

N 36 32' 31.65" E 128 31' 06.67"

N 36 33' 01.36" E 128 30' 31.43"

N 36 32' 26.95" E 128 28' 15.21"

N 36 32' 24.49" E 128 27' 48.54"

Fig. 1. Survey sites.
twice, i.e., before and after the flood (Fig. 1).
For fish collection, a cast net (7×7 mm mesh), stake net
(5×5 mm mesh), and fyke net (7×7 mm mesh) were used.
Identification and classification of the collected fish were
performed on-site to determine the species and number
of individuals, and then immediately discharged. A small
number of individuals that were difficult to identify or for
which photographs and sample preparation were required
were fixed in neutral buffered 10% formalin solution
(Sigma-Aldrich Corp., St. Louis, MO, USA) or stored in a
cooler and transported to the laboratory for identification
and measurement. For identification and classification,
Kim (1997) and Kim and Park (2002) were used as references, and the classification system was arranged based
on Nelson (2006). For structural analysis of fish communities, dominance, diversity, evenness, and richness were
calculated based on the number of fish collected at the
survey sites (Margalef, 1958; McNaughton, 1967; Pielou,
1966; 1975).
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Aquatic ecosystem health assessment
The FAI was calculated using an ecological health
metric model, and an analysis of the ecological health
model of fish was performed based on the eight evaluation metrics, which have been improved and modified by
the Ministry of Environment to reflect the circumstances
in Korea based on the original standards of the Klemm et
al . (1993) (National Institute of Environmental Research,
2019). According to the FAI, the health evaluation result
of the river is classified into five levels, with 80-100 as
“very good (Grade A),” 60-80 as “good (Grade B),” 4060 as “normal (Grade C),” 20-40 were classified as “bad
(Grade D),” and 0-20 as “very bad (Grade E)” (National
Institute of Environmental Research, 2019).

Results and Discussion
Physico-chemical environment
The flow regime of the channel section in the Gudas
Wetland showed a very good flow due to the discharge
from Andong and Imha dams, with annual average flow
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rate of 45.0±23.7 m3, flow velocity of 0.4±0.3 m/s, water
depth of 1.4±0.4 m, and water temperature of 17.5±0.8°C.
The water quality survey showed that the Gudam Wetland had a pH of 7.8±0.2, EC of 121.6±19.0 µS/cm, DO
concentration of 11.4±0.9 mg/L, and SS concentration of
3.8±2.0 mg/L. The EC and SS values were higher at Station (st.) C than at other sites, which was determined to
be due to the reduced flow velocity by the installation of
the Gudam weir in the lower reach, which led to an increase in sediments such as organic matter and nutrients.
According to the environmental standards in accordance
with the Annexed Table 1 of Article 2 of the Enforcement
Decree of the Framework Act on Environmental Policy,
water quality of the river in the Gudam Wetland was very
good (Ia Grade), and it was classified as an ecosystem rich
in DO and free from pollutants. In addition, considering
the water quality data for the last 5 years in the areas adjacent to the Gudam Wetland (Ministry of Environment,
2021; Regional Office: Andong 4, Table 2), in general, the
Gudam Wetland water quality showed grades from very
good (Ia) to good (Ib); therefore, it is considered that the
Gudam Wetland satisfied the requirements of conservation as a riverine wetland (Table 2).
Current status of fish species composition and
distribution in the Gudam Wetland
In terms of fish species composition and distribution of
the four survey sites in the Gudam Wetland, there were 4
orders, 7 families, 19 species, and 754 individuals (Table
3). Among the fish that were present, 13 species of Cyprinidae accounted for the majority, and only one species
appeared in each of six families, including Adrianichthyoidae, Cobitidae, and Centrarchidae. Examination of the
number of individuals by family showed that there were
697 individuals of Cyprinidae (92.4%), 29 individuals of
Cobitidae (3.9%), and 15 individuals of Odontobutidae
(2.0%). The diversity of distribution of family Cyprinidae
compared to other taxa was consistent with the char-

acteristics of freshwater ichthyofauna flowing into the
Southwest Sea of Korea.
Analysis of 19 species collected from the Gudam Wetland showed that the dominant species was Zacco platypus , with a total of 296 individuals (39.3%) and that the
subdominant species was Pseudogobio esocinus with a
total of 132 individuals (17.5%). This pattern was identical at all survey sites. In terms of the distribution of
the fish species at each survey site, 10 species and 156
individuals appeared at St. 1, 15 species and 279 individuals appeared at St. 2, 13 species and 195 individuals
appeared at St. 3, and 18 species and 195 individuals appeared at St. 4. The reason for the similar number of fish
species appearing at each survey site is that the aquatic
environment of the Gudam Wetland does not differ significantly across the study area.
Among the fish collected in the present survey, there
were eight species endemic to the Korean peninsula, including Cobitis hankugensis , Acheilognathus koreenis ,
Microphysogobio yaluensis , Rhodeus uyekii , Squalidus
chankaensis tsuchigae , Squalidus gracilis majimae , Coreoperca herzi , and Odontobutis platycephala . This accounted for 42.1% of the total number of species that
appeared in the Gudam Wetland, indicating high endemism of the area. The ratio of endemic species was higher
than 28.8% (Kim et al ., 2005), which is the endemic
species ratio for freshwater fish in the entire Korean Peninsula, and was slightly higher than 38.6% which was
reported in the upper reach of the Nakdong River (Chae
et al ., 2015). The three endangered species, Koreocobitis
naktongensis , Lethenteron reissneri , and Brachymystax lenok tsinlingensis , which are endangered species that have
been reported in previous studies, were not identified in
this survey. However, among the two exotic species that
have been reported, i.e., Micropterus salmoides and Lepomis macrochirus , M. salmoides appeared in this survey;
therefore, measures for removing the exotic species in the
Gudam Wetland are required for the protection of endan-

Table 2. Water quality survey results near (Point: Andong 4) Gudam Wetland (Ministry of Environment, 2021)
Water
TOC temperature
(mg/L)
(°C)

Survey
year

pH

DO
(mg/L)

BOD
(mg/L)

COD
(mg/L)

SS
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

SS
(μS/cm)

2019

7.7±0.3

10.6±2.5

1.0±0.3

5.2±1.8

7.2±10.8

1.930±0.458

0.017±0.013

2.9±0.7

14.2±6.6

198.2±19.9

2018

7.4±0.2

11.4±3.4

1.2±0.3

5.4±1.7

6.8±5.0

2.367±0.538

0.022±0.021

3.5±0.9

14.5±8.0

196.1±22.7

2017

7.8±0.3

11.7±3.5

1.3±0.3

5.1±1.2

8.1±13.9

1.934±0.443

0.025±0.023

2.5±0.3

14.7±7.8

203.3±41.3

2016

8.0±0.2

10.8±2.4

1.3±0.3

5.2±1.2

4.4±3.3

2.751±0.999

0.021±0.013

3.2±0.9

15.4±7.2

234±70.2

2015

8.1±0.3

10.3±2.1

1.0±0.2

4.2±0.6

3.4±2.0

2.040±0.586

0.018±0.008

2.5±0.4

17.2±7.1

234.8±48.3

Total

7.8±0.4

11.0±2.9

1.2±0.3

5.1±1.5

6.1±8.7

2.211±0.716

0.021±0.017

2.9±0.8

15.1±7.4

212.4±47.5

Values are presented as mean±standard deviation.
DO, dissolved oxygen; BOD, biochemical oxygen demand; COD, chemical oxygen demand; SS, suspended solids; T-N, total
nitrogen; T-P, total phosphors; TOC, total organic carbon.
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Table 3. Details of fishes collected from Gudam Wetland
Family and species

To

Tr

TS

O

IS

I

Acheilognathus koreenis

IS

Acheilognathus lanceolata intermedia

Ha

Station
1

2

3

4

Total

RA
(%)

Re

Family Adrianichthyoidae

Oryzias latipes

2

4

3

9

1.19

11

6

5

29

3.85

O

5

1

3

9

1.19

IS

O

26

7

21

54

7.16

Carassius auratus

TS

O

4

4

0.53

Cyprinus carpio

TS

O

1

1

0.13

Hemibarbus labeo

TS

I

5

10

22

2.92

Hemibarbus longirostris

IS

I

Microphysogobio yaluensis

IS

O

Pseudogobio esocinus

IS

Pungtungia herzi
Rhodeus uyekii

Family Cobitidae

Cobitis hankugensis

7

Family Cyprinidae

3

4

E

3

1

2

6

0.80

14

30

15

18

77

10.21

I

21

44

30

37

132

17.51

IS

I

12

13

7

10

42

5.57

IS

O

2

4

7

13

1.72

Squalidus chankaensis tsuchigae

IS

O

7

5

11

27

3.58

E

Squalidus gracilis majimae

IS

I

4

2

5

3

14

1.86

E

Zacco platypus

IS

O

87

126

31

52

296

39.26

TS

C

2

2

0.27

X

SS

C

1

0.13

E

SS

C

15

1.99

E

TS

C

0.13

RB

4

E
E

Family Centrachidae

Micropterus salmoides
Family Centropomidae

Coreoperca herzi

1

Family Odontobutidae

Odontobutis platycephala

1

5

4

5
1

1

156

279

124

195

754

No. of species

10

15

13

18

56

No. of families

3

5

5

6

19

Family Siluridae

Silurus asotus
No. of individuals

To, tolerance guild; Tr, trophic guild; Ha, habitat guild; RA, relative abundance; Re, remark; TS, tolerant species; IS, intermediate
species; SS, sensitive species; O, omnivore; I, insectivore; C, carnivore; RB, Riffle-benthic species; E, Korea endemic species; X,
exotic species.

gered species, including endemic Korean species.
Analyses of the characteristics of each survey site
showed that St. 1, located at the uppermost reach of
Gudam Wetland, had well-developed sandy bars on both
river banks. In the survey, the dominant species was identified as the Z. platypus (87 individuals, 55.8%), the subdominant species was P. esocinus (21 individuals, 13.5%),
and 5 endemic species and 30 individuals were identified,
showing an endemic species ratio of 19.2%. St. 2 is the
downstream site of Gwangdeok bridge, and rapids oc-

https://doi.org/10.22920/PNIE.2022.3.1.13

cur over a distance of approximately 30 m due to the
concrete structure downstream of the bridge; at this site,
the flow velocity is rapid and the substrate structure is
characterized by the presence of a large amount of gravel
and boulders compared to other survey sites. In addition,
during the survey, it was found that heavy equipment was
used to collect sand on sandbars in the river; therefore, it
is necessary to guide to villagers regarding the conservation of the Gudam Wetland. In the survey, the dominant
species was identified as the Z. platypus (126 individuals,
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45.2%), the subdominant species was P. esocinus (44 individuals, 15.8%), and 8 endemic species and 63 individuals were identified, showing an endemic species ratio of
22.6%. St. 3 is located between Gwangdeok and Gudam
bridges, and there is a weir downstream of the survey site;
therefore, the site maintained the lowest flow velocity
among the survey sites. In the survey, the dominant species was identified as Z. platypus (31 individuals, 25.0%),
the subdominant species was P. esocinus (37 individuals,
19.0%), and 7 endemic species and 40 individuals were
identified, showing an highest endemic species ratio of
32.3%. St. 4 is upstream of the Gudam bridge, where the
weir is present, and an alluvial island had developed at
this site. In the survey, the dominant species was identified as Z. platypus (52 individuals, 26.7%), the subdominant species was P. esocinus (37 individuals, 19.0%), and
7 endemic species and 52 individuals were identified,
showing the endemic species ratio of 26.7%. One exotic
species, bass (two individuals; 0.3%), was identified in the
survey site, and it is suggested that measures are required
for reducing the number of exotic species.
Feeding and tolerance analysis
Analyses of the feeding and tolerance characteristics of
the fish species by referring to the River Section of the
Guidelines on Aquatic Ecosystem Survey and Health Assessment Methods (National Institute of Environmental
Research, 2019) showed that the feeding characteristics
were classified as follows: 4 carnivorous species, including
C. herzi , O. platycephala , and Silurus asotus (21.1% in appearance rate), six insectivorous species, including C. hankugensis , Hemibarbus labeo , and Hemibarbus longirostris
(31.58% in appearance rate), and 9 omnivorous species
including Oryzias latipes , A. koreenis , and Acheilognathus
lanceolata intermedia (47.4% in appearance rate) (Fig.
2A). In terms of tolerance characteristics to environmenA

tal changes, there were 6 tolerant species, including O.
latipes , Carassius auratus , and Cyprinus carpio (31.6% in
appearance rate), 11 species with intermediate tolerance,
including C. hankugensis and Acheilognathus lanceolata
intermedia (57.9% in appearance rate), and 2 sensitive
species, including C. herzi and O. platycephala (10.5% in
appearance rate) (Fig. 2B).
Fish community analysis
Table 4 shows the ecological characteristics representing the community structure, including the dominance
index, diversity index, evenness index, and richness. The
diversity index was the highest at St. 4 (2.32) and lowest at St. 1 (1.52); notably, it was >1.5 in all survey sites,
indicating relatively high diversity. The evenness index
was the highest at St. 3 (0.85), and was low at St. 1 and
St. 2 (0.66 and 0.67, respectively). Contrary to the evenness and diversity, the dominance index was the highest
at St. 1 (0.69), and was relatively low at St. 3 and St. 4
(0.49 and 0.46, respectively). The richness was the highest
at St (43.22), which is the most downstream site among
the survey sites, and was the lowest at St. 1 (1.78), i.e.,
the site where the lowest number of species were present. Overall, the dominance index was 0.57, indicating
that the dominant and subdominant species accounted

Table 4. Fish community indices in Gudam Wetland
Index

2

3

4

Dominance

0.69

0.61

0.49

0.46

0.57

Diversity

1.52

1.83

2.18

2.32

2.04

Evenness

0.66

0.67

0.85

0.80

0.69

Richness

1.78

2.49

2.49

3.22

2.72

Tolerance
60

Relative abundance (%)

50

Relative abundance (%)

Total

1

B

Feeding

Station

40
30
20
10
0

50
40
30
20
10
0

Carnvorous

Insectvorous

Omnivorous

Tolerance

Intermediate

Sensitive

Fig. 2. Relative abundances of surveyed fish with different (A) feeding and (B) tolerance to environmental conditions in
Gudam Wetland.
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Table 5. Comparison of fish species in Gudam Wetland
Families and species
Family Adrianichthyoidae
Oryzias latipes
Family Cobitidae
Misgurnus anguilicaudatus
Cobitis hankugensis*
Family Cyprinidae
Abbottina springeri *
Acheilognathus koreenis *
Acheilognathus yamatsutae *
Acheilognathus rhombeus
Acheilognathus macropterus
Acheilognathus gracilis *
Acheilognathus lanceolata intermedia
Carassius auratus
Cyprinus carpio
Coreoleuciscus splendidus *
Gobiobotia naktongensis *
Microphysogobio jeoni *
Hemibarbus labeo
Hemibarbus longirostris
Microphysogobio yaluensis *
Nipponocypris koreensis
Opsariichthys uncirostris amurensis
Pseudogobio esocinus
Pseudorasbora parva
Pungtungia herzi
Rhodeus ocellatus
Rhodeus uyekii *
Squalidus chankaensis tsuchigae *
Squalidus gracilis majimae*
Squalidus japonicus coreanus*
Zacco platypus
Family Centrachidae
Micropterus salmoides †
Family Centropomidae
Coreoperca herzi *
Family Osmeridae
Hypomesus nipponensis
Family Rhinogobius
Rhinogobius giurinus
Rhinogobius brunneus
Tridentiger brevispinis
Family Odontobutidae
Odontobutis platycephala *
Family Siluridae
Silurus asotus
No. of species

Byeon (2000)

Kang (2011)

Ministry of
Envirionment and
National Institute of
Ecology (2015)

Present study

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●

●

●

●

●
●
●
●
●

●
●
●

●
●
●
●
●
●
●

●
●

●
●
●

●
●

●

●

●

●

●
●

●
●
●

●

●

●

●

●
●

●

●
●
●
●

●
●
●

●
●

●

●

●

●

31

●
23

13

●
19

*Korean endemic species; †Exotic species.
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viduals for subdominant and endemic species is thought
to have been due to the following reasons: With the
completion of the Gudam weir in 2011, water stagnation
increased, which led to a decrease in the flow velocity
and the deposition of a large amount of sediment. This
resulted in changes in the substrate structure which led to
changes in the fish species composition. In addition, the
variety of survey sites and differences in the tools used
in the different surveys may also have contributed to the
difference in the results.
Aquatic ecosystem health assessment
The aquatic ecosystem health assessment using the FAI
for the Gudam Wetland showed that in terms of the river
health state of the wetland, there were three survey sites
classified as grade B (good) (75%) and one site classified
as grade C (normal) (25%). St. 1 showed the lowest assessment value (56.6), and St. 2 showed the highest value
(68.8) with a mean value of 62.5% (grade B; good). This
grade is higher than the result of the aquatic ecosystem evaluation including fish in the main streams of the
Nakdong River, i.e., grade C (normal) (Noh et al ., 2015),
indicating a good health state of the Gudam Wetland
aquatic ecosystem. It is thought that the flow rate is controlled in the Imha and Andong dams, and that the water
level is controlled by the Gudam weir, but that these have
not had adverse effects on fish, such as that due to water
pollution or habitat disturbance (Fig. 3).
Unlike other types of wetlands, riverine wetlands have
the inherent characteristics of rivers and perform various
ecological functions, such as removing externally introduced pollutants and providing habitat for animals and
plants (Ann et al ., 2014). In this study, the current status
of biodiversity and ecosystems was surveyed and analyzed
in the Gudam Wetland, located in the middle reach of the
Nakdong River and lower reaches of Andong Lake.
100

FAI (Fish Assessment Index)

for approximately 50%, and the diversity index was
generally high at 2.04. The evenness index was low at
0.69; however, richness was high at 2.72, indicating the
maintenance of a relatively stable fish community in the
wetland. Compared to the results from the 4th National
Ecosystem Survey (Ministry of Environment & National
Institute of Ecology, 2015), in the latest survey, diversity,
evenness, and richness were higher and dominance was
lower, which appeared to be related to the total number
of species appearing at each site.
To examine the change in ichthyofauna in the Gudam
Wetland, survey data from Byeon (2000), Kang (2011),
and Ministry of Envirionment and National Institute of
Ecology (2015) were used (Table 5). Byeon (2000) reported 6 families and 31 species, Kang (2011) reported 5 families and 23 species, and 5 families and 13 species were
reported in the recent 4th National Ecosystem Survey. In
the present study, the survey results recorded 7 families
and 19 species. Among all the results, Z. platypus was the
dominant species, and there was no change in the dominant species. In the surveys of Byeon (2000) and Ministry
of Envirionment and National Institute of Ecology (2015),
C. hankugensis was the subdominant species, whereas the
results of Kang (2011) showed that Opsariichthys uncirostris amurensis was the subdominant species and P. esocinus appeared as a subdominant species, showing a difference between the results. In a previous survey, 15 endemic
species were identified in Korea, including C. hankugensis ,
A. koreenis , C. herzi , and O. platycephala ; however, in the
present study, out of the 15 species, 7 species including Abbottina springeri , Coreoleuciscus splendidus , and
Gobiobotia naktongensis were not recorded. G. naktongensis (an endangered species) was recorded in by Byeon
(2000) and Kang (2011); however, its appearance was not
confirmed in the Ministry of Envirionment and National
Institute of Ecology (2015) nor in the present study. In
addition, no exotic species were identified in Byeon (2000),
Kang (2011), or Ministry of Envirionment and National
Institute of Ecology (2015) surveys; whereas one exotic
species, M. salmoides , was recorded in the present study.
Homogenization of biota due to introduced species is a
global trend (Elvira et al ., 1996; Gratwicke & Marshall,
2001; Lövei, 1997). Because the fish community in Gudan
Wetland may be homogenized due to M. salmoides (i.e.,
a carnivorous species), continuous research is necessary
to understand the relationship between the status of the
introduced species and the endemic species population.
There were 17 species that were recorded in the past
surveys but were not confirmed during this survey, including Opsariichthys uncirostris amurensis and Rhinogobius
brunneus . In contrast, there were two species (O. latipes
and M. salmoides ) that did not appear in previous surveys
but were identified in the present survey. Evidently, the
difference in the species composition and number of indi-

A (very good)
80
B (good)
60
C (normal)
40
D (bad)
20
E (very bad)
0
St. 1

St. 2

St. 3

St. 4

Sites

Fig. 3. Fish assessment index (FAI) results at four sites in
Gudam Wetland.
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The number of species that were reported in the survey
of the Gudam Wetland was 7 families and 19 species.
Of these species, 8 were endemic, accounting for 42.1%
of the total number of species, which is higher than the
endemic freshwater fish species rate in the Korean Peninsula (28.8%) and in the upper reach of the Nakdong River
(38.6%), indicating a stable community structure. However, an exotic species of bass was confirmed at St. 4, and
there has been a report on G. naktongensis (i.e., a Class
I endangered species) habitation around the Nakdong
River, the same water; therefore, it is highly probable that
this species may be present in the Gudam Wetland, which
provides a favorable habitat. Therefore, active measures
are required to prevent ecosystem disturbance, as strong
predation and diffusion of the exotic species may cause a
reduction in the endemic species. In addition, non-point
pollution sources (such as arable land) are distributed
along the Nakdong River embankment, indicating a high
possibility of influxes of chemical and organic matter.
Because wetlands are characteristically in close proximity
to residential areas, they are also exposed to development pressures such as damage to the vegetation and
landforms due to waste dumping by visitors and tourists
in summer and sand collection in the riparian area of the
wetland. Therefore, in order to maintain ecosystem health
of the Gudam Wetland, it is necessary to restrict indiscriminate development and utilization in the watershed
and to establish an institutional foundation for continuous conservation and management of wetlands.
This study was conducted to investigate the current
status of fish in the Gudam Wetland and to determine its
ecosystem value. It is expected that ecological characteristics, such as the ichthyofauna communities that were
identified in the present study, will serve as the basis for
designating the Gudam Wetland as a protected area and
provide basic data for establishing conservation measures.
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ABSTRACT
The analysis of seven islands in Gogunsan archipelago, Korea with insect fauna and vascular plant flora was carried
out based on a field survey conducted in May, July, and September. As a result, a total of 2,817 insect individuals
including 264 species and 315 taxa of vascular plant were recorded. Bangchukdo the largest island among the seven
islands showed the largest number both insect species and plant taxa. The similarity analysis suggested that the
nearness of each island strongly affected the insect fauna and vascular plant flora on each island. In addition, there
was significant correlation between the areas of each island and the numbers of insect species (Spearman’s correlation
coefficient=0.857, P -value=0.014). In the future, the results of this study can be used as data related to island ecology
and conservation.
Keywords: Archipelago, Biodiversity, Insect community, Plant community, Similarity index

Introduction
Insects and plants are the basis of ecology and intertwined with each other through complex interactions. The
relationship between insects and plant diversity has been
discussed in various studies, and positive correlations
have been frequently found (Gaston 1992; Procheş et al .,
2009; Siemann et al ., 1998). Plants provide a variety of
benefits to insects, such as food and habitat. Therefore,
an integrated investigation of these two taxa is ecologically significant and meaningful. However, although insects and plants are closely related to each other, studies
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Accepted November 30, 2021
*Corresponding author: Jeong Ho Hwang
e-mail chsh123@naver.com
https://orcid.org/0000-0001-7973-7213

conducted simultaneous surveys of both taxa are relatively insufficient compared to individual surveys.
The ecology of island regions are geographically separated from mainland and often represents specific characteristic patterns of ecosystems, which has attracted the
attention of many ecologists (Kim et al ., 2016). A general
feature of all island systems is that they are separated
from the source pool in some distance (Choi & An, 2011;
Gillespie & Roderick, 2002). In this context, MacArthur
and Wilson (1967) established a famous ecological theory,
the theory of island biogeography. According to this theory, the biota on islands is determined by repeated inflow
from mainland and extinction on islands, and biodiversity
is affected by the size of the island and the distance from
mainland, which is the source of species. In general, the
closer to mainland and/or the larger size of an island, the
greater the number of species would be found on the island (MacArthur & Wilson, 1967). Many follow-up studies
on this theory have been conducted, including those that
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applied the theory to insects or vascular plants in Korea
(Jeong & Hong, 2002; Kim et al ., 2016; Lee et al ., 2008;
Park et al ., 2013).
In Korea, approximately 4,000 inhabited and uninhabited islands are distributed in the western and southern
seas, but compared to the large number of islands, the integrated database and biogeographic study of islands are
insufficient (Kim et al ., 2016). In this context, insect fauna
and vascular plant flora were simultaneously investigated
and analyzed for seven islands in Gogunsan archipelago
in this study. Each surveyed island was compared through
similarity analysis with insects and plants, and the theory
of island biogeography was applied. In addition, analyses
of insect community indices and naturalized plants of
each island were provided.

Materials and Methods
Survey sites
The range of latitude and longitude of Gogunsan archipelago in this study was within 35.794, 126.310 to
35.862, and 126.419. Thirty-year average annual (19812010), maximum average annual, minimum average annual temperatures, and precipitation for this reign are
12.8°C, 17.1°C, 9.2°C, and 1,202 mm respectively (Korea
Meteorological Administration, 2020). Currently, among
the seven islands, Seonyudo, Jangjado, and Daejangdo are
connected to mainland by bridges but Gwallido, Bangchukdo, Myeongdo, and Maldo are still separated from
mainland.
The surveyed islands are as follows. Seonyu 3 district
area has an area of approximately 1.17 km2 in Seonyudo.
Jangjado has an area of approximately 0.13 km2, which is
connected to the western part of Seonyudo by the Bridge
Jangjadaegyo. Daejangdo has an area of approximately
0.337 km2, which is connected to the northern part of
Jangjado by the Bridge Daejangdaegyo. Gwallido has an
area of approximately 1.652 km2, and is located near the
western side of Jangjado and Daejangdo. Bangchukdo
has an area of approximately 2.16 km2 the largest island
in the surveyed islands. Myeongdo has an area of approximately 0.47 km2, and is located between Bangchukdo and
Maldo. Maldo is has an area of approximately 0.36 km2,
and is located near the western side of Myeongdo (Fig. 1).

Investigation methods
Surveys were conducted for insects and vascular plants
on the seven islands of Gogunsan archipelago from the
19th to the 21st of May, the 14th to the 17th of July,
and the 21st, 23rd, and 24th of September 2020 (Table 1).
Each of months represents spring, summer, and autumn
respectively for survey the three seasons.
The survey hours for each site were approximately 2
hours during each surveyed season for both taxa. For
insect surveys, sweeping and brandishing methods were
used. Also, for the insects that could identified in the field
were counted and recorded in the pictures. The sampled
insects were identified using a stereomicroscope (Olympus SZ1145; Olympus, Tokyo, Japan). During the insect
identification, various illustrated books and papers (Ahn
et al ., 2018; Jung & Park, 2014; Lee, 2012; Park et al .,
2012) were refered. Entomological Society of Korean and
Korean Society of Applied Entomology (1994) and National Institute of Biological Resources (2018) were used
for the insect classification system. Vascular plants were
photographed or cut and transferred to the laboratory
for identification. For the vascular plants identification,
Park (2009), Lee (2014a), Lee (2014b), Lee and Lee (2015),
Cho et al . (2016), and Kim and Kim (2018) were used.
The plant classification system was based on a checklist

N
Myeongdo

Bangchukdo

Maldo

Seonyudo
Daejangdo

Jangjado

Gwallido

Fig. 1. Survey sites in Gogunsan archipelago, Korea.

Table 1. Survey dates on each island in Gogunsan archipelago, 2020
Season

Site
Seonyudo

Jangjado

Daejangdo

Gwallido

Bangchukdo

Myeongdo

Maldo

Spring

2020-05-19, 20

2020-05-20

2020-05-19, 20

2020-05-21

2020-05-21

2020-05-21

2020-05-21

Summer

2020-07-17

2020-07-14

2020-07-17

2020-07-16

2020-07-16

2020-07-15

2020-07-15

Autumn

2020-09-21

2020-09-21

2020-09-21

2020-09-23

2020-09-24

2020-09-24

2020-09-23

24
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of vascular plants in Korea (Korea National Arboretum,
2017). The sampled insects and vascular plants were
stored as specimens in the Natural History Laboratory of
the National Science Museum of Korea.
Analysis methods of insect and vascular plant
For insect community analysis, an equation transformed
from the Shannon–Wiener function (H') derived from
Margalef's (1958) information theory was used (Pielou,
1966) for the diversity index. McNaughton's equation
(1967) was used for the dominance index, Margalef's
equation (1958) was used for the richness index, and
Pielou's equation (1975) was used for the evenness index.
The similarity index was calculated using the equation
developed by Sørensen (1948) and analyzed by a multidimensional scaling and clustering methods using IBM
SPSS Statistics ver. 21 (IBM Co., Armonk, NY, USA).
Also, to analyze correlations of the distances of each
island and the similarities of insect fauna and plant flora
on each island, distances among the seven islands were
derived from satellite images with the main surveyed areas of each island. To do this, Pearson correlations were
calculated using IBM SPSS Statistics.
��
H' (Diversity index) = -∑
�

ln

th

��

(1)

�

(n i: number of individuals of the i species; N : total
number of individuals)
DI (Dominance index) =

భ ାమ

(2)

ே

(n 1: number of dominant species individuals, n 2: number of subdominant species individuals, N : total number
of individuals)
RI (Richness index) =

ௌିଵ

(3)

୪୬ሺேሻ

(S : total number of species; N : total number of individuals)

EI (Evenness index) =

ுᇲ

(4)

ଶௌ

(5)

୪୬ ௌ

(H ’: species diversity index; N : total number of species)
SI (Similarity index) =

ௌ ାௌೕ

(S : number of species common to the two sites, S i:
number of species in study site i, S j: number of species in
study site j)
To analyze naturalized vascular plants of each surveyed
island, the method described by Yim and Jeon (1980) was
used to calculate the urbanization indices.
In addition, according to the theory of island biogeography, the correlations among the three kinds of
quantitative variables data the numbers of insect species,
the numbers of plant taxa, and the areas of island were
analyzed using IBM SPSS Statistics with Spearman’s correlation. The three kinds of quantitative variables data are
nonparametric data and Spearman’s correlation is generally used instead of parametric Pearson's correlation in
two quantitative variables which are not normally distributed (Harris et al ., 2008).
The area of each island was determined based on data
from the Gunsan Local Culture Encyclopedia website
(GLCE, 2020). Seonyudo is originally three islands, and
there are Seonyu 1, 2, and 3 districts connected by a
sandbar and/or a sand dune. Seonyu 3 district area surveyed in this study was calculated after digitizing the area
with QGIS based on satellite images.

Results
The numbers of insect species and individuals, and
vascular plant taxa
As a result of this study, a total of 2,817 insect individuals including 264 species were collected (Supplementary Table 1). The total number of vascular plant taxa
surveyed was 315 (Supplementary Table 2). Bangchukdo
showed the largest numbers of insects species in any surveyed season. Vascular plants taxa also showed the largest

Table 2. The results of survey of insect species and plant taxa in Gogunsan archipelago, 2020
Taxa
Insect May
July

Plant

Site
Seonyudo

Jangjado

Daejangdo

Maldo

Total

15 (85)

27 (77)

20 (99)

Gwallido Bangchukdo Myeongdo
37 (74)

31 (107)

27 (167)

23 (54)

92 (663)

58 (163)

28 (93)

27 (52)

58 (161)

62 (188)

58 (169)

37 (101)

142 (927)

September

32 (72)

40 (132)

28 (150)

50 (251)

72 (205)

68 (211)

56 (206)

154 (1,227)

Total

86 (320)

70 (302)

61 (301)

116 (486)

121 (500)

110 (547)

91 (361)

264 (2,817)

131

164

135

140

315

66

92

94

Parenthesized numbers in ‘Insect’ row are representing the number of individuals.
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Spoladea
recurvalis /
Rivellia basilaris

Basilepta fulvipes / Nysius plebejus / Nysius plebejus /
Locusta
Pachygrontha
Spoladea
migratoria
recurvalis
antennata
migratoria

Locusta
migratoria
migratoria /
Liorhyssus
hyalinus

Spoladea
recurvalis /
Nysius plebejus,
Parnara guttata

Megacopta
punctatissima /
Aulacophora
nigripennis,
Bothrogonia
ferruginea

Spoladea
recurvalis /
Bothrogonia
ferruginea

Spoladea
recurvalis /
Melanostoma
mellinum

Total

Spoladea
recurvalis /
Nysius plebejus

Spoladea
recurvalis /
Parnara guttata

Spoladea
recurvalis /
Aphaenogaster
tipuna

September Bothrogonia
ferruginea /
Cardipennis
sulcithorax

Spoladea
recurvalis /
Oecanthus
longicauda

Chauliops fallax / Basilepta fulvipes / Bifurcanomala Nysius plebejus /
Eretes griseus
Cyphononyx
aulax /
Monolepta
fulvognathus
Ischnura asiatica
pallidula

Rivellia basilaris / Aphaenogaster
Aphaenogaster
tipuna /
Camponotus
tipuna
vitiosus,
Pagria signata

Nylanderia
flavipes /
Pagria signata

Maldo
(Domiant/
subdominant
species)

Total
(Domiant/
subdominant
species)

Spoladea
recurvalis /
Megacopta
punctatissima

Spoladea
recurvalis /
Nysius plebejus

Basilepta fulvipes /
Bifurcanomala
aulax

Nysius plebejus / Megacopta
Megacopta
punctatissima /
Pachygrontha
punctatissima /
antennata
Coccinella
Coccinella
septempunctata septempunctata

Myeongdo
(Domiant/
subdominant
species)

July

Bangchukdo
(Domiant/
subdominant
species)

Lasius japonicus /
Metasyrphus
corollae

Site

Megacopta
punctatissima /
Aelia fieberi

Gwallido
(Domiant/
subdominant
species)

Megacopta
Melanostoma
punctatissima /
mellinum /
Syrphus ribesii,
Megacopta
Coccinella
punctatissima
septempunctata

Daejangdo
(Domiant/
subdominant
species)

Megacopta
punctatissima /
Aulacophora
nigripennis

Jangjado
(Domiant/
subdominant
species)

May

Season

Seonyudo
(Domiant/
subdominant
species)

Table 3. Dominant/subdominant insect species by the seasons and sites in Gogunsan archipelago, 2020
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number in Bangchukdo among the surveyed islands (Table 2).
Dominant and subdominant insect species by the sites
and seasons
For the total individuals of insects surveyed in this
study, the dominant species was Spoladea recurvalis , and
the subdominant species was Megacopta punctatissima .
In September, Spoladea recurvalis was abundant and in
May, Megacopta punctatissima was abundant. Jangjado,
Daejangdo, and Gwallido have the same dominant speceis
Spoladea recurvalis . Also, Myeongdo and Maldo have the
same dominant species Nysius plebejus (Table 3).
Community analysis of insect species
As a result of insect community analysis by each island,
Bangchukdo had the highest community stability, with
the highest diversity, richness and evenness index, and the
lowest dominance index (Fig. 2).

A

The number of naturalized plant and urbanization indices
of vascular plant
As a result of the survey of naturalized plants a total of
74 taxa were found. Maldo had the highest urbanization
indices among the surveyed sites (Table 4).
Similarity analysis of insect and vascular plant
The similarity index is regarded as a heterogeneous
group when the group is less than 20% similar and a
homogenous group when the group is 80% or more similar (Ahn & Park, 2012; Whittaker, 1956). Regarding the
similarity analysis of insects in this study, all cases were
more than 0.2, except for Daejangdo and Maldo (Fig. 3).
Bangchukdo and Myeongdo had the highest similarity
(0.667). The islands can be divided into two groups based
on similarity indices results (Seonyudo, Jangjado, and
Daejangdo group and the other islands group).
Regarding the similarity analysis of vascular plants in
this study, all cases were more than 0.2 similar (Fig. 4).
Bangchukdo and Maldo had the highest similarity (0.474).
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Fig. 2. Community structure analysis of insect by the seven islands in Gogunsan archipelago, 2020. (A) Diversity index. (B)
Dominance index. (C) Richness index. (D) Evenness index.
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Table 4. The number of naturalized plant, and urbanization indices for the surveyed sites in Gogunsan archipelago, 2020
Site

Division

Seonyudo

Naturalized plant

6

Urbanization index

1.87

Sites

Seonyudo

Seonyudo

1.000

Jangjado

Daejangdo

20

6

6.23

Daejangdo

Jangjado

28

1.87

Gwallido

Gwallido

Bangchukdo
28

8.72

Bangchukdo Myeongdo

Jangjado

0.394

1.000

Daejangdo

0.476

0.625

1.000

Gwallido

0.413

0.306

0.340

1.000

Bangchukdo

0.400

0.239

0.218

0.505

1.000

Myeongdo

0.394

0.293

0.283

0.520

0.667

1.000

Maldo

0.351

0.273

0.125

0.605

0.593

0.573

0

5

10

UPGMA
15

Myeongdo
16

8.72

4.98

Maldo

Total

34

74

10.59

23.05

Maldo

1.000

20

25

Bangchukdo
1.0
Gwallido

Maldo

Myeongdo

Jangjado

0.5

Gwallido
0.0
Daejangdo
Myeongdo

Maldo

0.5
Jangjado

Bangchukdo
1.0

Seonyudo

Deajangdo

1.5

Seonyudo
2

1

0

1

2

The islands can be divided into three groups based on
similarity indices results (Jangjado, Daejangdo and Gwallido group, Bangchukdo, Myeongdo, and Maldo group
and Seonyudo group).
To clarify correlations of the distances among the islands and the similarity indices of the two taxa, we used
Pearson's correlation analysis. As a result of analysis, the
correlation coefficient between the insect similarities
and the inter-island distance was –0.484, confirming the
negative correlation (P -value 0.026). Also, in the case of
the plant similarities and the inter-island distance, the
correlation coefficient was –0.5 (P -value 0.021).
Correlation of the numbers of insect species, vascular
plant taxa, and the areas of each island
In this study, Spearman’s correlation was used to apply
the theory of island biogeography. For the areas of each
island and the numbers of insect species, the correlation
coefficient was 0.857 and the P -value (0.014) was less
than significant value 0.05. In the case of the numbers

28

Fig. 3. Comparison of the similarity indices to insect among
the sites. UPGMA, Unweighted
Pair Group Method with Arithmetic Mean.
of plant taxa, correlation with the areas of the island was
not found. Also, the distance between the islands and
mainland were not related in both the numbers of insect
species and vascular plant taxa. In addition, the numbers
of insect species and vascular plant taxa were analyzed to
consider the relationship between insect and plant richness. The result showed the correlation coefficient of 0.714
and the P -value (0.071) was larger than the significant
value 0.05 but smaller than 0.1 (Table 5).

Discussion
The total number of surveyed insect species and individuals in this study (264 species, 2,817 individuals) was
higher than that of uninhabited islands in Sinan-gun,
with 122 species and 921 individuals (Cho et al ., 2011).
These results are assumed to be because the 28 uninhabited islands in Sinan-gun are mainly smaller and the distance from mainland was larger than the islands surveyed
in Gogunsan archipelago. The average area of the 28
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Daejangdo

Jangjado

Gwallido

Bangchukdo Myeongdo

Sites

Seonyudo

Seonyudo

1.000

Jangjado

0.316

1.000

Daejangdo

0.400

0.441

1.000

Gwallido

0.325

0.457

0.409

1.000

Bangchukdo

0.339

0.414

0.380

0.468

1.000

Myeongdo

0.348

0.335

0.341

0.398

0.468

1.000

Maldo

0.301

0.362

0.342

0.428

0.474

0.444

0

5

10

UPGMA
15

Maldo

1.000

20

25

Bangchukdo
1.5

0.5

Myeongdo

Jangjado

Gwallido

1.0

Maldo

Bangchukdo

0.0

Jangjado
Daejangdo

Maldo
0.5

Gwallido
Myeongdo

1.0

Deajangdo
Seonyudo

1.5

Seonyudo
1.5

1.0

0.5

0

0.5

1.0

1.5

Table 5. Spearman’s correlation coefficient and P -value
Division
Value

The numbers of The numbers of
insect species
insect species
and areas of
and vascular
each island
plant taxa

Correlation coefficient

0.857**

0.714*

P -value

0.014

0.071

*P <0.1; **P <0.05.

surveyed uninhabited islands in Sinan-gun is 0.048 km2
which is much smaller than the average area of the seven
surveyed islands in Gogunsan archipelago (0.897 km2) (Cho
et al ., 2011).
Among the insects surveyed in this study, Spoladea recurvalis was the dominant species, with 341 individuals,
and the subdominant species was Megacopta punctatissima with 147 individuals. These species were followed by
Nysius plebejus , with 127 individuals. A survey of insects
in Hallyeo Haesang National Park also confirmed that
Nysius plebejus and Megacopta punctatissima were the
dominant and subdominant species (Cheong et al ., 2005).
Also, in comparison with the results of insect surveys on
uninhabited islands in Sinan-gun, the subdominant species was Spoladea recurvalis in Lepidoptera (Cho et al .,
2011). The host of Nysius plebejus is a very wide range
including Asteraceae, and the main host plant of Mega-
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Fig. 4. Comparison of the similarity indices to vascular plant
among sites. UPGMA, Unweighted Pair Group Method with
Arithmetic Mean.

copta punctatissima is Pueraria lobata which can be commonly seen in Korea, and Spoladea recurvalis is a major
pest with a very wide host range, so these results seems
to be very general (Ahn et al ., 2018; Hsu & Srinivasan,
2012; Kim et al ., 1994).
Recently, Seonyudo, Jangjado, and Daejangdo in Gogunsan archipelago were connected to mainland by
bridges. Jang and Kim (2014) conducted a vascular plants
survey in Gogunsan archipelago including the same island (Jangjado) with this study before the constructions
of bridges were completed and the result was that fewer
vascular plants taxa were surveyed (74 taxa in Jangjado)
than in this study (92 taxa in Jangjado). Also, Urbanized
index for Jangjado (1.43) were lower than this study (6.23).
It is assumed that the invasion of external species and
moderate disturbance after the construction of the briges
caused an increase in the number of vascular plants species including naturalized plants.
By hierarchical cluster analysis, the Jangjado, Daejangdo
group and the Bangchukdo, Myeongdo, and Maldo group
were classified by both insects and plants suggesting high
correlation between the nearness of distance and similarity indices. Also, multidimention analysis of similiarity
indices provided strong relation of nearness of each island
intuitively because it shows similar position of islands
with actual position in a satellite map in both insect and
plant. The high similarity index of insects for Gwallido
and Maldo may suggesting the similar environment of
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two islands.
The high correlation between the numbers of insect
species and the areas of each surveyed island was confirmed by Spearman’s correlation coefficient. In the case
of plant, the correlation between the areas and the numbers of species was not related in this study, and it is assumed that other factors such as edaphic condition, topography, sampling method, and human interference can
be a greater effect in this case. Also, the distance between
the island and mainland, and the numbers of species were
not related in both taxa. A similar result was found in another study on vascular plant and island biogeography in
Southern Sea of Jeollanamdo, Korea, reporting that this
may be due to the distances between islands being too
close to apply the theory of island biogeography (Kim et
al ., 2016) which suggesting that more distances between
islands should be needed to apply the island biogeography theory. For the case of the study on insect fauna in
the west coast of Incheon which includes more remote
islands, surveyed islands far from mainland showed less
number of insect species than nearer islands (Park et al .,
2013).
In this study, we compared the seven islands in Gogunsan archipelago with insect fauna and vascular plant
flora. Also, the correlation of the numbers of insect species, vascular plant taxa, and the areas of each island was
analyzed. In the future research, it is suggested that considering more factors quantitatively such as a method of
sampling, an impact of human interference, and habitat
diversity. The results of this study can be used as data related to island ecology and conservation.
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Skeletal Differences in Lower Body and Limbs in
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ABSTRACT
The trade-off between morphology and physical function may vary according to ecological traits. Taking a quantitative
approach, we attempted to analyze the differences in the skeletal shape of the lower body and limbs in relation to
the ecological traits of four anuran species (Dryophytes japonicus , Glandirana rugosa , Pelophylax nigromaculatus ,
and Lithobates catesbeianus ) occurring in South Korea. Body size, locomotor mode, microhabitat, trophic positions,
and predator defense mechanisms were selected for the ecological traits of the anurans. The pelvis, ilium, and
urostyle, which are associated with locomotor performance, were selected for the skeletal shape of the lower body.
The ratio of limbs, which is related to locomotor mode and microhabitat, was confirmed by analyzing the skeletons
of the forelimbs (radio-ulnar and humerus) and hindlimbs (femur and tibiofibular). Both landmark-based geometric
morphometrics and traditional methods were used for skeletal shape comparison. The skeletal shape of the lower body
was completely different among the four species, whereas the ratio of the limbs was only different in D. japonicus .
The skeletal shape of the lower body may be related to body mass and predator defense mechanisms, whereas the
ratio of the limbs was related to the locomotor mode and microhabitat. Quantifying these morphological differences
among various species can help elucidate the mechanisms of behavioral and morphological changes in response to
ecological effects.
Keywords: Ecological traits, Landmark-based geometric morphometrics, Locomotor performance, Ratio of limbs,
Skeletal shape

Introduction
Amphibians are considered to have been the first tetrapods to venture onto land and have been challenged by
and adapted to extreme environments since ancient times
(Shubin & Jenkins, 1995; Wake & Koo, 2018; Wells, 2010).
The order Anura (frogs and toads) accounts for approxiReceived October 20, 2021; Revised December 7, 2021;
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mately 88% of all amphibian species and is a particularly
diverse vertebrate group (AmphibiaWeb, 2021; Wake &
Koo, 2018). Most anuran species emerge as tadpoles from
eggs laid in water before undergoing metamorphosis and
coming onto land in their adult form. Adult anurans have
diverse lifestyles and occupy a wide range of terrestrial
and freshwater environments. They occur in permanent
ponds, marshes, streams, and lakes and can be found in
rainforests, deserts, alpine regions, and even Alaskan permafrost (Wells, 2010). Some species are mostly terrestrial,
while others live almost all their lives in an aquatic environment, and some semi-aquatic species alternately use
a variety of terrestrial and aquatic environments (Moen &
Wiens, 2017). In different environments, they survive with
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morphologies independently derived across several clades
(Hall, 2008; Wells, 2010).
Unlike the two other amphibian groups, Caudata and Gymnophiona, the anurans lost their tails during evolution and
now rely on their forelimbs and hindlimbs for locomotion
(Emerson, 1978; 2013; Wells, 2010). Some species jump
when they are on land using their lower body, including
their hind legs, whereas others swim in an aquatic environment almost all their lives. Other anurans use their forelimbs and hindlimbs to walk, with only a few jumps, and
can even climb trees using round adhesive discs on their
fingers and toes (Enriquez-Urzelai et al ., 2015; Mendoza
et al ., 2020; Moen & Wiens, 2017). There are also species with unique locomotor patterns, such as flying frogs
(Emerson & Koehl, 1990). Some species burrow with their
hindlimbs to survive in dry conditions (Moen et al ., 2013;
Vidal‐García & Keogh, 2015). Ecological factors, such as
microhabitats, predator interactions, and defense mechanisms, can alter anuran behavioral traits, e.g., locomotor
performance (Buttimer et al ., 2020; Mendoza et al ., 2020;
Vega-Trejo et al ., 2014). To understand the trade-off between behavioral adaptation and morphological function,
it is necessary to quantify the morphological differences
according to the ecological traits of various anuran species.
Morphological differences related to various ecological
traits of anurans can affect their locomotor performance
and mode. Commonly, locomotor performance is related
to body size or body weight in frogs (Emerson, 1978;
Nauwelaerts et al ., 2007). Additionally, these locomotory
performances are closely related to the anatomical shapes
as well as the external traits. In the lower body skeleton
in frogs, a narrow pelvis, long ilium and urostyle, and
short presacral vertebrae result in improved jumping performance (Emerson, 1978; Nauwelaerts et al ., 2007; Zug,
1972). The morphology of the forelimbs or hindlimbs is
also related to the locomotion mode of frogs (EnriquezUrzelai et al ., 2015). The length and ratio of the hindlimb,
including the femur and tibiofibular, can change the propulsion and take-off speed for jumping. In fact, this ratio
differs according to the various locomotion modes, such
as arboreal jumpers, jumpers, swimmers, walkers, hoppers,
and burrowers (Enriquez-Urzelai et al ., 2015). The forelimbs do not have great direct propulsion but are used
to soften the impact on landing (Nauwelaerts & Aerts,
2006). Indirectly, short forelimbs can move the center of
mass in frogs backward and increase acceleration when
jumping (Emerson, 2013).
In this study, we attempted to quantify the differences
in the skeletal shape of four anuran species (Japanese
tree frog, Dryophytes japonicus ; Japanese wrinkled frog,
Glandirana rugosa ; black-spotted pond frog, Pelophylax
nigromaculatus , and American bullfrog, Lithobates catesbeianus ) commonly found in Korea. The four species have
ecological differences in body size, locomotor mode by
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microhabitat, trophic position, and predator evasion tactics. We organized this information through our data and
bibliography. The skeletal images of the four species were
obtained using radiographic technology, and the skeletal
differences of the lower body and limbs were quantified
by both landmark-based geometric morphometrics and
traditional methods of morphology comparison.

Materials and Methods
Field investigation
Four species of anurans, Japanese tree frogs (D. japonicus ), black-spotted pond frogs (P. nigromaculatus ), Japanese wrinkled frogs (G. rugosa ), and American bullfrogs (L.
catesbeianus ), were collected by hand from May 2019 to
July 2019 in Gongju City. We captured ten frogs from four
different sites to exclude habitat differences. All frogs were
sexually mature, and the male frogs were distinguished by
confirmation of the vocal sac and nuptial pad on the first
finger, which are secondary sexual characteristics. Among
the individuals that did not have male frog characteristics,
animals aged 2-3 years or older were judged to be female.
Individuals aged 1-2 years were judged to be immature and
excluded from the analysis. As a result, a total of 8 frogs
from each species were used for morphological analysis.
Measurement of physical conditions
The frogs’ age was analyzed using skeletochronology,
which counts the lines of arrested growth (LAGs) in crosssections of the phalanges. The animals were anesthetized
with ice-cold water, which reduces neural activity. Then,
the second-right front fingers and the third-right hind
toes were collected from each individual. We used 5%
nitric acid (HNO3) to decalcify the phalanges and washed
the sample with deionized water. Next, a Spin Tissue Processor STP 120 (Myr, Tarragona, Spain) was used to carry
out paraffin embedding. The tissue sections were cut to
a 12-µm thickness with a Thermo-Shandon Finesse ME
Microtome (Thermo Fisher Scientific, Waltham, MA, USA),
and Harris’ hematoxylin was used to stain the tissue. The
sample was placed on a slide and covered with a glass
coverslip. The number of LAGs in each individual was
confirmed using a DP72 microscope (Olympus, Tokyo, Japan) at 100× magnification. Experimental procedures on
the animals were conducted per the regulations and with
the approval of the Experimental Animal Ethics Committee of Kongju National University (KNU_2019-01).
Body size and weight were measured to record the basic physical information of each species, along with age.
The snout-vent length (SVL), a measure of amphibian
body size, was measured as 0.01 mm units using a digital
caliper (IP54 SHAHE Digital Caliper, Zhejiang, China). The
body weight was measured as 0.01 g units using a digital
balance. The SVL was compared using a one-way analysis
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of variance (ANOVA), and the body weight and age were
compared using the Kruskal–Wallis test to confirm the
significant differences in basic physical condition among
the four species. GraphPad Prism version 8.0, for Windows
(GraphPad Software, San Diego, CA, USA) was used for
statistical analysis, and all statistical differences were considered significant at P <0.05.
Ecological traits of the four anuran species
We summarized the ecological traits and locomotor
modes of the four species based on existing literature
and our data. The Japanese tree frog, belonging to the
Hylidae family, is a terrestrial amphibian and an arboreal
species with round adhesive discs on the tips of its fingers
and toes (AmphibiaWeb, 2017). Its locomotory mode is
typical of arboreal jumpers and enables it to climb trees
and grasses (Enriquez-Urzelai et al ., 2015; Jorgensen &
Reilly, 2013). Japanese tree frogs have the lowest trophic
position among the four species (Park & Do, 2019) and
are exposed to predators such as bullfrogs in their habitat
(Park & Do, 2020). For defense against predators, they
use camouflage, changing the dorsal color to match the
background (Kang et al ., 2016).
The Japanese wrinkled frog, belonging to the Ranidae family, is a semi-aquatic amphibian (AmphibiaWeb,
2019a). Although previous studies have classified these
species as terrestrial jumpers (Enriquez-Urzelai et al .,
2015; Jorgensen & Reilly, 2013), most semi-aquatic frogs
alternate between aquatic and terrestrial environments
and perform both swimming and jumping with the same
morphological traits (Nauwelaerts et al ., 2007). Therefore,
we described them as jumpers and swimmers in the present study. The trophic position of the Japanese wrinkled
frog is in the middle of the four frog species (Park & Do,
2019). As tadpoles and adults, they produce odorous skin
secretions that effectively defend them against predation
(Takahara et al ., 2011; Yoshimura & Kasuya, 2013).
Black-spotted pond frogs have several ecological traits
similar to those of the Japanese wrinkled frogs. This frog
belongs to the Ranidae family and is a semi-aquatic amphibian (AmphibiaWeb, 2007). Like the Japanese wrinkled
frog, the locomotor mode corresponds to the jumper and
swimmer type (Enriquez-Urzelai et al ., 2015; Jorgensen
& Reilly, 2013). In addition, they have a trophic level
similar to the Japanese wrinkled frog (Park & Do, 2019).
However, unlike the Japanese wrinkled frog, they have
no known defense against predation other than escape.
Therefore, they evade predators through their strong
jumping or swimming abilities.
The American bullfrog has the largest body size among
the four anuran species. Like the Japanese wrinkled frog
and black-spotted pond frog, it belongs to the Ranidae
family, and its locomotor modes are the jumper and
swimmer type (AmphibiaWeb, 2019b; Enriquez-Urzelai et
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al ., 2015; Jorgensen & Reilly, 2013). This frog is an apex
predator with the highest trophic position among the four
species (Park & Do, 2019).
In addition to the body size differences we measured
directly, the differences in skeletal shape were analyzed
with reference to the ecological traits summarized here:
locomotor mode (arboreal jumper, jumper, and swimmer), microhabitat (terrestrial and semi-aquatic frog), and
defense mechanisms (camouflage color, skin secretion,
jumping and swimming, and apex predator).
Skeletal imaging
The frogs were euthanized by pithing after the body
size and weight had been measured and stored as fixed
samples in 70% ethanol. The samples were prepared in
the same posture for morphological analysis. Styrofoam
was fixed to the bottom of a plastic container with 70%
ethanol, and the frogs were placed on it. A pin was then
used to fix the frog posture. After 3 days, the frog posture
was completely fixed, and the frogs were removed from
the Styrofoam plate, labeled, and stored separately.
The skeletal shape of the fixed object was photographed
using radiographic techniques. Skeletal images were taken
using dual-energy X-ray absorptiometry (DEXA; Medikors
InAlyzer, Seongnam, Korea) for frogs over 10 g, such as
American bullfrogs, black-spotted pond frogs, and female
Japanese wrinkled frogs. In the case of frogs weighing less
than 10 g, such as Japanese tree frogs and the males of
Japanese wrinkled frogs, the image of the skeleton was
photographed using a micro-CT instrument (PerkinElmer,
Waltham, MA, USA), located at the Korea Basic Science
Institute (Gwangju, Korea). The collected skeletal images
were used to confirm the difference in the skeletal shape of
the lower body and limbs among the four anuran species.
Analysis of skeletal shape
Landmark-based geometric morphometrics was used to
compare the skeletal shape of the lower body among the
four species of anurans. The skeletal shape was digitized
using TpsDig software (Rohlf, 2006). A total of eight
landmarks were designated in the skeletal shape of the
lower body: (L1) the anterior tip of the urostyle, (L2) the
anterior left tip of the ilium, (L3) the anterior right tip of
the ilium, (L4) the posterior tip of the urostyle, (L5) the
posterior right tip of the pelvis, (L6) the posterior tip of
the ischium, (L7) the posterior left tip of the pelvis, (L8)
and the anterior tip of the pelvis (Fig. 1).
We used the MorphoJ software (version 1.07a; Faculty of
Life Sciences, University of Manchester, Manchester, UK) to
convert the digitized landmark coordinates into Procrustes
coordinates. Then, canonical variate analysis (CVA) was
used to compare the variations in skeletal shape that distinguished the four species of anurans by minimizing the
difference within the groups and maximizing differences
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among the groups. The difference in skeletal shape was
visualized through a rectangular grid with the landmark
vectors and a wireframe graph of the canonical variate 1
(CV1) and CV2 axes. The morphological differences among
the four species were also compared using discriminant
function analysis (DFA), which determines the classification function using Fisher’s classification rule. Significant
differences among the four species were analyzed by permutation tests with 1000 permutations. Additionally, the
Mahalanobis distance by DFA was computed for the four
species. We used a graph that matched the average shape
of the four species of anurans with the average shape of
each species and confirmed the morphological distance

1 cm

among the four species by Mahalanobis distance.
Comparison of the proportions of forelimbs and hindlimbs
If the angle of a limbs is not perfectly fixed, it may not
be suitable for use in landmark analysis. Therefore, the
shape of the limbs was analyzed by measuring the length
of each skeleton and calculating the proportions. First,
the length of the femur, tibiofibular, humerus, and radioulnar were measured using ImageJ software version 1.8.0
(Schneider et al ., 2012). Then, the tibiofibular to femur
ratio (T/F ratio) was computed to confirm the differences
among species with different locomotor modes. Additionally, the forelimb (radio-ulnar and humerus) to hindlimb
(tibiofibular and femur) ratio (FL/HL ratio) was calculated
to identify the difference between terrestrial frogs and
semi-aquatic frogs. One-way ANOVA was used to compare the differences in T/F and FL/HL ratios among the
four species of anurans using GraphPad Prism version 8.0
for Windows. All statistical differences were considered
significant at P <0.05.

Results
Radio-ulna
Humerus

L1 L3
L2
Femur
Tibiofibular

L8
L7

L5
L6

L4

Fig. 1. X-ray bone image of male American bullfrog
(Lithobates catesbeianus ) obtained by dual energy X-ray
absorptiometry. Eight landmark point that represented the
skeletal shape of lower body. Forelimbs were consisted of
radio-ulna and humerus, and hindlimbs were consisted of
tibiofibular and femur.

Physical condition of the four species
The SVL (F=181) and body weight (W=29.09) were
significantly different (P <0.05) among the four species
of anurans (Table 1). In particular, SVL was significantly
different (Tukey’s post hoc test, P <0.05) among all four
species. The Japanese tree frog (D. japonicus ) had the
lowest SVL (Tukey’s post hoc, P <0.05), whereas the SVL
of the American bullfrog (L. catesbeianus ) was the highest
(Tukey’s post hoc, P <0.05). The body weight of the Japanese tree frog was not different (Dunn’s post hoc, P >0.05)
from the weight of the Japanese wrinkled frog (G. rugosa )
but was lower (Dunn’s post hoc, P <0.05) than that of the
black-spotted pond frog (P. nigromaculatus ) and American bullfrog. Japanese wrinkled frogs showed no significant difference (Dunn’s post hoc, P >0.05) in body weight
from the black-spotted pond frog but had lower (Dunn’s

Table 1. The value of snout-vent length (SVL), body weight, and age of four species frogs
Species

N

SVL (mm)*
a

Body weight (g)*

3.5±0.5
4.0±0.9

Dryophytes japonicus

8

33.0±2.2

3.4±0.4

Glandirana rugosa

8

50.6±8.6b

10.4±4.4bc

8

c

Pelophylax nigromaculauts
Lithobates catesbeianus

8

76.5±9.4

32.8±10.8
d

150.7±17.6

Age

ab

cd

352.4±110.4

de

3.3±0.5
4.1±0.8

Values are presented as mean±standard deviation.
Eight frogs of each species were collected from Gongju city.
Asterisks (*) indicate contents with significant differences (P <0.05) from one-way ANOVA test (SVL) and from Kruskal–Wallis test
(body weight).
Lowercase letters represent the significance of the difference in each content by Tukey’ post hoc test (SVL) and Dunn’s post hoc
test (body weight).
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post hoc, P <0.05) body weight than that of the American
bullfrog. The body weight of black-spotted pond frogs
was not different (Dunn’s post hoc, P >0.05) from the
weight of American bullfrogs. The ages of the four species
did not differ (W=6.323, P >0.05) in this study.

were independent. After the 1000-permutation test using
T-square, all individuals were correctly reclassified (P <0.05)
by the discriminant functions (Table 2).
Morphological distance of the skeletal shape
The morphological distance was significant (Mahalanobis
distance by DFA, P <0.05) among the four species. Blackspotted pond frogs and American bullfrogs were morphologically the closest. The Japanese tree frogs were also
morphologically close to these two species, and the Japanese wrinkled frogs had the most morphologically distance.
Among the four species, black-spotted pond frogs
showed a narrow pelvis, average ilium, and long urostyle.
American bullfrogs had a wider pelvis, short ilium, and the
longest urostyle, whereas Japanese tree frogs had a small
pelvis, long ilium, and short urostyle. Japanese wrinkled
frogs had a relatively wider pelvis, average ilium, and a
short urostyle (Fig. 3).

Differences in the skeletal shape
The CVA showed two major morphological variations
based on CV1 and CV2 among the four species of anurans (Fig. 2). For example, CV1 explained 75.94% of
skeletal shape variance, and an individual with a higher
CV1 had a narrower pelvis and slightly shortened urostyle.
On the contrary, CV2 explained 16.13% of skeletal shape
variance, and an individual with a higher CV2 had a wider
pelvis, longer ilium, and much shorter urostyle. Japanese
tree frogs and black-spotted pond frogs had the highest
CV1 values, whereas the American bullfrogs and Japanese
wrinkled frogs had the lowest CV1 values. The CV2 values
of Japanese tree frogs and Japanese wrinkled frogs were
the highest, whereas the American bullfrogs and blackspotted pond frogs had the lowest CV2 values. Procrustes
distance and Mahalanobis distance from 1,000 permutation rounds in CVA explained that the skeletal shapes
of the four species were significantly different (P <0.05)
among all groups. Similarly, DFA showed that the morphological differences among the four species of anurans

Comparison of the limb proportions
The T/F ratio varied (F=23.3, P <0.001) among the anurans (Fig. 4A). The T/F ratio of the Japanese tree frog, an
arboreal jumper and terrestrial amphibian, was the lowest
(Tukey’s post hoc, P <0.05) of the four species. In contrast,
the T/F ratio did not differ significantly (Tukey’s post hoc,
P >0.05) among the other three species, which are semi-

L1
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L3

L4
L6

L5

L8

Canonical variate 2 (16.13%)

6

3
Dryophytes japonicus
Glandirana rugosa

0

3
Pelophylax nigromaculatus
Lithobates catesbeianus

6

L7

9

6

3

0

3

6

9

Canonical variate 1 (75.94%)
L1

L2

L3

L1

L2

L3
L1

L2

L6

L5
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L4

L4

L4

L6

L5

L3

L6

L5

L8

L8

L8

L7

L7

L7

Fig. 2. The variation of skeletal shape among four species
anurans from canonical variate analysis (CVA). Scatterplot
consisting of canonical variate 1
(CV1) and CV2 shows that four
species anurans had different
skeletal shape in lower body.
Circles in the deformation grids
and the grey wireframe graphs
indicate the skeletal shape of the
individuals with the lowest CV
value. Sticks in the deformation
grids and the black wireframe
graphs indicate the change of
skeletal shape by increase of CV
value.
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Table 2. The discriminant function in the skeletal shape of lower body from four species anurans obtained by discriminant
function analysis after the 1000-permutation test using the T-square
From discriminant function

Dryophytes japonicus

Glandirana rugosa

Pelophylax
nigromaculauts

Lithobates
catesbeianus

8 (100%)

0

0

0

Glandirana rugosa

0

8 (100%)

0

0

Pelophylax nigromaculauts

0

0

8 (100%)

0

Lithobates catesbeianus

0

0

0

8 (100%)

Dryophytes japonicus

post hoc, P >0.05).

Mahalanobis distance by DFA
67.5

52.5

37.5

22.5

7.5

Discussion
P<0.05

Glandirana rugosa

Pelophylax nigromaculatus

P<0.05

Lithobates catesbeianus

P<0.05

Dryophytes japonicus

Fig. 3. Mahalanobis distance of skeletal shape among four
species anurans obtained by discriminant function analysis
(DFA) after the 1000-permutation rounds. The grey wireframe graphs represent mean skeletal shape of four anuran
species, and the black wireframe graphs represent mean
skeletal shape of each anuran species. All four species
showed significant morphological distance (P <0.05).
aquatic and jumper/swimmer frogs (Japanese wrinkled
frogs, black-spotted pond frogs, and American bullfrogs).
Similarly, the FL/HL ratio also differed (F=6.797,
P <0.001) among the species (Fig. 4B). Japanese tree frogs
had the highest (Tukey’s post hoc, P <0.05) FL/HL ratio of
the four. However, among the other three species of frogs,
the FL/HL ratio was not significantly different (Tukey’s
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In this study, we compared the skeletal shape of four
species of anurans according to their locomotor mode
and ecological traits. The skeletal shapes of the lower
body of the four species of anurans were all independently and completely isolated. The analysis showed that
the Japanese wrinkled frog was the most morphologically
distinct, and the black-spotted pond frog and American
bullfrog had the most similar morphologies. The ratio of
the limbs for the Japanese tree frogs was considerably
different from that of the other three species. We believe
that the differences in the skeletal shape of the four species relate to the ecological traits of each species.
The shapes of the pelvis, ilium, and urostyle were different for each species. Although these shapes do not
unconditionally determine locomotor performance, they
nevertheless affect it (Emerson, 1978; Nauwelaerts et al .,
2007; Zug, 1972). In our results, the skeletal shape of the
lower body seems to differ according to body weight and
predator defense mechanisms. The black-spotted pond
frog could achieve the best locomotor performance of
the four species, followed by the American bullfrog. The
Japanese tree frog and Japanese wrinkled frog had traits
representing low locomotor performance. The skeletal
shape of the lower body and relatively high locomotor
performance of black-spotted pond frogs and American
bullfrogs is thought to be due to their higher body mass
compared to the other two species. Body mass is a critical
variable in explaining variations in the jumping power of
anurans, and high body mass can reduce jumping power
per body mass (Mendoza et al ., 2020). Therefore, it seems
that species with a greater weight may need a skeletal
shape with better locomotor performance. Additionally,
the black-spotted pond frogs exhibited the trait with the
highest locomotor performance, possibly because they
have no predator defense mechanism other than jumping
and swimming. The American bullfrog is a predator with
a high trophic position in South Korea (Park & Do, 2019),
with few known predators; therefore, anti-predator strat-
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Dryophytes
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catesbeianus
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Glandirana
rugosa

Lithobates
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Fig. 4. The comparison in tibiofibular to femur (T/F) ratio (A) and forelimb to hindlimb (FL/HL) ratio (B) among four species
anurans. Box plots show the mean (central square dot), median (central band), 25th and 75th percentiles (bottom and top
of boxes), range within 1.5 interquartile (IQR, bottom and top of line). Significant differences (P <0.05) were determined using a Tukey’s Post Hoc test from one-way ANOVA test, and are represented with the difference of uppercase letters.
egies relying on locomotor performance may be relatively
less useful. Japanese wrinkled frogs use odorous skin
secretions (Takahara et al ., 2011; Yoshimura & Kasuya,
2013), and Japanese tree frogs use a camouflage pattern
(Kang et al ., 2016) for defense. On the contrary, although
black-spotted pond frogs occupy a trophic position similar to that of Japanese wrinkled frogs (Park & Do, 2019),
they seem to have this skeletal shape to evade predators
through strong locomotor performance because they have
no other defense mechanism.
The morphology of the limbs in anurans is greatly influenced by their microhabitat and locomotor mode (Enriquez-Urzelai et al ., 2015; Vidal-García & Keogh, 2017).
In our study, the Japanese tree frog, an arboreal jumper
and terrestrial frog, the tibiofibular is shorter than the
femur, unlike the other three species. In general, hindlimb
length can increase locomotor performance (Rebelo &
Measey, 2019). In particular, strong jumpers tend to have
a T/F ratio greater than 1, and weak jumpers have a ratio
close to or less than 1 (Zug, 1972). These hindlimb traits
are known to be markedly different among anuran species with different locomotor modes (Enriquez-Urzelai et
al ., 2015). Likewise, the ratio of forelimbs to hindlimbs
showed a similar result. Unlike the other three species,
Japanese tree frogs had a high ratio of forelimb lengths.
The short forelimb of frogs positions the center of gravity toward the back and enhances jumping performance
(Emerson, 2013). This limb morphology shows that Japanese tree frogs may be weaker jumpers or swimmers than
the other three species. Unlike semi-aquatic frogs with
excellent swimming and jumping abilities, the Japanese
tree frog is a species that climbs grass and trees. In addi-
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tion, because Japanese tree frogs use camouflage colors
to hide from predators (Kang et al ., 2016), they may be
safer from predators if they remain stationary rather than
jumping or swimming (Morey, 1990). Therefore, unlike
the other three species, Japanese tree frogs do not seem
to have to be strong jumpers or swimmers.
Differences in morphology among species can help elucidate the ecological and behavioral traits of organisms.
However, it is challenging to quantify and analyze these
differences. We used both landmark-based geometric
and traditional morphometric methods to compare the
skeletal shape of anurans in this study. In the past, the
morphology of organisms was analyzed and compared
using traditional morphometric methods, such as multivariate morphometric methods based on size data (Marcus,
1990). These methods can capture size information well,
but there is less information on shape (Bookstein et al .,
1985; Rohlf & Marcus, 1993). To compensate for this, a
new shape analysis tool, geometric morphometric analysis,
was introduced in the late 1980s (Bookstein, 1989; 1997;
Rohlf & Marcus, 1993). This tool provides attractive and
intuitive visualization data by graphically representing the
results of shape variation. It also allows the comparison
of shape changes by statistical quantification (Adams et
al ., 2004). However, the method is restricted to use within
a limited number of taxa or species because it can only
analyze parts with the same points. The use of landmarks
with the same points within different taxa or species may
not be sufficient to describe subtle features (Tatsuta et
al ., 2018). As such, each of these two methods has advantages and disadvantages. For morphological analysis,
setting the analysis method according to the characteris-
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tics of each trait or using them to complement each other
can help quantify the more detailed trait changes.
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ABSTRACT

Psalidoremus is one of the subgenus which consists of five species and eleven subspecies through Taiwan, Japan,
Korea and north eastern part of China which present strong endemism to their distribution. While most of advance
studies focus on the new species or subspecies from this taxon, this paper suggests paleogeographical assumption and
hypothesis of how they diverged from common ancestors. Phylogeographical patterns illustrated by the distribution
of five species, which including Prosopocoilus inclinatus , Prosopocoilus hachijoensis , Prosopocoilus dissimilis ,
Prospocoilus pseudodissimilis , Prosopocoilus motschulskii respectively, has been assessed in this research. Speciation
history is suggested by morphological tendencies especially in male mandibles with assumption from geographical
patterns of under sea level.
Keywords: Lucanidae, Prosopocoilus , Psalidoremus , Speciation history, Stag beetles

Introduction
Lucanidae is one of the basal clade of Scarabaeoidea
(Smith et al ., 2006), which consist of about 1,400 species from all around world (Fujita, 2010). Among them,
Prosopocoilus is one of the biggest genera within Lucanidae. Psalidoremus is one of the subgenus which consists
of five species and eleven subspecies through East Asia.
Psalidoremus distributes from Taiwan, Japan, Korea and
north eastern part of China confirmed by Japanese and
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Chinese entomologists (Fujita, 2010; Huang & Chen,
2013; Mizunuma & Nagai, 1994). Each species does not
cover distribution range of other species, which present
strong endemism to their distribution. Most of advance
studies focus on the new species or subspecies from
this taxon (Adachi, 2009; 2014; Fujita, 2009; Matsuoka
& Takatoji, 2010; Shimizu & Murayama, 1998; 2004),
therefore, this paper suggests paleogeographical assumption and hypothesis of how they diverged from common
ancestors. So far, phylogeographical patterns illustrated
by the distribution of each species and divergence were
assumed by morphological tendencies especially in male
mandibles with assumption from geographical patterns of
under sea level.
In these processes, three priori assumptions are critical:
1) Currently recognized taxa are monophyletic; 2) diversi-
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distribution.
After all, hypothetical speciation history established
based on information as mentioned above.

fication of each subspecies negligibly small compared to
its between-island diversification; 3) recognizable speciation occurred by allopatric speciation. These assumptions
are adapted and modified from assumptions of Ota which
study on the speciation of Amphibians and Reptiles from
Ryukyu Archipelago (Ota, 1998).

Materials
Materials used in this research mostly stored in the
storage of National Science Museum Korea, National Taiwan Museum, and GBIF occurrence data set (https://doi.
org/10.15468/39omei).

Materials and Methods
Study design
This study designed by following process. First of all,
distributional data of subgenus Psalidormus species has
been organized in Table 1.
Data in Table 1 were used in this research with referring
global Biodiversity Information Facility (GBIF) and each
specimen holding institutions. The distributional data has
been referred to occurrence data of the information uploaded to GBIF, and distributional data of key references
stag beetle researchers such as Mizunuma, Nagai, Fujita,
Huang, and Chen.
After distribution check, morphological data were analyzed by considering male morphology of each species.
Especially head structures of male are distinctly differ in
each species. Mandibular structure and shape of clypeus
is the key morphology to its taxonomy. In mandibular
structures, composition of large inner tooth and apical
tooth group are considerable. Clypeus shape is organized
in three types which considered as gradual changes in
speciation process. Female morphology was not analyzed
in here because of morphological difference between each
species not remarkable as males.
Also, Bathymetric map under sea surface were drawn by
author based on open street map to avoid copyright issues. Three bathymetric elevations which respectively 0 m,
–750 m, –1,200 m, were used regard species boundary of

Methods
Habitus photograph were taken by Nikon D7100 Digital
Single Lens Reflex Camera (Nikon, Tokyo, Japan) with
Tamron 60 mm Macro lens which mounted on Wemacro
macro rail set with lighting stands. Photo of each specimen were taken 30 to 40 by each stop and merged together in Zerene Stacker program (Zerene Stacker, Richland, WA, USA) to maximize resolution. Maps of each
figure were drawn by author by using PaintTool SAI (Systemax, Port Washington, NY, USA). Male morphological
structures labeled as Table 2 for the comparison of each
trait. Seven morphological traits have been assessed in the
Table 2. Morphological traits coded in binary notation
Morphological trait

True

False

Basal inner tooth is major inner tooth

1

0

Inner teeth group separated

1

0

Clypeus elongated

1

0

Apice of clypeus separated

1

0

Head procedure flat

1

0

Body surface with matte texture

1

0

Long tarsus

1

0

Table 1. Psalidoremus species analyzed in this research
Species

Range

Possible closest relatives

Prosopocoilus inclinatus
Motschusky, 1857

Korea (Korean Peninsula, Uleung Is.), Japan (Honshu, Kyushu,
Shikoku, Hokkaido, Izu Iss., Yakushima Is., Tanegashima Is.,
Mishima Is., Io Is., Kuroshima Is., Kuchinoerabu Is.), Russia
(kunashir Is.), China (Liaoning Province)

P. hachijoensis

Prosopocoilus hachijoensis
Nomura, 1960

Japan (Hachijo Is.)

P. inclinatus

Prosopocoilus dissimilis
Boileau, 1898

Japan (Tokara Iss., Amami Iss., Okinawa Is.)

P. inclinatus

Prosopocoilus pseudodissimilis
Kurosawa, 1976

Japan (Iriomote Is., Ishigaki Is.)

P. motschulskii

Prosopocoilus motschulskii
Waterhouse, 1869

Taiwan

P. pseudodissimilis

Distributional data were taken from GBIF (global Biodiversity Information Facility) occurrence data and key references.
Is., Island.
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IBM SPSS statistics program (ver. 28.0; IBM Co., Armonk,
NY, USA) by hierarchical cluster analysis method.

Results
By referring occurrence data of each specimen and dataset, all species of subgenus Psalidoremus could be confirmed as endemic to each distribution. The geographical
patterns of the Psalidoremus species has been displayed
on Fig. 1. And brief taxonomic account follows.
Taxonomic accounts
Insecta
Scarabaeoidea
Lucanidae Latreille, 1804
Genus Prosopocoilus Westwood, 1845
Subgenus Psalidoremus Motschusky, 1862
Species Prosopocoilus (Psalidoremus ) inclinatus
(Motschulsky, 1857)
Species Prosopocoilus (Psalidoremus ) motschulskii
(Waterhouse, 1869)
Species Prosopocoilus (Psalidoremus ) dissimilis
(Boileau, 1898)
Species Prosopocoilus (Psalidoremus ) hachijoensis
Nomura, 1960
Species Prosopocoilus (Psalidoremus ) pseudodissimilis Kurosawa, 1976

Prosopocoilus (Psalidoremus ) inclinatus (Motschusky,
1857) (Fig. 1A)
Body length: male 21-72 mm, female 25-42 mm
Distribution: Korea, Japan, China, Russia
Subspecies: This species consist of seven subspecies.

Fig. 1. Geographical patterns of the subgenus Psalidoremus . (A) Prosopocoilus inclinatus ; (B) Prosopocoilus hachijoensis ; (C) Prosopocoilus dissimilis ; (D) Prosopocoilus pseudodissimilis ; (E) Prosopocoilus motschulskii .
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P. inclinatus inclinatus (Motschusky, 1857) P. inclinatus
mishimaiouensis Shimizu et Murayama, 1998, P. inclinatus kuchinoerabuensis Shimizu et Murayama, 1998, P.
inclinatus kuroshimaensis Shimizu et Murayama, 2004,
P. inclinatus miyakejimaensis Adachi, 2009, P. inclinatus
mikuraensis Matsuoka et Takatoji, 2010, P. inclinatus
yakushimaensis Adachi, 2014.
Prosopocoilus (Psalidoremus ) hachijoensis Nomura,
1960 (Fig. 1B)
Body length: male 24-59 mm, female 26-38 mm
Distribution: Japan (Hachijo Island [Is.])
Subspecies: This species does not have subspecies.
Prosopocoilus (Psalidoremus ) dissimilis (Boileau, 1898)
(Fig. 1C)
Body length: male 26-79 mm, female 25-40 mm
Distribution: Japan (Okinawa Iss., Amami Iss., Tokara Iss.)
Subspecies: This species consist of seven subspecies. P.
dissimilis (Boileau, 1898), P. dissimilis elegans (Inahara,
1958), P. dissimilis okinawanus Nomura, 1962, P. dissimilis makinoi Ichikawa et Fujita, 1985, P. dissimilis okinoerabuensis Ichikawa et Fujita, 1985, P. dissimilis kumejimaensis Ichikawa et Fujita, 1985, P. dissimilis hayashii
Fujita, 2009.
Prosopocoilus (Psalidoremus ) pseudodissimilis Kurosawa,
1976 (Fig. 1D)
Body length: male 28-63 mm, female 25-36 mm
Distribution: Japan (Yaeyama Iss.)
Subspecies: This species does not have subspecies.
Prosopocoilus (Psalidoremus ) motschulskii (Waterhouse,
1869) (Fig. 1E)
Body length: male 24-60 mm, female 25-36 mm

0

Prosopocoilus
motschulskii

4

Prosopocoilus
pseudodissimilis

5

Prosopocoilus
dissimilis

3

Prosopocoilus
inclinatus

1

Prosopocoilus
hachijoensis

2

Hierarchical cluster analysis (between species)
5
10
15
20
25

Fig. 2. Dendrogram of hierarchical cluster analysis in SPSS
(ver. 28.0; IBM Co., Armonk, NY, USA) between species
based on seven morphological traits. x-axis value means
rescaled distance cluster combine.
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Distribution: Taiwan Is.
Subspecies: This species does not have subspecies.
And seven morphological traits in Table 2 coded by
binary notation and run through the SPSS hierarchical cluster analysis method and results are displayed in
dendrogram in Fig. 2. In this analysis, common ancestor
divided into two clades from inclinatus-hachijoensis cluster and others divided for later also divided into dissimilis
and motschulskii - pseudodissimlis cluster and for the last
motschulskii and pseudodissimlis divided in each area.
But morphological characters not strong enough to assume speciation history of this subgenus, so geographical
assessment also performed to provide strong hypothesis.

By considering ecological niche of the family Lucanidae,
stag beetles not able to move across the sea surface. This
provide strong barrier to the gene flow, which enables
to proceed to speciation process by allopatric speciation.
Also bathymetric elevation maps of distribution range at
present sea level in Fig. 3, –750 m under sea surface in
Fig. 4, –1,200 m under sea surface were displayed in Fig.
5. This provides strong evidence of the allopatric speciation of the subgenus Psalidoremus . Because of border of
species almost identical to the land isolation gap appear
on the bathymetric elevation maps in Figs. 3-5.
After all, subgenus Psalidoremus is allopatric group

A

A
B

C

B
D
C
D

Fig. 3. Sea elevation map of present sea level. A-D indicates border of each species (Scale bar: 200 km).

Fig. 5. Sea elevation map of sea level –1,200 m below surface. A-D indicates border of each species (Scale bar: 200
km).

B*
A*

A

A
C*
B
D*
B
C
C

D

D

Fig. 4. Sea elevation map of sea level –750 m below surface. A-D indicates border of each species (Scale bar: 200
km).
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Fig. 6. Pictorial speciation scenario of the subgenus Paslidoremus by each geographical gap A-D and speciation
point provided in each gap marked with asterisk * (Scale
bar: 200 km).
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which sharing common ancestor in monophyletic clade.
And their speciation scenario could be assumed by referring those morphological characters and bathymetric elevation and result as follows.
Hypothetical speciation scenario
First, common ancestor divided into inclinatus group
and dissimilis group by Tokara Gap (marked as B in Fig.
6). Second, dissimilis group divided into two groups by
dissimilis and motschulskii - pseudodissimilis cluster by
Kerama Gap (marked as C in Fig. 6). Third, inclinatus hachijo cluster and motschuskii - pseudodissimilis divided
into each species level respectively by Hachijo Gap (marked
as A in Fig. 6), and Taiwan Gap (marked as D in Fig. 6).
This scenario has been pictorialized in Fig. 6 to enhance
visibility of concept.

Discussion
This research has been performed to establish hyphothesis of how Psalidoremus species gone through the
speciation from their common ancestors. And this is first
attempt to provide visible clearance between Psalidoremus
species and geographical data. Also Pictorial speciation
scenario provides good visual agenda for other researchers.
The hypothesis in this here are supported by following
references especially Ota (1998) which studied geographic
pattern of amphibian and reptiles of Ryukyu archipelago
has become good foundation of this article, and other
taxonomic articles such as Fujita (2010) and Tsuchiya
(2010), Tsuchiya (2017) provided numerous figures which
in real sized magnification. Also, Tojo et al . (2017) provides strong evidence of deep straits provides similar
difference in damselfly group, Repidolestis spp. Near Okinawa and Taiwan region.
Also this hypothesis could be disturbed by dispersal by
typhoon as described in Osozawa et al . (2021) in case of
Cicada species which distributes in Japan. Transportation by typhoon model was not considered in this article.
Because of Lucanidae in general is not attempt to fly in
raining day and also not good fliers as well.
In the result, most significant part is that the Hachijo
gap is deep in substance, but the difference between P.
inclinatus and P. hachijoensis not significant, also exposed in dendrogram. However, by consider in subspecies
level, most closest relative is P. inclinatus miyakejimaensis
which provides tendencies of intermediate tendencies in
gradually from main island of Japan to Hachijo island.
These tendencies should be study in advance in further
researches. Also in subspecies level study must be performed to provide tendencies infraspecific level. Especially
author noticed strong tendencies infraspecific difference
in P. dissimilis , This tendencies would be the next research
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subject.
The scenario has been established in this research limited by the restriction of the morphological traits that
useful in morphological identification and geographical
patterns of each species. Therefore, research including
DNA of each species and subspecies is demanded for
more robust foundation of evidence.

Conflict of Interest
The authors declare that they have no competing interests.

Acknowledgments
This work was supported by National Research Foundation of Korea (NRF) grant funded by the Korea government (2013M3A9A5047052 and 2017M3A9A48999).
Also author presenting great appreciation to those who
cooperated in this research especially Jun-Tsong Lin, Associate Curator of National Taiwan Museum. And also Mr.
Yamada sent important specimen from Japan.

References
Adachi, N. (2009). Description of a new subspecies of Prosopocoilus inclinatus (Coleoptera: Lucanidae) from the Izu Islands.
Gekkan Mushi , 463, 34-37.
Adachi, N. (2014). A new subspecies of Prosopocoilus inclinatus
(Motschulsky, 1857) (Coleoptera, Lucanidae) from Yakushima
Island, Japan. Kogane , 15, 1-6.
Fujita, H. (2009). A new subspecies of Prosopocoilus dissimilis
(Boikeau, 1898) from Iheyajima Is. of the Okinawa Islands.
Gekkan-Mushi , 463, 38-39.
Fujita, H. (2010). The Lucanid Beetles of the World , 2nd ed. Tokyo: Mushi-Sha.
GBIF Secretariat. (2021). GBIF Backbone Taxonomy. Checklist
dataset. Prosopocoilus dissimilis Boileau, 1898 . Retrieved August 30, 2021 from https://www.gbif.org/species/7867261.
GBIF Secretariat. (2021). GBIF Backbone Taxonomy. Checklist
dataset. Prosopocoilus hachijoensis Nomura, 1960 . Retrieved
August 30, 2021 from https://www.gbif.org/species/7842151.
GBIF Secretariat. (2021). GBIF Backbone Taxonomy. Checklist dataset. Prosopocoilus inclinatus (Motschulsky, 1857).
Retrieved August 30, 2021 from https://www.gbif.org/species/7487564.
GBIF Secretariat. (2021). GBIF Backbone Taxonomy. Checklist
dataset. Prosopocoilus motschulskii (Waterhouse, 1869).
Retrieved August 30, 2021 from https://www.gbif.org/species/6132326.
GBIF Secretariat. (2021). GBIF Backbone Taxonomy. Checklist
dataset. Prosopocoilus pseudodissimilis Kurosawa, 1976.
Retrieved August 30, 2021 from https://www.gbif.org/species/8787259.
Huang, H., and Chen, C.C. (2013). Stag Beetles of China II . Taiwan: Formosa Ecological Company.
Matsuoka, N., and Takatoji, Y. (2010). Notes on Prosopocoilus
inclinatus (Motschulsky, 1857) (Coleoptera: Lucanidae) from

45

Eunjoong Kim
the Izu Islands. Gekkan Mushi , 474, 15-22.
Mizunuma, T., Nagai, S., and Fujita, H. (1994). The Lucanid
Beetles of the World . Tokyo: Mushi-Sha.
Osozawa, S., Kanai, K., Fukuda, H., and Wakabayashi, J. (2021).
Phylogeography of Ryukyu insular cicadas: extensive vicariance by island isolation vs accidental dispersal by super typhoon. PLoS One , 16, e0244342.
Ota, H. (1998). Geographic patterns of endemism and speciation
in amphibians and reptiles of the Ryukyu Archipelago, Japan,
with special reference to their paleogeographical implications.
Researches on Population Ecology , 40, 189-204.
Shimizu, T., and Murayama, A. (1998). Two new subspecies of
Prosopocoilus inclinatus (Motschulsky) from southern islands
of Kyushu. Gekkan Mushi , 328, 22-28.
Shimizu, T., and Murayama, A. (2004). A new subspecies of

46

Prosopocoilus inclinatus (Motschulsky, 1857) from Kuroshima
Is. Mishima-son, Kagoshima, Japan. Gekkan Mushi , 396, 1015.
Smith, A.B.T., Hawks, D.C., and Heraty, J.M. (2006). An overview
of the classification and evolution of the major scarab beetle
clades (Coleoptera: Scarabaeoidea) based on preliminary molecular analyses. The Coleopterists Bulletin , 60, 35-46.
Tojo, K., Sekiné, K., Takenaka, M., Isaka, Y., Komaki, S., Suzuki,
T., et al . (2017). Species diversity of insects in Japan: their
origins and diversification processes. Entomological Science ,
20, 357-381.
Tsuchiya, T. (2010). [Encyclopedia of Japanese Prosopocoilus].
Be Kuwa , 35, 6-31. Japanese.
Tsuchiya, T. (2017). [Encyclopedia of Japanese Lucanidae]. Be
Kuwa , 64, 6-36. Japanese.

PNIE 2022;3(1):41-46

Original Article
PNIE 2022;3(1):47-53
https://doi.org/10.22920/PNIE.2022.3.1.47
pISSN 2765-2203, eISSN 2765-2211

Escape Behavior of Medaka (Oryzias latipes ) in
Response to Aerial Predators of Different Sizes and
with Different Attack Speeds
Sang-Hee Lee*
Team of Application for Mathematical Principles, Division of Advanced Researches for Industrial Mathematics, National Institute for
Mathematical Sciences, Daejeon, Korea

ABSTRACT
The escape behavior of prey fish to predator attack is directly linked to the survival of the fish. In this study, I explored
the escape behavior of Medaka fish to bird attacks. To simulate the attack, I designed a model triangular-shaped bird
to slide along a fishing line connected between rods at both ends of the tank. The triangular shape was set to 10×15
(S =1), 15×20 (S =2), and 20×25 cm (S =3) with base×height. The slope (θ ) of the fishing line, which determines the
attack speed of the model bird, was set to values of 15° (θ =1), 30° (θ =2), and 45° (θ =3). The escape behavior was
characterized using five variables: escape speed (v ), escape acceleration (α ), responsiveness (γ ), branch length similarity
entropy (ε ), and alignment (φ ). The experimental results showed when (S , θ )=(fixed, varied), the change in values of
the five variables were not significant. Thus, the fish respond more sensitively to S than to θ In contrast, when (S ,
θ )=(varied, fixed), v , α , and γ showed increasing trends but ε and φ did not change much. This indicates the nature of
fish escape behavior irrespective of the threat is inherent in ε and φ . I found that fish escape behavior can be divided
into two types for the five physical quantities. In particular, the analysis showed that the type was mainly determined
by the size of the model bird.
Keywords: Bird attack, Branch length similarity entropy, Fish escape behavior, Responsiveness

Introduction
Most animals exhibit an escape behavior that accelerates rapidly when exposed to sudden predation threats
(Bisazza et al ., 1997; Tay et al ., 2021; Webb, 1986). It is
important to understand the kinematic characteristics (e.g.,
flight initiation distance, escape trajectory, turning speed,
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and acceleration) of the escape behavior, as this is crucial
to the survival of the individual and the suitability of the
species as well as to understand stability parameters of
the predator-prey system. The kinematic characteristics
are strongly influenced by the physiological state of the
individual but are also governed by external environmental factors. Thus, the characteristics have been explored in
relation to physiological and environmental factors (Bateman & Fleming, 2014; Colwill & Creton, 2011; Domenici,
2002; 2010; Ozel & Stynoski, 2011; Paul et al ., 2021).
Most of these studies have been conducted on vertebrate
animals and have provided an understanding of animal
escape behavior. However, in recent years, ethical restrictions related to animal experiments have been strength-
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ened, resulting in limited research.
Research using fish is relatively free from ethical issues,
and easy to observe and analyze the behavior. For this
reason, research on escape behavior in fish has attracted
much attention from diverse academic perspectives such
as neurophysiology (Eaton et al ., 2001), biomechanics
(Wakeling, 2006), kinematics (Domenici & Hale, 2019),
and behavioral ecology (Binning et al ., 2014; Godin,
1997). In particular, from a behavioral ecology point of
view, Domenici (2010) suggested that when prey escape,
they behave in the direction of minimizing the cost
function defined by an economic theory developed by
Ydenberg and Dill (1986) and Lima and Dill (1990). The
cost function includes various physical quantities and
the response distance at which the prey begins to escape
the predator (Domenici et al ., 2007): predator approach
speed (Cooper, 2003; Cooper et al ., 2003), directness of
approach (Burger & Gochfeld, 1990; Cooper, 1997; 2010),
persistence in attacking (Cooper & Avalos, 2010), direction of refuge relative to the predator (Cooper & Wilson,
2007). In addition, studies on the escape behavior of fish
are directly related to the conservation of fishery resources
for environmental pollution and environmental protection
(Brodin et al ., 2014; Jacquin et al ., 2020). Thus, we have
come to understand the various kinematic characteristics
of the escape behavior of fish. However, there is still a
lack of research which quantitatively characterizes the
escape behavior of fish in relation to the attack patterns
of aerial predators (birds). This is because it is not easy
to define a statistical quantity that can characterize the
attack patterns, and it is technically difficult to measure
changes in fish behavior that occur in a short period of
time.
In this study, I explored the escape behavior of the
medaka fish, Oryzias latipes , in response to the attack of
a model bird of three different sizes and attack speeds.
Species that actually feed on medaka fish include herons
and kingfishers (Naher, 2015). In other words, this study
is an analysis of the response behavior of medaka fish to
the predator species. To characterize this escape behavior,
I used five physical variables: escape speed, escape acceleration, responsiveness, branch length similarity (BLS)
entropy, and degree of alignment of fish groups. The
escape speed, acceleration, and responsiveness are physical variables reflecting the kinematic characteristics of the
fish, and the BLS entropy and alignment are variables that
reflect the static characteristics of the fish. These variables
not only help quantify escape behavior but also to develop mathematical models that can simulate the escape
behavior.
In particular, it will be useful to determine the variables
that should be applied in a model and to estimate the
values of those variables. I constructed vectors comprising
these five variables and classified them into two groups
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with similar characteristics. Using this classification, I
briefly discussed the idea for characterizing the threat to
the fish generated from the approach of predators.

Materials and Methods
Test species and the observation system
Two hundred and fifty Medaka fish (Oryzias latipes )
were housed in a circular water tank 100 cm in diameter
and 30 cm in height. Prior to the experiment, the fish
were acclimated to the experimental conditions (12 h
light:12 h dark photoperiod at 20°C water temperature)
for 4 weeks. Fish were provided TetraMin (Tetra Werke,
Melle, Germany) flake food (1 g/day) daily. The average
length of the fish was 20.74±2.19 mm.
I placed 20 fish in a tank filled with water (water depth
of 5 cm) and investigated how the fish escape when
model birds of different sizes and speeds approach them.
To simulate the approach, the model bird, made of a
triangular-shaped acrylic plate, was attached to a fishing line connected between two rods at either end of the
water tank. The triangular shape was set to 10×15 (S =1),
15×20 (S =2), and 20×25 cm (S =3) with base×height. The
slope (θ) of the fishing line was set to values of 15° (θ =1),
30° (θ =2), and 45° (θ =3) (Fig. 1).
During the experiment, I protected the laboratory from
external stimuli such as sound and light. A digital camcorder (SONY CX-550; SONY, Tokyo, Japan) equipped
with a wide-angle lens (Raynox QC-505; Raynox, Tokyo,
Japan) to obtain a clear image was fixed at a height of
120 cm from the bottom of the tank to observe fish escape behavior. For the acclimatization of the fish to the
environment before performing the experiment, I left the
fish for 2 hours without external stimulation. After the
acclimatization time, the fish’s movements became stable
without sudden rapid movements. I recorded a set of 10
replicates for a combination of size and angle of a model
bird to obtain statistical results on fish escape behavior.
I extracted 4-sec video clips of the escape behavior from
the recordings. The video resolution was 1/10 seconds
(Fig. 2).

Camera

Model bird


Aquarium

Fig. 1. Schematic diagram of the experimental equipment.
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Fig. 2. Model bird passing over a water tank and an escaping fish. The blue circle at t =0 (s) represents the position of fish
before the model bird passes, the white circle at t >0 (s) represents the initial position of the fish, and the blue circle represents the later position after the escape behavior. The arrows represent the vector from the initial position to the later position.
Analysis
The escape behavior was characterized using five variables: escape speed (v ), escape acceleration (α ), responsiveness (γ ), BLS entropy (ε ), and alignment (φ ). I defined
the escape time as the time taken for the model bird to
pass over the water tank in which the fish were placed.
The time varied slightly depending on the slope of the
model bird, but it was approximately 0.4 seconds. The
escape behavior of fish is performed either through direct
sensing of the presence of a predator or through information transmitted in the form of rapid behavioral changes
(e.g., speed and direction) of neighboring mates (Eaton et
al ., 1981; Gerlotto et al ., 2006). During the performance
period, the fish’s behavior (fast-start response) is triggered by a pair of higher-order neurons, commonly called
Mauthner cells. The fast-start response is one of the
main behavior that increase the chances of survival from
predators. For this reason, the escape response time was
set to 0.4 seconds and the analysis of fish behavior after
the escape period was excluded. The v (α ) was defined as
the average value of the v (α ) during the escape period.
These variables reflect the degree to which fish recognize
a model bird as a threat (Bulova, 1994; Cooper, 1997;
2003). The γ represents the ratio of the number of individuals responding to the model bird to the total number
of individuals (=20) during the escape period (Fuiman et
al ., 2006). If γ has a value of 1, it indicates that all individuals escaped from the model bird, whereas if γ has a
value of 0, it represents that no individuals responded to
the attack of the model bird.
The ε shows how fish are distributed when viewed from
the center of the water tank (Lee, 2010). The ε was defined in a simple network comprising a single node and
its branches as below (see Fig. 3),
�
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Fig. 3. Branch length similarity entropy definition on a
network comprising one node and several edges.

Here, the probability of the i-th branch of the simple
network is defined as

𝑝𝑝� =

𝐿𝐿�
�
∑��� 𝐿𝐿�

(2)

where n is the number of branches in the simple network
and Lk is the length of the k -th branch (k =1, 2, 3, …, n ).
The denominator log(n ) is introduced to normalize the
entropy. In this study, I used the distance from the center
of water tank to each fish individual as the branch length.
When the value of ε is approaching 1.0, it means that all
the branch lengths are the same, and smaller the entropy
value, the more heterogeneous is the length distribution.
This variable measures the degree to which fish disperse
when escaping.
The variable for the alignment of the fish group (φ ),
indicates how all individuals are aligned in one direction.
This variable was mathematically defined by the absolute
value of the average unit velocity of fish (Lee, 2006);

(1)
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where Ntot (=20) was the total number of fish individuals
and vj was the unit velocity vector of the j -th individual
(j =1, 2, 3,…, 20). If φ =1, then all fish individuals are
headed in one direction, and if φ =0, all individuals have
random orientation.

Results
The speed at which the model bird moved along the line
was 1.48±0.13 m/s, 3.10±0.18 m/s, and 4.49±0.34 m/s for

θ =15°, 30°, and 40°, respectively. Table 1 shows the characterization values of the fish escape behavior. The values
were obtained under the condition of (S , θ )=(fixed, 1:3).
The results showed there was no statistical change in the
escape behavior with the change in falling slope within
each size category of model birds. This means that the
fish are not sensitive to the approach speed of the model
bird, at least in the range of 15-45°.
Table 2 shows how the fish responded to the size of the
model bird (S ) when the θ was fixed. In the case of θ =1,
the v , α , and γ increased as S increased. This can be interpreted as the fish responded more sensitively to the size
of the model bird. That is, as the size of the model bird
increased, the degree of the threat increased. The increase

Table 1. Statistical values of the five physical variables for fish escape behavior for model birds with size S and falling angle
θ under the condition that S is fixed and θ changes
S
1

2

3

θ

α (acceleration)

v (speed)
a

γ (responsiveness) ε (BLS entropy gradient)

0.104±0.047

0.033±0.028

0.221±0.037

1.000±0.000

0.393±0.066a

2

0.111±0.033a

0.038±0.011a

0.251±0.053a

0.954±0.095a

0.470±0.094a

3

a

0.103±0.039

a

0.031±0.010

0.243±0.093

a

0.933±0.190

a

0.434±0.063a

1

0.225±0.058a

0.047±0.022a

0.363±0.073a

0.797±0.220a

0.512±0.119a

2

0.152±0.025a

0.040±0.007a

0.304±0.037a

0.930±0.088a

0.490±0.078a

3

a

0.156±0.074

a

0.039±0.010

0.315±0.127

a

0.939±0.072

a

0.466±0.166a

1

0.317±0.077a

0.071±0.019a

0.473±0.066a

0.719±0.194a

0.655±0.088a

2

0.223±0.046b

0.058±0.012a

0.389±0.054a

0.892±0.190a

0.609±0.070a

3

b

a

a

a

0.562±0.109a

0.062±0.016

a

0.431±0.071

a

φ (alignment)

1

0.199±0.044

a

0.875±0.231

Values are presented as mean±standard deviation.
BLS, branch length similarity.
Means within a column followed by the same letter are not significantly different at a=0.05 (one-way ANOVA, with the Scheffe’s
test for post hoc multiple comparisons).

Table 2. Statistical values of the five physical variables for fish escape behavior for model birds with size S and falling angle
θ under the condition that θ is fixed and S changes
θ
1

2

3

S

α (acceleration)

v (speed)

2

0.225±0.058

b

3

0.317±0.077c

0.071±0.019b

0.473±0.066c

0.719±0.194b

0.655±0.088b

1

0.111±0.033a

0.038±0.011a

0.251±0.053a

0.954±0.095a

0.470±0.094a

2

0.152±0.025

a

a

a

0.930±0.088

a

0.490±0.078a

3

0.223±0.046b

0.058±0.012b

0.389±0.054b

0.892±0.190a

0.609±0.070b

1

0.103±0.039a

0.031±0.010a

0.243±0.093a

0.933±0.190a

0.434±0.063a

0.939±0.072

a

0.466±0.166a

0.875±0.231a

0.562±0.109a

ab

2

0.156±0.074

3

0.199±0.044b

0.033±0.028
0.047±0.022

ab

0.040±0.007

0.039±0.010

a

0.062±0.016b

0.221±0.037

a

φ (alignment)

0.104±0.047

1

a

γ (responsiveness) ε (BLS entropy gradient)

a

0.363±0.073

0.304±0.037

0.315±0.127

b

ab

0.431±0.071b

a

0.393±0.066a

0.797±0.220

ab

0.512±0.119a

1.000±0.000

Values are presented as mean±standard deviation.
BLS, branch length similarity.
Means within a column followed by the same letter are not significantly different at a=0.05 (one-way ANOVA, with Scheffe’s test
for posthoc multiple comparisons).
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Table 3. Silhouette values for different numbers of groups
Number of groups

2

3

4

5

6

7

8

9

10

Silhouette value

0.653

0.623

0.628

0.514

0.474

0.399

0.453

0.361

0.360

in γ can be easily understood from the fact that the larger
the size of the model bird, the easier it is for more individuals to recognize the bird. When S increased, the fact
that ε decreased and φ increased showed a tendency that
the distance between individuals was not maintained with
the increased sense of threat, but the degree of alignment
with direction tended to be stronger.
For θ =2, all variables for S =1 and 2 were statistically
identical. Thus, fish did not distinguish between model
birds with S =1 and S =2. At S =3, all variables except ε
were increased. Thus, the fish responded strongly to the
approach of the model bird and showed a tendency to
keep the interval between the individuals constant during the escape. In other words, it indirectly showed that
unchanged ε values are one of the intrinsic characteristics
that appear irrespective of the degree of threat to the fish.
In the case of θ =3, the values of φ and ε did not
change with respect to the increase of S , whereas the
increase of v , α , and γ was observed. Thus, as the model
bird approached quickly, fish individuals strengthened
their tendency to align and the tendency to maintain a
constant spacing among individuals.
Based on the data shown in Tables 1 and 2, the change
in values of the five variables indicated that fish became
more threatened when the size of the model bird became
larger. To clarify this, I performed the k -means clustering
algorithm (Oyelade et al ., 2010). A vector defined by the
five variables for each case of (S , θ ) was constructed. I
calculated the silhouette scores for the number of groups
from 2 to 10 and examined how many of these total vectors would be best grouped (Table 3). The silhouette score
is an indicator of how well the grouping has performed.
The higher the score, the better is the grouping. The results showed that the best grouping was performed when
the number of groups was 2. Table 4 shows the percentage of vectors belonging to group 1 or 2. The vectors for
S =3 were included in group 1, while the vectors for S =1
were included in group 2. The vectors for S =2 belonged
to both groups 1 and 2. The grouping results showed the
escape behavior can be divided into two groups; one being highly threatened with predators and the other being
less threatened. In other words, the vectors belonging to
group 1 represent escape behavior associated with less
threat and the vectors belonging to group 2 represent escape behavior associated with greater threat.
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Table 4. k -means clustering (k=2) on sets of the variables
vectors (v , φ , γ , ε , and α ) characterizing the escape behavior
for (S i, θ j) where i , j =1, 2, or 3
(S , θ )

Percentage belonging to each group (%)
Group 1

Group 2

(1, 1)

0 (0.0)

9 (100)

(1, 2)

1 (10.0)

9 (90.0)

(1, 3)

1 (10.0)

9 (90.0)

(2, 1)

3 (42.9)

4 (57.1)

(2, 2)

0 (0.0)

5 (100)

(2, 3)

2 (20.0)

8 (80.0)

(3, 1)

8 (88.9)

1 (11.1)

(3, 2)

5 (71.4)

2 (28.6)

(3, 3)

7 (70.0)

3 (30.0)

Numbers outside and inside parentheses indicate the
number and percentage of vectors belonging to each group,
respectively.

Discussion
In the field, the attack speed of the predator towards
the prey varies greatly depending on the species and the
degree of hunger of the predator (Domenici, 2002). In
the preliminary investigations, when the falling slope was
made smaller than 15°, only 2-3 fish responded to the
model bird and when the slope was larger than 45°, the
escape behavior appeared after the model bird passed.
Thus, I selected three angles, 15°, 30°, and 45°, in the
range within which more than 10 fish responded.
In this study, I dropped the model birds when all the
fish were at rest and most of the fish individuals were
located beneath the drop of the model bird. The reason
for this is that individuals scattered throughout the water
tank are likely to notice different sizes of model birds owing to different angles with the model birds. Moreover,
in many cases, the bird attack does not follow a straight
line at a constant speed. This is because the bird attempts
to minimize air resistance by wind or to obtain strategic
advantages for moving prey (Tucker et al ., 2000). Therefore, the escape behavior of fish in the field is likely to
be different from the experimental results of this study.
It would be interesting to explore the escape behavior of
fish by allowing model birds to fall along a curved, rather
than straight, path.
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The statistical values of v , α , γ , ε , and φ can be useful information in constructing machine learning-based
models, such as hidden Markov models (HMM). This is
because the variables contain information on both the
dynamic and static characteristics of the escape behavior.
An HMM is characterized by two stochastic processes:
processes in the invisible hidden state and processes seen
as time series of observable events. The invisible state
is defined by a finite number of states, an initial state
probability distribution, and a state transition probability
matrix (TPM). On the other hand, the observable state is
defined as a set of probability density functions related to
the probability of occurrence (emission probability matrix,
EPM). The former process is to optimize the structure of
the model to efficiently learn the observation data obtained from the experiment. Therefore, this process can
be algorithmically optimized. The latter process, however,
should define variables characterizing the time-dependent
phenomena. The performance of the HMM depends
considerably on variables defining the behavioral state.
Therefore, setting the variable plays a very important role
in the ability of HMM to learn the sequence of states
comprising the variables. The HMM (composed of TPM
and EPM) for fish escape behavior allows us to numerically quantify changes in the behavioral characteristics of
fish. In other words, since the structures of the two matrices can vary sensitively with different types and ages of
fish, we can characterize behavioral changes for different
species and ages through the structural analysis.
In this study, I classified fish escape behavior into two
types using k -means clustering algorithm: one is that the
fish feel strongly threatened and the other is that the fish
feel relatively weakly threatened. If we have the information of v , α , γ , ε , and φ for a new fish’s escape behavior,
we can statistically determine whether this fish feels a
great threat from the predator or a minor threat. An easy
way to make this determination is to use the k -nearest
neighbor algorithm (Bailey & Jain, 1978). This algorithm
tells you which vectors are located around any one vector within a given set of vectors. Thus, we can know how
many vectors, belonging to group 1 or group 2, exist
around the vectors generated by the five variables of the
new fish. If there are more vectors belonging to group 1 (or
2) then the new vector can be determined to belong to
group 1 (or 2).
In this study, the escape behavior was divided into
only two groups because the number of repetitions of
experiments was small. The results imply that the type of
escape behavior is mainly determined by the size of the
model bird. In this respect, when the prey fish schooling
size is large, it can be understood to some extent that
their predators avoid aggressive attacks. However, if more
experiments could be added, the escape behavior would
be divided into several groups and the escape behavior
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characterized more specifically.
I believe that this study is meaningful not only in that
it provides essential data for the development of a fish
schooling simulation model, but also in that it provides
an approach that can be used to quantitatively analyze
the escape behavior of various fish species.
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ABSTRACT
Species distribution models are a useful tool for predicting future distribution and establishing a preemptive response
of invasive species. However, few studies considered the possibility of habitat for the aquatic organism and the
number of target sites was relatively small compared to the area. Environmental DNA (eDNA) is the emerging tool
as the methodology obtaining the bulk of species presence data with high detectability. Thus, this study applied
eDNA survey results of Micropterus salmoides and Lepomis macrochirus to species distribution modeling by seasons
in the Anyang stream network. Maximum Entropy (MaxEnt) model evaluated that both species extended potential
distribution area in October compared to July from 89.1% (12,110,675 m2) to 99.3% (13,625,525 m2) for M.
salmoides and 76.6% (10,407,350 m2) to 100% (13,724,225 m2) for L. macrochirus . The prediction value by streams
was varied according to species and seasons. Also, models elucidate the significant environmental variables which
affect the distribution by seasons and species. Our results identified the potential of eDNA methodology as a way to
retrieve species data effectively and use data for building a model.
Keywords: DNA, environmental, Ecological parameter monitoring, Introduced species, Model, statistical, River

Introduction
Species distribution models (SDMs) predict the potential
habitat of species by estimating the relationship between
species records and the environmental and/or spatial properties (Alexandre da Silva et al ., 2019). The prediction of
spatiotemporal habitat range provides information on the
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habitat environment. It can be used for the restoration of
appropriate habitats to target species or an early diagnosis and response of species introduction. Riaz et al . (2020)
used SDMs to assess the success of reintroductions of
freshwater fish in Germany. Especially, modeling is necessary for the invasive species which needs a prediction
of the influx and rapid response. It is used for not only
estimating the prediction of distribution probability but
identifying the effect of environmental factors including climate, water chemistry, and species to species association
on invasion probability (Byers et al ., 2013; Gallardo et al .,
2020; Tikhonov et al ., 2017).
Invasive fish species are the major driver of the degradation s of freshwater ecosystems and biodiversity. In Ko-
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rea, Largemouth bass (Micropterus salmoides ) and Bluegill
(Lepomis macrochirus ) are representative invasive species
in the freshwater environment. For resource creation, M.
salmoides was introduced from North America, and L.
macrochirus was brought from Japan in 1969 for creating
resources (Information of Korean Alien Species, 2021).
Because of rapid population growth and high predation
pressure, it was widely distributed to the freshwater across
the country and became a top predator species influencing the diversity of endemic fish species (Byon and Jeon,
1997; Lee et al ., 2009). Lee et al . (2020) evaluated the
influence of invasive fish species on the fish community and showed that an increase of invasive species was
negatively correlated with the total number of fish species and individuals. For these reasons, studies have been
continuously conducted to diagnose the introduction and
proliferation of invasive species and evaluation of their
habitat characteristics (Kim et al ., 2013; Kim & Lee, 2018;
Son & Byun, 2019). There were studies with a wide range
of target areas for identifying the distribution of invasive
species (Mamun et al ., 2018), but the number of study sites
was relatively small compared to the area. Particularly for
the aquatic organism, it is necessary to evaluate the possibility of habitat in water environments except for land
where it is impossible to habitat. Moreover, the distribution pattern that occurred with the seasonal water quality
variation is rarely considered in the modeling.
Environmental DNA (eDNA) is the one of emerging tools
for efficient biological monitoring, complementing the
traditional survey. eDNA is the genetic materials released
from organisms in the environmental samples including
water, soil, or air. The availability of eDNA survey method
has been validated with studies proceeded with various
taxon in the terrestrial ecosystem and aquatic ecosystem
(Griffiths et al ., 2020; Hunter et al ., 2015; Ushio et al .,
2018). Several studies proved that the biomass and eDNA
have a positive correlation (Di Muri et al ., 2020) and the
number of eDNA reads can be used for community structure analysis (Olds et al ., 2016; Zhang et al ., 2019). In
addition, with the brief sampling process, eDNA can get
the bulk of data regardless of place and seasons. Based
on studies, the result of eDNA is judged to be enough
to provide reliable species occurrence information. Muha
et al . (2017) used the eDNA survey result as occurrence
data of invaders and recommended eDNA methodology
to retrieve species distributional data for SDMs. Also, Da
Silva Neto et al . (2020) suggested that eDNA survey results
could be applied for fitting the model. However, there is
still a continuous need for research to apply and validate
eDNA methodologies in species distribution modeling.
Among the various SDMs, the Maximum Entropy (MaxEnt) software was used for building the model applied
eDNA results in this study. It has been used widely based
on advantages that cover the limitation of systematic
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biological survey data and have competitiveness with the
highest predictive performance (Elith et al ., 2011). Combining eDNA results and MaxEnt, the objectives of this
study were 1) to identify potential habitat and the seasonal habitat range of bluegill and largemouth bass, and 2)
environmental factors that affect the habitat of them in
the urban stream.

Materials and Methods
Study site and species descriptions
Thirty-one sites of Anyang mainstream and 6 tributaries were selected as a study area (Fig. 1). Anyang stream
is the first tributary of Han river, rising in the city of
Uiwang, Gyeonggi-do (37°21′-37°33′ N, 126°49′-127°00′
E). The catchment of the Anyang stream includes Anyang mainstream, 10 tributaries, and 21 small streams.
The total area of the catchment is 286 km2 and streams
in the catchment are 73.14 km long. As a representative
city stream, the restoration project was carried out from
2000 to 2010, and biodiversity and water quality were
improved. The average precipitation in Anyang is 193 mm
in summer (July-August) and 83.5 in autumn (OctoberNovember).
M. salmoides shows dark blue on the back, yellow on
the belly, and has long blue-brown stripes in the center of the body. Its body length is 25 to 60 centimeters.
The head and body are flat on the side, but the body
is a long fuselage. The head is large, and the eyes are
relatively small, and the snout is long and pointed. L.
macrochirus features both the lateralized head and body,
the high body height, and the short body length about
15 to 20 centimeters. Both males and females have dark
blue spots on the slightly protruding rear end of the gill
lid. The body has long brownish sides with eight to nine
lines. After its introduction, it rapidly spread to rivers
around dams and reservoirs. Both species are known to
have an ecological advantage in predation relationships
and protection of spawning fields, as well as competing
with small native fish species. Therefore, it was designated
as an invasive disturbance species and managed by the
Korea Ministry of Environment in 1998 (Information of
Korean Alien Species, 2021). According to Anyang city fish
monitoring, M. salmoides and L. macrochirus have been
constantly identified in the Anyang stream from 2008
and 2013, respectively.
Species occurrence records: eDNA sampling and analysis
The eDNA sampling was conducted from 16-17 July
and 24 October in 2020 and a total of 62 samples were
collected. The surface water was collected by a 30 mL
syringe and about 240 mL water was filtered through
sterivex filters (pore size of 0.45 µm, Merck, Darmstadt,
Germany). An independent set of sterilized materials was
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used to prevent cross-contamination between sites. After
sampling, the filters were placed in a zipper bag and stored
in an icebox before being transported to the laboratory
and frozen until DNA extraction at −20°C. The DNA from
the filters was extracted using the DNeasy Blood and Tissue Kits (QIAGEN, Hilden, Germany). The extracted DNA
was measured using a Nanodrop 2000c (Thermo Fisher
Scientific, Waltham, MA, USA) and kept at −20°C.
Polymerase chain reaction (PCR) was carried out in two
stages. The first PCR amplified mitochondrial 12S region
using the universal Mi-fish primer set (Miya et al ., 2015).
The first PCR consisted of 35 cycles with a 12 µL reaction volume and 6 µL of KAPA HiFi ready mix (KAPA
Biosystems Inc., Wilmington, MA, USA). The first ther-
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Fig. 1. Study sites (red dots) in
the Anyang mainstream and
its tributaries (Mokgam, Okgil,
Sammak, Samsung, Suam, and
Hakui streams). Basic water quality measurement was conducted
simultaneously at the same site.
DEM, digital elevation model.

mal cycles of this step were as follows: Denaturation at
98°C for 20 seconds, annealing at 65°C for 15 seconds,
extension at 72°C for 15 seconds, and a final extension
at 72°C for 5 minutes. The PCR products were observed
on a 1% agarose gel electrophoresis. Amplifications were
diluted to 1/10 and employed as a second PCR template.
The second PCR was run for 12 cycles under the identical
conditions as the first PCR, with a total reaction volume
of 12 µL including the P5, P7 index of the unique dual
index identifier. Through a pooling process, the amplified
product was refined at the same rate, followed by MiSeq
sequencing (300PE, read length 600 bp). From FASTAQ
data of Next Generation Sequencing, the Mi-fish pipeline
(http://mitofish.aori.u-tokyo.ac.jp/mifish) was used to cre-
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ate a list of species found by eDNA survey. The Mi-Fish
Pipeline analysis covered results from data quality control
with FASTAQC to the phylogenetic analysis (Sato et al .,
2018). The site which had M. salmoides and L. macrochirus was sorted as presence data for each model.
Measurement of background environmental variables
To evaluate the effect of physiochemical properties of
the stream on invasive fish distribution in Anyang stream,
the 7 environmental variables were used as background
data (Appendix 1). Basic water quality of pH, temperature
(Temp, °C), dissolved oxygen (DO, mg L−1), and conductivity (Cond, µS L−1) was measured at the same time as sampling by YSI Pro Plus multiparameter (YSI Incorporated,
Yellow Springs, OH, USA). A digital elevation model (DEM,
m) was used for analyzing the elevation of study sites
and slopes. The stream order which represents the physical characteristic such as stream size was classified by the
Horton-Strahler method (Horton, 1945; Strahler, 1957).

curve (AUC) indicates the performance of the model and
the higher the value, the better prediction of the model.
Generally, the value over 0.8 is evaluated as a good model
while under 0.7 is poor (Li et al ., 2020).

Results
Occurrence data of eDNA survey
The result of eDNA survey clarified that M. salmoides
was detected at 13 sites (S4, S5, S7, S11, S12, S13, S14,
S15, S19, S20, S21, S29, S30) in July and 16 sites (S3,
S4, S5, S7, S9, S10, S15, S18, S19, S20, S21, S23, S25,
S29, S30, S31) in October. L. macrochirus was detected
at 5 sites (S18, S19, S20, S29, S30) and 11 sites (S10,
S11, S12, S13, S18, S19, S20, S21, S23, S27, S29) in July
and October, respectively (Fig. 2). Both species have been
identified more in autumn than in summer. Moreover, the
total number of eDNA reads was also increased during the
autumn season. In July and October, respectively, 10,120
and 42,015 eDNA reads of M. salmoides were obtained.
Likewise, the number of eDNA reads of L. macrochirus
was increased from 782 reads to 31,987 reads. Through
these results, it can be estimated that the habitat range
of invasive fish expands, and the number of populations
increases in autumn.

Species distribution modeling
Models built by the MaxEnt algorithm (Phillips et al .,
2006) is SDM which uses the presence-only data (version
3.4.4). Fifty replicates of each model were generated using
bootstrapping for complementing a small sample size
(Phillips, 2017), drawing a final model with the average
of replicates. The jackknife test was used to assess each
environmental variable's contribution to the formation
of models. It was used to determine the importance and
the relative importance of the individual environmental
variables (Yang et al ., 2013). The value of area under

Maximum entropy modeling of M. salmoides and L.
macrochirus
From the fifty model runs, the average AUC of the model
was 0.805, 0,841, 0.892, and 0.793 for M. salmoides and
L. macrochirus , in July and October, respectively (Fig. 3).
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Fig. 2. The change of invasive
fish species distribution in the
study area by seasons. (A) July. (B)
October.
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Fig. 3. The average receiver operating curve from the fifty model runs describing relative sensitivity and specificity for invasive species. (A) The area under curve (AUC) of model for M. salmodies in July (left) and October (right). (B) The AUC of
model for L. macrochirus in July (left) and October (right).
For M. salmoides , the prediction value was 0.50±0.21 in
July and it decreased to 0.34±0.12 in October. Conversely,
the prediction value of L. macrochirus was increased
from 0.21±0.26 in July to 0.48±0.13 in October (Fig. 4).
The prediction value by streams was varied according to
species and seasons (Fig. 5). The prediction value of M.
salmoides was increased in October than July except for
Anyang stream, the largest stream of the study area. L.
macrochirus showed an increase of the prediction value
in October except for Mokgam stream and Hakui stream.
Contrary to the distribution results of the predictions,
both species extended their habitation area in October
than July. The study area having over the 0.05 prediction value was 12,110,675 m2 (89.1%) for M. salmoides
in July and the area was extended to 13,625,525 m2
(99.3%) in October. Similarly, the area of L. macrochirus
was increased from 10,407,350 m2 (76.6%) in July to

58

13,724,225 m2 (100%) in October. In short, the Anyang
stream network was evaluated to be vulnerable in October
than July.
Evaluating the importance of environmental variables
All geographical variables and water quality variables
were selected as significant contributors to the distribution model of invasive fish (Table 1). However, the percentage of contributing factors and the permutation importance varied between target species and survey season.
In July, pH, DEM, stream order and DO contribute more
than 10% to M. salmoides distribution while L. macrochirus had only two factors, stream order and slope, that
contributed more than 10%. Especially, the distribution
of L. macrochirus is considerably affected by stream order
(79.6%). In October, DO, Cond, Temp, and slope showed a
high contribution percentage to M. salmoides and stream
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order, Temp, DEM, Cond showed high contribution percentage to L. macrochirus .
Jackknife of regularized training gain also showed the
relative importance of environmental variables by season
and species (Fig. 6). Cond and Temp had nearly no gain
for M. salmoides in July, indicating that those factors
were not beneficial for predicting the distribution of M.
salmoides in July. On the contrary, in October, Stream
order, DEM, Slope and Temp showed the lowest gain in
the model. The training gain showed decreasing considerably when the stream order was excluded (the lighter blue
bar), so it means that stream order affected a substantial
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Fig. 4. MaxEnt model prediction for potential distribution
of Micropterus salmoides and
Lepomis macrochirus by seasons.
The species distirbution model
of (A) M. salmoides in July, (B)
M. salmoides in October, (C) L.
macrochirus in July, (D) L. macrochirus in October. MaxEnt,
Maximum Entropy.

impact to building a model of L. macrochirus in July.
Except Temp, the water quality variables had no training
gain for the model of L. macrochirus in October.

Discussion
MaxEnt prediction suggested that the occurrence data
from eDNA survey could be suitable for distribution modeling of invasive species. Despite the dense distribution
of study sites within the same stream network, there was
a difference in habitat predictions according to season,
species, and streams. The Anyang stream network seemed

59

Yujin Kang et al.

Anyang stream

***

Micropterus
salmoides

Lepomis
macrochirus

D
***

***

Micropterus
salmoides

Lepomis
macrochirus

Mokgam stream

F

***

***

Micropterus
salmoides

Lepomis
macrochirus

***

Micropterus
salmoides

Lepomis
macrochirus

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

***

***

Micropterus
salmoides

Lepomis
macrochirus

Samsung stream

Prediction value

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

***

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Suam stream

Prediction value

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Sammak stream

Prediction value

E

***

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Okgil stream

Prediction value

C

B

Prediction value

Prediction value

A

Season
July
October

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

***

***

Micropterus
salmoides

Lepomis
macrochirus

Prediction value

G Hakui stream
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

***

Micropterus
salmoides

***

Lepomis
macrochirus

to be suitable for invasive species to inhabit, and it was
judged that it was more likely to be dominated by invasive species in October than in July. Also, the number of
eDNA reads was increased in October, amplifying about 4.2
times and 40.9 times for M. salmoides and L. macrochirus
respectively. Moreover, models in this study showed environmental factors which affect habitation similar to the
literature mentioned that habitat suitability index of M.
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Fig. 5. Prediction value of potential distribution by streams.
(A) Anyang stream (main stream).
(B) Mokgam stream. (C) Okgil
stream. (D) Suam stream. (E) Sammak stream. (F) Samsung stream.
(G) Hakui stream. ***P <0.001.

salmoides and L. macrochirus (Kang & Kim, 2016; Son &
Byun, 2019; Stuber et al ., 1982a; 1982b).
M. salmoides is known to prefer 24-30°C for growth
and 20-21°C for reproduction (Stuber et al ., 1982a). Also,
it has been confirmed that it forms a habitat at relatively
high water temperatures in the winter and low water
temperatures in the summer (Son & Byun, 2019). Similarly, this study showed that the prediction value of M.
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Table 1. Contribution percent and permutation importance of environmental variable to the MaxEnt models according to
species and seasons
Sampling month
July

Species

% Contribution

Permutation
importance

% Contribution

Permutation
importance

pH

28.2

52.4

DO

34.9

21.1

DEM

23.2

Stream order

18.6

Cond

21.5

5

Temp

10.9

15

DO

13.8

7.6

Slope

10.2

24

Slope
Cond

7.2

4.5

Stream order

9.4

15.7

5.7

7.7

pH

7.5

3.8

Temp

3.2

7.5

DEM

5.6

15.3

Stream order

79.6

78.6

Stream order

31.4

37.4

Slope

13.5

10.1

Temp

28.8

37.8

Cond

3.6

6.4

DEM

15.3

12.8

DEM

1.6

1.9

Cond

10.4

3.3

Temp

1.3

1.9

pH

7.5

6.2

pH

0.3

0.6

Slope

4.7

1.1

DO

0.1

0.5

DO

1.8

1.5

Variable

Micropterus salmoides

Lepomis macrochirus

October

9.2
11

Variable

MaxEnt, Maximum Entropy; DEM, digital elevation model; DO, dissolved oxygen; Cond, conductivity; Temp, temperature.

salmoides was affected by temperature (Table 1, Fig. 6).
In addition, the result showed that it is more suitable to
live downstream than upstream of the study area as it
prefers lacustrine area, or stream with slow velocity. Kang
and Kim (2016) revealed that invasive species are impossible to go upstream above a certain water velocity. The
cumulative precipitation value for the two weeks prior to
the sampling date was 53.8 mm in summer and 0 mm in
autumn. Therefore, the difference in models with different
seasons estimated to be due to increased precipitation in
summer, resulting in faster flow rates and reduced habitat
suitability. DO levels above 8 mg L−1 are known to be positive for M. salmoides , but the negative correlation that
occurred in these results is not due to the effects of DO
(Stuber et al ., 1982a), but to other geographical properties, including low stream order and high gradient. Habitat conditions of L. macrochirus are very slow (0.1-0.3 m
sec−1) or stagnant waters. The proper water temperature of
L. macrochirus is known as near 27-30°C and it moves to
2-3 m deep water for warm temperature in winter (Stuber
et al ., 1982b), whereas it prefers a littoral area with 1-2
m water depth in general. Thus, the results of this study
which described the increase in the distribution of L. macrochirus in autumn when the water temperature drops are
estimated to require further research through the validation with traditional surveys or eDNA experiments in controlled conditions (Fig. 4). In addition, as with M. salmoi-
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des , reduced precipitation in the fall may have affected
the water velocity reduction, affecting spread. The stream
order is a factor that determines the physical characteristics of streams, and generally, as the number of stream
order increases, the size of streams increases, the flow rate
slows down, and streams have the smaller riverbed substrate (Harrel et al ., 1967; Vander Vorste et al ., 2017; Vannote et al ., 1980). In the water system of Anyang stream,
the second order stream has been confirmed to have the
most suitable characteristics for L. macrochirus . However,
the SDM has limitations and assumptions. It is affected
by the quality of occurrence data and background environmental factors (Da Silva Neto et al ., 2020; Mamun et
al ., 2018). This study also showed unexpected results that
pH with little variation by space contributed a lot to the
model and the training gain values between seasons differed significantly in the jackknife graph. Thus, further
research with precise measurement of physiochemical
properties is necessary. Nevertheless, in the case of biological surveys, the use of eDNA is thought to complement
traditional surveys, helping to conduct efficient and precise surveys. Muha et al . (2017) described that the result
of eDNA survey with higher detectability and accuracy has
high potential to overcome the limitation of conventional
surveys and improve species distributional data for SDMs.
Further, it can be used for not only the distribution of
invasive species but detection and distribution prediction
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A

B

Jackknife of regularized training gain for Micropterus salmoides in Jul

Jackknife of regularized training gain for Micropterus salmoides in Oct

DEM

Without variable
With only variable
With all variables

Environmental variable

Environmental variable

Without variable
With only variable
With all variables

DO
Cond
pH
Slope
Stream order
Temp

DEM
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Cond
pH
Slope
Stream order
Temp

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75

Regularized training gain

C

Regularized training gain

D

Jackknife of regularized training gain for Lepomis macrochirus in Jul

Jackknife of regularized training gain for Lepomis macrochirus in Oct
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Without variable
With only variable
With all variables

Environmental variable

Environmental variable
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With only variable
With all variables

DO
Cond
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Slope
Stream order
Temp

0.0

0.1 0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Regularized training gain

DEM
DO
Cond
pH
Slope
Stream order
Temp

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Regularized training gain

Fig. 6. Jackknife of regularized training gain for Micropterus salmoides and Lepomis macrochirus by seasons. Oct and Jul
represent October and July, respectively: without variable (light blue), with only variable (blue), with all variables (red). Jakknife of reugualrized training gain for (A) M. salmoides in July, (B) M. salmoides in October, (C) L. macrochirus in July, (D) L.
macrochirus in October. DEM, digital elevation model; DO, dissolved oxygen; Cond, conductivity; Temp, temperature.
for endangered species with low density.
The SDM is a useful tool to predict the future distribution and establish the preemptive response. This study
demonstrated that occurrence data obtained from eDNA
survey could be suitable for distribution modeling within
the same stream network with fine-scale. The prediction
of Anyang stream network was different by species, season, and streams. The potential distribution area of M.
salmoides and L. macrochirus was increased in October
than July. Also, it could clarify the environmental factors
which have an effect on the habitat of invasive species.
Additional studies of physiochemical background data are
needed for precise modeling of invasive species, but we
identified the potential of eDNA methodology as a way
to obtain species data effectively. Furthermore, it can be
effectively applied not only to invasive species but also to
modeling species distribution of endangered species with
low habitat density.
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Appendix 1. Results of water quality measurement in Anyang stream
July
Stream name
Mainstream

Tributraries

ID

Temp
(°C)

DO
(mg L−1)

S1

22.4

S2

October
pH

Cond
−1
(µ
µS cm )

Temp
(°C)

DO
(mg L−1)

pH

Cond
−1
(µ
µS cm )

9.39

7.82

421.1

9.7

10.51

7.85

516.6

27.7

11.06

8.4

417.4

8.1

10.73

7.86

534

S3

26.2

5.57

7.25

603

14.8

6.22

7.23

681

S4

26.3

4.67

7.6

485.3

12

9.38

7.88

681

S5

29.1

7.71

8.42

433.7

11.1

9.77

7.94

680.4

S6

28.4

9.88

8.74

377.1

14.2

9.23

662

S7

25.8

5.52

7.03

618

18.2

7.44

7.12

672

S8

26.1

8.32

7.05

554

18.5

10.29

7.29

687

S9

26.5

8.86

7.51

483.5

18.5

9.84

7.36

669

S10

27.7

6.82

7.28

489

17.5

10.32

7.59

680

S11

23.6

5.91

7.17

427.2

16.3

8.62

7.71

679

S12

23.3

4.28

7.2

483.9

15.9

10.66

7.92

662

S13

23.3

4.29

7.24

471.7

15.5

10.64

7.74

646

S14

24.1

3.12

7.21

448.2

14

8.45

7.7

654

S15

25.2

1.29

7.11

382.9

12.9

6.49

7.54

S16

24.8

6.63

7.74

942

12.8

17.21

8.76

1,393

S17

24.3

5.39

7.55

910

14.1

12.78

8.55

1,548

S18

22.2

4.13

7.34

986

13.3

12.73

8.18

1,064

S19

22.9

5.12

7.37

942

15.3

12.48

8.37

654

S20

23

6.04

7.44

611

17.8

9.73

7.67

631

S21

23.1

5.09

7.37

553

16

11.85

8.04

634

S22

25.9

7.45

7.24

509

20.6

9.16

7.41

505.1

S23

24.5

4.82

7.29

525

20.4

8.61

7.29

533.5

Sammak

S24

22

7.74

6.22

96.7

13.2

6.89

7.43

667

Samsung

S25

20.4

7.84

6.18

56.2

14

7.19

6.1

S26

24

7.53

7.34

79.6

8.1

11.46

7.73

171

Suam

S27

20.4

8.65

7.75

263

11.9

11.44

8.76

350.8

Hakui

S28

28.1

11.37

9.11

496

8.3

12.23

8.08

338.3

S29

26.6

7.51

7.49

484.7

14.8

8.39

7.56

650

S30

27.2

8.25

7.94

458

13.3

8.92

7.6

666

S31

23

9.52

8.04

204.6

12.5

8.98

8.26

528

Anyang stream

Mokgam

Okgil

16.6

634.5

46.7

Temp, temperature; DO, dissolved oxygen; Cond, conductivity.
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Reproduction of Copyright Material. If excerpts from copyrighted works owned by third parties are included, credit
must be shown in the contribution. It is the author’s responsibility to also obtain written permission for reproduction
from the copyright owners.

3. Ethical Considerations

1. Submission

Any experiments involving animals must be demonstrated to
be ethically acceptable and where relevant conform to national guidelines for animal usage in research.
In taxonomic papers, type specimens and type depositories
must be clearly designated and indicated. Authors are required to deposit the name-bearing type material in internationally recognized institutions (not private collections).
When the research is carried out in areas for which research
permits are required (e.g. nature reserves), or when it deals
with organisms for which collection or import/export permits
are required (e.g. protected species), the authors must clearly
detail obtaining these permits in the Acknowledgments section.

4. Authorship Policy

All listed authors must have contributed significantly to the
paper, and all authors must be in agreement with the content of the submitted manuscript and must approve of the
final version. Please see “Research Publication Ethics” for
detailed information on Authorship and Author’s Responsibilities.

5. Conflict of Interest

The journal requires that all authors disclose any potential
sources of conflict of interest. Any interest or relationship,
financial or otherwise that might be perceived as influencing an author's objectivity is considered a potential source
of conflict of interest. These must be disclosed when directly

MANUSCRIPT SUBMISSION
Thank you for your interest in PNIE. Note that submission
implies that the content has not been published or submitted for publication elsewhere except as a brief abstract in the
proceedings of a scientific meeting or symposium.
Once you have prepared your submission in accordance with
the Guidelines, manuscripts should be submitted online at
https://acoms.kisti.re.kr/member/goLogin.do?journalSeq=J00
0177&msg=timeout
• At least two files should be submitted: the covering letter
and the manuscript. The covering letter should be uploaded as a file not for review. Figures and tables should also
be uploaded as separate files. Figures and tables should
also be uploaded as separate files.
• Submissions should be double-spaced.
• The top, bottom and side margins should be at least 30
mm.
• All pages should be numbered consecutively in the top
right-hand corner, beginning with the title page.
• MS Word format is preferred.
The submission system will prompt you to use an Open Researcher and Contributor ID (ORCiD) to help distinguish your
work from that of other researchers.
For help with submissions, please contact:
• Homepage: http://www.nie.re.kr
• E-mail: pnie@nie.re.kr
• Tel: +82-41-950-5361, 5365, 5366

We look forward to your submission.

units.

2. Publication Charges

Abbreviations. Abbreviations should be used sparingly – only
where they ease the reader’s task by reducing repetition of
long, technical terms. Initially use the word in full, followed
by the abbreviation in parentheses. Thereafter use the abbreviation only.

To submit and publish a manuscript, PNIE assesses charges
by stages as following:
1) Submission: no charges.
2) Review: 20 USD is charged for the review process (waived
until December 31, 2023.)
3) Publication:
(1) Publication fee of NIE researchers: USD 500
(2) Publication fee of non-NIE researchers: USD 1,000
Publication fee is waived until December 31, 2023.

3. Preparing Your Submission

Submissions should be double-spaced. The top, bottom and
side margins should be at least 30 mm. All pages should be
numbered consecutively in the top right-hand corner, beginning with the title page.
• The entire article should be supplied as a single file; only
figures and tables should be supplied as separate files.
• Figures must be supplied as high resolution .tif or .eps
files. For more information, refer to 'Figures' later in this
document.
• Specify the first author’s surname, the journal title and the
manuscript number.
• MS Word format is preferred.
1) Covering letter
Papers are accepted for publication in the journal on the
understanding that the content has not been published or
submitted for publication elsewhere. This must be stated in
the covering letter.
The covering letter must also contain an acknowledgment
that all authors have contributed significantly, and that all
authors are in agreement with the content of the manuscript. The role of each author should be written.
Authors must declare any financial support or relationships
that may pose conflict of interest.
If tables or figures have been reproduced from another
source, a letter from the copyright holder (usually the Publisher), stating authorization to reproduce the material, must
be attached to the covering letter.
2) Pre-submission English-language editing
Authors for whom English is a second language may be recommended to have their manuscript professionally edited
before submission to improve the English.
3) Style of the Manuscript
Spelling. The journal uses US spelling and authors should
therefore follow the latest edition of the Merriam –Webster’s
Collegiate Dictionary .
Units. All measurements must be given in SI or SI-derived

Trade names. Chemical substances should be referred to by
the generic name only. Trade names should not be used.
Zoological nomenclature. All papers must conform to the
latest edition of the International Code of Zoological Nomenclature. Upon its first use in the title, abstract and text,
the common name of a species should be followed by the
scientific name (genus, species and authority) in parentheses.
Genus names should not be abbreviated at the beginning of
paragraphs.
Genetic nomenclature. Standard genetic nomenclature
should be used.
Nucleotide sequence data can be submitted in electronic
form to any of the three major collaborative databases:
DDBJ, EMBL or GenBank. It is only necessary to submit to
one database as data are exchanged between DDBJ, EMBL
and GenBank on a daily basis. The suggested wording for referring to accession-number information is: “These sequence
data have been submitted to the DDBJ/EMBL/GenBank databases under accession number U12345.”
Addresses are as follows:
DNA Data Bank of Japan (DDBJ) http://www.ddbj.nig.ac.jp
EMBL Nucleotide Sequence Submissions http://www.ebi.ac.uk
GenBank http://www.ncbi.nlm.nih.gov

MANUSCRIPT ORGANIZATION AND FORMAT
1. Word Length

The length of an article (including references, tables and appendices) should not exceed 20 printed pages for research
papers and invited reviews.

2. Parts of the Manuscript

Manuscripts should be presented in the following order: (i)
title page, (ii) abstract and key words, (iii) text, (iv) Conflicts
of Interest, (v) acknowledgments (vi) references, (vii) tables
(each table complete with title and footnotes), (viii) figure
legends and (viv) appendices. Figures and supporting information should be supplied in separate files, if relevant.
Footnotes to the text are not allowed and any such material
should be incorporated into the text as parenthetical matter.
Original Article Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on a separate line.

1) Title page
The title page should contain:
(i) a short informative title that contains the major key
words. The title should not contain abbreviations;
(ii) a short running title of less than 40 characters;
(iii) the full names of the authors and ORCIDs of the authors;
(iv) the author's institutional affiliations at which the work
was carried out.
The present address of any author, if different from that
where the work was carried out, should be supplied in a
footnote.
2) Abstract and keywords
All articles must have a brief abstract that states in 250
words or fewer the purpose, basic procedures, main findings
and principal conclusions of the study. The abstract should
not contain abbreviations or references.
Up to six key words (for the purposes of indexing) should be
supplied below the abstract in alphabetical order. For the selection of keywords, refer Medical Subject Heading in Index
Medicus or in internet site, http://www.nlm.nih.gov/mesh/
MBrowser.html
3) Text
Authors should use the following subheadings to divide the
sections of their manuscript: Introduction, Materials and
Methods, Results, and Discussion.
(1) Introduction
Study rationale and relevant background information should
be described clearly and concisely.
(2) Materials and Methods
Study materials and methods should be described in the following order: study design, materials and methods.
Ensure correct use of the terms sex (when reporting biological factors) and gender (identity, psychosocial or cultural factors), and, unless inappropriate, report the sex and/or gender
of study participants, the sex of animals or cells, and describe
the methods used to determine sex and gender. If the study
was done involving an exclusive population, for example in
only one sex, authors should justify why, except in obvious
cases (e.g., prostate cancer). Authors should define how they
determined race or ethnicity and justify their relevance.

(5) Author Contributions
PNIE recommends that authors submit a short description of
all contributions to their manuscript. Each author’s contribution should be described in brief, to appear immediately
before the references. Authorship credit might include contributions to concept/design, acquisition of data, data analysis/
interpretation, drafting of the manuscript, critical revision of
the manuscript and approval of the article. Contributors who
do not qualify as authors can also be listed and their particular contribution described.
(6) Conflicts of Interest
The authors must disclose any potential conflicts of interest
possibly influencing the research or interpretation of data at
the time of submission. In particular, all sources of funding
for a study should be explicitly stated. Statements on conflict of interest have no influence on the editorial decision to
publish.
(7) Acknowledgments
The source of financial grants and other funding must be acknowledged, including a frank declaration of the authors’ industrial links and affiliations. The contribution of colleagues
or institutions should also be acknowledged. Personal thanks
and thanks to anonymous reviewers are not appropriate.
4) References
The Harvard (author, date) system of referencing is used
(examples are given below). In the text, give the author’s
name followed by the year in parentheses: Smith (2000). If
there are two authors use 'and': Smith and Jones (2001); but
if cited within parentheses use ‘&': (Smith & Jones 2001).
When reference is made to a work by three or more authors,
the first name followed by et al . should be used: MacDonald
et al . (2002). In the reference list, references should be listed
in alphabetical order.
In the reference list, cite the names of all authors when
there are six or fewer; when seven or more, list the first six
followed by et al . Do not use ibid . or op cit . Reference to
unpublished data and personal communications should not
appear in the list but should be cited in the text only (e.g.
A. Smith, unpubl. data, 2005). All citations mentioned in the
text, tables or figures must be listed in the reference list.
Authors are responsible for the accuracy of the references.

(3) Results
Study results should be reported in a clear and logical manner.
(4) Discussion
The results must be explained in relation to the hypotheses
proposed in the Introduction. Keep in mind that the Discussion must not be a mere restatement of the results. Authors
must emphasize new and important discoveries of the study
and state the conclusions drawn from the results in relation
to the purpose of the study. The shortcomings and limitations of the study must also be mentioned.

(1) Journal article
Sugumaran, M., Saul, S.J., and Ramesh, N. (1985). Endogenous protease inhibitors prevent undesired activation of
prophenoloxidase in insect haemolymph. Biochemical and
Biophysical Research Communications , 132, 1124–1129.
(2) Book
Chapman, R.F. (1971). The Insects Structure and Function ,
3rd ed. New York: Elsevier.

(3) Web Sites
Chapman, K., & Brown, M. (2010). The future of digital library in Asia. Digital Libraries , 7, 111-119. Retrieved May 5,
2010 from http://www.diglib.org/publist.htm.
(4) Chapter in a book
Driever, M. (1993). Maternal control of anterior development
in the Drosphila embryo. In M. Bate, and A.M., Aris (Eds.),
The Development of Drosophila melanogaster (pp. 387–424).
New York: Cold Spring Harbor Laboratory Press.
(5) Abstract
Hong, K.D., and Kim, L.P. (1997). The sources and migratory
pathway of locusts in Korea . Paper presented at The 50th
Annual Meeting of The Entomological Society of Korea,
Seoul, Korea.
References in articles
We recommend the use of a tool such as EndNote or Reference Manager for reference management and formatting.
EndNote reference styles can be searched for here: http://
www.endnote.com/support/enstyles.asp. Reference Manager
reference styles can be searched for here: http://www.refman.
com/support/rmstyles.asp.
5) Tables
Tables should be self-contained and complement, but not
duplicate, information contained in the text. Number tables
consecutively in the text in Arabic numerals. Type tables on
a separate page with the legend above. Legends should be
concise but comprehensive – the table, legend and footnotes
must be understandable without reference to the text. Vertical lines should not be used to separate columns. Column
headings should be brief, with units of measurement in
parentheses; all abbreviations must be defined in footnotes.
Footnote symbols: †, ‡, §, ¶, should be used (in that order)
and *, **, *** should be reserved for P -values. Statistical measures such as SD or SEM should be identified in the headings.
6) Figure legends
Type figure legends on a separate page. Legends should be
concise but comprehensive – the figure and its legend must
be understandable without reference to the text. Include
definitions of any symbols used and define/explain all abbreviations and units of measurement
(1) Figures
All illustrations (line drawings and photographs) are classified
as figures. Figures should be cited in consecutive order in
the text. Figures should be sized to fit within the column (80
mm), intermediate (110 mm) or the full text width (167 mm).
Do not embed figures in the Word document – they must be
supplied in separate files. Figures must be supplied as high
resolution (at least 300 d.p.i.) files, saved as .eps or .tif. Line
figures should be supplied in .eps format as at least 600 d.p.i.

For very simple line figures, .xls and .ppt files will be accepted. Combination figures (with an image and text) should be
in .eps format as at least 600 d.p.i. They can be supplied as
.tif files but if so should be at least 600 d.p.i. and line work
should not appear jagged. Line figures should be supplied
as sharp, black and white graphs or diagrams, drawn professionally or with a computer graphics package. Lettering must
be included and should be sized to be no larger than the
journal text.
Magnifications should be indicated using a scale bar on the
illustration.
7) Appendices
Appendices will be published after the references. For submission they should be supplied as separate files but referred
to in the text.
8) Supporting Information
Supporting information is information that is not essential to
the article but that provides greater depth and background.
It is hosted online, and appears without editing or typesetting. It may include tables, figures, videos, datasets, etc.
9) Other Manuscript formats
General guidelines are same as for original articles.
(1) Case Reports
Unique cases that make an important teaching point or scientific observation may be suitable for case report. Abstract
should be written in English within 150 words in one paragraph. This should consist of title page, abstract, text (including Introduction, Case Report, and Discussion), acknowledgments, conflicts of Interest, references, tables, figures,
and figure legends.
(2) Review Articles
Review Article is expected to be focused discussion of defined topics relevant to the scope of PNIE. General remarks
are same with original article. Manuscripts include a Title
page (with a running title), Abstract and Keywords, Text,
References, Tables, and Figures. Abstract should be written
in English within 150 words in one paragraph. The text can
be written in free style. The review articles should be submitted in the same way as regular papers and received the same
review process.

AUTHOR LICENSING
If your paper is accepted, the author identified as the formal
corresponding author will receive an email prompting them
to complete a copyright license agreement on behalf of all
authors of the paper.

PUBLICATION PROCESS AFTER ACCEPTANCE
1. Accepted article received in production

When your accepted article is received by the production
team, you (corresponding authors) will receive an email asking you to login to sign a publication license at this point.

2. Proofs

Authors will receive an e-mail notification with a link and
instructions for accessing HTML page proofs online. Page

proofs should be carefully proofread for any copyediting or
typesetting errors. Online guidelines are provided within the
system. No special software is required, all common browsers are supported. Authors should also make sure that any
renumbered tables, figures, or references match text citations
and that figure legends correspond with text citations and
actual figures. Proofs must be returned within 48 hours of
receipt of the email. Return of proofs via e-mail is possible in
the event that the online system cannot be used or accessed.

Research Publication Ethics
Enacted August 5, 2020

1. Review Process
Proceedings of the National Institute of Ecology of the Republic
of Korea (PNIE) is a peer-reviewed journal and the manuscripts are reviewed by two referees with abundant research
experience in the relevant fields of the submitted manuscript,
and the final editorial decision is made by the Editorial Committee, based on the referees’ evaluations. After reviewing,
the manuscript is returned to the corresponding author for
revision, the revised manuscript must be re-submitted within
one month. If it is not submitted within the designated period without any special reasons, such manuscript is deemed
to be withdrawn from evaluation voluntarily.
2. Ethical Aspects

The author should not use ideas, research or records of
others without quoting them. The corresponding author is
responsible for all the contents of the manuscript. Authors
must deposit data, strains or other materials in scientific collections (e.g., culture collections, herbaria, GenBank, etc.)
to make it possible to repeat the experiments and perform
future research. Research published in the Journal of Species Research must have been conducted in accordance with
institutional, national and international guidelines concerning the use of animals in research and/or the sampling of
endangered species. For the policies on research and publication ethics that are not stated in these instructions, the
Guidelines on Good Publication (http://publicationethics.org/
resources/guidelines), Publication of Scholarly Work in Medical Journals (http://www.icmje.org/icmje-recommendations.
pdf) and the Principles of Transparency and Best Practice in
Scholarly Publishing (http://doaj.org/bestpractice).

3. Authorship

The journal follows the recommendations for authorship by
the International Committee of Medical Journal Editors (ICMJE; http://www.icmje.org/recommendations/). Authorship
credit should be based on (1) substantial contributions to the
conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; (2) drafting the
work or revising it critically for important intellectual content; (3) final approval of the version to be published; and (4)

agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. Authors should meet conditions of 1, 2, 3, and 4.

4. Conflict of Interest Statement

The corresponding author must inform the editor of any potential conflicts of interest that could influence the authors’
interpretation of the data. Examples of potential conflicts
of interest are financial support from or connections to
pharmaceutical companies, and academically related issues.
In particular, all sources of funding applicable to the study
should be explicitly stated

5. Originality and Duplicate Publication

All submitted manuscripts should be original and should not
be under consideration by other scientific journals for publication at the same time. No part of the accepted manuscript
should be duplicated in any other scientific journal without
the prior permission of the Editorial board. If duplication
publication related to the papers of this journal is detected,
the author’s infraction will be announced in the journal,
their institutes will be informed, and there will be penalties
for the authors. Submission of a manuscript implies that:
1) the work description has not been published; 2) it is not
under consideration for publication elsewhere; 3) its publication has been approved by all co-authors.

6. Copyright Information

PNIE is an Open Access (OA) journal and authors retain
copyright of their work through a Creative Commons attribution license (CC) that clearly states how readers can copy,
distribute, and use their attributed research, free of charge.
All of which helps make articles available to the widest audience, and contributes to the furthering of research in ways
that would have seemed impossible before. PNIE adapts CC
BY-NC license that lets others remix, adapt, and build upon
your work non-commercially, and although their new works
must also acknowledge you and be non-commercial, they
don’t have to license their derivative works on the same
terms.

Editor's & Reviewer's Guide
Enacted August 5, 2020

Editor’s Guide
Editors have the following responsibilities:
♦ To acknowledge receipt of submitted manuscripts within a few days of receipt and to ensure the efficient, fair and
timely review process of submitted manuscripts.
♦ To ensure that submitted manuscripts are handled in a confidential manner, with no details being disclosed to anyone,
with the exception of the referees, without the permission of the author, until a decision has been taken as to whether
the manuscript is to be published.
♦ To invite reviewers, probably considering the use of an author's suggested referees for his/her submitted article, but to
ensure that the suggestions do not lead to a positive bias (e.g. co-authors of previous publications, mentor). The editor
maintains the right to use referees of his/her own choice.
♦ Not to use referees which an author has requested not to be consulted, unless the editor reasonably considers there to
be a significant overriding interest in so doing.
♦ To ensure the confidentiality of the names and other details of referees; adjudication and appeal referees may be informed of the names of prior referees, if appropriate.
♦ To make the final decision concerning acceptance or rejection of a manuscript with reasonable speed and to communicate the decision in a clear and constructive manner.
♦ To decide to accept or reject a manuscript for publication with reference only to the manuscript’s importance, originality and clarity, and its relevance to the journal.
♦ To respect the intellectual independence of authors.
♦ To make known any conflicts of interest that might arise. Specifically, in cases where an editor is an author of a submitted manuscript, the manuscript must be passed to another editor for independent peer review.
♦ Not to use for their own research, work reported in unpublished submitted articles.
♦ To respond to any suggestions of scientific misconduct, usually through consultation with the author. This may require
the publication of a formal ‘retraction' or correction.
♦ To deal fairly with an author’s appeal against the rejection of a submitted manuscript.
♦ To monitor and ensure the fairness, timeliness, and thoroughness of the peer review process.

Reviewer’s Guide
Reviewers have the following responsibilities:
♦ To provide written, unbiased, and informative feedback in a timely manner on the scientific value of the work, rating
the work’s composition, scientific accuracy, originality, and interest to readers.
♦ To treat the manuscript as confidential; not sharing, discussing with third parties, or disclosing the information in the
reviewed paper.
♦ To return/destroy/erase the manuscript and to inform the editor should they be unqualified to review the manuscript,
or lack the time to review the manuscript, without undue delay.
♦ To judge the manuscript objectively and in a timely manner. Referees should not make personal criticism in their reviews.
♦ To return the manuscript without review to the editor if there is a conflict of interest.
Specifically, Referees should not review manuscripts authored or co-authored by a person with whom the referee has a
close personal or professional relationship, if this relationship could be reasonably thought to bias the review.
♦ To explain and support their judgments so that editors and authors may understand the basis of their comments, and
to provide reference to published work, where appropriate.
♦ To inform the editor of any similarity between the submitted manuscript and another either published or under consideration by another journal to the best of their knowledge.
♦ To ensure that all unpublished data, information, interpretation and discussion in a submitted article remain confidential and not to use reported work in unpublished, submitted articles for their own research.
♦ To alert the editor if a manuscript contains plagiarized material or falsified data to the best of their knowledge.
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