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Exotic Mahogany Leaf Litter Hinders
Growth of Philippine Native Tree Seedlings
Janford B. Galano, Lillian Jennifer V. Rodriguez*
Institute of Biology, University of the Philippines, Diliman, Quezon City, Philippines

ABSTRACT
With continuous decline of Philippine forest cover, sustainable forest management and restoration are essential to restore destroyed
forest ecosystems. Unfortunately, of ten most planted trees in reforestation projects in the Philippines, eight are exotic species, with
large leaf mahogany (Swietenia macrophylla ) being the most dominant. In this study, effect of Swietenia macrophylla in reforestation
projects on native tree species was evaluated. Effects of S. macrophylla leaf litter, frequency, and canopy closure on the growth of
the Philippine native species Pterocarpus indicus were investigated. Results showed that S. macrophylla leaf litter significantly inhibited the growth of P. indicus seedlings based on root collar-to-shoot height. The standardized growth rate of seedlings in plots without S. macrophylla leaf litter was significantly higher than the growth rate of seedlings in plots with leaf litter. Furthermore, there
was no significant difference in the standardized growth rate of seedlings between plots without leaf litter and a control plot. On the
contrary, S. macrophylla tree frequency and canopy closure showed no significant effect. These results attest to the negative effect
of widely planted S. macrophylla to a valuable Philippine native tree P. indicus . With accumulating scientific evidence about negative
effects of S. macrophylla on native trees, discontinued use in tree planting and reforestation efforts with active management of restoration sites previously planted with large leaf mahogany are needed.
Keywords: Alien species, Allelopathy, Bioinvasion, Forest restoration, Introduced species

Introduction
Over the last century, the Philippines has significantly
lost its forest. This decline was brought about by massive
deforestation through extensive logging. To combat this
problem, large-scale reforestation efforts have been implemented by both the government and the private sector
(Tolentino, 2008). Unfortunately, of ten most planted
trees in reforestation projects around the country, eight
are exotic species, with large leaf mahogany (Swietenia
macrophylla ) being the most dominant (Tolentino, 2008).
Furthermore, 80% to 90% of trees planted under the
Philippine government’s National Greening Program are
exotic (Torres, 2018).
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In the Philippines, exotic species introductions might
have begun during the pre-historic period because of the
Indo-Malayan origin of common agricultural tree crops
(Baguinon et al ., 2005). Alien or exotic species, whether
intentionally or unintentionally introduced into a new
habitat, significantly can alter the native structure and
function of an area. These fast-growing exotics are preferred over native trees because of their high economic
value. However, they have the potential to alter ecosystem
functions and soil attributes (Tulod et al ., 2017). Bioinvasion happens when exotic species proliferate, persist, and
dominate distant ranges, thus suppressing native species
(Florece & Baguinon, 2011; Hejda et al ., 2009). Moreover,
intercontinental commerce and trade are major drivers in
the spread and local colonization of exotic species (Florece
& Baguinon, 2011). These species also grow very fast with
high fruit yields. In addition, they can tolerate stress in
marginal sites (Tolentino, 2008).
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Exotic to the Philippines, large leaf mahogany (Swietenia macrophylla King) is a fast-growing, deciduous, canopy emergent tree native to the seasonally dry tropical forests of Mexico down to Bolivia (Grogan et al ., 2014). It is
the world’s most valuable and widely traded tropical timber species. It is being exploited since the Spanish discovery in the 16th century due to its unique properties (Mejia
et al ., 2008). It was first planted in Manila, Philippines in
1907, then at Mt. Makiling, Laguna in 1913 (Baguinon et
al ., 2005). Until 2011, it was the most planted tree in the
Philippine government’s National Greening Program (Torres, 2018). It is regarded as bioinvasive in the Philippines
(Baguinon et al ., 2005). Castillo (2001) has reckoned that
S. macrophylla has a negative effect on species diversity
and evenness of native taxa, indicating successful bioinvasion of S. macrophylla . Moreover, Thinley’s (2002) laboratory experiments have shown that S. macrophylla leaf
extract can significantly inhibit the growth of Pterocarpus
indicus (a Philippine native tree), having the greatest negative effect at the juvenile stage. In addition, S. macrophylla leaves contain allelochemicals including moderate
amounts of phenols, appreciable amounts of tannins, and
substantial amounts of alkaloids. These results support
the widely accepted notion that S. macrophylla has allelopathic effects on neighboring plant taxa.
Bioinvasion as an environmental threat has long been
recognized by scientists since the 1950s (Florece & Baguinon, 2011). While other countries have made significant efforts in understanding impacts of exotic invasive
species to ecosystems, the Philippines has just recently
acknowledged this phenomenon. Little is known about
the roles of exotic species in natural ecosystems (Tulod et
al ., 2017). Thus, the aim of this study was to determine
effects of large leaf mahogany (Swietenia macrophylla ) on
the growth and survival of a native Philippine tree species
naturally co-occurring with large leaf mahogany. Specifically, we sought to: (1) evaluate the in situ effect of large
leaf mahogany leaf litter on the growth of native Pterocarpus indicus seedlings; and (2) determine the effect of
large leaf mahogany canopy on the growth of P. indicus
seedlings. We conducted in situ experiments to evaluate
the effect of large leaf mahogany on natural ecosystems.

Materials and Methods
Test taxon
Pterocarpus indicus was chosen as the test taxon for
this study mainly due to its natural co-occurrence with S.
macrophylla and its abundance at study sites. Pterocarpus
indicus (family Fabaceae) is a pioneer tree species native
to the Philippines and widely valued for its hardwood.
Pterocarpus indicus seeds were collected in September 2018.
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These seeds were surface sterilized with 70% (v/v) ethanol for 60 seconds and 4% (v/v) sodium hypochlorite for
45 seconds. They were then rinsed six times with steriledistilled water (Lok et al ., 2006) and sown in Petri dishes.
After one week, germinants were transplanted to plastic pots and grown for five months.
Effects of S. macrophylla leaf litter and canopy
Three sites dominated by S. macrophylla trees inside
the University of the Philippines, Diliman campus, were
selected. A pair of 10 x 10 m2 plots were established in
each of these three sites. Twenty P. indicus seedlings
were introduced and planted in each plot of 10 x 10 m2.
For each plot pair, leaf litter in one plot was removed
every other day while no leaf litter removal was done for
the other plot. Growth reported as root collar-to-shoot
heights of all P. indicus seedlings were recorded every five
days for one month. Percent canopy of each plot was also
recorded using a densiometer (Forestry Suppliers, Inc.,
USA) to determine the effect of S. macrophylla canopy
closure on P. indicus seedling growth.
To have baseline information about the growth of P.
indicus seedlings, we established a control plot in a plant
box without having contact with a single S. macrophylla tree. We also planted 20 P. indicus seedlings inside this
control plot.
Data analyses
Root collar-to-shoot height was reported as standardized growth rate. It was calculated by subtracting the
initial height of P. indicus seedling from its final height
divided by the initial height. The standardized growth
rate was binomially distributed. Therefore, it was analyzed using a Generalized Linear Model with quasi-binomial errors to account for overdispersion. The presence of
S. macrophylla leaf litter, average percent canopy closure,
and frequency of S. macrophylla trees per study site were
included as independent variables. Standardized growth
rate was used as a dependent variable. All analyses were
performed in R ver. 3.6.3 (R Core Team, 2020).

Results
Effect of S. macrophylla leaf litter
Smoothed plots (Fig. 1) showing heights of P. indicus
seedlings in the first day as compared to those in succeeding days of observation indicated that after one month,
seedlings in plots without S. macrophylla leaf litter (Absent
panel) grew faster than seedlings in plots with leaf litter
(Present panel). In addition, the control plot tended to
follow the pattern of plots without leaf litter (Fig. 1).
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Fig. 1. Time-series curves of Pterocarpus indicus seedling height (cm) as a function of the presence or absence of Swietenia
macrophylla leaf litter.
The standardized growth rate of seedlings in plots without leaf litter was significantly higher than that of seedlings
in plots with leaf litter (Fig. 2, GLM with quasi-binomial errors: p < 0.0001). Furthermore, there was no significant diff-

erence between the standardized growth rate of the seedlings in plots without leaf litter and that of seedlings in the
control plot (Fig. 2, GLM with quasi-binomial errors: p =
0.329).

Fig. 2. Effects of Swietenia macrophylla leaf litter on standardized growth rate of Pterocarpus indicus seedlings (mean and
95% CI). Panels indicate three study sites and a control plot.
https://doi.org/10.22920/PNIE.2021.2.2.76
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Effect of S. macrophylla frequency in study sites
The abundance of S. macrophylla trees per study site
(Table 1) was examined to determine its effect on the
mean standardized growth rate of seedlings between plots

with and without leaf litter (Fig. 2). Results showed that
S. macrophylla tree abundance did not significantly affect
the standardized growth rate of P. indicus seedlings (GLM
with quasi-binomial errors: p = 0.162).

Table 1. Comparison of Swietenia macrophylla tree frequency and canopy closure between the three study sites (Sites 1, 3, 4)
and the control plot (Site 2).
Study Site

S. macrophylla tree
frequency

S. macrophylla leaf litter
presence

Average % canopy closure

Site 1 (Arbo)

20

Site 2 (Bio)

0

Site 3 (CS lib)

35

Site 4 (Chem)

8

Present
Absent
Absent
Present
Absent
Present
Absent

75.93
78.23
37.43
76.34
72.91
63.22
59.03

Effect of S. macrophylla canopy
Average percent canopy closure (Table 1) was also examined to determine its effect on the standardized growth
rate. Results showed that large leaf mahogany canopy did
not significantly affect the height of P. indicus seedlings in
all plots (GLM with quasi-binomial errors, p = 0.322).

Discussion
With the staggering loss of forest cover in the Philippines starting from the Spanish colonization and peaking
during the American period, forest rehabilitation is critically
important for the conservation of its biodiversity resources. Threats to its remaining forests is further exacerbated
by human activities (Malabrigo et al ., 2016). Considering
the amazing diversity of native trees in the Philippines,
species used in forest restoration are surprisingly few. In
these initiatives, 95% are exotic species (Malabrigo et al .,
2016). Restoration programs have focused on the use of
exotic trees owing to a misconception about native species’
silvicultural requirements and the lack of management information (Butterfield, 1995; Chechina & Hamann, 2015).
Furthermore, exotic trees are believed to be able to regain
forest cover faster, stabilize watersheds, and reduce downstream flooding (Torres, 2018).
Deleterious effects of Swietenia macrophylla on Philippine
native trees
Results of the present study showed a negative effect of
a widely planted exotic tree species Swietenia macrophylla
on a valuable Philippine native tree species Pterocarpus
indicus. Specifically, the in situ growth of P. indicus
seedlings was significantly inhibited by the leaf litter of S.
macrophylla . Thinley (2002) has also found that S. macrophylla leaf extract as watering medium can inhibit the
growth of P. indicus due to its leaf allelochemicals (moderate
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amounts of phenols, appreciable amounts of tannins, and
substantial amounts of alkaloids). Mukaromah et al . (2017)
have also suggested the possibility of the allelopathic
potential of S. macrophylla by showing a concomitant
inhibition of radicle lettuce seedling growth with increasing
S. macrophylla leaf litter concentration. Taken together,
these findings indicate that S. macrophylla leaves can
negatively affect seedling growth of P. indicus both in situ
and ex situ.
The presence of S. macrophylla also seems to negatively affect native tree biodiversity. In our study area, there
were 184 native tree species. However, only 33 (17.93%)
were found to coexist with S. macrophylla. Fig. 3A shows
an area with little undergrowth dominated by S. macrophylla . In contrast, Fig. 3B shows an area dominated by
indigenous trees where the undergrowth plant community is thriving. Moreover, most trees that coexist with S.
macrophylla had basal area of less than 50 cm2 (diameter
= 15 cm). This might imply that even though they survive
and coexisted with S. macrophylla , their growth might
be inhibited. In some of these species, individuals that
were not close to S. macrophylla trees had larger basal
areas (e.g., Pterocarpus indicus , Dracontomelon dao , and
Terminalia catappa , up to 300 cm2; Koordersiodendron
pinnatum, Dysoxylum gaudichaudianum, Calophyllum
inophyllum, Reutealis trisperma and Premna odorata , up
to 100 cm2 ). Baguinon et al . (2008) have also shown that
forest diversity decreases when the importance value of S.
macrophylla increases, suggesting a competitive exclusion
against native trees. This might be due to the thick shade
and leaf shedding characteristics of S. macrophylla that
can prevent the recruitment of native species. The dry environment provided by the thick leaf litter mat shed by S.
macrophylla can cause germination failure in recalcitrant
seeds of native species (Baguinon & Miel, 2012).
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Fig. 3. Comparison between areas in the University of the Philippines, Diliman campus, dominated by (A) exotic trees (e.g., S.
macrophylla ) and (B) native trees.
Moving forward with restoring our forests
Based on overwhelming scientific evidence showing the
negative effect of S. macrophylla on native trees, we highly
recommend its discontinued use in tree planting and reforestation efforts. Unfortunately, correcting mistakes of the
past will be an uphill battle. Swietenia macrophylla grows
in tropical areas in a wide variety of climatic and edaphic
conditions (Navarro-Martínez et al ., 2018). It is found in all
forest types, mostly in hardwood forests, along riverbanks,
and on deep alluvial soils (Mejia et al ., 2008). Furthermore,
it is a pioneer species that bears capsules with winged seeds
that can be dispersed 20 to 40 meters from the mother tree
(Baguinon et al ., 2005; Brown et al ., 2003). Each capsule
contains about 60 recalcitrant seeds that can germinate in
less than a month. These seeds contain food reserves and
undergo hypogeal germination. Thus, young S. macrophylla can develop even without an initial photosynthesis in
poorly lit areas. Moreover, its leaves are rarely attacked by
herbivores (Baguinon et al ., 2005).
Faced with this current situation in the Philippines, we
recommend a two-pronged approach: (1) active management of S. macrophylla -planted reforestation sites; and (2)
widespread use of native species. Active management is
needed because exotic species can negatively affect ecosystem functions, making restoration sites inhospitable for native species. These efforts may include leaf-litter removal as
S. macrophylla trees shed their leaves every February (Baguinon et al ., 2005), branch pruning, and gradual removal
of S. macrophylla trees. Our results point to the importance
of leaf-litter removal. However, more studies are needed to
elucidate the best approach to actively manage S. macrophylla trees.
In recent years, different initiatives have started to use
native trees in reforestation efforts because of their importance in restoring forest cover and ecosystem services
(Malabrigo et al ., 2016; Tolentino, 2008). Tulod et al . (2017)

https://doi.org/10.22920/PNIE.2021.2.2.76

have noted that native forests are more favorable habitats
for local biodiversity than exotic forests as evidenced by
high species richness and diversity in native forests compared to exotic tree plantations. Thus, the use of native
trees in forest restoration efforts should be of the utmost
priority. This will ensure a balanced ecosystem dominated
by native flora and fauna.
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ABSTRACT
Current international negotiation and cooperation for sustainable development are focused on three main themes. The first theme
is implementation of Sustainable Development Goals (SDGs). The second theme is development of measures for climate change. The
third theme is sustainable management of biodiversity and ecosystem services. In South Korea, responses of government policies and
academic studies have been predominantly to one of these three themes. There have not been many integrated efforts to develop
countermeasures considering all three international themes. In addition, while “green growth” policies have been setting national
agendas for Korea’s sustainable development, they must be scrutinized such as why they have not dealt with some parts of these
three themes and whether they have ignored one of these themes due to lack of integrated responses. This study finds critical issues
in South Korea on how to harmoniously respond to the three themes of international efforts and improve green growth policies.
First, to achieve SDGs, the domestic statistical system must be reorganized to track the achievement of “inclusiveness” and “green
growth”. Second, the climate change response policy should seek inclusion between countries and between social groups. Third, in
the field of biodiversity and ecosystem services, it is necessary to establish Korea’s identity in global geopolitics and enhance its own
traditional ecological knowledge. Fourth, it is necessary to consider how to solve discrepancy between climate change response policies and biodiversity-ecosystem service management policies. Finally, proactive improvement of laws and institutions must occur to
promote inclusive green growth.
Keywords: Biodiversity, Climate change, Ecosystem services, Inclusive green growth, Sustainable development goals

Introduction
The ‘sustainable development’ concept stems from the
awareness of the issue that sustainable economic growth
is difficult to achieve without environmental or resource
supports, or a breakdown of its foundation (Daly, 1993;
Meadows et al ., 1972). With recent stable management
of traditional environmental issues such as water, air, and
waste, especially in developed countries, the international
community has proposed a concept of ‘green growth’ as a
theoretical framework in which the community can respond
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to problems such as climate change risks and biodiversity
losses while simultaneously achieving economic growth.
In addition to the emphasis on green growth, there has
been another trend focusing on ‘inclusiveness,’ recognizing that sustainability should be discussed while taking
into account starvation, basic human rights, social justice,
and solicitude.
This relationship between green growth and inclusiveness is schematically illustrated in Fig. 1. It shows how
the concept of ‘sustainable development’ has evolved over
time into other concepts such as green growth and inclusive green growth. Considering that sustainability can
be achieved when economic, environmental, and social
elements are fundamentally balanced, concepts have been
developed focusing on different aspects. Discussions on
sustainability started with an emphasis on the environment at the early stage. After environmental issues were
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handled to some extent, the demand for economic growth
was reflected in discussions. The current trend has more
emphasis on social inclusiveness. The concept of ‘green
growth’ focuses on ‘economic growth’ considering environmental impacts. ‘Inclusive green growth’ is a strengthened concept retaining the former concept and social factor.

In fact, since all concepts argue the balance of economy,
environment, and society, it is difficult to see that there
is a particular pillar of emphasis. This paper inevitably
showed pillars of emphasis for the convenience of analysis
and understanding.

Fig. 1. Changes in pillars of emphasis in sustainability. Red text indicates pillars of emphasis.
In line with this international discussion trend, this paper
first examined the theoretical background of concepts of
‘green growth’ and ‘inclusiveness.’ It then analyzed how
these concepts were reflected in international agendas such
as the Sustainable Development Goals (SDGs) and reviews
what kinds of approaches South Korea should take to handle these agendas. Lastly, based on such new understanding,
we proposed new principles that could be helpful for policy-making processes in the country.

Materials and Methods
This paper examined the theoretical background of green
growth and inclusiveness based on the history of discussions
in the international community. It also examined how South
Korean and international laws and institutions supported
these theoretical developments.
Theoretical background: ‘Green Growth’ and ‘Inclusiveness’
The term and concept of ‘green growth’ were first
known in the international community through the Fifth
Ministerial Conference on Environment and Development
in Asia and the Pacific held in Seoul in 2005. In the conference, the term ‘green growth’ could be found in ‘the
Seoul Initiative on Environmentally Sustainable Economic
Growth’ (Green Growth) announced by the United Nations
Economic and Social Commission for Asia and the
Pacific (UN ESCAP, 2005a) as well as in ‘the Ministerial
Declaration on Environment and Development for Asia
and the Pacific’ (UN ESCAP, 2005b). However, in the
then-relevant documents, green growth was not yet officially
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defined. It was used only as a synonym for environmentally sustainable economic growth.
Given that the concept of ‘green growth’ was first
introduced at the international conference held in South
Korea, Seoul led the conceptual discussion earlier than
other countries. ‘Low Carbon Green Growth’ was first
advocated by former President Lee Myung-bak at the
Liberation Day ceremony in 2008. It is a mixed term of
low carbon and green growth. Low carbon refers to “lowering dependence on fossil fuels, expanding the use and
distribution of clean energy, and reducing greenhouse
gases to an appropriate or lower level by expanding carbon sinks”. Green growth means “growth achieved by saving and using energy and resources efficiently to reduce
climate change and damage to the environment, securing
new growth engines through research and development
of green technology, creating new job opportunities, and
achieving harmony between the economy and environment” (Article 2 of the Framework Act on Low Carbon,
Green Growth). The announcement became the basis for
the Framework Act on Low Carbon, Green Growth which
came into force in early 2010.
Meanwhile, the global economic downturn began with
the 2008 U.S. financial crisis. Several countries embarked
on revitalizing their economies through investments in
green industries to overcome the crisis. The most representative cases were the 2009 enactments of the
Framework Act on Low Carbon, Green Growth in South
Korea and the American Recovery and Reinvestment Act
in the United States. As most developed countries introduced
similar policies, the Organization for Economic Co-operation
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and Development (OECD) came to redefine the concept of
green growth in 2011.
The OECD, a group of advanced economies, defined
‘green growth’ as “fostering economic growth and development while ensuring that natural assets continue to
provide the resources and environmental services on
which our well-being relies” and suggested it as one of
common development goals for all in 2011 (OECD, 2011)
The organization defined it based on previous discussions. It can be regarded that South Korea has led the
international community’s full-scale discussions on green
growth.
However, there were criticisms that the green growth
theory in advanced economies did not sufficiently consider
unfavorable economic, social, and environmental conditionsin developing countries. It was necessary for the United
Nations to re-define the concept of sustainable development corresponding to the green growth concept. In this
sense, the United Nations Environment Programme (UNEP)
announced ‘green economy’ as a unified concept in 2010.
It refers to “one that results in improved human well-being and social equity, while significantly reducing environmental risks and ecological scarcities” (UNEP, 2010).
This concept did not intend to replace the Sustainable
Development concept of the World Commission on
Environment and Development (UN Secretary-General,
World Commission on Environment and Development
(WCED), 1987), but was presented as its sub-concept.
Compared to the OECD’s concept of green growth, social
equity was added and denoted in the concept.
Fig. 2 indicates the development and context of green
growth-related concepts. ‘Green growth’ is a concept
emphasizing economic growth. The OECD, an international ‘economic organization,’ adopted this concept to
replace the sustainable development concept. The international ‘environment organization’ UNEP defined green
economy as a sub-concept of sustainable development
with an emphasis on the economy.

Fig. 2. Conceptual diagram of green growth and green
economy.
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Second, it can be broadly seen that ‘inclusiveness’ is in
line with ‘social’ sustainability, one of three pillars of ‘sustainable development’ (e.g., economic, social, and environmental). The term ‘inclusive growth’ was first denoted internationally after it was presented as one of three
long-term complementary strategic agendas (i.e., inclusive
growth, environmentally sustainable growth, and regional
integration) by the Asian Development Bank (ADB) (2008).
As aforementioned, considering that concepts of ‘green
growth’ and ‘green economy’ adopted such words as
well-being and social equity, it seemed that social dimension or inclusiveness was considered even if they were less
explicated. The concept of ‘inclusiveness’ has continued
to be specified since then. A paper of the United Nations
Research Institute for Social Development (UNRISD) has
stated that “an inclusive society that entails respect for
human rights, cultural diversity and democratic governance, and upholds. principles of equality and equity”
(Dugarova, 2015).
WCED report in 1987 — Our Common Future , also known
as the Brundtland Report - summarized the most widely
known concept of sustainable development. It has also
pointed out that the intra-generational equity in developing and developed countries is an essential factor for
sustainable development (UN Secretary-General, WCED,
1987). ‘The inter-generational equity’ was highlighted
in the report, meaning that “it meets the needs of the
present without compromising the ability of future generations to meet their own needs.” It plays a key role in
achieving the inclusiveness of national development (UN
Secretary-General, WCED, 1987). In South Korea, the
2006 ‘National Strategy for Sustainable Development’
and the 2007 ‘Sustainable Development Act’ were also
greatly influenced by WCED’s concept of sustainable
development.
In the 2012 United Nations Conference on Sustainable
Development (UN CSD), world leaders and representatives agreed on the concept and role of ‘green economy’ and ‘inclusiveness,’ culminating in finalizing the
non-binding document The Future We Want . It also
decided to set SDGs by 2015, which had the greatest
impact on the hierarchical establishment and adjustment
of the green growth concept in South Korea. Millennium
Development Goals (MDGs) targeted for delivery by 2015
focused on supporting developing countries to eradicate poverty. Its follow-up program, SDGs was expected
to present a common direction for development for all
countries from 2016 to 2030.
In the 2015 United Nations Sustainable Development
Summit, leaders and representatives of its member states
adopted the ‘2030 Agenda for Sustainable Development,’
which included ‘SDGs consisting of 17 goals and 169 targets
(Fig. 3). Eight indicators, including poverty eradication among
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these 17 goals, are directly or indirectly related to inclusiveness. Accordingly, existing concepts of green economy or
sustainable development need to be revised or differently em-

phasized. For example, UNEP has revised the existing green
economy concept to the ‘inclusive green economy’ concept
by reflecting the setting of SDGs (Fulai et al ., 2015).

Fig. 3. Seventeen Sustainable Development Goals (UN, 2016) and inclusiveness-related goals.

Fig. 4 illustrates that the inclusiveness concept is introduced to emphasize social sustainability, evolving into the
‘inclusive green economy’ concept after its combination
with the green growth or green economy concept.

Fig. 4. Integration of inclusiveness into green economy.
Theoretical conflicts and legal progress
There might be conceptual and theoretical conflicts of
green growth between developing and developed countries.
Developing and less developed countries have criticized that
the green growth concept in South Korea and the OECD is
dominated by the development logic of rich countries. In
other words, developed countries can achieve such economic growth or ‘green growth’ via low-carbon-intensity methods based on their accumulated capital and technology,
whereas developing countries still need to pursue economic
expansion using fossil fuels. If developing countries pursue
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green growth, they can hardly catch up with developed
countries.
Considering that sustainable development concepts have
been historically established through ‘consensus and coordination’ among UN member states, it is necessary to consider
the stance of developing countries as well. From this perspective, the necessity to establish and adjust the existing
concept of green growth and its hierarchy has been highlighted, while considering changes in the international community’s consensus and reorganization of its academic concepts since 2008.
The emphasis on inclusiveness is becoming increasingly
evident in the international community’s understanding of
ecosystems. Ecological understanding of the Earth based on
indigenous and local knowledge (ILK) has led to legislation.
In South America, for example, as an alternative to existing ecological theories suggested in the debate on the theoretical framework of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES),
the concept of ‘Living-Well in balance and harmony with
Mother Earth’ learned from thoughts of indigenous peoples
(the words are expressed as “Buen Vivir” in Ecuador and
“Vivir Bien” in Bolivia) has been suggested as an alternative
development path that promotes economic inclusiveness.
This concept has already influenced biodiversity and ecosystem policies as well as climate change response policies. The
2015 Paris Agreement, which was adopted after the IPBES
introduced this concept in 2013, stated and highlighted
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that some cultures recognized the natural environment as
“Mother Earth.” Several South American countries have
begun to grant Mother Earth ‘the basic rights.’
Basic rights of Mother Earth were included in Ecuador’s
2008 constitution (i.e., Constitución de la República del
Ecuador ) and Bolivian law in 2010 (i.e., Ley de Derechos de
la Madre Tierra ; its 2012 amendment La Ley Marco de la
Madre Tierra y Desarrollo Integral para Vivir Bien ) (Espinosa,
2014). Such legislative trends have expanded to other
countries with U.N. support (Harmony with Nature, 2020).
Meanwhile, the New Zealand Parliament has granted nature
a legal personality for the first time in the world by passing
a bill that recognizes the Whanganui River as a living entity
with legal personality (BBC, 2017).
‘Inclusiveness’ in South Korea
How has the South Korean government handled SDGs?
It has been pointed out that South Korea’s green growth
and green economic system have hindered inclusive growth
by focusing on economic growth rather than on poverty
alleviation and enhancement of social equity (Bell, 2016).
However, considering that former President Park Geun-hye
pledged to “democratize the economy” during her 2012
election campaign, Seoul has shown more interest in inclusiveness. In addition, ‘the 3rd Basic Plan for Sustainable
Development (2016 – 2035)’ released in 2016 highlighted that there should be more political interest in achieving
goals such as gender equality (SDG 5), reduced inequalities
(SDG 10), and decent work and economic growth (SDG 8)
among 17 SDGs (Government of South Korea, 2016).
South Korea partially reflected inclusiveness-related
SDGs in the the 4th Basic Plan for Sustainable Development
(2021–2040) (Government of South Korea, 2021). However,
the current level of concept application or administrative
slogans does not guarantee inclusive development, especially for environment-focused SDGs such as SDG13, SDG14,
and SDG15. Deeper theoretical research of inclusive development would secure policy consistency and allow the
country to negotiate more efficiently in the international
community with operational theoretical concepts (Gupta
et al ., 2015). Therefore, it is necessary to introduce various
indicators related to inclusive development suggested by the
ADB (2014) at the government level or develop customized
indicators for South Korea to timely evaluate and improve
merits and demerits of an inclusive development policy
(Anand et al ., 2013; OECD, 2016).

Results
Based on conceptual and theoretical understanding of
inclusive green growth as aforementioned, applications of

https://doi.org/10.22920/PNIE.2021.2.2.82

relevant concepts were analyzed about SDGs, responses
to climate change impacts, and biosphere conservation
as key agendas in South Korea and other countries. As
a result, discussions about sustainable development and
green growth in the international community are in progress with a focus on the following three themes (Table
1). The first theme is about SDGs implemented in 2016
and mainly led by the UN. The second theme is about
responses to climate change with an international governance through the United Nations Framework Convention
on Climate Change (UNFCCC) and scientific analysis provided by the Intergovernmental Panel on Climate Chante
(IPCC) as the center of the discussion. In response to climate change impacts, since the 2015 Paris Agreement,
countries have been in hurry to reduce greenhouse gas
emissions and develop climate change adaptation policies. The third theme is about the management of biodiversity and ecosystem services. There have been international cooperations through the Convention on Biological
Diversity (CBD). IPBES established in 2012 started thematic and regional evaluations in earnest.matic and regional
evaluations in earnest.
In particular, the second and third themes are noticeable. Among nine changes (i.e., climate change, biosphere integrity [genetic diversity and functional diversity], land-system change, freshwater use, and biochemical
flows [phosphorus and nitrogen], ocean acidification,
atmospheric aerosol loading, stratospheric ozone depletion, and novel entities) that have the greatest impact on
the survival of the modern human society, scientists have
cited climate change and deterioration of biosphere integrity as the two most important “core” changes (Steffen et
al ., 2015).
There have been government policies and academic theories regarding countermeasures for these three themes.
However, there have been few discussions on how South
Korea should set sustainability policies while simultaneously considering these themes. Furthermore, South Korea
has suggested a ‘green growth’ policy within the sustainable development framework. It is necessary to figure out
whether green growth policy has failed to address these
three themes in an integrated approach or whether it is covering one theme but neglecting another. In particular, it is
inevitable to face a sharp conflict of interest between developing and developed countries due to the nature of the
international community. South Korea should alter its SDGs
depending on the direction in which the country establishes its identity when dealing with these three themes. In this
regard, this paper analyzed issues and principles necessary
to improve the existing green growth policy and policies
addressing the three themes in South Korea.
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Table 1. Chronology of milestone concepts, documents, decisions, and meetings on three themes: sustainable development,
climate change, and biodiversity/ecosystem services.
Year

(1) Sustainable Development
Overall

(2) Climate Change
Inclusiveness

Green Growth and
Green Economy

1948
1972

International Union for Conservation
of Nature (IUCN)
United Nations Conference on the
Human Environment (UNCHE),
Stockholm Declaration

1979
1987

(3) Biodiversity and
Ecosystem Services

Thomas Lovejoy, “biological
diversity”
World Commission on
Environment and Development
(WCED), “Our Common Future”

1988

Intergovernmental Panel on
Climate Change (IPCC)

1990

IPCC, “First Assessment
Report” (FAR)
United Nations Framework
Convention on Biological Diversity
Convention on Climate Change (CBD)
(UNFCCC)

1992

United Nations Conference on
UNCED,
Environment and Development
“Agenda 21
(UNCED), “Rio Declaration on
Environment and Development”
Establishment of the United
Nations Conference on
Sustainable Development (UN CSD; ~2012)

1995

IPCC, “Second Assessment
Report” (SAR)

1997

UNFCCC, “Kyoto Protocol”

2000

UN Millennium Summit,
“Millennium Development Goals”
(MDGs)

2001
2002

Costanza et al ., “The value of the
world's ecosystem services and natural
capital”

IPCC, “Special Report on
Emissions Scenarios” (SRES)
IPCC, “Third Assessment
Report” (TAR)

World Summit on Sustainable Development
(WSSD), “Johannesburg Declaration on
Sustainable Development”

2005

UN ESCAP, “Seoul
Initiative on
Environmentally
Sustainable Economic
Growth (Green Growth)”
Nicholas Stern, “Stern Review
on the Economics of Climate
Change”
IPCC, “Fourth Assessment
Report” (AR4)
Korea, “Low-Carbon,
Green Growth”

UNEP, “Millennium Ecosystem
Assessment”

2010

UNEP, “Green
Economy”

UNEP, “The Economics of
Ecosystems and Biodiversity” (TEEB)
CBD, “Nagoya Protocol on Access and
Benefit Sharing” (ABS)

2011

OECD, “Green
Growth”

2006
2007
2008

2012

2013
20132014
2014

2015

20152016
2017
2019
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Asian Development
Bank, “Inclusive
Growth”

UN CSD, “The Future We Want”
Resolution to establish the United Nations Highlevel Political Forum on Sustainable Development
(HLPF)
HLPF replaces UN CSD

Intergovernmental Science-Policy
Platform on Biodiversity and
Ecosystem Services (IPBES)

IPCC, “Fifth Assessment
Report” (AR5)

UN Sustainable Development
Summit, “Sustainable
Development Goals” (SDGs)

Small Island Developing
States (SIDS), “Green
Economy in a Blue World”
(Blue Economy)
UNEP, “Inclusive Green Economy”

IPBES, “Conceptual Framework”
IPBES, “Nature’s Contributions to
People” (NCPs)

UNFCCC, “Paris Agreement”

IPCC, “Shared Socioeconomic Pathways” (SSPs)
IPBES, “Nature’s Contributions to
People” (NCPs)
IPBES, “Nature Futures Framework”
(NFF)

PNIE 2021;2(2):82-95

A Study on Inclusive Green Growth of South Korea

Setting policy directions to implement SDGs
SDGs are international development goals that are highly related to the inclusive green growth concept. Among
17 SDGs, ten indicators are directly related to inclusiveness. This means that inclusiveness is emphasized relatively.
In this sense, the South Korean government can set inclusiveness and green growth-related policies based on these
17 goals and 169 targets. However, as reaffirmed in the
national specificity, that is, “the principle of common but
differentiated responsibilities” of states in the 2012 UN CSD
agreement (i.e., The Future We Want ), international environmental agreements have been negotiated over a long period and significant compromises have been made. However,
final outcomes are often not legally binding or their binding
force is weak (Rühs & Jones, 2016).
SDGs are not that different. However, it may not be
appropriate for South Korea to respond loosely due to the
absence of legally binding force. Although those Goals
are currently not legally binding, it is possible to become
an international agreement with a legally binding force if
achievement levels of the Goals can be measured quantitatively (like the compulsory performance evaluation index
for climate change mitigation such as GHG emissions) in
the future and verified with each other (i.e., Measuring,
Reporting and Verification [MRV]).
The European Union has implemented the Emissions
Trading System (EU ETS) and the Europe 2020 Strategy
(the aim of reducing GHGs by 20%, from 1990 levels,
supplying 20% of energy from renewables, and improving
20% in energy efficiency by year 2020). Through this, it
has led climate change policies in the international community, gaining a greater say during the Paris Agreement
negotiations than other developed countries. Likewise,
if South Korea raises its performance levels of SDGs, it
is possible for South Korea to take a leading position
in future international negotiations. States that play a
responsible role in the international community can lead
international negotiations.
In order for South Korea to increase its performance
levels, first of all, it is necessary to make efforts to reorganize survey items to find inclusiveness in the national statistics. In other words, it should be possible to
monitor performances for the 17 SDGs (or 169 targets),
especially those related to inclusiveness. The United
Nations Statistical Commission presented the Sustainable
Development Goal indicators established in 2016 recommends reporting indicators as subdivided as possible based
on income, gender, age, race, ethnic group, immigration
status, disability, and geographic location (Statistical
Commission, 2016). Among subdivisions, South Korea is
urgently required to segment statistical data related to
race, ethnic group, and immigration status. The country is
no longer a single-ethnic nation due to an increase of

https://doi.org/10.22920/PNIE.2021.2.2.82

multicultural families through international marriage and
the influx of foreign workers. However, national statistics
still do not fully reflect such diversity except for several
items related to household population (Korean Women’s
Development Institute (KWDI), 2015), showing that there
is a lack of inclusiveness. It is necessary to come up with
measures that can numerically embrace inclusiveness
related to SDG indicators such as ethnic minority, race,
immigration status, and disability in South Korean statistical data. As the UN also recognizes that there are several difficulties in statistical segmentation and indicator
development at a practical level, joint research is actively in progress (Inter-agency and Expert Group on SDG
Indicators (IAEG-SDGs), 2016).
Setting climate change adaptation policy direction
As South Korea belonged to the ‘Non-Annex I’ Parties
to the UNFCCC, it is a ‘Non-Annex B’ country that has
no obligation to reduce greenhouse gas emissions under
the Kyoto Protocol. This was because the country was
not an OECD member state in 1997 and defined itself
as a developing country. It did not have the obligation
to reduce emissions under the Kyoto Protocol. However,
the international community has raised its interest in climate change impacts and risks, along with the 2006 Stern
Report warning of economic impacts of global warming and the IPCC’s 4th Assessment Report in 2007. Under
such situation, in line with levels of economic power and
GHG emissions and reductions after the commitment period
of the Kyoto Protocol in 2012, there would be more international pressure on South Korea to fulfill its responsibilities corresponding to advanced countries. Therefore, government response policies (e.g., the 1st–4th Comprehensive
Measures on Climate Change [1999, 2001, 2004, and
2007], Comprehensive Basic Plan for Climate Change
[2008], etc.) were established and implemented. At the 2009
Copenhagen Conference of Parties (COP 15), the international community failed to reach an agreement, which gave
some time for South Korea to prepare for climate change
responses. At the 2015 Climate Summit (COP 21) in Paris, a
legally binding treaty on climate change was adopted. South
Korea also had voluntary obligations to achieve its emission
reduction targets (i.e., Nationally Determined Contribution
[NDC]). South Korea’s NDC aims to reduce greenhouse gas
emissions by 24.4% by 2030 compared to 2017 (709.1
MtCO2eq) (Government of South Korea, 2020).
However, the Paris Agreement stipulated different obligations for developing and developed countries. Unlike the
Kyoto Protocol, it did not specify which country belonged
to which category. The positive aspect is that South Korea
can submit/update its NDC document with its GHG reduction targets and climate change adaptation policies that
best suit national interests without defining whether it is a
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developed or developing country. On the other hand, it is
also burdensome. In the long run, it is necessary to clarify its national identity for sustainable development. As a
responsible member of the international community, the
country is required. to fulfill its obligations. In addition, its
climate change response policies must be consistent with
strategies for other sectors (e.g., implementation of SDGs or
management of biodiversity and ecosystem services).
In a similar context, South Korea needs to determine its
future development pathway, that is, setting its national
identity. The IPCC’s Fifth Assessment Report introduced
new development pathways not only considering GHG
emissions (as adopted by Representative Concentration
Pathways [RCPs] in proceeding reports), but also emphasizing socioeconomic aspects of development termed as
Shared Socioeconomic Pathways (SSPs) (IPCC, 2014). After
first mentioning SSPs in the Fifth Assessment Report,
the IPCC modeling consortium officially published pathway-related academic papers in 2017. TheSE pathways
have a total of five scenarios. These categorized scenarios based on relative burdens of climate change adaptation and mitigation are predicted to have different consequences in relation to inclusiveness and green growth.
For example, as shown in Fig. 5, SSP 1, the most sustainable development pathway, is desirable as it reduces social
inequality (inclusiveness) and lowers carbon intensity
(green growth). However, since it can hinder optimization
of economic growth in some countries, policies favorable
for this pathway might be difficult to gain public support.
On the other hand, the SSP 5 pathway, which is expected to bring strong economic growth, can be regarded as
an inclusive pathway because it resolves inequality issues
among countries. However, this pathway is far from green
growth in that it neglects environmental issues (O’Neill et
al ., 2017).

Setting the direction of biodiversity and ecosystem service management Policy
The term ‘biodiversity’ was first described in an academic journal in 1979 (Lovejoy, 1979). It refers to a diversity
of organisms and their genetic resources (Lovejoy, 1979).
Ecosystem service is a concept that literally understands
what kinds of service an ecosystem renders to human
beings. Its economic values were noted in 1997 (Costanza
et al ., 1997). Since then, it has received worldwide attention. This field also requires policy directions to consider
inclusiveness.
What does it mean to consider ‘inclusiveness’ in a subject that appears to belong to natural science? First, it is
necessary to ‘fit’ recent international discussions about
the ‘ecosystem service’ concept into South Korean policies
while accepting or reflecting diverse approaches of other
countries ‘inclusively.’ South Korea has not yet fully implemented the concept of ecosystem services into its environmental policies while focusing more on biodiversity conservation. For example, the government translated IPBES into
‘Biodiversity Science Organization’ in Korean, neglecting
the importance of ‘ecosystem services’ (ES). There are various
opinions as to what services mean and how to evaluate services quantitatively and qualitatively because the knowledge
about eco system services is still low. If such services are fully
understood,policymakers can easily interlink or understand
the correlation between science and society or policy rather than merely focusing on biodiversity research (Jax et al .,
2013). In other words, less attention to ecosystem services is
highly likely to weaken the link between science and policy
as a result.
What do ecosystem services mean in South Korea? How
to measure their deterioration or improvement levels? If
South Korean academia and policymakers who have prioritized Anglo-American theories are willing to accept other perspectives in the future, there is room for improvement in inclusiveness. As for the conceptual framework to
analyze biodiversity and ecosystem services (IPBES, 2013)
confirmed in 2013, some scholars have focused on ‘scientific thinking’ of developed countries while other researchers have prioritized indigenous and ILK from developing
countries. They have not reached agreements on a unified
conceptual framework. Thus, there are different conceptual opinions in the framework. As shown in the analytical
conceptual framework of IPBES (Fig. 6), concepts from
the West are indicated in green and ILK concepts are presented in blue (Borie & Hulme, 2015). The seemingly value-neutral concept ‘ecosystem services’ is also a result of
conflicts and negotiations between developing and developed countries.

Fig. 5. Shared Socioeconomic Pathways (SSPs). (O’Neill et
al ., 2017).
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South Korea must decide how to understand ecosystem
services and manage the ecosystem. If it does not just follow established or familiar scientific theories of the West,
but actively understands and introduces new theories from
developing countries, it is possible to develop inclusive biodiversity and ecosystem services-related policies. However, it
is encouraging because several Korean scholars have already
begun to study the ecological significance of traditional
Korean thoughts (Lee, 2003; 2004; 2008; Lee et al ., 2007;
2012).
Second, it is necessary to establish South Korea’s identity in order to accept and reflect ‘inclusiveness’ in ecosystem services-related policies. ‘Inclusiveness’ levels can vary
depending on national identity and its position towards
ecosystem services evaluation. IPBES published a report
evaluating global biodiversity and ecosystem services in
2019 (IPBES, 2019). This report was expected to be equivalent to the IPCC’s Climate Change Assessment Report in
that it attempted to predict ecosystem changes by 2050 in the

short term and 2100 in the long term, along with a reassessment of the current global ecosystem state using the
latest knowledge and data (IPBES, 2016). However, since
this report laid greater emphasis on inclusiveness than the
IPCC report, it would be more helpful to re-define the concept of inclusive green growth. Regarding the question of
how South Korea will pursue inclusive green growth, it is
necessary to re-examine scenarios at the time in that the
IPBES report is a successor of the Millennium Ecosystem
Assessment published in 2005.
Fig. 7 shows that two scenarios (i.e., Adapting Mosaic
and TechnoGarden) are expected to improve ecosystem
services compared to the other two scenarios (i.e., Global
Orchestration and Order from Strength). Then, is it possible
to realize these two scenarios if countries around the world
make efforts in collaboration? Unfortunately, it is hard to
achieve that if we look into other aspects as summarized in
the following table (Table 2).

Fig. 6. Analytical conceptual
framework of IPBES. Own
drawing based on IPBES (2013;
2017).
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Fig. 7. Change of ecosystem services in 2050 (relative to 2000) according to different scenarios.
Source: Millennium Ecosystem Assessment (2005, p. 80).
Table 2. Change of human wellbeing in 2050 (relative to 2000) according to different scenarios.
Services

Global Orchestration
Industrial
countries

Developing
countries

Order from Strength
Industrial
countries

Developing
countries

Note: = increase,
= remains the same as in 2000,
Source: Millennium Ecosystem Assessment (2005, p. 78).

= decrease

Adapting Mosaic
Industrial
countries

Developing
countries

TechnoGarden
Industrial
countries

Developing
countries

Material well-being
Health
Security
Social relations
Freedom and choice

As shown in Table 2, rich and poor countries each
have different sectoral impacts under ecosystem services
scenarios. Under the Adapting Mosaic scenario, there is
a general improvement of human welfare. If the material
welfare in developed countries is stagnant, it is likely for
them to avoid the scenario. The TechnoGarden scenario can
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be regarded as a scenario with insufficient ‘inclusiveness’
as it predicts that social relationships would deteriorate
regardless of national income levels. Such difference triggers two problems. First, if differences in expectations follow predictions of the model, it reveals that SDGs based
on compromises and agreements between richer and poorer
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Conflicts between policies and legislation
Conflicts between climate change response policy and
biodiversity-ecosystem services policy
Climate change response policies could conflict with
biodiversity and ecosystem services policies. In other words, policies where there are improved biodiversity
and ecosystem services with better inclusiveness may fail
to prevent climate change. Table 3 shows estimates of
greenhouse gas emissions for a sustainable future agreed
in the Paris Agreement. They were compiled by the UNEP.

or between developed and developing countries are not
common goals for all countries. Second, South Korea
should define itself as an advanced/rich country or a
developing/poor country before setting policy targets
related to biodiversity and ecosystem services. Depending
on whether South Korea adopts development/environmental policies favored by developed coutries or policies
preferred by developing countries such as South America,
resultant national welfare levels and social and ecological
indicators will be different. Scenarios of the Millennium
Ecosystem Assessment explicitly show differences.

Table 3. Future global greenhouse gas emissions according to scenarios of the 5th Assessment Report of IPCC and later
studies
Annual emissions of global total greenhouse gases [GtCO2e/yr]
Limiting warming in 2100

2020

2025

2030

2050

2100

1.5 °C (>50% in 2100)

56

47

39

8

-5

2 °C (>66% in 2100)

52

48

42

23

-3

2 °C (50-66% in 2100)

53

50

47

28

-1

Source: UNEP (2015).

However, according to scenarios of the Millennium
Ecosystem Assessment (MEA), it does not seem easy to
respond to climate change impacts. As for global GHG
emissions in 2050, according to the IPCC, it cannot reach
the RCP 2.6 emissions scenario satisfying the target level
of climate change agreed in the Paris Agreement. Yet the

TechnoGarden scenario of the MEA predicts that emissions satisfying the scenario with temperature rise limited to 2°C have a probability of 50–66 percent (Table 4).
Under other scenarios, it is difficult to expect a sustainable
climate system. Yet, the TechnoGarden scenario is highly
likely to have insufficient inclusiveness as shown earlier.

Table 4. Global greenhouse gas emissions in 2050 according to scenarios (Gt CO2 equivalent)
(1)

IPCC 5th Assessment Report

Scenario

CO2

CH4

N2O

Others

Total

RCP 2.6

12.4

4.0

1.9

1.0

19.3

RCP 4.5

41.4

7.0

2.7

0.8

51.8

RCP 6.0

46.1

7.5

3.3

0.8

57.6

RCP 8.5

76.2

14.2

4.0

1.7

96.1

(2)

Millennium Ecosystem Assessment

Scenarios

CO2

CH4

N2O

Others

Total

TechnoGarden

17.2

5.9

2.2

0.7

26.0

Adapting Mosaic

48.8

11.7

3.3

2.2

66.0

Order from Strength

56.5

12.1

4.0

1.8

74.4

Global Orchestration

73.7

13.6

4.0

2.6

93.9
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If there is no development pathway that satisfies climate change mitigation and biosphere conservation at
the same time, South Korea should clarify its own identity, promoting consistent inclusive green growth policies in the long term. For instance, inclusiveness can be
improved by considering measures such as enhancing climate change adaptive capacity for all social classes and
their settlement areas rather than technology development. On the contrary, if South Korea chooses optimal
GHG mitigation policies to alleviate climate change in line
with the international community’s expectation, there
should be inclusive policies considering developing countries while preparing countermeasures against advocates
that prioritize economic growth and competitiveness.

Legal issues
Considering such international community’s discussions, it is necessary to take into account of legal issues
of inclusive green growth policies from a long-term perspective. For example, when defining ecosystem services, its value judgment of human beings is inevitable.
It is difficult to give a definition that all society members
or all countries agree on. Thus, a complicated process is
required to confirm the definition between researchers
in biodiversity and ecosystem services (Borie & Hulme,
2015). In addition, even though a particular organization
defines some terms, there is another difficulty in diffusing
the knowledge about such terms into diverse sectors of
the society. In this regard, the creation or revision of laws
and systems regarding ecosystem services is inevitably
more difficult than handling environmental issues with
clear characteristics and scopes such as ‘climate change’
(Maczka et al ., 2016).
In response to these issues, as seen in the above-mentioned theoretical background, if South Korean constitution or law guarantees basic rights of Mother Earth, it
would have a stronger say in the international community and help implement inclusive policies. It will also help
institution support proactive environmental policy measures classified as desirable by IPCC’s modeling scientists
among pathways to green growth (van Vuuren & Carter,
2014) while gaining less attention than reactive measures
(Vanhulst & Beling, 2014).

Discussion
The Republic of Korea has led green growth agenda in
the international community and received a good reputation at early stages. As developing countries have criticized that green growth policies in richer countries have
insufficient ‘inclusiveness,’ the UN advocated ‘inclusive
green economy’ and confirmed SDGs in 2015. Under such
circumstances, South Korea has adopted ‘inclusive green
growth’ (Government of South Korea, 2016).
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When South Korea joined the Kyoto Protocol in 1997, no
country reacted against Seoul’s categorization as a developing country. However, in the last two decades, South
Korea has economically grown, leading to higher expectation from the international community. In this sense, South
Korea is bound to face limitations if it responds to international agendas and establishes domestic policies from a
developing country’s perspective.
In particular, South Korea should revise or reset the
direction of its ‘inclusive green growth policy’ if it considers three agendas of sustainable development such as
SDGs, Response to Climate Change, and Management of
Biodiversity and Ecosystem Services.
International discussions on sustainable development
of the Earth system began with the concept of ‘sustainable
development’ which emphasized environmental importance. These discussions have evolved into ‘green growth’ in
which environmental issues (e.g., climate change responses) and economic growth are simultaneously considered in
South Korea and OECD member states. Furthermore, these
discussion have led to the ‘inclusive green growth’ concept,
while developing countries have claimed that developed
countries have historic responsibilities of causing climate
change and their duties.
In response to international discussion trends, South
Korea must determine policy responses. That is, whether it
will take a position as a developed country or a developing
country. Based on results of this paper, the following principles or directions of several countermeasures are suggested.
First of all, in order to preemptively achieve SDGs, the
South Korean statistical system must be reorganized so that
performance levels of ‘inclusiveness’ and ‘green growth’ in
main government policies and implementations could be
tracked. Second, climate change response policies should
encompass (cross-sectoral) inclusiveness at levels of countries and social classes. Third, in fields of biodiversity and
ecosystem services, the country must clarify its national
identity, particularly regarding the concept ecosystem services, while conducting systematic research on traditional ecological knowledge. Fourth, it is necessary to consider
how to solve conflicts between climate change policies and
biodiversity/ecosystem services management policies. Finally,
it seems that legal discussions should be initiated to promote inclusive green growth proactively and preventively.
This study is expected to contribute to discussions on how
to improve sustainability in the formulation and implementation of main South Korean policies and on how to set the
national status in the international community as a developed or developing country or an intermediate position.
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ABSTRACT
The era of mass production of agricultural and dairy systems inevitably causes a huge amount of biowastes during their processes.
Modern consumption patterns of the general public also contribute to biowaste formation. Thus, processing biowastes has attracted
much attention. The introduced black soldier fly (BSF) (Hermetia illucens ) is considered as one of environmentally friendly management options for solving biowaste issues. However, an indigenous species, Ptecticus tenebrifer , is also a powerful decomposer that
has been largely neglected. This species can be easily found on biowastes such as manure dump, agricultural wastes, and human
food wastes. It can be also easily found in the field. It is even attracted to a food trap. To the best of our knowledge, this is the first
ecological study on this species.
Keywords: Biowaste, Black soldier fly, Genetic structure, Hermetia illucens , Ptecticus tenebrifer

Introduction
In terms of nutrient cycling in the ecosystem, carbon
fixation by photosynthesis has been paid much attention
(Blodau, 2002; Nielsen et al ., 2011; Zhi et al ., 2015).
However, when trophic level is considered, there are a lot
more actors involved. For example, decomposers such as
microbes have an essential role in the cycle (Moorhead et
al ., 2014). In this regard, insects also play a pivotal role
in degrading ingredients by simply consuming organic
materials. In this way, organic materials are incorporated
into nutrient cycling. Most notably, black soldier fly (BSF),
Hermetia illucens (Diptera; Stratiomyidae), has been utilized for processing manures and other organic wastes such
Received January 5, 2021; Revised March 30, 2021;
Accepted March 30, 2021
*Corresponding author: Gilsang Jeong
e-mail gilsangj@nie.re.kr
https://orcid.org/0000-0001-8297-3532

as human food waste (Kim et al ., 2008; Lord et al ., 1994;
Park et al ., 2017; Sheppard et al ., 1994). In Korea, this insect is in mass production since its accidental introduction
in early 2000s (Kim et al., 2008). This insect is also easily
noticeable with its metallic black color. However, due to
its sensitiveness to temperature and light availability, it is
somewhat limited both in annual and diurnal activities.
Family Stratiomyidae is composed of at least 150 species worldwide (Rozkošný & Kovac, 2000). In Korea, 15
species belonging to this family have been identified (Paek
et al ., 2010). Among them, Ptecticus tenebrifer is native
to Korea. It seems to have remarkably similar ability to
decompose organic materials as H. illucens does. Larvae
of this insect consume wastes until they molt into pupae.
Its adults usually hover over wastes. With this regard, we
hypothesized potential competition between these two
species in their adult stage to keep others from laying
eggs in wastes. Thus, the objective of this study was to
investigate their distribution and adult fighting to see
their potential competition in the natural field.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/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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Materials and Methods
Locations of the insect
In 2019, we surveyed 22 sites based on administrative

district nationwide. Both adult insects were marked as
presence/absence. Types of the wastes were also described
(Table 1). These insects were also collected using insect
nets for future genetic analyses.

Table 1. Observation sites and presence of H. illucens
Region

1

2

3

4

5

6

7

Location
Anseong
Seongnam
Yangpyeong
Gwangju
Seocheon
Gunsan
Cheongyang
Boeun
Goesan
Cheongwon
Hampyeong
Jangseong
Damyang
Haman
Goseong
Changwon
Bongwha
Youngju
Andong
Inje
Pyeongchang
Yangyang

Organic materials

Lat.

Long.

AW
AW
AW
AW
FW
AW
M
CC
AW
CC
AW
FW
FW
AW/FW
FW
FW
AW
AW
FW
FW
AW
FW

37.02
37.38
37.42
37.42
36.03
35.97
36.45
36.59
36.66
36.58
35.08
35.42
35.31
35.27
35.01
35.25
35.27
36.95
36.77
38.03
37.64
38.08

127.29
127.13
127.24
127.24
126.73
126.74
126.70
127.71
127.74
127.51
126.52
126.85
126.92
128.40
128.31
128.58
128.40
128.62
128.81
128.47
128.50
128.67

H. illucens

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes

Region 1: Gyeonggi, 2: Chungnam, 3: Chungbuk, 4: Jeonnam, 5: Gyeongnam, 6: Gyeongbuk, 7. Gangwon.

Mitochondrial (Mt) CO1 gene sequence and phylogenetic analysis of Stratiomyidae
Genomic DNA (gDNA) was extracted from the posterior end of each individual using a commercial kit (ExGen
Tissue SV, Geneall, Korea, Cat No. 104-152) according to
the manufacturer’s instructions with slight modifications.
Extracted gDNA was kept at -20°C until further analyses.
PCR was performed on a thermocycler (Peqlab, Germany).
LCO-1490 (GGT CAA CAA ATC ATA AAG ATA TTG G) and
HCO-2148 (TAA ACT TCA GGG TGA CCA AAA AAT CA)
were used to obtain partial sequence of Mt-CO1 gene.
PCR conditions were: pre-denaturing for 3 min at 94℃;
35 cycles of 1 min at 94℃, 1 min at 55℃, and 1 min at
72℃; and a final extension step for 4 min at 72℃. PCR reaction had a total volume of 20 ㎕, containing 0.5 mM of each
primer and 1 ㎕ of gDNA in the premix (Intron, Korea).
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A total OF 196 individuals of P. tenebrifer were tested for
this genetic study.
Data analyses
Resultant CO1 sequences were aligned and analyzed
initially on MEGA (Tamura et al ., 2013; Thompson et al .,
1994). Haplotype frequency was determined using DnaSP
version 5 (Librado & Rozas, 2009). Genetic distance and
diversity among haplotypes were calculated after selecting the best fit model for haplotypes on MEGA. Maximum
likelihood was adopted to infer phylogenetic relationship
of insects within the family using 1000 boot strapping on
MEGA (Tamura et al ., 2013). Analysis of molecular variance was conducted to determine the population genetic
structure with 1000 permutations among regions including Fst statistics on Arlequin (ver. 3.5.1.2) (Excoffier &
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Lischer, 2010). Additionally, neutrality tests were performed to determine whether the gene was subjected to a
neutral evolution model Arlequin (ver. 3.5.1.2) (Excoffier
& Lischer, 2010; Tajima, 1989). All other sequences were
retrieved from GenBank.
Competition over resources
To test whether there was a potential conflict between
the two insects, we observed contact interactions between
adults of both insects. In this study, we were unable to
examine larval stage competition.

Results and Discussion
Distribution
Results showed that these insects were distributed
nationwide. Both insects were located on or near food
wastes, organic wastes from various farm lands, and
manures from cattle sheds (Fig. 1). Contrary to P. tenebrifer , BSF was found in eight localities (Table 1). This
might mean that the introduced BSF is still in its expansion process. We were unable to estimate local population
sizes of the two in this study.

Fig. 1. Typical types of habitats of P. tenebrifer
A: Food waste trap (Seocheon), B: Agro waste (Seongnam), C: Chicken coop (Cheongju), D: Manure (Cheongyang).

Genetic analysis of partial CO1 gene
Results showed that there was no genetic isolation
among seven regions (Fst: 0.01935, p > 0.05). The genetic diversity of the insect can be explained by the diversity
within populations (Table 2). In fact, the insect has very
robust wings and flies actively. Therefore, it may fly or
spread long distance and exchange genes in a frequent
manner. Two neutrality tests showed negative values with

https://doi.org/10.22920/PNIE.2021.2.2.96

opposite statistical values (Table 3). It is too early to conclude that the population has expanded recently. Further
study is needed to reach conclusion on its population size
change. Compared to P. tenebrifer , BSF showed a remarkably lower genetic diversity (Table 4). This indicates that
the insect might have experienced a genetic bottleneck in
the introduction period, although there is no conclusive
evidence (Park et al ., 2017).
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Table 2. Genetic differences among regions (Fst)
Source of variation

d.f.

Sum of squares

Variance components

Percentage of variation

Among 7 groups
Among populations within groups
Within populations
Total

6
15
174
195

5.721
13.94
138.681
158.342

0.00071Va
0.01502Vb
0.79702Vc
0.81274

0.09
1.85
98.07

Table 3. Neutrality test for population expansion
Neutrality

Mean ± s.d.

Tajima's D

No. samples
S
Pi
Tajima's D
Tajima's D p-value

8.9±1.6
5.59±2.19
1.59±0.51
-0.91147±0.60203
>0.1

Fu's Fs

No. alleles
Theta pi
Exp. No. of alleles
FS
FS p-value

5.5±1.3
1.59308±0.50839
3.40424±0.57807
-2.2768±1.21631
<0.05

Table 4. Comparison between P. tenebrifer and BSF

No. tested
No. haplotypes
Genetic diversity

P. tenebrifer

H. illucens

245
10
low

196
46
high

Phylogenetic status of P. tenebrifer
Results of phylogenetic analysis showed that P. tenebrifer was grouped with P. trivittatus , a Stratyiomidae sp.
and H. illucens (Fig. 2). This was unexpected since H. illucens was placed as an outgroup. This result may reflect
that partial gene sequence is not appropriate to resolve
the phylogenetic status of this taxa. More sequence
data are needed to further understand their evolutionary
relationship.

Fig. 2. Phylogenetic relationships of P. tenebrifer with
other Stratiomyid insects
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Competition over the resources
We initially hypothesized that the exotic BSF might
encounter severe competition with the endemic P. tenebrifer over resources (Park et al ., 2017). Although both
insects frequently flied over organic matters, there was no
detectable competition between the two. Instead, intraspecific interaction, flight interruption, was routinely
observed, especially for P. tenebrifer adults. This indicates
that the introduced BSF might not have experienced any
barrier in its settling period. Whether BSF competitively
exclude the endemic P. tenebrifer in the future remains
unknown.
In the field, P. tenebrifer should play a pivotal role
in decomposing organic wastes. In the future, its ability to decomposition should be assessed. Recently, larvae
of the insect have been tested as a food source for pigs
(Ao & Kim, 2019). Therefore, this insect should be taken
care of for future insect industry. This also will help protect invaluable genetic resources. In conclusion, this study
shows that P. tenebrifer inhabits nationwide and that its
genetic diversity is higher than that of BSF. There may be
no interruption between these two insects. However, this
needs to be elaborately examined in the future.
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ABSTRACT
The objective of this study was to analyze social wasps’ urban distribution tendency based on 10 species found in two metropolitan
cities (Busan and Daegu) of South Korea. There 10 species included six species (Vespa mandarinia, V. ducalis, V. crabro flavofasciata,
Vespula koreensis koreensis, Parapolybia indica, and Polistes snellen i) of forest dwellers that inhabited urban main forests and satellite forests, two species (V. simillima simillima and V. analis parallela) of facultative dwellers that nested at diverse sites of urban areas
with greater preference for urban forest, and two species (V. velutina nigrithorax and P. rothneyi koreanus ) of urban dwellers that
nested at almost all sites, including urban and forest areas. These urban dwellers were found to adapt well to an urban environment
based on their far higher rate of urban nesting compared to facultative dwellers. When distribution tendencies of facultative dwellers
and urban dwellers in Busan and Daegu were compared, a regular distribution was mostly observed in Busan with a dense forest network. For Daegu that lacked forest connectivity, the greatest distribution of species was found in the nearby urban forest. For Daegu,
a city further away from forests, urban dwellers occurred far beyond forest sites compared to Busan with a dense forest network.
Keywords: Distribution, Facultative dwellers, Forest dwellers, Metropolitan city, Urban dwellers, Vespidae

Introduction
Rapid increases in social hymenoptera in urban areas
of South Korea have become a social problem due to the
serious harm that they inflict. In Seoul, there has been a
4.5-fold increase in 119 emergency calls to remove nests
of social wasps over the last 10 years. In 2009, there were
a total 2,949 reports. This phenomenon has occurred similarly in other metropolitan cities (Choi et al ., 2012a).
Habitat overlap of humans and social wasps during
South Korea’s rapid urbanization in the 1970s through
1990s has led to the destruction of social wasp nests.
There were remarkable reductions in all social wasp species (Kim & Moon, 1994). Social wasps tend to increase in
Received March 27, 2021; Revised March 31, 2021;
Accepted April 1, 2021
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urban areas in line with conservation of forest areas and
green parks according to recent shifts in urban green policies (Moon, 1998; Moon & Choi, 1999). Social wasps can
easily adapt to various environments if a minimum habitat threshold for nesting is allowed. Although social wasps
can cause serious harm to urban habitats, they can also
be used as an index of nature in an urban ecosystem (Kim
& Moon, 1994).
Previous studies have reported the predominance, invasion, and general distribution of social wasps in large
cities of South Korea such as Busan (Choi & Moon, 2005;
2006; Choi et al ., 2012b), Daejeon (Choi et al ., 2006), and
Seoul (Choi et al ., 2012a). However, such studies were
either limited to certain species or they merely discussed
distributions according to forest without address comprehensive distribution characteristics, including distribution
characteristics of diverse species and relations with forest.
Therefore, this study selected 10 species frequently
dwelling in large cities and mapped their distributions,
followed by analysis of distribution tendencies of each
species. In addition, we analyzed distribution tendencies of

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/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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social wasps based on distributional difference in urban
forests between two cities: Busan and Daegu. It is crucial
to preparing a countermeasure for public health and safety issues stemming from social wasps in urban areas for
the future.

Materials and Methods
Categories of social wasps by habitat
In this study, social wasps were classified into three
categories by habitat. 1) forest dweller, social wasps that
not only nested but also foraged within an urban forest;
2) facultative dweller, social wasps that were able to nest
and forage in urban areas apart from urban forest; and 3)
urban dweller, social wasps that preferred urban areas to
urban forest for nesting and foraging.
Types of urban forest
This study was divided urban forest into two types
based on its size and function in the urban area (Oh et
al ., 2010): 1) urban main forest (UMF), large forest as a
biogical source for small forests in urban areas (e.g., core
forest, large urban forest, source forest); 2) urban satellite
forest (USF), small and medium forests around UMF (e.g.,
city park, medium or small urban forest).

Survey area
The first survey area, Busan, is Korea’s second largest
metropolitan city. It is located at the southernmost part of
the country. Daegu, is the third largest metropolitan city.
It is located in the country’s southern central part (Fig. 1).
These two cities have quite different topographic features.
Busan is equipped with a fragmented forest network consisting of UMF as well as USF. On the other hand, Daegu,
which has a typical inland basin landform, is surrounded
by forests in the outskirts with only 6-7 small forest parks
within the city, lacking UMF within the city. Thus, the city
structurally faces difficulty in proper formation of a forest
network. As nesting of social wasps is largely affected by
forest or green areas. These two cities are deemed as very
appropriate sites for studying distribution characteristics
of urban social wasps through comparison of their distributions (Fig. 1).
Data collection and analysis
Individual social wasps used in this study were based
on specimens collected since 2000 and stored at the
Department of Biological Science, Kosin University, Busan and the School of Applied Biosciences, Kyungpook
National University, Daegu. A supplementary survey was
conducted during 2010-2012 at areas that were found to

Fig. 1. Survey areas of social wasps and forests in
Busan and Daegu
In Busan:
① Mt. Sanggyebong (N35°13′06.84” E129°03’38.03”),
② Mt. Yunsan (N35°14’01.53” E129°06’45.74”),
③ Mt. Baekyangsan (N35°10’53.90” E129°01’36.48”),
④ Mt. Jangsan (N35°10’22.09” E129°08’55.79”),
⑤ Mt. Eomgwangsan (N35°07’58.89” E129°02’09.02”),
⑥ Mt. Hwangryeongsan (N35°09’07.01” E129°06’03.58”),
⑦ Mt. Maansan (N35°12’36.87” E129°05’33.35”),
⑧ Mt. Okbongsan (N35°12’27.03” E129°06’43.97”),
⑨ Mt. Baesan (N35°10’46.67”E129°05’38.79”),
⑩ Mt. Baeksan (N35°09’43.27” E129°07’30.19”)
In Daegu:
ⓐ Mt. Hamjisan (N35°54’46.21” E128°34’09.17”),
ⓑ Mt. Yongamsan (N35°55’48.70” E128°38’21.51”),
ⓒ Mt. Apsan (N35°49’42.33” E128°35’24.15”),
ⓓ Mt. Beopnisan (N35°49’05.76” E128°37’49.03”),
ⓔ Mt. Muhaksan (N35°49’41.13” E128°39’21.01”),
ⓕ Mt. Duribong (N35°50’43.63” E128°39’24.96”),
ⓖ Mt. Hyeongjebong (N35°51’35.79” E128°39’52.52”),
ⓗ Chimsan park (N35°53’38.31” E128°35’02.40”),
ⓘ Yeonam park (N35°53’55.12” E128°35’56.72”),
ⓙ Daebul park (N35°54’13.61” E128°36’53.71”),
ⓚ Geumho riverside (N35°54’33.72’E128°37’45.06”),
ⓛ Dalseong park (N35°52’21.09” E128°34’37.46”),
ⓜ Duryu park (N35°50’58.80” E128°33’35.35”),
ⓝ Beomeo park (N35°50’53.74” E128°37’51.63”),
ⓞ Beomeo citizen park (N35°51’45.79” E128°37’52.85”)
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provide poor information within the scope of this research
according to the purpose of collection or difference of
methods. As both cities had been surveyed for urban forests or large green parks, this study collected specimens
mainly from houses and apartment complexes, small
parks, flower beds, and street trees for urban landscapes
located at Suyeong-gu, Yeonje-gu, Dongrae-gu, and
Busanjin-gu in Busan and at Nam-gu, Jung-gu, and Bukgu in Daegu. Every year, collection was carried out at different places to avoid overlapping of research areas.
Collection period was from July to September when
social wasps showed robust activity. Collection was carried
out by annually installing 50 pieces of social wasp-inducing traps used by Choi et al . (2012b). Individual social
wasps found during collection were additionally collected
using netting. Individuals found during the supplementary survey were kept at Pest Ecology Lab at the School of
Applied Biosciences, Kyungpook National University. For
distribution mapping, the Point Pattern Analysis (PPA)
method of Geographical Information System (GIS) per
Choi et al . (2012a) was used. The map used was the 4th
forest cover map of the Korea Forest Service. The distance
from each forest boundary was measured using an algorithm of buffering in ArcMap v.9.3 (copyright at ESRI)
that could create a new feature containing a set of buffer
distances. The distance in the map appeared at intervals
of 100 meters. The number of each species was counted
based on this interval.

Results and Discussion
Social wasps surveyed in both cities
Social wasps surveyed in both cities comprised a total
of 19 species belonging to two subfamilies (Vespinae and
Polistinae). Of these, Vespa dybowskii, Polistes chinensis antennalis, P. yokahamae, P. djakonovi, P. japonicus
japonicus, P. mandarinus, and P. nipponensis showed
very poor distribution. Thus, they were excluded from
this study due to difficulty in explaining their distribution
characteristics. Parapolybia varia and Vespula flaviceps
flaviceps that showed almost the same nesting nature as
Pa. indica and Vl. koreensis koreensis were also excluded from this study. Thus, this study conducted analysis of
distribution characteristics for 10 species (Figs. 2 and 3).
Distribution of social wasps in both cities
Six species are typical forest dwellers inhabiting interior and edges of UMF and USF in Busan and Daegu (Fig.
2). Above all, V. mandarinia nests in the underground of
open forests and forages for large insects with less agility.
As it needs sufficient green space for its feeding sources,
it inhabits UMF and larger USF (Figs. 2E and 2F). V. ducalis, V. crabro flavofasciata, and Vl. koreensis koreensis for
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age for small, medium insects. V. ducalis in particular forages for paper wasps, inhabiting small and medium USF
as well as UMF (Figs. 2A-2D, 2G, 2H). V. crabro flavofasciata and Vl. koreensis koreensis are sometimes found in
urban areas near urban forests. As their foraging distances
are in the upper 100-1000 m and 100-400 m, respectively (Matsuura & Yamane , 1990), they often fly near urban
residence areas and parks if necessary and feed on carbohydrate and protein sources from wastes or small flower beds. However, because most of them are nesting in
urban forests, they do not actually pose a direct threat to
urban areas. Pa. indica and P. snelleni inhabit UMF and
sporadically appear in some USFs (Figs. 2I~2L). Pa. indica
nests on branches. P. snelleni has been observed in various places such as among bushes as well as eaves and
walls of houses. Polistes species , which has a short foraging distance of around 20-150 m (Hibino, 1981; Kasuya,
1980; Prezoto & Gobbi, 2005), rarely flies out of forest
like Vespinae and forages for small insects with soft skin
like Lepidoptera larva around its nests. Thus, it has almost
no urban activity with little harmful effects.
On the other hand, the rest four species are facultative
dwellers that can nest and forage in urban forest as well
as urban area. V. simillima simillima and V. analis parallela have a higher nesting rate in urban forests with regard
to their distribution. They tend to nest on diverse sites
from edges of urban forests to inner parts of cities. They
commonly nest on open spaces such as walls in urban
buildings, canopies, and under eaves from a hanging nest.
They frequent fly from urban nests to nearby forest or
from forest to near cities in order to take in carbohydrate
sources from nearby waste or obtain protein sources from
small, medium insects near urban parks or from large
insects (e.g., large cicadas among street trees in summer)
in cities (Park, 2010). Accordingly, they are able to inhabit
urban environments easier than forest dwellers nesting on
a natural matrix.
V. simillima simillima shows up near urban forest. It
may fly up to around 400-600 m of the city from urban
forest (Figs. 3C, 3D; 4A, 4B) and nest on various artificial structures. It has the highest rate of urban inhabitation among native Vespa species (Choi & Moon, 2005).
V. analis parallela also appears in urban areas (Figs. 3A,
3B; 4A, 4B). Under eaves, it mainly nests on bushes in
urban forest with relatively less diversity of urban nesting
sites and lower ratio compared to V. simillima simillima .
They have a smaller nesting size than natural nests. They
mostly appear within 1 km of forest. They are most likely to pose harm to central parts of cities with a foraging
distance of 1000-2000 m (Matsuura & Yamane, 1990).
Particularly, taking Vespa species like paper wasps (Polistes
or Parapolybia) into account, their aggression may threaten human life. Thus, urgent countermeasures are required

PNIE 2021;2(2):101-107

Distribution of Social Wasps

from the perspective of urban public health.
V. velutina nigrithorax and P. rothneyi koreanus were
found to nest on most sites, including urban areas and
forests. They have a far higher rate of urban nesting than
facultative dwellers (Figs. 3E~3H).
Since its first invasion to Busan in 2003, V. velutina
nigrithorax , a subtropical species, has quickly spread across

the country and urban areas (Choi et al ., 2012b; 2013;
Jung et al ., 2009; Jung, 2012a; 2012b; Kim et al ., 2006).
It mainly nests on walls and under eaves of urban buildings. It prefers to nest on street trees and trees in urban
parks. It has the highest agility among Vespa species. It
seems to have the greatest advantage of foraging in an
urban environment. Its distribution in Busan is the greatest,

Fig. 2. Distribution of six forest
dwellers in Busan and Daegu
A: V. crabro flavofasciata (Busan);
B: V. crabro flavofasciata (Daegu);
C: V. ducalis (Busan) ; D: V. ducalis
(Daegu); E: V. mandarinia (Busan);
F: V. mandarinia (Daegu); G: Vl.
koreensis koreensis (Busan); H:
Vl. koreensis koreensis (Daegu); I:
P. snelleni (Busan); J: P. snelleni
(Daegu); K: Pa. indica (Busan); L:
Pa. indica (Daegu)

Fig. 3. Distribution of four urban
& facultative dwellers in Busan and
Daegu
A: V. analis parallela (Busan);
B: V. analis parallela (Daegu);
C: V. simillima simillima (Busan);
D: V. simillima simillima (Daegu);
E: V. velutina nigrithorax (Busan);
F: V. velutina nigrithorax (Daegu);
G: P. rothneyi koreanus (Busan);
H: P. rothneyi koreanus (Daegu)
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within 500 m from an urban forest. Given its distribution
up to 1,500 m, it is safe to assume that they are spread
out in all parts of the city (Figs. 3E, 4A). According to
Choi et al . (2012b), this species is very often found in
urban forest as well as downtown throughout the whole
city of Busan. It has an absolute predominance in urban
areas as its presence in downtown has exceeded 90%
whereas the presence of V. simillima simillima and V. analis parallela has decreased to below 5%.
It was believed that V. velutina nigrithorax was introduced to France for the first time in 2004 (Haxaire et al .,
2006; Villemeant et al ., 2011a; 2011b). A recent survey in
France has shown that almost half (49%) of its population
are found in urban areas (Villemant et al ., 2011b). This
is because its nests can be easily found in densely populated urban areas compared to rural areas (Rome et al .,
2009). In Korea, however, it seems that factors affecting
urban nests also include growth of green space, stability
of nesting place, urban heat, and lack of natural predators
and parasitoids as suggested by Choi et al . (2012a). The
spread and predominance of new hornets in the city may

cause a serious problem in terms of public health. Indeed,
reports to remove nests of V. velutina nigrithorax in
Busan in 2010 reached 41%, almost double that of P.
rothneyi koreanus (22%) distributed in the past (Choi et al .,
2012b).
Increased venomous Vespa species compared to existing Polistes with less venom in the city may cause very
serious harm to urban areas. Particularly, V. velutina
nigrithorax is the most aggressive wasp towards humans
with the largest number among hornets (Martin, 1995;
Matsuura, 1973). Therefore, perfect administration to
prevent its harmful effects on humans is urgently needed from the prospective of public health in the future
(Choi et al ., 2012b). Meanwhile, only four specimens were
found in Daegu, suggesting the initial stage of invasion of
V. velutina nigrithorax . Each specimen was collected within 100 m, 300 m, and 2,500 m of the urban forest. The
spread of this species and its victims may become more
widespread in urban area of Daegu in the future (Figs. 3F
and 4B).

Fig. 4. Comparison of distribution
tendencies depending on distance
for urban forest of four urban
and facultative dwellers in Busan
(A) and Daegu (B). The solid and
dotted lines indicate the cumulative
number of individuals with distance
from the edge of urban forest
and its trend line, respectively.
Each distance values are based on
collecting sites (point) of Fig. 2, 3.
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P. rothneyi koreanus is most commonly found in
urban areas. It makes up the largest part of harmful
species of urban social wasps (Choi & Moon, 2005; Choi
et al ., 2006; 2012b). With regard to its distribution,
it nests near the innermost of urban areas and within
1,500 m and 2,500 m of forest in Busan and Daegu,
respectively (Figs. 3G, 3H; 4A, 4B). Its nesting sites
include a diverse range of artificial structures such as
under weaves, window frames, and walls of buildings.
Owing to its foraging distance being within 50 m (Hibino,
1981), it seems that it prefers to seek feeding sources
in small forest within its foraging distance regardless of
forest size. It is often seen to use flyer sheets and waste
papers as nest materials, suggesting its adaptation to
urban environments. This species is the largest and most
aggressive paper wasp with a colony size of around 100200 individuals. However, its harmful effects are far
weaker than hornet (Vespa ) and yellowjacket (Vespula ).
However, since it nests at urban areas where it might
directly encounter people, it has been recognized as the
most dangerous species to humans as classifying the
species of Vespidae is not possible.
Comparison of the distribution of social wasps based
on distribution of forests in Busan and Daegu
Outside Busan, there are five forests. In the interior,
there are one UMF and four USFs of small and medium
spread loosely in between (Fig. 1). In Busan, there are
a number of USFs. These UMFs function as bridges,
forming a green network with diverse interactions (Oh et
al ., 2010). Thus, social wasps are able to inhabit not only
forests and edges of forests, but also areas close to forests
and deep into urban areas depending on the distribution
of forests, nesting, and foraging distance.
On the other hand, in Daegu, a typical inland basin
city, there is one UMF at the outskirts of the city. Its
interior is comprised of small urban forest parks such
as Duryu Park (Fig. 1). A number of USFs are located far
from the exterior UMF with a low green density. They are
not sufficient to function as a bridge to connect Daegu’s
green network. Therefore, except for certain social wasps
that are adapted to an urban environment, most social
wasps tend to habitat in forests or nearby compared to
those in Busan.
As shown in Fig. 4, we found that regression curves
for P. rothneyi koreanus had much steeper slopes than
those for other species. This meant that P. rothneyi koreanus was already well distributed in most urban areas. On
the other hand, curves for P. rothneyi koreanus in Busan
had a much steeper slope than those in Daegu. This could
mean that Busan’s architecture is more accommodating for wasps to inhabit them in an ecological network.
According to Oh et al . (2010), the mean distance from
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UMF to USF in Busan is 1,289 m, which is smaller than that
in Daegu at 2,281m. This could mean that P. rothneyi
koreanus has efficiently spread out using urban forests as
stepping stones within the urban ecological network.
Consequently, the distribution of social wasps known
to cause harm to urban areas is directly affected by the
distribution of urban forests, which might be a cause of
the recent rapid increase of social wasps in urban areas.
However, as local community is not in a position to
decrease the number or size of urban forests due to social
wasps, diverse countermeasures such as control of colonies of social wasps according to lifecycle and arrangement of substitute habitats are needed.
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ABSTRACT
Detrimental effects of inbreeding have been studied by many researchers for a long time. However, only a few studies have shown
the occurrence of inbreeding depression due to evolutionary changes as a purging process. In this study, two different populations
(inbreeding and outbreeding) of Drosophila melanogaster were compared to assess inbreeding effects on artificial population bottlenecks. For inbreeding conditions, a couple of D. melanogaster (one virgin and one male) were selected from an inbred population
and cultured in a vial. For outbreeding conditions, a couple of D. melanogaster were selected from different populations and cultured
in a vial. There were significant differences in body lengths of adults, but not in other parameters such as the total number of adults,
the rate of survival, and the rate of wing mutants. The mean body length of adults of outbreeding populations was longer than that
of inbreeding populations in the first generation (G1; P = 0.004), but not in the second generation (G2; P = 0.066). Although the
other three parameters (total number of adults, rate of survival, and rate of wing mutants) showed differences in their mean values
between inbreeding and outbreeding populations, these differences were not statistically significant. This might be due to genetic
purging. This study demonstrated one additional experimental case related to inbreeding depression in artificial bottlenecked populations. Further studies are necessary to confirm the clear interaction between inbreeding depression and genetic purging using more
generations and replicates (or samples) of D. melanogaster.
Keywords: Body length, Bottleneck, Fitness, Fruit fly, Inbreeding, Outbreeding

Introduction
Detrimental effects of inbreeding have been studied
for many centuries. They have been subjects of extensive
discussion from a number of perspectives (Charlesworth &
Charlesworth, 1987; Darwin, 1876; 1885; Lerner, 1954).
The loss of fitness that accompanies the increase in homozygosity due to inbreeding is referred to as inbreeding
depression. Most fitness effects are thought to be due
to increased homozygosity for recessive deleterious alleles (Charlesworth & Charlesworth, 1987). The level of
inbreeding depression expressed for a given population
mainly depends on the rate of inbreeding (Bijsma et al .,
1999). Although the phenomenon of inbreeding depression
Received March 23, 2021; Revised April 2, 2021;
Accepted April 2, 2021
*Corresponding author: Baek-Jun Kimi
e-mail naturalist71@nie.re.kr
https://orcid.org/0000-0002-8207-1931

has been observed, only a few studies have shown the occurrence of inbreeding depression in natural populations
(Bijlsma et al ., 1999). Inbreeding problems for small natural populations are much less than expected because populations can reduce or eliminate inbreeding depression by
evolutionary changes called purging (Bijlsma et al ., 1999).
In addition, several studies have suggested that inbreeding
depression strongly depends on environmental conditions
and that the inbreeding load becomes more visible under
more stressful conditions (Bijlsma et al ., 1999). Thus, the
consequences of inbreeding will depend not only on the
previous history of inbreeding and selection, but also on
the prevailing environmental conditions (Bijlsma et al .,
1999).
When a population passes through a generation or several generations with a small population size termed as a
population bottleneck, genetic drift can reduce the overall
heterozygosity, the number of alleles for a trait (by fixation of one of the alleles and loss of the others), and the
amount of additive genetic variation in the population (Ja-
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mes, 1970; Nei et al ., 1975). This loss of genetic diversity
is thought to have negative consequences on population fitness by fixing detrimental variations and reducing
genetic variations (Miller & Hedrick, 2001). However,
bottleneck is also known as a potential mechanism of reorganizing genetic diversity (Carson & Templeton, 1984).
It is generally believed that bottlenecks can result in the
decrease of population fitness and that the possibility
of increase of additive genetic variation is quite limited
(López-fanjul et al ., 1999).
In general, fitness is reduced for bottlenecked populations due to random changes in allelic frequencies.
However, it has been suggested that detrimental alleles,
primarily responsible for lowered fitness caused by inbreeding or bottlenecks, might be effectively purged by
a combination of genetic drift, inbreeding, and selection
(Miller & Hedrick, 2001). For example, Templeton and
Read (1983; 1984) have found that the initial inbreeding depression for survival in a captive of Speke’s gazelle
(Gazella spekei ) is reduced in animals whose parents are
inbred. Bryant et al . (1990) have shown that early inbreeding depression within serially bottlenecked isofemale
lines of the housefly (Musca domestica ) is largely ameliorated after later bottlenecks. Saccheri et al . (1996) have
mentioned that a low hatching rate in a butterfly (Bicyclus
anynana ) caused by inbreeding is generally eliminated in
later generations. However, this increase in fitness after
inbreeding has not always been evident. For instance,
Ballou (1997) has investigated 25 captive species and
found little effect of past inbreeding on fitness. In contrast, Byers and Waller (1999) have found little evidence
of purging in 52 reviewed studies.
Inbreeding may affect fitness negatively in numerous ways (Dahlgaard & Loeschcke, 1997). It has been
commonly observed in domestic animals, plants, and
laboratory experiments (Bijlsma et al ., 2000). Inbreeding
can influence most fitness components, causing reduced
viability, lower fecundity, increased sterility, decreased
mating success, slower development, increased susceptibility to environmental stress, and consequently leading
to a significant decrease in individual fitness (Bijlsma et
al ., 2000). In contrast, the process of purging can reduce
genetic load and weaken inbreeding depression, resulting
in a higher mean fitness of the population (Bijlsma et al .,
2000). Inbreeding populations could potentially overcome and eliminate negative effects of inbreeding by this
process. However, it is generally expected that purging
cannot prevent inbreeding populations from becoming
homozygous for deleterious alleles. Thus, it cannot prevent reduced mean fitness of such populations (Barret &
Charlesworth, 1991). In addition, although purging is reasonably effective, it has been recently shown that its eff-
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ectiveness is environment-dependent and restricted to
the environment in which purging occurs (Bijlsma et al .,
1999). Purging may possibly be effective in mitigating
fitness effects of inbreeding in a short-term, but not in a
long-term. These studies indicate that environmental and
demographic effects should be considered when evaluating genetic effects of inbreeding.
In this study, different effects of inbreeding and outbreeding of bottlenecked populations of Drosophila melanogaster were investigated to confirm results of previous
researches. To understand differences between the two
populations, the following four parameters were evaluated: body length of adults, total number of adults, rate of
survival at the end, and the number of wing mutants.

Materials and Methods
Fruit flies
For this experiment, flies from a wild-type population
were used. Flies were cultured under standard conditions
(temperature, 25–30 °C; relative humidity, 40–60%) using standard potato media containing 3-4 grains of dead
yeast and water in each vial. Similar conditions were
maintained for all generations. However, water supply was
restricted as a limiting environmental factor after flies laid
eggs.
Inbreeding-to-outbreeding experimental procedures
Virgin flies were obtained from a vial containing wildtype flies. For this preliminary work, females were selected
within eight hours after hatching to prevent mating. A
virgin female and a male were then cultured together as
a set of parents (P) in the same vial. Males were selected
from non-sib populations and full-sib populations for
outbreeding and inbreeding, respectively. A total of 12
vials (with 12 pairs of flies) were used, six for inbreeding
populations and six for outbreeding populations in G1.
However, a total of 10 vials (with 10 pairs of flies) were
used, five for inbreeding populations and five for outbreeding populations in G2. Therefore, there were six or
five replicates for G1 and G2 populations, respectively.
For inbreeding, a virgin female and a male from the same
vial were transferred into a new vial. For outbreeding, the
male was obtained from a different vial, although the virgin female was from the same vial. Body length of adults,
total number of adults, rate of survival at the end, and
rate of wing mutants were recorded for each generation.
The body length of adults was measured with a Vernier
caliper. The offspring produced by sets of parents (P) were
chosen and cultured in each condition. Equal care was
provided to all cultures for each generation (G1 and G2).
Schematic procedures are shown in Fig. 1.
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Fig. 1. The schematic procedure of outbreeding and inbreeding in G1 and G2.
Statistical analyses
For all four parameters, one-way analysis of variance
(ANOVA) was performed to compare each population.
Tukey’s HSD (honest significant difference) test was not
performed because there were only two cases for each
parameter. Homogeneity and normality were not tested because the sample size was insufficient. However,
ANOVA was robust against violation of assumptions of
normality and homogeneity of variance in the case of an
equal sample size. All data were analyzed using SPSS software version 10.0 (SPSS Inc., U.S.A.).

Results
There was no significant difference in any parameters
except for the mean body length of adults between outbred
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and inbred populations of D. melanogaster (Fig. 2). The
outbreeding populations showed significantly longer body
length of adults than the inbreeding populations in G1 (Fig.
2A; ANOVA, P = 0.004). Although there was a substantial
difference in the mean body length, no significant difference in G2 was found between the two populations (Fig.
2A; ANOVA, P = 0.066). There was no significant difference
in the three other parameters, such as the total number of
adults (Fig. 2B; ANOVA, P = 0.631 and 0.779 for G1 and
G2, respectively), the rate of survival (Fig. 2C; ANOVA, P =
0.444 and 0.347 for G1 and G2, respectively), and the rate
of wing mutants (Fig. 2D; ANOVA, P = 0.757 and 0.480 for
G1 and G2, respectively) between outbreeding and inbreeding populations. There were little differences in mean values of these three parameters between the two populations.
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Fig. 2. Differences of each parameter between outbreeding and inbreeding populations in G1 and G2. A. Body length; B.
The total number of adults; C. The rate of survivals at the end; D. The rate of wing mutants.
Discussion
Most fitness effects are thought to be due to increased homozygosity for recessive deleterious alleles
(Charesworth & Charesworth, 1987). Based on studies of
Drosophila using chromosome balancer techniques (Sved
& Ayala, 1970), approximately half cases of inbreeding
depression are due to rare recessive lethal or sub-lethal
mutations while the rest can be attributed to a large
number of mildly deleterious mutations (Charlesworth
& Charlesworth, 1987). Other researchers have suggested that inbreeding depression, to some extent, may
also result from synergistic or epistatic interactions
(Charlesworth, 1998). In this study, inbreeding depression
due to recessive mutations, not due to synergistic or epistatic interactions, was focused on.
In this study, there was no significant difference in all
parameters except for the body length of adults between
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outbreeding and inbreeding populations. Adults of the
outbreeding population were longer than those of the
inbreeding population in G1. Bijlsma et al . (2000) has
mentioned that inbreeding can affect most fitness components and lead to reduced viability, lower fecundity,
increased sterility, decreased mating success, slower development, and increased susceptibility to environmental
stress, consequently resulting in a significant decrease in
individual fitness. In this study, a significant difference
was only seen in body lengths of adults. There were slight
differences in other three parameters. However, such
differences were not statistically significant. Keller and
Waller (2002) have suggested that if populations remain
small and isolated for many generations, they face two
genetic threats. First, as alleles are randomly fixed or lost
from the population by genetic drift, levels of quantitative genetic variation necessary for adaptive evolution will
erode (Lande, 1995). Second, deleterious mutations tend to

PNIE 2021;2(2):108-113

Effects of Inbreeding of Bottlenecked Fruit Fly Populations

accumulate because selection is less effective in small
populations (Lynch et al ., 1995). This could eventually
lead to a mutational meltdown for populations with an
effective size (Ne) < 100. Both processes tend to be gradual. Thus, they do not threaten populations in the shortterm. In this study, inbreeding effects were assessed for
only two generations. This might not be sufficient to see
effects of inbreeding depression. For extensive data analysis, it is necessary to use more replicates or samples. Five
or six replicates were used for the statistical analysis of
inbreeding effects in the present study. Other researchers
have observed more generations using more replicates or
samples to evaluate differences between outbreeding and
inbreeding populations. For example, Bijlsma et al . (1999)
have used nine generations of Drosophila to see inbreeding effects. Furthermore, they have observed the maintenance of these effects for approximately 50 generations
using 50 replicates for each condition.
It has been suggested that inbreeding problems for
small populations are far less than expected because
they can reduce or eliminate inbreeding depression by
evolutionary changes, termed purging at the contributing loci (Ballou, 1997; Battett & Charlesworth, 1991;
Hedrick, 1994; Templeton & Read, 1984). However, several studies have suggested that inbreeding depression
strongly depends on environmental conditions and that
the inbreeding load becomes more visible under more
stressful conditions (Bijlsma et al ., 1997; Dahlgaard et
al ., 1995; Miller, 1994). For example, Miller (1994) has
demonstrated that D. melanogaster homozygous for
the second chromosome shows a significant increase in
inbreeding depression under lead stress, whereas the same
homozygote in an unleaded environment does not. In this
study, water supply was restricted after D. melanogaster
laid eggs to provide a stressful environmental condition.
However, this stressful condition probably had no significant effects on inbreeding except on the mean body
length of adults.
This study showed a statistically significant difference
in the body length of D. melanogaster adults as a proof of
negative inbreeding effect. However, the other parameters
did not show a significant difference between outbred
and inbred populations due to genetic purging. This study
demonstrated one additional experimental case related to
inbreeding depression in artificial bottleneck populations.
For future studies, it might be necessary to use more replicates (or samples) and more generations to see effects of
inbreeding depression in bottlenecked populations.
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ABSTRACT
To restore the Gold-spotted pond frog (Pelophylax chosenicus ), a Korean endangered frog, 600 captive-reared individuals were reintroduced between August and September 2019 into an aquatic garden in the National Institute of Ecology where P. chosenicus
had previously inhabited. After reintroduction, six post-release monitoring sessions were conducted from August 2019 to May 2020.
Monitoring was performed using three methods (counting calls, observation, and capture) from sunset to midnight near release sites,
eliminating potential threat factors. Snout-vent lengths and body weights of recaptured individuals were measured before they were
released immediately. We noted that both snout-vent lengths and body weights of recaptured individuals were slightly higher than
those before. The average recapture rate was 4.66%. Reintroduced frogs were recaptured at the last monitoring session conducted in
May 2020, indicating that these reintroduced frogs hibernated during the winter successfully. We found that these reintroduced frogs
successfully settled after release. This result will be useful for establishing management strategies for endangered frogs in Korea. Particularly, post-release monitoring could be an essential approach in the restoration program of a target species.
Keywords: Gold-spotted pond frog, Pelophylax chosenicus , Post-release monitoring, Reintroduction, Restoration

Introduction
Amphibians are the most abundant vertebrates in
wetland ecosystems, although they are relatively inconspicuous animals because of their small sizes, nocturnal
activities, and preferred habitats in the ground or under
rocks (deMaynadier & Hunter, 1995). During ontogenetic
development, tadpoles and adults occupy two distinct
habitats after metamorphosis. Therefore, habitat loss and
fragmentation are fatal to amphibians moving between
aquatic and terrestrial ecosystems. These are the most
critical reasons why amphibian populations are declining
worldwide (Becker et al ., 2007).
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A restoration program consists of three stages: stage
1, preparation; stage 2, implementation, and stage 3,
post-restoration. In the preparation stage, the appropriateness of the restoration project is evaluated, the project
is decided, and items for the project are prepared. The
implementation stage is the actual implementation of the
project. Finally, the post-restoration stage is conducted
with post-restoration monitoring, evaluation, and public
relations promotion (Gascon et al ., 2007; International
Union for Conservation of Nature (IUCN), Species Survival
Commission (SSC), 2013; Ra, 2010). A monitoring period
longer than 5 years is required to adequately assess site
restoration regarding demographic responses due to amphibian characteristics such as significant population lags
and sensitivity to site disturbances (Petranka et al ., 2003).
Global amphibian populations have sharply decreased
(IUCN, 2020). Major threat factors are habitat degradation, diseases, exotic species, pollution, and over-exploitation (Sung et al ., 2009). Pelophylax chosenicus is designated as an endangered species by the Ministry of Environ-
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ment, Korea. It is categorized as vulnerable by the IUCN.
National Institute of Biological Resources (NIBR) (2018)
has revealed that this species is also gradually decreasing
for similar reasons such as habitat loss and destruction
due to civilization, road construction, water quality degradation, pesticides, and exotic bullfrogs. Studies on P.
chosenicus have been actively conducted in various fields,
such as food sources (Yoon et al ., 1998), habitats and
behaviors (Park et al ., 2018; Ra, 2010; Sung et al ., 2009),
genetic diversity (Park et al ., 2009), and water quality
(Borzée et al , 2018). However, no study related to restoration has been reported to date.
Reintroduction has been increasingly selected as one
restoration method (Fischer & Lindenmayer, 2000; Griffith
et al ., 1989; Wolf et al ., 1996). In several species with a
limited ability to move like amphibians, reintroduction is
required to repopulate sites where extirpation has already
occurred (Blaustein et al ., 1994). Post-release monitoring is an important stage in the restoration of a target
species. Using monitoring data, we can estimate, modify,
and complement a restoration program. Monitoring the
current status of a reintroduced population is needed to
demonstrate restoration success.
In this study, we conducted a reintroduction program
for captive-reared P. chosenicus . After reintroduction, we
performed six post-release monitoring sessions to investigate its successful settlement and estimate applicability of
the reintroduction method to restore frogs in Korea.

Materials and Methods
Captive-breeding of P. chosenicus
P. chosenicus is designated as endangered species class
II by the Ministry of Environment, Korea. We obtained
permission from a regional environment office by law
(Geum River Basin Environment Office, 2018-33). A total
of 20 (male to female ratio = 1:1, classified by eye size vs.
eardrum size) adults were collected from Asan City in September 2018 and transferred to the Endangered Species
Restoration Center of the National Institute of Ecology
(NIE). Collected frogs were reared in two PVC aquaria (99.0
cm in length× 45.0 cm in width × 40.0 cm in height). In
these aquaria, a proper artificial habitat was set to rear
P. chosenicus . A 10 cm depth peat moss mound with a
sponge was provided to make a small land. The water
depth was maintained at 5 cm. The water temperature
was maintained at 27.0 ± 1.0°C using a titanium heater
(OKE-HE185, Sewon, Korea) and a temperature regulator
(OKE-6428HC, Sewon, Korea). The air temperature was
regulated at 23.0 ± 1.0°C using an air temperature controller. During the daytime, additional light was supplied
using a spot lamp to prevent light shortage. Adult crickets
were provided as food once daily (two crickets per frog).

115

During January 2019, captive-reared frogs spawned naturally in these aquaria [Certification of artificial breeding
(Daegu Regional Environment Office, 2019-04)].
Selection of release site and reintroduction
The release site was selected by site observations and
expert consultation. Among five candidate sites (e.g.,
paddy fields in Asan, Asan ecological environment insect
museum, Duung wetland in Taean, wetland near the subway station in Ansan, and NIE), two sites (Asan ecological
environment insect museum and the NIE) were selected as
candidates for reintroduction. Finally, the NIE was selected as the best release site considering habitat conditions,
threat factors, management, and SWOT analysis (Fig. 1).
The release site, an aquatic garden, was in the NIE. This
site had many advantages for managing our frog restoration program. Additionally, P. chosenicus was once
inhabited the release site. Therefore, this site was ideal for
reintroduction.
Post-release monitoring
Releases were conducted three times (August 19, August 29, and September 18) on the aquatic garden in the
NIE. A total of 600 individuals were released (200 individuals per release). After reintroduction, post-release monitoring was conducted six times from August 2019 to May
2020 (1st: August 29; 2nd: September 4; 3rd: September
18; 4th: October 7; 5th: November 5, 2019; 6th: May 7,
2020). Monitoring was performed by counting calls, observation, and capture during sunset to midnight near the
release site with elimination of potential threat factors.
After measuring snout-vent length (SVL) and body weight
(BW) of each recaptured individual, these individuals were
then immediately released. Condition factor (CF) was calculated to estimate the nutritional status of P. chosenicus (Froese, 2006; Zhelev et al ., 2017) using the following formula:
Condition Factor = (BW/SVL3) × 102
Statistical analyses
Linear regression analysis was conducted to identify
growth patterns of recaptured individuals. Monitoring
date was converted to Julian date before the calculation.
To investigate size differences of captured frogs, Kruskal-Wallis tests were conducted. All statistical analyses
were performed using Excel 2013 (Microsoft Corperation,
USA) and R 4.0.2 (R Core Team, 2020).

Results and Discussion
Recapture and dispersion
We recaptured 27 individuals (recapture rate = 13.5%)
among 200 individuals released during the 1st monitoring.
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During the 2nd and the 3rd monitoring, 39 (9.75%) and
24 (6.0%) individuals were recaptured of 400 released
individuals, respectively. During the 4th, 5th, and 6th
monitoring, 46 (7.7%), 7 (1.2%), and 25 (4.2%) individuals were recaptured among 600 released individuals, respe-

ctively (Table 1). The average recapture rate was 4.66%, which
was higher than that reported previously (Cheongwon:
0.5%, Taean: 0.3%; Ministry of Environment, Kangwon
National University-Industry Cooperation Foundation,
2009).

Table 1. Comparison of recapture rate of Pelophylax chosenicus in this study and references
This study

Reference

2nd

3rd

4th

5th

Total
6th (average)

Number of release/
recapture

200/ 400/
27
39

400/
24

600/
46

600/
7

600/
25

Recapture rate (%)

13.5 9.75

6.0

7.7

1.2

4.2

1st

The aquatic garden of the NIE is a well-managed place
for reintroduction. However, several American bullfrogs
(Lithobates catesbeianus ), a predator of P. chosenicus ,
were present. Therefore, bullfrogs were continuously
removed to stabilize the released P. chosenicus population
during the entire monitoring period. A total of 592 bullfrog tadpoles and adults were removed from the 1st monitoring to the 6th monitoring. Additionally, one large individual of a largemouth bass (Micropterus salmoides ) was

Cheongwon-gun
(abandoned Paddy
Field)

Taean-gun
(duung-wetland)

600/
28

700/4

300/1

4.66

0.57

0.33

captured and removed during the monitoring period.
Reintroduced P. chosenicus individuals were widely dispersed in aquatic gardens. The first reintroduced
individuals released in the amphibian wetland moved to
the aquatic garden. No individual was observed in the
amphibian wetland. The aquatic garden is wide and filled
with many aquatic plants, which are considerably useful
as covers of frogs (Fig. 1).

Fig. 1. Maps of aquatic garden in National Institute of Ecology
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Body size changes of recaptured individuals
Both SVL and BW of recaptured individuals increased
slightly during the monitoring period (Fig. 2). However,
there was no significant difference in SVL (Kruskal-Wallis
test, X2 = 125.66, P = 0.32), BW (X2 = 120.33, P = 0.28),
or CF (X2 = 126.04, P = 0.38) according to the order of
monitoring (Table 2). Hibernation has evolved in many
amphibians as a protective mechanism in response to
cold temperatures, playing a prominent role in amphibian
life-history strategies to survive under adverse environmental conditions (Pinde et al ., 1992; Wells, 2007). Temperature is a major environmental factor that determines
the hibernation period. Sex and age are key factors in
phonological responses of P. nigromaculatus . Particularly,
males emerge from hibernation earlier than females and
old ones enter and emerge from hibernation earlier than
young ones (Gao et al ., 2015). Willis et al . (1956) have also

demonstrated that larger individuals of L. catesbe begin
hibernating earlier than smaller individuals. In contrast to
the above studies, we found that P. chosenicus had greater SVL and BW at the 5th monitoring session (November 5,
hibernating phase) than those at the 4th session (October
5) (Fig. 3). This meant that larger individuals of P. chosenicus began to hibernate later than smaller individuals.
This result might indicate that older P. chosenicus were
more adaptable than smaller individuals at the NIE in
lower environmental conditions. They may feed to actively accumulate energy before entering hibernation. Future
further release and monitoring require individual identification using VIE tags, PIT tags, and others. After the hibernating phase, sub-adults of P. chosenicus reintroduced
in 2019 were detected on the 6th morning (May 2020).
This finding indicated that reintroduced P. chosenicus individuals had successfully hibernated.

Fig. 2. Relationships between date of monitoring (Julian date) and (A) Snout-vent length (SVL), (B) Bodyweight (BW)
of Pelophylax chosenicus on aquatic garden in National Institute of Ecology.

Table 2. Mean (± SD) snout-vent length (SVL), body weight (BW), and condition factor (CF) of Pelophylax chosenicus
on aquatic garden in National Institute of Ecology according to monitoring order.
Monitoring
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X2

P

36.34±2.28

125.66

0.32

13.28±4.96

5.79±1.23

120.33

0.28

10.95±0.86

12.05±1.01

126.04

0.38

1st

2nd

3rd

4th

5th

6th

SVL

35.79±6.77

35.90±5.74

37.61±5.84

36.21±8.12

49.50±6.72

BW

5.92±3.03

5.03±2.18

5.67±2.79

6.36±3.92

CF

12.93±2.72

10.87±1.33

10.66±1.17

13.39±0.91
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Fig. 3. Size distributions of Pelophylax chosenicus on aquatic garden in National Institute of Ecology ((A) Snout-vent
length (SVL), (B) Body weight (BW)) by date of monitoring.
There are two levels of indicators of restoration success. One is an early indicator related to the survival of
eggs and larvae through metamorphosis, recruitment of
juveniles into adults, and breeding activity. The breeding
activity was demonstrated by egg-carrying females, calling males, amplexus, and spawning. The other is a longterm indicator related to the establishment of adult population size (excess of 50 individuals within 5-10 years),
mixed population structure (with juveniles and adults regularly recorded, and regular breeding success), and progressive colonization into multiple ponds (establishment
of a robust meta-population structure at least five over
5-10 years) (Baker & Foster, 2015).
P. chosenicus takes at least 2-3 years to mature sexually (NIE, 2018). In a future study, sexual maturity of P.
chosenicus reintroduced in 2019 should be observed by
monitoring their eggs and tadpoles through their breeding activities. A normal growth of their offspring in the
NIE would indicate the success of restoration by satisfying the early indicator. Annual monitoring results should
be assessed against the success criteria described above
as restoration projects develop. Post-reintroduction monitoring periods commonly last 3 and 5 years following
mitigation of the restoration of a target species (National
Research Council, 2001).
To achieve restoration success of P. chosenicus , continuous monitoring is required for at least 3 years.
Therefore, more post-release monitoring of P. chosenicus should be conducted in the aquatic garden of the
NIE. Findings of the current study provide fundamental
information for restoration and conservation strategies
throughout post-release monitoring after reintroduction
of P. chosenicus.
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ABSTRACT
The objective of this study was to analyze the genotype of black-spotted pond frog (Pelophylax nigromaculatus ) using seven microsatellite loci to quantify its genetic diversity and population structure throughout the spatial scale of basins of Han, Geum, Yeongsan, and Nakdong Rivers in South Korea. Genetic diversities in these four areas were compared using diversity index and inbreeding
coefficient obtained from the number and frequency of alleles as well as heterozygosity. Additionally, the population structure was
confirmed with population differentiation, Nei’s genetic distance, multivariate analysis, and Bayesian clustering analysis. Interestingly,
a negative genetic diversity pattern was observed in the Han River basin, indicating possible recent habitat disturbances or population
declines. In contrast, a positive genetic diversity pattern was found for the population in the Nakdong River basin that had remained
the most stable. Results of population structure suggested that populations of black-spotted pond frogs distributed in these four
river basins were genetically independent. In particular, the population of the Nakdong River basin had the greatest genetic distance,
indicating that it might have originated from an independent population. These results support the use of genetics in addition to
designations strictly based on geographic stream areas to define the spatial scale of populations for management and conservation
practices.
Keywords: Bayesian clustering analysis, Genetic diversity, Inbreeding probability, Microsatellite, Multivariate clustering analysis, Population differentiation

Introduction
The black-spotted pond frog (Pelophylax nigromaculatus ) is widely distributed in East Asia (Korea, China, Japan, and Russia). It is a common species that is relatively
easily observed in various freshwater habitats (e.g., ponds
around rivers, lakes, swamps, rice paddies, and so on)
in South Korea. Owing to several characteristics such as
strong philopatry to breeding sites and habitats, low mobility,
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relatively easy sampling, and interbreeding in the laboratory, the black-spotted pond frog is a suitable model for
studying patterns of population genetic structure (Beebee, 1996; 2005; Gong et al ., 2013). In previous study,
black-spotted pond frog was used to understand variation
patterns of genetic diversity and/or population structure
of amphibians according to life history traits of species,
the landscape of freshwater habitats, and the isolation on
a time scale (Garcia et al ., 2017; Ma et al ., 2015; Wang
et al ., 2014). Likewise, frogs can be used to study genetic
variation patterns of amphibians distributed in South Korea.
In recent years, with the development of genetic analysis techniques, statistical processing methods, and computer information processing capabilities, access to population genetics analysis has become easier (Sunnucks, 2000).
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For this reason, various molecular markers such as partial
sequences of mitochondrial or chloroplast DNA, random
amplified polymorphic DNA (RAPD), amplified fragment
length polymorphic DNA (AFLP), and microsatellite markers have been used to determine the structure and genetic
diversity of a population (Sunnucks, 2000). Among them,
the microsatellite technique can quantify genotypes by
identifying high levels of length polymorphisms in a serial
repetition section of the nucleotide sequence (Zane et al .,
2002). With this method, it is possible to obtain information on demographic trends through gene genealogies
representing current and historical processes (Sunnucks,
2000). The identified genotype can be used to determine
genetic diversity, population structure, origin of the population, and/or migration rate (Garris et al ., 2005; Hatmaker et al ., 2018; Luikart & England, 1999; Waraniak
et al ., 2019), which can be used to quantify the range of
the population and to identify environmental factors that
influence compositions of genes in the population.
This study was conducted to identify differences of
genetic composition in the black-spotted pond frog in
river basins of South Korea using the microsatellite technique. In freshwater ecosystems, rivers serve as corridors
to connect groups of organisms in different habitats. They
also act as barriers to separate groups depending on their
types, sizes, and surrounding habitats (Finn et al ., 2006;

2016; Lam et al ., 2018; Mullen et al ., 2010). The largest river basins in South Korea include Han River, Geum
River, Yeongsan River, and Nakdong River basins due to
various mountain ranges and catchment areas of rivers.
The gene flow and/or population genetic structure of the
black-spotted pond frog, which is a semi-aquatic frog,
can be affected by the distribution of water resources.
Therefore, we analyzed differences in genetic diversity and
the population genetic structure of black-spotted pond
frogs in four river basins.

Materials and Methods
Field investigation
A total of 95 black-spotted pond frogs were collected
from paddy fields at three sites of the Han River basin
(Yeoju-si, 27 individuals), three sites of the Geum River
basin (Gongju-si, 23 individuals), three sites of the Yeongsan River basin (Naju-si, 20 individuals), and three sites
of the Nakdong River basin (Chilgok-gun, 25 individuals)
in September and October 2020 during the non-breeding
season (Fig. 1). Frogs ranged from 1-year-old individuals
that had not yet reached sexual maturity to individuals
that were fully sexual mature. These collected individuals
were euthanized by pithing and stored in 70% ethanol for
later analysis.

Fig. 1. Sampling sites for black-spotted pond frogs (P. nigromaculatus ) in four river basins of South Korea: (A) Han River, (B)
Geum River, (C) Youngsan River, and (D) Nakdong River. Frogs were collected from three sites in each basin.
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DNA extraction and genotype analysis
Muscle samples were collected from femurs of 95
black-spotted pond frogs and homogenized using liquid
nitrogen. Genomic DNA was extracted using a DNeasy
Blood & Tissue kit (Qiagen, Hilden, Germany). The concentration and quality of genomic DNA were measured
with a NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, USA). Using a total of seven primers (Rnh-1,
Rnh-2, Rnh-3, Rnh-4, Rnh-6, Rnh-10, Rnh-12), the locus
of each microsatellite was amplified according to previously reported procedures (Gong et al ., 2013) (Table 1). A
Seq-Studio Genetic Analyzer (Thermo Fisher-Applied Biosystems, Foster City, CA, USA) was used to visualize amplified

genotyped. GeneMapper version 6.1 (Thermo Fisher-Applied Biosystems) was employed to evaluate genotype
errors and the presence of a null allele. GENEPOP version
4.7 (Rousset, 2008) was used to determine deviation from
Hardy–Weinberg equilibrium (HWE) and linkage disequilibrium (LD) at the loci of seven microsatellites. There
were no null alleles, significant deviations from Hardy-Weinberg equilibrium, or evidence of LD at the seven
loci tested. In addition, by identifying the number of
multiple genotypes, it was confirmed that these seven loci
were sufficient to distinguish population differentiation
from 95 frogs (Fig. 2).

Table 1. Information of seven microsatellite loci in black-spotted pond frogs
Locus ID

Size (bp)

Repeat motif

Ta

Primer sequence (5’ to 3’)

Rnh-1

269–281

(TGC)7

58

F: TGAAGTATTCAGGTACAACAGGT
R: GGGCCAAAAGAGAGGGT

Rnh-2

235–250

(TGC)4TGTG(GTT)3TT(TGC)6

62

F: GCTTCGGGCTATAAATCAAACA
R: GCCTGGCCGACTACACG

Rnh-3

221–254

(AAC)7

52

F: CCGGAAGGCAGTGGAGGACA
R: ATGGACATGCGGTGGGGTAGG

Rnh-4

154–166

(GA)5

62

F: CGCTTACTATGGGGGGATA
R: GCCTGAGAAGGGTGGTGCT

Rnh-6

208–214

(AAC)5

62

F: TCTCGGGAGGAAAGCAATGG
R: AAGGAGCCTGGGACTATGGTAAAC

Rnh-9

198–228

(GCA)7

59

F: GCACAGTTAGCGAGATGGA
R: CTCACTAGAGCTGGGTGGTAT

Rnh-10

119–200

(GCT)6

62

F: AGTGCAACATCAACTTGGGTG
R: GCAGAGTCGCTGTCGGGA

Fig. 2. Number of multi-locus genotypes by number of loci
from 95 individuals of black-spotted pond frogs. Complete
separation of 92 frogs was achieved with six loci.
Confirmation of genetic diversity and distance
Genetic diversity and population differentiation were
quantified using GenAlEx version 6.5 (Peakall & Smouse,
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2012) and Arlequin version 3.5 (Excoffier & Lischer,
2010). Shannon’s information index (I), molecular diversity (h), and inbreeding coefficient relative to the subpopulation (FIS) were calculated using mean number of alleles
(NA), effective number of alleles (NE), observed heterozygosity (HO), and expected heterozygosity (HE). Three types
of diversity indices (I, h, FIS) were used to compare genetic
diversities of frog populations from four watershed areas.
Population differentiation (FST) and p-value of FST were
obtained using Arlequin version 3.5. They were used to
express the genetic distance among populations of frogs
collected from those four watersheds. In addition, Nei’s
genetic distance was obtained using GenAlEx version 6.5
and expressed using an unweighted pair group method
with an arithmetic mean (UPGMA) hierarchical tree form
using Past 3 software (Hammer et al ., 2001).
Analysis of population genetic structure
A discriminant analysis of principal components (DAPC)
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was performed using the “adegenet” package (Jombart et
al ., 2010) in R to analyze clusters of population structure
through multivariate clustering analysis. DAPC uses principal component analysis (PCA) to reduce the dimension
of genetic variation. It then uses principal components
generated to produce a linear combination of correlated alleles in linear discriminant analysis (Jombart et al .,
2010; Waraniak et al ., 2019). Through this analysis, population structures in those four watershed areas were identified using the discriminant function (DF). STRUCTURE
version 2.3.4 (Pritchard et al ., 2000) was used to conduct
Bayesian clustering analysis to infer whether or not each
individual received a portion of the allele from a potential population K. STRUCTURE analysis was performed
with 100,000 burn-ins and 100,000 simulations. The Δ
K method (Evanno et al ., 2005) of STRUCTURE Harvester
(Earl & Vonholdt, 2012) was used to determine the most
suitable K value. Results from each of three independent
STRUCTURE analyses revealed the most suitable cluster
range of populations for separating frog populations collected from the four watersheds.

Result
Comparison of genetic diversity
For the seven microsatellite loci of 95 frogs, overall NA,
NE, HO, and HE were 3.893 (3.571-4.286, Han-Nakdong),
2.187 (1.965-2.489, Han-Yeongsan), 0.323 (0.259-0.398,
Han-Nakdong), and 0.389 (0.336-0.422, Han-Geum),
respectively (Table 2). The population of Han River had
a lower genetic diversity (I = 0.768, h = 0.397) than the
overall population (I = 0.768, h = 0.397), although it had
a similar inbreeding coefficient (FIS = 0.191) to the overall
population (FIS = 0.179). The population of Geum River had

similar genetic diversity (I = 0.785, h = 0.405) and inbreeding coefficient (FIS = 0.181) to the overall population. The population of Yeongsan River had higher genetic
diversity (I = 0.819, h = 0.412) and inbreeding coefficient
(FIS = 0.369) than the overall population, while the population of Nakdong had higher genetic diversity (I = 0.800,
h = 0.430) and lower inbreeding coefficient (FIS = -0.024)
than the overall population.
Identification of genetic distance
Paired FST ranged from 0.031 (Han-Yeongsan) to 0.181
(Han-Nakdong) for populations of four watersheds (Fig. 3).
All p-values in paired FST from the population of four watershed areas were significant (p < 0.05). The population
of Han River was genetically similar to the population
from the Geum River (FST = 0.041) and Yeongsan River (FST
= 0.031). Likewise, the population of Geum River was genetically similar to the population from Yeongsan River (FST
= 0.048). On the other hand, paired FST values of the population in Nakdong River with the other three populations
were high (Han River, 0.181; Geum River, 0.087; and
Yeongsan, 0.143). Therefore, the population of Nakdong
River is likely to be genetically distinct from populations
of other rivers.
Analysis of the population genetic structure
In DAPC, the discriminant function 1 (DF1) explained
60.79% of the genetic variation in 95 black -spotted pond
frogs sampled and DF2 explained 25.80% of the genetic
variation. The DF1 value showed that populations of frogs
collected from the Han River, Geum River, and Yeongsan
River were of the same group while populations collected
from the Nakdong River were distinct from other populations (Fig. 4A). Using 100% of the explanatory power of all

Table 2. Genetic diversity of seven nuclear microsatellite loci estimated for four populations of 95 black-spotted pond
frogs
Group

N

NA

NE

HO

HE

I

FIS

h

Han

27

3.571

1.965

0.259

0.336

0.670

0.191

0.342

Geum

23

3.714

2.059

0.349

0.422

0.785

0.181

0.405

Youngsan

20

4.000

2.489

0.286

0.402

0.819

0.369

0.412

Nakdong

25

4.286

2.236

0.398

0.397

0.800

-0.024

0.430

3.893

2.187

0.323

0.389

0.768

0.179

0.397

Overall

N, samples size; NA, mean number of alleles; NE, effective number of alleles; HO, observed heterozygosity; HE, expected
heterozygosity; I, Shannon’s information index; FIS, inbreeding coefficient relative to the subpopulation; h, molecular
diversity.
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discriminant functions of DAPC, the fine-scale genetic
structure indicated that frogs from four watershed areas
could be separated into independent populations according to their genetic variance (Fig. 4B).
In the STRUCTURE harvester analysis, the most suitable
K value for distinguishing these frog populations was
3 (Fig. 5). The UPGMA graph of Nei’s genetic distance
showed that populations from Han River and Geum River
were genetically similar while the population from Nakdong River was genetically distinct from the other three
populations (Fig. 6A). STRUCTURE analysis also showed
that the population of Nakdong River was a genetically
distinct K population from populations of Han, Geum,
and Yeongsan Rivers. On the other hand, populations of
Han, Geum, and Yeongsan Rivers appeared to have the
same origin in the STRUCTURE clustering analysis (Fig.
6B).

Discussion
In this study, the genetic diversity and population
structure of black-spotted pond frogs collected in four
watershed areas in Korea were compared using seven
microsatellite loci. The population with the lowest genetic
diversity (I and h) and the highest inbreeding coefficient
(FIS) was the population collected from the Han River. The
population of the Nakdong River showed opposite results.
In the population of Geum River, genetic diversity and
inbreeding coefficient were similar to those of the entire
population. The population of Yeongsan River had both high

Fig. 3. Heatmap of paired FST values among black-spotted
pond frogs from four populations. The number onthe right
represents paired FST value. All paired FST values were
significant (p < 0.05).
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genetic diversity and inbreeding coefficient. Population
differentiation (FST), DAPC, and Nei’s genetic distance
showed that these four populations were distinct. In particular, it implied that the population of the Nakdong
River was genetically separated from population from
the other three river basins (Han River, Geum River,
and Yeongsan River). Bayesian cluster structure analysis (STRUCTURE) also showed that the population of
Nakdong River was likely to have originated from other
populations than the three populations that appeared to
have a common genetic origin.
Like biodiversity, the high genetic diversity of species
can increase resistance and resilience of organisms to
environmental changes or disturbances, thereby serving as
a biological insurance that guarantees the stability of the
species over time and the ecosystem in turn (Hughes &
Stachowicz, 2004; Spielman et al ., 2004). Genetic diversity can change due to habitat disturbance, population size,
and/or population connectivity. In general, small populations living in disturbed or isolated habitats often tend to
show decreased genetic diversity with increased inbreeding and less gene flow (Banks et al ., 2013; Young et al .,
1996). The negative pattern of genetic diversity in the
population from Han River suggests that this population
might have experienced a habitat disturbance or population decline more recently compared to other populations. On the other hand, the population of Geum River
had an average pattern of genetic diversity, indicating
that this population was more stable than the population
of Han River. Inbreeding is generally known to reduce
genetic diversity by causing loss of alleles (Willoughby
et al ., 2015). However, the population of Yeongsan River
showed both high genetic diversity and inbreeding coefficient. This result might be because the Yeongsan River
population is relatively large, but partially isolated. The
population of Nakdong River showed a positive pattern
of genetic diversity through high genetic diversity and
low inbreeding probability, indicating that its genetic
exchange might be active and that the population maintained its stability.
Analyses for FST, DAPC, and Nei’s genetic distance
showed that populations of frogs collected from four watersheds were genetically separated. Among them, population of the Nakdong River was found to be more clearly
separated from populations of Han River, Geum River,
and Yeongsan River. Furthermore, STRUCTURE analysis
showed that the population of the Nakdong River was
more likely to have a different genetic origin than populations of Han, Geum, and Yeongsan rivers. This pattern
might be because Sobaek Mountains, including Jirisan
(1,915 m), have restricted population distribution (Fig. 1).
In fact, when the domestic territory is geographically divided,
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Fig. 4. Population genetic structure by multivariate clustering
methods (discriminant analysis
of principal components, DAPC):
(A) Discriminant function
1(DF1) explained 60.79% of
the genetic variation in blackspotted pond frogs from four
river basins (H: Han river, G:
Geum river, Y: Youngsan river,
N: Nakdong river), and (B)
DF2 explained 25.80% of the
genetic variation in these frogs.
Fine-scale structures represent
the probability that frogs are
assigned to each group.

Fig. 5. The most suitable K of black-spotted pond frogs
obtained by the ΔK (delta K) method with STRUCTURE
Harvester. The value of delta K was the highest at three (ΔK:
25.252).
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and some basin of Yeongsan River, divided by the Sobaek
Mountains is distinct from other areas, including the Han
River basin and Geum River basin (Jeong & Lee, 2000).
This biogeographic split is also supported by distinct fish
communities from these regions which show a similar pattern (Watanabe et al ., 2017; Yoon et al ., 2012). If more detailed regional population sampling and the genetic structure of various species are analyzed, it may be possible to
refine the population range of domestic amphibians.
In contrast, the genetic structure of the Japanese tree
frog (Hyla japonica ), another widely distributed amphibians on the Korean peninsula, showed a different pattern.
The genetic structure of Japanese tree frogs based on the
haplotype network of the mitochondrial cytochrome b
gene showed a high probability of having one population
range in Korea (Dufresnes et al ., 2016). The difference in
these results might be due to differences in genetic analy
sis techniques used or different ecological characteristics of
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Fig. 6. Results for population clustering by Nei’s genetic distance and Bayesian clustering algorithms: (A) UPGMA (Euclidean)
tree of genetic distance among black-spotted pond frogs in four river basins, (B) Population genetic structure obtained by
Bayesian clustering algorithms (STRUCTURE analysis) among black-spotted pond frogs in four river basins.
species. Population genetic analysis of a single locus of
relatively well-preserved mitochondrial DNA is commonly
used for many taxa. However, it has lower variability than
microsatellite analysis which analyzes the composition of
a gene in a population using multiple loci (Sunnucks, 2000).
Ecological characteristics of the black-spotted pond frog,
a semi-aquatic frog that has high philopatry with gene
flow depending on water source are different from those
of the Japanese tree frog, a terrestrial amphibian that
can alternately move between its habitat and the breeding ground. Thus, the difference observed might be due
to different population genetic structures. In the future, it
may be necessary to compare population genetic patterns
among various species with different ecological characteristics using genetic markers of the same or similar variability to identify differences and changes in the popula
tion structure according to natural and artificial factors.
Identifying the origin and extent of a population in an artificially designated watersheds might help us define the
spatial scale to protect and manage the population. In
addition, this may be applicable to conservationgenetic studies that identify factors of population reduc tion
by comparing composition patterns of genes in common species with phylogenetically adjacent endangered
amphibians.
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ABSTRACT
Living modified organisms (LMOs) are managed by seven government agencies according to their use in South Korea. The Ministry
of Environment is responsible for LMOs used for environmental remediation. This study aimed to develop guidelines for assessing
potential risks posed by transgenic plants used for remediation to insect ecosystems by investigating arthropod communities in sunflower fields. A total of 2,350 insects and spiders belonging to 134 species of 10 orders and 71 families were collected from sunflower fields over four growth stages ranging from anthesis to seed maturity. At the R3 phase of flower-bud formation, Chironomidae
sp. of a decomposer insect guild presented the highest density, while Apis mellifera of a pollinator guild was the most abundant in
the R5.8 phase of flowering. During the R7 seed-filling phase and the R9 phase of seed maturity, herbivorous Pochazia shantungensis predominated. During the R9 phase, richness and diversity indices of arthropod communities were distinctly lower whereas their
dominance indices were significantly higher than those at other phases. In addition, the composition of arthropod communities was
strongly correlated not only with the sampling date, but also with the sampling method depending on the growth stage of sunflowers. Our results suggest that appropriate sampling timing and methods should be considered in advance and that long-term field
trials that cover a variety of environmental conditions should be carried out to evaluate potential risks to insect ecosystems.
Keywords: Arthropod, Diversity, Environmental remediation, Living modified organism, Risk assessment, Transgenic plant

Introduction
The impact of living modified organisms (LMOs) on
non-target insects is a major ecological risk associated
with the release of LMOs into the environment (Conner et
al ., 2003). Transgenes or their associated metabolites may
directly flow into insects through transgenic plants. Their
accumulation in insects may successively influence upper
trophic levels of the food chain including birds and mamReceived March 15, 2021; Revised March 23, 2021;
Accepted March 23, 2021
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mals. Many studies have reported effects of LMOs on
target or non-target insects in the context of risk assessments, particularly effects of insect-resistant transgenic
plants (Chen et al ., 2006; Duan et al ., 2002; Ferry et al .,
2007; Sharma & Pampapathy, 2006). In addition, researchers have also explored changes in biodiversity and
composition of insect communities under the influence of
transgenic plants (Dively, 2005; Whitehouse et al ., 2005).
In Korea, LMOs are managed by seven government
agencies according to their use. The Ministry of Environment (MOE) oversees the import and export of LMOs used
for environmental remediation and reviews the risk to
natural ecosystems posed by LMOs that may be released
into the environment (LMO Environmental Safety Center
(LESC), 2021; Ministry of Trade, Industry and Energy (MOTIE),
2017). The National Institute of Ecology (NIE) supports the
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MOE’s LMO safety management efforts by operating an
LMO risk review agency and an LMO risk assessment institute (Lee et al ., 2015; Nam et al ., 2019). Worldwide,
LMOs have been commercialized owing to their resistance
to biotic and abiotic stresses, altered growth and product
quality, and ability to control pollination systems (International Service for the Acquisition of Agri-biotech Applications (ISAAA), 2021). In Korea, most LMOs have been
approved for food and agricultural use, with only a small
number of LMOs approved for industrial, health, and
medical purposes (Korea Biosafety Clearing House (KBCH),
2021). LMOs for environmental remediation have not yet
been commercialized worldwide. However, as the development of LMOs for environmental remediation is increasing
globally, it is necessary to prepare guidelines for safety
management of such LMOs prior to their commercial use
(Aken, 2009; Bennett et al ., 2003; James & Strand, 2009).
Unlike LMOs intended for use as human or animal
food, LMOs used for environmental remediation can negatively impact other trophic levels in the food chain since
they can be applied in a variety of contaminated sites.
Butt et al . (2018) have reported that bioaccumulation of
heavy metals along a soil, plant berseem (Triofolium alexandrinum ), herbivorous insect aphid (Sitobion avenae ),
and predatory insect beetle (Coccinella septempunctata )
food chain. In a food chain consisting of mustard (Brassica
juncea ), aphid (Lipaphis erysimi ), and beetle (Coccinella
septempunctata ), Zn is biomagnified from mustard to
beetles whereas Cd is bioconcentrated in aphids at the
second trophic level, but not in beetles at the third trophic
level (Dar et al ., 2017). Zhang et al . (2009) have demonstrated that herbivorous insects Eligma narcissus and Holotrichia can accumulate considerable amounts of heavy
metals including Hg, Cd, and Pb from their host plants.
Furthermore, the mobility of Cd and Cu from leaves in
mulberry (Morus alba L.) to larva of silkworm (Bombyx
mori L.) in the food chain is elevated with increasing concentrations of these metals in the soil (Prince et al ., 2001).
These findings suggest a more significant bioaccumulation of environmental pollutants at upper trophic levels of
ecosystems treated with LMOs that accumulate or migrate
environmental pollutants. Consequently, careful considerations of these risks are required to assess the effect of
LMOs used for environmental remediation on insect ecosystems.
To support commercial application of LMOs for environmental remediation in Korea, the NIE must establish
appropriate risk assessment guidelines to facilitate MOE’s
LMO safety management system (Nam et al ., 2019; 2020;
Nam & Han, 2020). Toward this end, the main objective
of this study was to evaluate potential risks posed by LMOs
used for environmental remediation and ultimately establish a standard for preserving the biological diversity of
natural ecosystems treated by those LMOs. Sunflowers (Heli-
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anthus annuus L.) are promising candidates for phytoremediation of inorganic and organic contaminants in
water and soil (Prasad, 2007; Rizwan et al ., 2016). Here,
we investigated the biodiversity and composition of arthropod communities in a sunflower field as a reference.
Our findings could support the development of LMO risk
assessment guidelines for environmental remediation.

Materials and Methods
Field experiment
Field experiments were conducted in a confined field
36°01′44.81″ N, 126°43′20.5″ E) located at the NIE,
Seocheon-gun, Korea (Nam et al ., 2020). The sunflower
cultivar used for this study was a standard “Jaeraejongja”
type that could grow to a height of 1.6 - 1.8 m (Danong
Co., Namyangju, Korea). Three randomized plots were established. Each plot had a size of 11.2 × 10 m. Seeds were
sown directly into the soil at 0.6 × 0.8 m intervals in April
2020. A total of 360 plants were set up. Prior to sowing,
all plots were fertilized with N, P, and K at rates of 6.1,
19.3, and 13.5 kg per 10 acres, respectively. Sunflowers
were cultivated based on crop technology guidelines provided by the Rural Development Administration of Korea
(Nongsara, 2020).
Phenotypic characteristics of sunflowers were examined using 10 individuals per plot. Plant height was
measured from the place where the stem appeared above
the soil to the tallest part of the plant. Stem diameter was
determined for the stem that left the soil using a vernier
caliper. Total numbers of leaves and flowers were counted. Flower size was measured as the diameter of the largest flower for each plant. Air temperature, precipitation,
relative humidity, and daylight-hour data were obtained
from the daily weather report provided by the Gunsan
Meteorological Station (36°00′19.1″ N, 126°45′40.9″ E)
(Korea Meteorological Administration (KMA), 2020). Meteorological data averaged over 30 years (1991–2020)
were also acquired (KMA, 2020).
Arthropod sampling, identification, and classification
Arthropods in each plot of sunflower fields were sampled four times at 2–3 week-intervals, covering the period
from sunflower anthesis to seed maturity (Fig. 1). The
growth stage of sunflowers was classified according to the
method of Grains Research and Development Corporation
(GRDC, 2017). The first sampling was performed during
the R3 phase at 62 days after sowing when the flower
bud was formed. The second sampling was performed
during the R5.8 flowering stage on day 82 after sowing.
The third sampling was performed during the R7 seed-filling phase at 97 days after sowing. The fourth sampling
was performed during the R9 seed physiological maturity
stage at 116 days post-sowing.
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Fig. 1. Representative photographs of sunflowers at each
sampling date.
Arthropod samples were collected using an insect net
and suction trap. Manned observation was performed using a sticky trap. All species that frequently appeared in
sunflower-cultivated fields were targeted. Collection was
conducted 20 times per plot using a 40-cm-diameter insect net with a sweeping and beating method. Arthropod
suction was performed for sunflower plants from top to
bottom using an engine-type aspirator and suction pipe.
For flying insects, a total of 24 sticky traps 25 × 15 cm,
Iljintype Co., Gimhae, Korea) were installed in the field for
each sampling period.
Arthropods collected from each plot were put into a
ziplock bag, transferred to the laboratory, and identified
through visual observation using a stereoscopic microscope (SZX16; Olympus, Tokyo, Japan) and stored by
liquid immersion in 95% ethanol. Identified arthropods
were finally classified using the national species database
of Korea (National Institute of Biological Resources (NIBR),
2020) and other insect illustrated books.
Statistical analyses
Arthropod biodiversity was analyzed by calculating the
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McNaughton’s dominance index (McNaughton, 1967),
Margalef species richness index (Margalef, 1958), Shannon-Weaver diversity index (Pielou, 1966), and Pielou’s
species evenness index (Pielou, 1975). The effect of sampling date on arthropod biodiversity was evaluated by
one-way analysis of variance (ANOVA) using STATISTICA
(StatSoft Inc., Tulsa, OK, USA). Statistically significant differences between means were identified using Duncan’s
multiple range test (p < 0.05). Non-metric multidimensional scaling (NMDS) analysis and permutational multivariate analysis of variance (PERMANOVA) were used to
compare changes in arthropod communities according to
sampling data and method using Primer 6 version 6.1.13
and Permanova+ version 1.0.3 software (PRIMER-E Ltd.,
Plymouth, UK).

Results
Phenotypic characteristics of sunflowers
Changes in meteorological conditions at the field site
were monitored over the entire experimental period (Fig.
2). Average temperature, precipitation, relative humidity,

PNIE 2021;2(2):129-138

Analysis of Arthropods in Sunflower Fields

and daylight hours from sowing date to sunflower harvest
time were 20.8℃, 8.9 mm, 80.5%, and 6.1 h, respectively.
Temperature, relative humidity, and daylight hours were
similar to mean values over a 30-year period at the field
site. However, the average precipitation during the experimental periods increased by 61.8% compared to the 30year average. In particular, the number of precipitation
days in July corresponding to the flowering stage and physi-

ological maturity of seeds was greatly elevated.
Overall, phenotypic characteristics of sunflowers including stem diameter, numbers of leaves and flowers per
plant, and flower size did not differ significantly according to the growth stage (Table 1). However, plant heights
of sunflowers at R5.8 and R7 phases were 47.5% and
38.6% taller than those at the R3 phase, respectively.

Fig. 2. Meteorological characteristics during experimental
periods. Weekly air temperature
and precipitation (A) and
relative humidity and daylight
hours (B) are shown. Data
were obtained from the daily
weather report of the Gunsan
Meteorological Station (36°00′
19.1″ N, 126°45′40.9″ E) (KMA,
2020).

Table 1. Phenotypic characteristics of sunflowers at different growth stages
Parameters
Plant height (cm)
Stem diameter (cm)
No. of leaves / plant
No. of flowers / plant
Flower size (cm)

p-value
< 0.001
0.698
0.134
0.614
0.434

Jun 09 (R3)
c

86.7 ± 4.1
2.4 ± 0.4a
28.7 ± 3.9a
-

Jul 01 (R5.8)
a

128.0 ± 5.8
2.8 ± 0.5a
39.0 ± 8.2a
5.0 ± 3.3a
25.7 ± 1.9a

Jul 16 (R7)

Aug 04 (R9)

a

105.7 ± 7.2b
2.8 ± 0.5a
4.9 ± 3.2a
22.6 ± 3.4a

120.3 ± 8.8
2.8 ± 0.6a
45.7 ± 12.2a
7.4 ± 3.4a
26.1 ± 4.4a

Data are presented as means ± standard deviations (n = 3). P -values are based on one-way ANOVA. Values within rows
followed by the same letters are not significantly different at p < 0.05 per Duncan’s test.
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Changes in distribution of arthropod species according
to growth stage of sunflowers
A total of 2,350 arthropod individuals including insects and spiders were collected from sunflower-cultivated
fields. They belonged to 10 orders, 71 families, and 134
species (Table 2). Numbers of individuals collected during
R3, R5.8, R7, and R9 phases were 638, 468, 638, and
606, respectively. During the R3 phase, individuals from
four orders (Araneae, Hemiptera, Coleoptera, and Diptera)
of arthropods accounted for 78.0% of total families and
82.0% of total species. Among these arthropods, 247 Diptera (38.7%), 188 Coleoptera (29.5%), and 160 Hemiptera
(25.1%) individuals made these overwhelmingly dominant
orders, accounting for over 93.3% of total arthropods
captured. Among total samples collected at the R5.8 phase,

Hemiptera, Coleoptera, and Araneae accounted for the
largest proportion of arthropods, representing 37.3%,
18.6%, and 15.3% of total species, respectively. The most
prevalent order, Hemiptera, had 255 individuals, accounting for more than half of total arthropods collected. The
abundance of Hemiptera, Araneae, and Coleoptera, which
constituted about 37.3%, 18.6%, and 16.9% of the total
species, respectively, was higher during phase R7. A total
of 520 Hemiptera individuals (81.5% of total individuals)
belonged to 11 (31.4%) families and 22 (37.3%) species.
The R9 phase showed a similar pattern to the R7 phase.
During the R9 phase, numbers of species and individuals
in the order of Hemiptera were 21 (51.2% of total species)
and 531 (87.6% of total individuals), respectively.

Table 2. Numbers of species and individuals of each arthropod order surveyed at each sampling date
No. of
Families

No. of
species

% of
species

No. of
individuals

% of
individuals

6
3
9
10
1
4
1
7

8
4
17
18
1
5
1
7

13.1
6.6
27.9
29.5
1.6
8.2
1.6
11.5

9
7
160
188
1
25
1
247

1.4
1.1
25.1
29.5
0.2
3.9
0.2
38.7

41

61

100.0

638

100.0

5
4
13
7
3
2
1
4
1

9
5
22
11
4
2
1
4
1

15.3
8.5
37.3
18.6
6.8
3.4
1.7
6.8
1.7

21
20
255
71
64
2
1
33
1

4.5
4.3
54.5
15.2
13.7
0.4
0.2
7.1
0.2

40

59

100.0

468

100.0

6
2
11
5
3
2
2
4

11
2
22
10
4
3
2
5

18.6
3.4
37.3
16.9
6.8
5.1
3.4
8.5

43
11
520
39
4
13
3
5

6.7
1.7
81.5
6.1
0.6
2.0
0.5
0.8

35

59

100.0

638

100.0

5
1
11
2
1
1
1

11
1
21
5
1
1
1

26.8
2.4
51.2
12.2
2.4
2.4
2.4

34
2
531
29
2
1
7

5.6
0.3
87.6
4.8
0.3
0.2
1.2

Subtotal no.

22

41

100.0

606

100.0

Total no.

71

134

Sampling date
(Growth stage)
Jun 11
(R3)

Order
Araneae
Lepidoptera
Hemiptera
Coleoptera
Orthoptera
Hymenoptera
Odonata
Diptera

Subtotal no.
Jul 01
(R5.8)

Araneae
Lepidoptera
Hemiptera
Coleoptera
Hymenoptera
Odonata
Dermaptera
Diptera
Chrysopidae

Subtotal no.
Jul 16
(R7)

Araneae
Lepidoptera
Hemiptera
Coleoptera
Orthoptera
Hymenoptera
Odonata
Diptera

Subtotal no.
Aug 04
(R9)

133

Araneae
Lepidoptera
Hemiptera
Coleoptera
Orthoptera
Odonata
Diptera

2350
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The abundance of ten most predominantly observed
arthropod species in each growth stage of sunflowers is
displayed in Table 3. Among arthropod species, Chironomidae sp. (Diptera; Chironomidae—decomposer insect
guild) showed the highest occurrence (37.3%), followed
by Harmonia axyridis (Coleoptera; Coccinellidae) of a
predatory insect guild and Nysius plebejus (Hemiptera;
Lygaeidae) of a herbivorous insect guild (accounting for
14.4% and 14.3%, respectively). In the R5.8 phase, Apis
mellifera (Hymenoptera; Apidae) of a pollinator guild
showed the highest density at 11.8%. Subsequently, herbivorous insects Dolycoris baccarum (Hemiptera; Pentatomi-

dae), Adelp-hocoris suturalis (Hemiptera; Miridae), N.
plebejus , and Cletus punctiger (Hemiptera; Coreidae) accounted for 11.3%, 11.3%, 7.9%, and 7.9%, respectively.
Pochazia shantungensis (Hemiptera; Ricaniidae) and D.
baccarum were dominant species during the R7 phase,
accounting for 27.1% and 14.9%, respectively. In addition, Corythucha marmorata (Hemiptera; Tingidae), Nysius
hidakai Nakatani (Hemiptera; Lygaeidae), and Cicadellidae
sp. (Hemiptera; Cicadellidae) accounted for 6.9%, 5.5%,
and 5.0%, respectively. During phase R9, P. shantungensis
of the herbivorous group was the most abundant one, accounting for 71.9%.

Table 3. Abundance of ten most-observed arthropod species on each sampling date
Jun 11 (R3)

Jul 01 (R5.8)

Jul 16 (R7)

Aug 04 (R9)

1

Chironomidae sp.

37.3%

Apis mellifera

11.8%

Pochazia shantungensis 27.1%

Pochazia shantungensis 71.9%

2

Harmonia axyridis

14.4%

Dolycoris baccarum

11.3%

Dolycoris baccarum

Nysius plebejus

3

Nysius plebejus

14.3%

Adelphocoris suturalis

11.3%

Corythucha marmorata 6.9%

Nysius hidakai Nakatani 2.3%

4

Nonarthra cyanea

3.9%

Nysius plebejus

7.9%

Nysius hidakai Nakatani 5.5%

Plagiodera versicolora

2.3%

5

Coccinella septempunctata 3.4%

Cletus punctiger

7.9%

Cicadellidae sp.

5.0%

Dolycoris baccarum

2.0%

6

Propylea japonica

2.5%

Apolygus lucorum

6.4%

Adelphocoris suturalis

4.5%

Propylea japonica

1.7%

7

Athalia rosae ruficornis

2.4%

Chironomidae sp.

6.2%

Apolygus lucorum

3.3%

Chlorita flavescens

1.7%

8

Malachius prolongatus

2.2%

Harmonia axyridis

4.5%

Yemma exilis

3.0%

Psammotettix striata

1.5%

9

Apolygus lucorum

2.2%

Propylea japonica

3.2%

Chlorita flavescens

3.0%

Tipulidae sp.

1.2%

10

Adelphocoris suturalis

1.9%

Coccinella septempunctata 2.8%

Nysius plebejus

2.4%

Eurydema dominulus

1.2%

Analysis of biodiversity and arthropod community composition
In this study, the McNaughton’s dominance index
(McNaughton, 1967), Margalef species richness index
(Margalef, 1958), Shannon-Weaver diversity index, and
Pielou’s species evenness index (Pielou, 1975) were compared to determine differences in biodiversity of arthropod

14.9%

2.5%

communities according to sunflower growth stage (Table
4). The dominance index of the arthropod community was
significantly higher at phase R9 than that at other phases.
By contrast, indices for richness and diversity were significantly greater at phases R3, R5.8, and R7 phases than at
phase R9. The evenness index showed no significant differences (p = 0.075) according to sunflower growth stage.

Table 4. Analyses of arthropod communities surveyed on each sampling date
Indices

p-value

Jun 11 (R3)

Jul 01 (R5.8)

Jul 16 (R7)

Aug 04 (R9)

Dominance index

0.007

0.26 ± 0.27b

0.03 ± 0.01b

0.12 ± 0.08b

0.66 ± 0.17a

Richness index

0.049

7.70 ± 0.59a

7.27 ± 0.44a

7.24 ± 0.51a

5.37 ± 1.54b

Diversity index

0.041

3.22 ± 0.11a

3.26 ± 0.10a

3.23 ± 0.13a

2.64 ± 0.45b

Evenness index

0.075

0.92 ± 0.02a

0.95 ± 0.01a

0.94 ± 0.02a

0.87 ± 0.06a

Data are presented as means ± standard deviations (n = 3). P-values are based on one-way ANOVA. Values within rows
followed by the same letters are not significantly different at p < 0.05 per Duncan’s test.
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NMDS analysis showed distinct groups depending on
sampling dates and methods (Fig. 3). In addition, PERMANOVA indicated that the structure and composition of
arthropod communities significantly varied based on sampling date (p = 0.001), sampling method (p = 0.001), and
interactions between sampling date and sampling method
(p = 0.001) (Table 5).

Fig. 3. Non-metric multidimensional scaling (NMDS) ordination
plot of Bray–Curtis community dissimilarities based on arthropod
species surveyed at each sampling date with different sampling
methods (stress value = 0.139). Square, direct observation using
an insect net and suction trap; Circle, manned observation using
a sticky trap

Discussion
The diversity and composition of arthropods in the
field are primary components of ecological risk assessments for transgenic plants because they reflect relationships between organisms and the environment (Wang &
Guan, 2020). Many studies have reported no significant
differences in arthropod communities between transgenic and non-transgenic plant fields, suggesting that transgenic plants present a low risk of negative consequences

(Chen et al ., 2006; Oh et al ., 2018; Zuo et al ., 2018).
However, in one study, although no cumulative effect
was observed after two consecutive years of investigation
in the field, transgenic maize expressing phytase showed
a significant decrease in the number of species belonging to the herbivorous group compared to the number in
non-transgenic maize fields (Wang & Guan, 2020). Here,
we monitored the abundance and composition of arthropod communities in a field cultivated with sunflowers that
were candidates for use in environmental remediation.
Results showed that the number of families and species of
arthropods was reduced in phase R9, whereas the number
of individuals declined in the R5.8 phase. Furthermore,
the dominance index of arthropod communities was significantly higher in phase R9 than in other phases, whereas richness and diversity indices were considerably lower
in phage R9.
Numerous studies have reported a significant correlation between seasonal variation and arthropod abundance
(Campuzano et al ., 2020; Shakir & Ahmed, 2015). Climatic factors are directly related to seasonal changes. They
can influence the population and community dynamics
of insects including their survival, fecundity, and development (Khaliq et al ., 2014). The average precipitation
during our experiment was elevated by 61.8% compared
to the 30-year mean, especially in the period from plant
flowering to physiological maturity of seeds. Shakir and
Ahmed (2015) have found that high soil temperatures
and low relative humidity can elevate the abundance of
soil arthropods, while total rainfall is not correlated with
their abundance. Zhu et al . (2014) have indicated that
increased or decreased precipitation can significantly alter
the biomass of the whole plant community and lead to
changes in insect diversity and trophic structure, especially in herbivores. Combined with these results, our research
suggests the importance of long-term field trials over
several years under different seasons and weather conditions to draw valid conclusions about the impact of these
factors on insect ecosystems.

Table 5. Permutational multivariate analysis of variance (PERMANOVA) results for arthropod species surveyed at each
sampling date with different sampling methods
Source

DF 1

SS 2

MS 3

F4

P5

Sampling date
Sampling method
Date × Method
Res
Total

3
1
3
16
23

21288
14072
13289
19335
67984

7096.1
14072.0
4429.6
1208.4
-

5.872
11.644
3.666
-

0.001
0.001
0.001
-

DF1: degrees of freedom; SS2: sum of squares; MS3: mean square; F 4: F -statistic; P 5: P -value.
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A major ecological concern about the environmental
release of transgenic plants for environmental remediation
is bioaccumulation of pollutants into higher trophic levels
of the food chain from transgenic plants (Peralta-Videa
et al ., 2009). Butt et al . (2018) have reported that the
accumulation of Zn, Cd, and Pb from host plants is much
higher in grasshopper Ailopus thalassinus than in aphid
S. avenae owing to different feeding behaviors such as
sucking vs. chewing of these two insects. Zhang et al .
(2009) have demonstrated that considerable amounts of
Hg, Cd, and Pb are accumulated in carnivorous insects
in the Locusta migratoria manilensis –spider and –mantis
food chain, but not in the Acrida Chinensis –spider and –
mantis food chain. These studies suggest that the bioaccumulation of heavy metal in insects can vary by feeding
style, species, and type of pollutants. In the present study,
dominant insects differed greatly according to the growth
stage of sunflowers. Therefore, bioaccumulation of environmental pollutants should be considered at various
plant growth stages to effectively assess the risk posed by
transgenic plants used for environmental remediation.
The abundance of arthropods collected from fields is
also influenced by collection methods, including sweeping, beating, hand collecting, vacuum sampling, branch
clipping, chemical knockdown, and sticky trapping (Moir
et al ., 2005). Different collection methods can result in
differences in the effort and efficacy of arthropod biodiversity investigations, such as differences in species and
individual numbers, the time spent to collect and sort
samples, and damage to plants (Swart et al ., 2017). Our
NMDS and PERMANOVA results showed that the composition of arthropod communities was significantly affected
by whether direct or indirect sampling methods were employed and by the growth stage of sunflowers. Therefore,
it is important to select an optimal method for arthropod
collection depending on the objective of each study (Yi et
al ., 2012).
Previous studies have revealed that stress conditions
can alter the accumulation of key metabolites in host
plants and subsequently influence metabolite profiles,
growth, and reproduction of insects at higher trophic levels (Nam et al ., 2017). Accordingly, in addition to accumulation of environmental pollutants, abiotic stress that
can affect host plants and associated insects should be
considered in risk assessments of transgenic plants used
for environmental remediation. In the present study, we
identified the biodiversity and composition of arthropod
communities in sunflower fields without treating plots
with any inorganic or organic contaminants. Further
studies under contaminated environmental conditions are
needed to provide valuable insights to support the development of guidelines for assessing potential risks posed
by transgenic plants to insect ecosystems.
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ABSTRACT
In this study, data repository information registered in re3data (re3data.org), a research data registry, was collected. Based on collected data, the current status was analyzed for 354 repositories (approximately 14% of total repositories) in the field using keywords in
the ecological field suggested by two experts. Major metadata formats used to describe data in ecological research data repositories
include Federal Geographic Data Committee Content Standard for Digital Geospatial Metadata (FGDC/CSDGM), Dublin Core, ISO
19115, Ecological Metadata Language (EML), Directory Interchange Format (DIF), Darwin Core, Data Documentation Initiative (DDI),
and DataCite Metadata Schema. The number of ecological repositories according to country is 102 in the US, 34 in Germany, 31 in
Canada, and one in Korea. A total of 771 non-profit organizations and 12 for-profit organizations are involved in the construction
of the ecological field research data repository. Data version control ratio of the ecological field research data repositories registered
in re3data was analyzed to be somewhat higher (86.6%) than the total ratio (83.9%). Results of this study can be used to establish
policies to build and operate a research data repository in the ecological field.
Keywords: Data Repository, Ecology, Ecological Data Repository, Research Data Repository

Introduction
Regulations on Management, etc. of National R&D
Projects were recently revised to take effect from September 1, 2019. Contents of research data included in Regulations on Management, etc. of National R&D Projects
were included in the National R&D Innovation Act which
was in effect from January 2021. According to this law,
in the case of research and development projects that the
head of a central administrative agency deems necessary,
when selecting a research and development project, the
faithfulness of research data production, preservation, and
management according to the data management plan and
the possibility of joint use should be reviewed.
Therefore, researchers submitting project plans must manage research data produced in the research process in a data
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repository and establish a plan to disclose it to the outside.
In addition, as data journals grow rapidly, raw data described
in data papers must be managed in data repositories. For this
reason, research data repositories are being built and operated
by various organizations. A registry service that registers such
research data repositories so that they can be easily found is
operated. For the above reason, the registry arose from two
separate projects, re3data.org and DataBib. It is now managed
by DataCite (Klump & Huber, 2017). This move is the same
in the field of ecological research. The objective of this study
was to analyze the current status of research data repositories in the ecological field. The current level of operation was
examined in terms of metadata, the status of repositories by
country, and version management of research data to derive
implications.

Materials and Methods
Theoretical background
Research data repository and re3data
Data repositories play increasingly larger role in academic research. Reliable storage and fair re-use of the re-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/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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search data are of paramount importance in terms academic ethics, and thus become an imperative for any research institution (Kim & Choi, 2017). Pampel et al . (2013)
have classified and presented types of research data repository into institutional research data repositories, disciplinary research data repositories, multidisciplinary research data repositories, and project specific research data
repositories. Tropical Ecology Assessment and Monitoring
Network (TEAM), Australian Drosophila Ecology and Evolution Resource (ADEER), and Neotoma Paleoecology Database are representative data repositories in the ecological field. TEAM repository is identified as r3d100010606
in re3data. It is devoted to monitoring long-term trends
in biodiversity, land cover change, climate, and ecosystem
services in tropical forests. ADEER from the Hoffmann
lab and other contributors is identified as r3d100011630
in re3data. It is a nationally significant life science collection. The Drosophila Clinal Data Collection contains
data on populations along the eastern coast of Australia.
It remains an excellent resource for understanding past
and future evolutionary responses to climate change.
Neotoma is identified as r3d100011761 in re3data. It is
a multiproxy paleoecological database that covers the
Pliocene-Quaternary, including modern microfossil samples.This database is an international collaborative effort
among individuals from 19 institutions, representing multiple constituent databases. There are over 20 data-types
within the Neotoma Paleoecological Database, including
pollen microfossils, plant macrofossils, vertebrate fauna,
diatoms, charcoal, biomarkers, ostracodes, physical sedimentology and water chemistry (Scientific Data, 2021).
Meanwhile, re3data was a research project funded by
the German Research Foundation (DFG) from 2012 until
2015 to create a Registry of Research Data Repositories called
re3data (Kindling et al ., 2017). The main goal of re3data
is to offer researchers orientation in the heterogeneous La-

ndscape of RDR. Researchers are both data producers and
data users. Other target groups are research funders and
infrastructure facilities such as data centers and academic
libraries (Pampel et al ., 2013). As of December 21, 2020,
2,607 data repositories were registered in re3data.org.
Publisher and data repository
As open access publishing models are diversifying
around the world, data journal publications are increasing
by various actors (Jung et al ., 2020). When a researcher
submits a manuscript to a data journal, sometimes they
are guided to deposit raw data in a separate data repository. With this background, the importance of data repositories is increasing day by day.
Nature Publisher publishes Scientific Data journals. As a
journal that publishes research data, Nature recommends
publishing data papers and submitting research data to
reliable data repositories. In other words, Scientific Data
mandates the release of datasets accompanying our Da
ta Descriptors. However, we do not host data ourselves.
Instead, we ask authors to submit datasets to an appropriate public data repository. Data should be submitted
to discipline-specific, community-recognized repositories
where possible, or to generalist repositories if no suitable
community resource is available.
Table 1 shows ecological field data repositories recommended by Scientific Data Journal and the metadata information registered in re3data for each repository. Nature
Publisher recommends raw da ta to be submitted to Global Biodiversity Information Facility (GBIF), The Knowledge
Network for Biocomplexity (KNB), Environmental Data
Initiative, and Australian Ecological Knowledge and Observation System (AEKOS) for data papers submitted to
Scientific Data Journal in the field of ecology. It was confirmed that all repositories were registered in re3data, a
global data registry service.

Table 1. Ecological data repositories recommended by Scientific Data Journal and metadata information registered at
re3data.org for each repository
Data Repository recommended
by Scientific Data Journal

Repository Name

Repository URL

Global Biodiversity Information
Facility (GBIF)

Global Biodiversity
Information Facility

https://www.gbif.org/

The Knowledge Network for
Biocomplexity (KNB)

KNB Data Repository

https://knb.ecoinformatics.
org/

Environmental Data Initiative
(formerly LTER Network
Information System Data Portal)

Environmental Data
Initiative Repository

https://portal.edirepository.
org/nis/home.jsp

AEKOS - TERN Ecoinformatics

AEKOS Data Portal

http://www.aekos.org.au/
index.html#/home
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Start
Date

Entry Date

964.313.520
occurrence records;
37.614 datasets;

2001

2013-01-31

DNK

26.886 public
datasets

1999

2012-10-02

USA,USA,USA

1980

2013-05-13

USA,USA,USA,USA,
USA,USA

2011

2015-01-13

AUS,AUS,AUS

Size

3.432.272 records

Nation Codes
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Data collection and analysis
To collect re3data’s data, Crawler program developed
in 2017 was used. Collected data (totally 2,607 records)
were stored in a relational database and evaluated against
the proposed re3data schema. Since 2017, the problem
caused by the diversity of the length and type of data
for each item provided by re3data has been resolved. The
crawler operating environment is as follows.
∙ OS: Windows 10 Pro
∙ Database Server and Client: MySQL Server 8 / MySQL
Workbench version 8
∙ IDE: Eclipse Java EE IDE / Luna Service Release 1
(4.4.1) / build 20140925-1800
∙ Programming Language and VM: Java 1.8.0_144
∙ Analysis SQL Client: SQLyog Community – MySQL
GUI v13.0.1 (64bit)
Data collected from re3data were saved in the MySQL
database. After that, analysis was performed using SQLyog, an SQL client program. Current status of the repository in the ecological field and the format of metadata were
investigated and analyzed. Research and analysis were
conducted for the current state of ecological repositories
and version control of research data by country.

Results
Repository distribution in the ecological sector
As of December 21, 2020, 2,607 data repositories were
registered in re3data.org. Among these repositories registered in re3data.org, 9 repositories registered in Korea
were identified, including the one operated by Seoul National University College of Veterinary Medicine (https://
vet.snu.ac.kr/en). Among all data repositories registered
in re3data.org, the number of search results in the repository name for the ecology keyword was 3, the number of
search results in the repository description part was 18,
and the number of search results in the keyword registered by the repository was 78. In this study, an expanded
keyword list (Ecology, species, restoration, biodiversity,
ecosystem, wildlife, ecological, eco-tourism, ecoinformatics, climate, change, ecological database) was used to
identify ecological repositories with the help of two experts.
To identify ecological repositories, search was performed
using one or more keywords from the list of expanded
keywords. The number of search results was 26 when the
search was performed against the repository name, 207
when the search was performed against the repository description, and 241 when the search was performed againstthe keyword registered in the repository (Table 2). Excluding duplicates, the total number of ecological reports
was 354, accounting for about 14% of the total numberof
repositories registered in re3data. In this study, repositories
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to be analyzed were finally determined through the above
steps.above steps.
Metadata format of the ecological field repository
Major metadata formats used in ecological repositories
included Federal Geographic Data Committee Content (EML),
Directory Interchange Format (DIF), Darwin Core, Data
Documentation Initiative (DDI), and DataCite Metadata
Schema. These types of metadata format for the entire
ecological field were analyzed (a total of 19 cases). Five
cases were surveyed as ‘other’ metadata formats and four
of them were judged with ABCD-access criteria for biological collection data as a result of analyzing their actual
URL (http://www.dcc.ac.uk/resources/metadata-standards/
abcd-access-biological-collection-data).
Table 3 below shows metadata format used in the ecological field research data repository registered in re3data.
The number of registered metadata format registrations
was 155 (43.8%) out of a total of 353 repositories analyzed.
Number of ecological repositories by country
As a result of analyzing the ranking by the number
of countries operating ecological repositories, the United
States, which operates 102 repositories, ranks the first.
Germany, which operates 34 repositories, ranks the second.
Canada, which operates 31 repositories, ranks the third.
Japan, which operates 7 repositories, ranks the 7th. Korea
is operating one ecological repository. Fig. 1 shows the
above information schematically.
Meanwhile, the number of repositories depending on
whether the institution was profitable or not was surveyed. A total of 771 non-profit organizations and 12
for-profit organizations are participating in the operation
of the ecological research data repository. In the case of
Korea, two non-profit organizations (‘Korea Science &
Engineering Foundation’ and ‘Seoul National University,
College of Veterinary Medicine’) were surveyed to build an
ecological research data repository.
Research data version control status
Research data version management can provide confidence
in the data to other researchers who want to use the research data. In addition, version management of research
data guarantees a systematic preservation process. It is
judged as a function that must be provided by an institution operating a research data repository. Table 4 below
shows the current status of ecological research data repositories registered in re3data managing the version of
research data. As of March 2021, it was confirmed that
83.9% of the total repositories (n = 2,62,607) registered
in re3data and 86.6% of the ecological repositories (n =
354) were managing the research data version.
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Table 2. The number of data repositories registered according to the location where the analysis keyword appears
division

The number of appearances
in the repository name

Before keyword
expansion
After keyword
expansion

The number of occurrences of The number of occurrences in
keyword in Description
the registered keyword

3

18

78

26

207

241

Table 3. Metadata format used in the ecological field research data repository registered in re3data
Metadata Format

Count

ISO 19115

25

FGDC/CSDGM - Federal Geographic Data Committee Content Standard for
Digital Geospatial Metadata

21

EML-Ecological Metadata Language

19

Repository-Developed Metadata Schemas

19

Dublin Core

15

Darwin Core

14

DataCite Metadata Schema

13

ABCD - Access to Biological Collection Data

7

DIF - Directory Interchange Format

5

DDI - Data Documentation Initiative

5

CF (Climate and Forecast) Metadata Conventions

5

RDF Data Cube Vocabulary

1

MIBBI - Minimum Information for Biological and Biomedical Investigations

1

Genome Metadata

1

CIM - Common Information Model

1

DCAT - Data Catalog Vocabulary

1

ISA-Tab

1

Table 4. Data version control ratio among ecological research data repositories registered in re3data
Number of cases
Null / except Null / Yes / No / Total

Ratio (Inc. Null)
Null / Yes+No / Yes / No

1366 / 1241 / 1041 / 200 / 2607

52.4 / 47.6 / 39.9 / 7.7

83.9 / 16.1

167 / 187 / 162 / 25 / 354

47.2 / 52.8 / 45.8 / 7.1

86.6 / 13.4
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Ratio (except Null)
Yes / No
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Fig. 1. Current status of
ecological repositories by
country (as of 2020. 12. 21).

Discussion
In this study, data repository information registered in
re3data, a research data registry, was collected. Based on the
collected data, the current status was analyzed for 354 repositories (approximately 14%) in the field by using keywords
suggested by two experts in the ecological field. Main metadata formats used to describe data in ecological research data
repositories have emerged as ISO 19115, FGDC, EML, Dublin
Core, Darwin Core, and so on. As for the number of ecological repositories by country, the US, Germany, and Canada
have 102, 34, and 31 repositories, respectively. A total of 771
non-profit organizations and 12 for-profit organizations are
involved in the construction of the ecological field research
data repository. The data version control ratio of the ecological field research data repositories registered in re3data was
analyzed to be somewhat higher (86.6%) than the total ratio
(83.9%). Results of this study can be used to establish policies
to build and operate a research data repository in the ecological field. This is a time when the open science movement
for the reuse of research data is actively unfolding in the era
of data-intensive science. In this flow of research culture, the
role of research data repositories is becoming very important.
Korea’s ecological research data repositories should be built in
line with the international level. This study examined the current status and level of international research data repositories in the ecological field. Results of this stud could be used
as benchmarking data by organizations that build and plan
research data repositories in Korea.
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• The top, bottom and side margins should be at least 30
mm.
• All pages should be numbered consecutively in the top
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Authors must declare any financial support or relationships that may pose conflict of interest.
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recommended to have their manuscript professionally edited before submission to improve the English.
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Units. All measurements must be given in SI or SI-derived
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by the generic name only. Trade names should not be
used.
Zoological nomenclature. All papers must conform to
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words. The title should not contain abbreviations;
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work was carried out.
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where the work was carried out, should be supplied in a
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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. En

sure 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.
(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.
(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
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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);
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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.
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http://www.endnote.com/support/enstyles.asp. Reference
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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 (80mm), 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.
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of all authors of the paper
PUBLICATION PROCESS AFTER ACCEPTANCE
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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
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