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Application of Statistical and Machine Learning
Techniques for Habitat Potential Mapping of Siberian
Roe Deer in South Korea
Saro Lee1,2* , Fatemeh Rezaie1,2
1
2

Geoscience Platform Division, Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon, Korea
Department of Geophysical Exploration, Korea University of Science and Technology, Daejeon, Korea

ABSTRACT
The study has been carried out with an objective to prepare Siberian roe deer habitat potential maps in South Korea
based on three geographic information system-based models including frequency ratio (FR) as a bivariate statistical
approach as well as convolutional neural network (CNN) and long short-term memory (LSTM) as machine learning
algorithms. According to field observations, 741 locations were reported as roe deer’s habitat preferences. The dataset
were divided with a proportion of 70:30 for constructing models and validation purposes. Through FR model, a total
of 10 influential factors were opted for the modelling process, namely altitude, valley depth, slope height, topographic
position index (TPI), topographic wetness index (TWI), normalized difference water index, drainage density, road
density, radar intensity, and morphological feature. The results of variable importance analysis determined that TPI,
TWI, altitude and valley depth have higher impact on predicting. Furthermore, the area under the receiver operating
characteristic (ROC) curve was applied to assess the prediction accuracies of three models. The results showed that all
the models almost have similar performances, but LSTM model had relatively higher prediction ability in comparison
to FR and CNN models with the accuracy of 76% and 73% during the training and validation process. The obtained
map of LSTM model was categorized into five classes of potentiality including very low, low, moderate, high and very
high with proportions of 19.70%, 19.81%, 19.31%, 19.86%, and 21.31%, respectively. The resultant potential maps
may be valuable to monitor and preserve the Siberian roe deer habitats.
Keywords: Convolutional neural network algorithm, Frequency ratio method, Habitat potential map, Long short-term
memory algorithm, Machine learning algorithms, Siberian roe deer
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The roe deer as a meso-mammals of Palearctic distribution can be classified into two distinct species: the
European roe deer (Capreolus capreolus ) and the Siberian
roe deer (Capreolus pygargus ). The habitats of Capreolus
pygargus is continental Asia and some regions of Eastern
Europe, from the Khoper River and Don River bend to
the Ural Mountains and across southern Siberia. It is distributed throughout northern Mongolia and east to the
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by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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coastlines of the East Sea, and the Yellow Sea, including
the Korean Peninsula especially Jeju Island (Koh & Randi,
2001; Lee et al ., 2015; 2016; Sokolov et al ., 1982). The
European roe deer travel from Europe to Western Russia
and the Siberian roe deer migrate from Russia to Korea
(Park et al ., 2014). The differences between these species are their body sizes and morphometric characteristics
(Danilkin & Hewison, 1996). Abundance of roe deer species as an inevitable food source is one of the main factor
to control many raptors population (Jiang et al ., 2015).
Although International Union for the Conservation of
Nature declared that Siberian roe deer is in the Red List as
the least concern specie (Lovari et al ., 2016), their population have considerably declined owing to trapping and
overhunting. Therefore, habitat potential map can play
a prominent role in developing conservation plans and
maintaining biodiversity of roe deer as a game species.
In recent years, because of rapid increasing of the quantity and quality of geospatial data, attempts have been
made to generate more accurate habitat potential maps
for a variety of species. To achieve this goal, geographic
information system (GIS) as a powerful instrument can
be applied to assess the spatial correlations between
species occurrences and spatial variables. Based on the
literature review, various types of GIS-based models have
been employed to develop habitat potential maps for different plant and animal species. These methods can be
categorized into four groups, namely bivariate, multivariate, multi-criteria decision-making (MCDM), and artificial
intelligence (AI) algorithms (Kadirhodjaev et al ., 2020).
The first two methods are statistical modeling which can
be implemented easily and the outcomes can be interpreted simply. In spite of the uncomplicated performance
of these data-driven methods, the size and precision of
input data can affect the predictive accuracy of employed
models. Additionally, selection effective parameters among
multicollinearity variables can cause challenges in statistical models (Farrell et al ., 2019). The most representative
of bivariate and multivariate approaches are the frequency
ratio (FR) (Choi et al ., 2011a), weights-of-evidence model
(Choi et al ., 2011b), logistic regression (Imam & Kushwaha, 2013; Pereira & Itami, 1991), and evidential belief
function (Lee et al ., 2019).
Multi-criteria decision-making (MCDM) algorithms are
a type of knowledge-driven methods applied to assign
weights to conditioning factors based on evidence of
varying quality, guideline, and expert opinions (Al-Abadi
et al ., 2016). Analytical hierarchy process is the most
widely used MCDM method for habitat mapping (Aini et
al ., 2015; Imam & Tesfamichael, 2013; Mesfin & Berhan,
2016; Sanare et al ., 2015).
Nowadays, machine learning methods received growing attention of researchers in a wide range of scientific
fields due to their predictive ability to identify patterns
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in historical data and find the nonlinear connection between variables. The most prevalent machine learning approaches implemented for species geographic distributions
modeling includes artificial neural network (Lee et al .,
2013; 2017), random forest (Ng et al ., 2018; Robert et al .,
2016), maximum entropy model (Park et al ., 2018; Zhang
et al ., 2020a), support vector machine (Cui et al ., 2020),
multivariate adaptive regression spline (Leathwick et al .,
2005), generalized additive models (Kosicki, 2020; Sanchez et al ., 2008; Schmiing et al ., 2013) and classification
and regression tree (Garzón et al ., 2006). In addition, Oh
et al . (2019) showed the effectiveness of support vector
machine and naïve bayes techniques to produce potential
ruditapes philippinarum habitat map in the Geunso Bay,
South Korea. Rahimian Boogar et al . (2019) used support
vector machine and maximum entropy methods to predict
habitat suitability of Juniperus spp. in the Southern part
of Zagros Mountains, Iran. Farrell et al . (2019) developed
habitat suitability maps of wild turkeys in Mississippi using three machine learning algorithms, namely maximum
entropy, random forests, and support vector machines.
With the advent of big data and in order to overcome
the drawbacks of mentioned techniques, deep learning
methods were introduced as a subfield of machine learning techniques powered by AI which outperformed the
prediction precision. The most popular deep learning
algorithms include convolutional neural network (CNN),
recurrent neural network (RNN), long short-term memory
(LSTM) network, and deep belief networks. As emphasized
by a great number of studies, these algorithms are able to
find relationship between training sample data and apply it to new sets. In facts, deep learning algorithms have
promising capacity of processing unstructured data which
contains multiple features. Moreover, these approaches
can enhance the robustness and accuracy of analyzing.
The main objective of the present study is to investigate
applicability of CNN and LSTM algorithms to produce Siberian roe deer habitat distributions map in South Korea
for the first time in the field of species distribution model.
Furthermore, the accuracy of predictions are compared
with FR method as a bivariate statistical model. Finally,
the spatial relationships between the several habitat distributions and various environmental influencing factors
will be elucidated which can be used for defining longterm programs to conserve this specie.

Materials and Methods
Materials
Study area
The Korean Peninsula is situated in Northeast Asia. The
country and all its islands with an approximately area of
100,302 km2 lies between latitudes 33° and 39° N, and
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longitudes 124° and 130° E (Fig. 1). The country reaches
to Democratic People’s Republic of Korea in the north
and it is surrounded by the East Sea to the east, the Korea Strait and the East China Sea to the south, and the
Yellow Sea to the west. There are large coastal plains in
the southern and western regions and mountains covered
majority parts of South Korea (70%) are located in the
eastern and northern parts. Owing to these topographical structures, only 30% of the total land in South Korea,
which is located in the west and southeast, are suitable
for agricultural purposes.
South Korea has more than three thousand islands
which most of them are small and uninhabited located
in the western and southern coasts of South Korea. Jeju,
the largest Island in this country, is about 1,825 km2 and
100 km off the southern coast of South Korea. Jeju is
warmer than the rest of South Korea because of its humid
and subtropical climate. Winters are cool and dry while
summers are hot, humid, and even sometimes rainy. The
Halla-san Mountain as an extinct shield volcano is one of
the three main mountains of South Korea; with elevation
1,950 m above sea level is in Jeju which makse this Island
to be the highest point in South Korea. The two other
high mountains are Jirisan and Seoraksan.
127 30'E

129 0'E

34 30'N

36 0'N

37 30'N

126 0'E

Fig. 1. Study area with roe deer habitat locations from
field observations.
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The longest river in South Korea is Nakdong (521 kilometers) and Han and Geum rivers comes after. These
major rivers respectively flow from the north to south and
the east to west, and they ended up the Yellow Sea or the
Korea Strait. Their water flow fluctuates seasonally and
they are broad and shallow.
South Korea climate can be classified as the humid–
temperate zone with both continental and oceanic characters. The maximum and minimum annual temperature
during 2010-2020 took the values between 19.1 to
17.6°C and 7.8 to 9°C, respectively. The sum of annual
precipitation were in the interval 95.8 to 126.2 mm/yr,
approximately 37% of which falls in the summer season,
between June and Aguste (Korea meteorological administration: KMA, 2020).
Dataset preparation for spatial modeling
A full-scale investigation into the species distributions
have been launched since 1997 by the Korean National
Institute for Environmental Studies to monitor species
populations particularly for endangered ones. The survey
was carried out based on extensive field observations
to identify special spreading of wildlife habitats. The
observed or detected locations were documented using
hand-held global positioning system. As a result, roe deer
was discerned at 741 points in the study area according to
experts report (Fig. 1). For the purpose of building model
and validating its performance, both habitat and nonhabitat locations are needed. Therefore, the same number
of habitat locations (741 points) were identified as nonhabitat ones. Afterwards, the yield data as the habitat and
non-habitat locations were randomly divided into two
groups including training and validation in the ratio of
70:30, respectively (Chen et al ., 2019; Jaafari et al ., 2019;
Kamali Maskooni et al ., 2020; Oh et al ., 2019; Razavi Termeh et al ., 2018). These points (training: validation) were
selected utilizing ‘Create Random Points’ function in ArcGIS 10.8 software (Esri, Redlands, CA, USA). Then, 70%
of the habitat and non-habitat locations were merged to
build training dataset (1,038 points) which was applied
for constructing model. The remaining 30% of points
were amalgamated to make the testing dataset employed
for model validation (444 Points) (Dodangeh et al ., 2020;
Panahi et al ., 2020a). Finally, the attributes of each point
was extracted by overlaying both training and validation
datasets with habitat influential factors.
Habitat-related factors
Habitat selection is an optimization procedure which
interaction between diverse environmental variables can
affect habitat distributions of wild animals. Indeed, determination of contributing factors exerts undue influence
on the accuracy of habitat potential mapping and there
are no comprehensive guidelines for selecting appropri-
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ate affecting factors. In the current study, 15 factors
were opted depending upon the literature review and
availability of data. Afterwards, FR model was applied to
assess the correlation between roe deer habitats and the
affecting factors. Finally, According to the results of FR
method, the potential maps were developed based on
the integration of 10 evaluated thematic maps with FR
values greater than 0.50. Results implied that the highest
FR value belongs to slope height (FR=0.94), followed by
drainage density (0.86), altitude (0.85), road density (0.76),
topographic wetness index (TWI; 0.73), valley depth (0.69),
morphological feature (0.68), normalized difference water
index (NDWI; 0.65), radar intensity (0.59) and topographic position index (TPI, 0.52) (Fig. 2). The mentioned maps
were prepared and analyzed using ArcGIS 10.8 software.
First, a digital elevation model (DEM) with a pixel size of
30×30 m was prepared using topographical maps published by the National Geographic Information Institute.

129 0'E

B 126 0'E

127 30'E

36 0'N

37 30'N

129 0'E

Slope height (m)
0-8.60

Valley depth (m)
0-16.02
16.03-35.24

8.61-12.91

129.34-243.45

35.25-64.07

12.92-30.12

243.46-433.65

64.08-121.73

30.13-60.23

433.66-1,940

121.74-816.88

60.24-1,097.06

127 30'E

129 0'E
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129 0'E

36 0'N
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E 126 0'E
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TPI

4

127 30'E

45.66-129.33

37 30'N
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36 0'N
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34 30'N

Altitude (m)
0-45.65

D 126 0'E

129 0'E

37 30'N

127 30'E

37 30'N

A 126 0'E

Afterwards, DEM applied to derive topographic factors,
namely valley depth, slope height, TPI, TWI and morphological features.
Field observations show that the roe deer population
increase at higher elevations distant from urban areas
and transport infrastructure. TPI involves the analyzing of
topographic landscape terrain units into the upper, middle and lower parts. By declining elevation of each cell
in a DEM, the TPI values decrease. The TPI value for flat
ground surface located in the foot of hills or mid sloppy
region is near zero (Arya et al ., 2020). TWI is another key
parameter which greatly affect animal distribution and
their abundance. IWI indicates the soil moisture which
impacts on vegetation patterns of an area. The habitat
preferences is determined fundamentally by the existence
of sufficient food in a territory.
Water availability is another decisive factor in the distribution of animal and plant species. The higher availability

NDWI

TWI
0-0.41

1.65-5.06

1-0.25

0.42-3.73

5.07-5.96

0.26-0.52

3.74-6.22

5.97-7.47

0.53-0.62

6.23-9.13

7.48-12.38

0.63-0.67

9.14-105.78

12.39-27.22

0.68-1

Fig. 2. Influential factors: (A)
altitude, (B) valley depth, (C)
slope height, (D) TPI, (E) TWI, (F)
NDWI, (G) drainage density, (H)
road density, (I) radar intensity,
and (J) morphological feature.
TPI, topographic position index;
TWI, topographic wetness index;
NDWI, normalized difference
water index.
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Road density
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Radar intensity
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125.56- 25.54

3.19-5.57

7.75-13.4

125.56- 25.54

5.58-8.75

13.41-21.44

17.84- 13.23

8.76-101.45
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Morphological feature
Peak
Ridge
Pass
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promotes plant growth and, thus, supports more food
sources for roe deer (Ng et al ., 2018). Water body has low
radiation and strong absorption in the range from visible
to infrared wavelengths; therefore, NDWI map provides
information about water body in a region. NDWI map at
the spatial resolution of 30 m was produced using the
green and Near Infrared bands of Sentinel-2 images. The
value of NDWI for water bodies is positive while vegetative cover or soil mass gain negative values (Biswas et al .,
2020). The land cover map was prepared and published
by the Ministry of Environment was employed to develop
drainage and road density maps. Several studies clarified
the effects of barriers such as road infrastructure and
water surfaces on roe deer displacements and dispersal
movements (Duarte et al ., 2010; Rosell et al ., 1996).
Landforms can be considered as an important parameter influences population distribution and patterns of
habitat selection by animals. Morphometric features,
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Fig. 2. Continued.
which characterize the landform of a terrain, was extracted from DEM using SAGA–GIS software (http://saga-gis.
org). The inventory map was categorized into plane, pit,
ridge, channel, peak, and pass. The concentration of roe
deer habitats is in areas with moderate altitudes and gentle slopes, such as river valleys and flat areas. They prefer
to reduce their movements in areas with steep topography
(ridges) which confirms the studies carried out by Acevedo et al . (2011), López-Martín et al . (2009), Loro et al .
(2016), and Pays et al . (2012). In fact, intermediate and
concave reliefs lead to decrease of habitat quality. Convex
and convex/concave structure have positive impact on it
in both summer and winter (Reimoser et al ., 2009).
Satellite radar intensity image produced by processing
Sentinel-1 (ESA operating) images of the Korean Peninsula in 2020. Each pixel in an intensity image indicates
the proportion of microwave backscattering strength from
that area on the ground. The radar intensity map was
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utilized to determine the surface roughness and the moisture level of the area. These parameters can play a vital
role in the distribution of wild animal populations (Evcin
et al ., 2019).

FRij=

% Habitats
Hij ⁄TH
=
Fij ⁄Tf
% Pixels

(1)

where FRij denotes the FR of a i-th class for the j-th factor, Hij is the number of pixels contains habitat location
in the i-th class of the j-th factor and TH shows the total
number of habitats. Fij represents the number of pixels in
the i-th class of the j-th factor and Tf indicates the total
number of pixels of each factor. Finally, the habitat potential maps is prepared by summation of FR model result
for each contributing factor. The value of FR method
signifies the amount of correlation between the class and
habitat potentiality. In other words, the higher value of
FR specifies the higher probability of consideration a location as a possible habitat, and vice versa (Altafi Dadgar
et al ., 2017).

Methods
Description of models
To identify roe deer potential habitats, three big data
analysis algorithms including FR, CNN, and LSTM were
employed in the current study. Additionally, the receiver
operating characteristic (ROC) curve was applied to determine the accuracy rate of prediction. The methodologies
of study were clarified in the following sections and the
flowchart is shown the different processing steps of adopted approaches in present study (Fig. 3).
Frequency ratio model: The FR is a type of bivariate
statistical methods with the capability of deducing the
potential probabilistic correlation between an incident
and each related variable. This ability leads to prophesy
an event rest on an assumption that the conditions will
not be altered (Lee & Talib, 2005). FR of each effective
factors in mapping roe deer potential habitats can be expressed as follows:

Convolutional neural network algorithm: Deep learning algorithms are one of the artificial neural networks
(ANN) model which are structurally and numerically different from ANN. CNN is a class of deep learning neural
network method in which at least one of its layers is allocated to the convolution operation (Tekerek, 2021). The
main structure of CNN model composed of input layer,
convolution layer, pooling or subsampling layer, fully
connected layer, and output layers (Panahi et al ., 2020b).

Detection of deer locations by
field survey

Training data
(70% of deer locations)

Random selection

Random selection
Deer locations

Validation data
(30% of deer locations)

Building model
Database construction
Validation
Altitude, valley depth, slope,
TPI, TWI, NDWI, drainage density,
road density, radar intensity,
morphological feature

ConvNet/CNN
Convolutions

Pooling

Convolutions

Pooling

Full-connection
Full-connection
Output

ROC

Intervention
(yes/no)+
probability

GIS

Frequency ratio model

Field verified deer
locations

Input

F6 layer
F5 layer
S4 feature maps

C1 feature maps
S2 feature maps
C3 feature maps

Overlay analysis
LSTM

Ratio value of
each factor
ht

A
xt

h0

=

h1

Deer habitat potential map
h2

A

A

A

x0

x1

x2

ht

A

...

xt

Fig. 3. Overview of applied methodology for delineation of roe deer potential habitats. GIS, geographic information system;
ROC, receiver operating characteristic; CNN, convolutional neural network; LSTM, long short-term memory; TPI, topographic
position index; TWI, topographic wetness index; NDWI, normalized difference water index.
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The input layer is designed for converting the input data
to numerical format which had been stored in a matrix. Based on the input properties, matrix property may
be vary. Convolutional layer is the major feature which
causes the CNN to be dissimilar to other standard neural
network approaches. The sum of matrix multiplication
process between kernel and input will be applied in order
to extract new features in convolutional layer, and then
this process will be followed by mathematical operations
over the input that is called activation functions. Activation functions are necessary for introducing non-linearity
into neural networks because they help to catch up nonlinear features from the input data (Zhang et al ., 2019).
Reducing the numerous parameters as well as the feature selection is being done by pooling layers. There are
two common types of pooling function that are called
maximum pooling and average pooling. Maximum or average pooling functions are employed to calculate maximum or average value for each patch of the feature map,
respectively (Zhang et al ., 2020b).
Fully connected layer normally comes after all convolutional and pooling layers when high-level features were
extracted. This layer has the function to manage the classification settings likes prevailing feed-forward ANN (Kumar & Hati, 2020). Fully connected layer consists of all
neurons that are connected to the past layer and mathematically can be defined by the following equation:

y =f (X i×a +u )

(2)

where y shows the output of the fully connected layer. X i
denotes the input vector, a is the weight, u stands for bias
of the fully connected layer, and the activation function is
f (.) (Tang et al ., 2020). Softmax function is the activation
function of fully connected layer and computes the probabilities of i-th target class (σ(Xi )). Activation function can
be expressed as follows:
σ(zi )=

eZ
�Ni=1e i
i

Z

i=1,2,3, ... , N

(3)

where z i is the i-th output neuron and N indicates the
number of possible target classes for the specific inputs
(Zare & Ayati, 2020). The last fully connected layer is interpreted as an output layer in which every neuron is responsible for representing final probabilities of each class.
Long short-term memory algorithm: RNNs has various classes that one of them are LSTM which has been
developed to process time-dependent variables presented
in sequential data (Vu et al ., 2020). In comparison with
ordinary RNNs, in the hidden layer of LSTM there is the
exception of the summation units that will be replaced
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by memory blocks (Wei, 2020). Each LSTM unit comprises
of three gates including forget gate (f t ), input gate (i t ),
and output gate (o t ) which all of them remove or add
information to each cell state. Since LSTM has the ability to learn hidden long-term sequential dependencies, it
becomes popular among scholars (Yang et al ., 2017). For
a defined time point t , the input of a LSTM cell is xt as
well as its previous output (ht -1). Ct̃ and Ct represent the
cell input and output state, and Ct -1 is its previous state.
Based on the LSTM architecture, Ct and ht will be passed
to the next cell in the network. Ct and ht can be determined by the following equations (Tin et al ., 2019):

ft =σ(Wf .[ht –1,xt ]+bf )

(4)

it =σ(Wi .[ht –1,xt ]+bi )

(5)

Ct̃ =tanh (WC .[ht–1 ,xt ]+bC )

(6)

Ct =ft ⨀Ct –1+it ⨀C ̃t

(7)

ot =σ(Wo .[ht –1,xt ]+bo )

(8)

ht =ot ⨀ tannh (Ct )

(9)

where W , b , σ and tanh are weighted matrices, bias vector, sigmoid function, and hyperbolic tangent function.
The forget gate has the role of reserving or forgetting
information. New information will be added with proper
scale by input gate. In Eqs.5 and 6, the values updates
by sigmoid activation function and new candidate values
generates by tanh function. The updated new candidate
can be computed according to Eq.7 (Supreetha et al .,
2020). A tanh layer, a sigmoid layer, and a pointwise multiplication operation (⨀) make the output gate (o t ). Finally, the output gate takes a decision which information
will be output according to the cell state Ct as well as the
input xt and ht –1, by using the following equations (Shi et
al ., 2021):

Evaluation of models
ROC curve analysis is the most common statistical
method employed to assess quantitatively the prediction
capability of developed model for both training and testing phase. The ROC curve plots false positive rate on the
X-axis (1-specificity) versus true positive rate on the Y-axis (sensitivity) (Al-Abadi et al ., 2017). In current research,
the 1-specificity displays the portion of pixels inaccurately
predicted by the presence or absence of habitat potential
and the sensitivity is the portion of pixels classified accurately (Pradhan et al ., 2020). In fact, the area under the
ROC curve (AUC) demonstrates the ability of the method
to predict where an event happens or not. The AUC value
can vary between 0 and 1. The AUC equals to 0.5 speci-
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Table 1. The effect of each influential factor subclasses on habitat distributions using FR model
Influential factors
Altitude (m)

Valley depth (m)

Slope height (m)

TPI

TWI

NDWI

Drainage density

Road density

8

Classes

Number of pixels

Number of habitat

FR

22,173,780

32

0.31

45.66-129.33

22,198,200

34

0.33

129.34-243.45

22,214,775

69

0.66

243.46-433.65

22,038,609

151

1.46

433.66-1,940

22,014,492

233

2.26

0-45.65

0-16.02

20,315,890

227

2.38

16.03-35.24

23,898,669

131

1.17

35.25-64.07

22,805,822

80

0.75

64.08-121.73

22,041,141

49

0.47

121.74-816.88

21,578,334

32

0.32

16,874,116

31

0.39

0-8.60
8.61-12.91

19,399,497

42

0.46

12.92-30.12

38,234,399

123

0.69

30.13-60.23

18,843,481

142

1.61

60.24-1,097.06

17,288,363

181

2.23

0-0.41

23,970,287

37

0.33

0.42-3.73

21,751,996

144

1.41

3.74-6.22

21,640,415

123

1.21

6.23-9.13

21,647,975

129

1.27

9.14-105.78

21,629,183

86

0.85

1.65-5.06

18,901,824

159

1.79

5.07-5.96

25,030,432

130

1.11

5.97-7.47

22,989,581

99

0.92

7.48-12.38

22,105,070

96

0.93

12.39-27.22

21,612,949

35

0.35

–1-0.25

21,374,407

19

0.19

0.26-0.52

21,839,899

80

0.78

0.53-0.62

19,426,220

117

1.28

0.63-0.67

21,359,487

154

1.53

0.68-1

26,219,650

149

1.21

0

25,265,819

176

1.48

0.01-3.18

22,500,741

159

1.50

3.19-5.57

22,665,901

82

0.77

5.58-8.75

20,907,668

63

0.64

8.76-101.45

18,878,276

39

0.44

0-2.68

33,123,325

230

1.45

2.69-7.74

19,301,104

85

0.92

7.75-13.4

18,128,869

100

1.15

13.41-21.44

18,395,607

68

0.77

21.45-75.93

18,936,390

33

0.36
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Table 1. Continued
Influential factors
Radar intensity

Morphological features

Number of pixels

Number of habitat

FR

–125.56-–25.54

Classes

18,047,153

68

0.79

–25.53-–21.7

22,669,814

123

1.14

–21.69-–17.85

24,776,910

149

1.26

–17.84-–13.23

21,357,501

107

1.05

–13.22-–70.63

21,898,743

72

0.69

25,575,559

81

0.68

150,186

0

0.00

39,090,576

135

0.74

Peak
Ridge
Pass
Plane
Channel
Pit

444,837

3

1.44

45,271,226

299

1.41

107,472

1

1.98

FR, frequency ratio; TPI, topographic position index; TWI, topographic wetness index; NDWI, normalized difference water index.

fies random prediction and a higher value, which is closer
to one, is as an indicator of better model predictability
(Chen et al ., 2019; Nguyen et al ., 2020). Therefore, values
between 0.5-0.6 indicates low accuracy, 0.6-0.7 moderate, 0.7-0.8 high, 0.8 to 0.9 very high accuracy (Arabameri
et al ., 2019). If AUC takes a value bigger than 0.9, the
model prediction accuracy is perfect. AUC is calculated by
training and validation dataset separately as called success and prediction rate curves, respectively. The success
rate curve illustrates the model ability to fit the observed
events and prediction rate curve displays the model prediction quality.

Results
Impact of influential factor subclasses on habitat distributions
The FR method was applied to determine the effect of
influential factors on roe deer habitat distribution. With
regard to the results presents in Table 1, the higher elevations raised the possibility of roe deer concentration due
to providing a safe habitat away from human activities,
especially from hunting. In the valley depth parameter,
the class of 0-16.02 and 16.03-35.24 had the most impact on choosing a place as a habitat with the FR values
2.38 and 1.17, respectively. Observation showed that the
population of roe dear increased with the increase of
slope height. Highest value was found in case of 60.241,097.06 m. The FR values had been computed for the
TPI factor as a proxy for topographic landscape terrain
units, showed that higher values were related to the class
of 0.42-3.73 (FR=1.41) followed by 3.74-6.22 and 6.239.13 classes (FR=1.21 and 1.27, respectively). For TWI, the
estimated FR values decreased with increase this index.
The class of 1.65-5.06 had the highest FR value (1.79),
followed by the class of 5.07-5.96 (1.11). The spatial
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analysis revealed that NDWI class of 0.63-0.67 had the
higher FR value (FR=1.92) and significantly affected roe
deer habitat distribution. The highest weighted class was
observed in drainage density, the second class with a FR
value 1.50, followed by the road density class of 0-2.68
(FR=1.45) and the third class of the variable radar intensity (FR=1.26). Greater road density correlated with low
habitat suitability for roe deer species. In case of morphological feature, roe deer tend to live in regions located in
a convex/concave land formation.
Habitat potential maps
Roe deer habitat potential map based on FR model
was generated by the summation of FR values of each
influential factor and their subclasses using ArcGIS 10.8
through the following equation:

Potential Habitat Areas =∑FRi

i =1,2,3,…,N (10)

where FRi is the FR value of each factor’s class and N denotes the total number of influential factors. As shown in
Fig. 4, the resultant map was classified into five classes
using quantile method including very low, low, moderate, high and very high habitat potential zones, covering
about 19.71%, 19.83%, 20.17%, 20.11%, and 20.19% of
the study area, respectively. The two other maps were prepared by applying CNN and LSTM models. The CNN model predicted that approximately 19.87%, 19.85%, 19.25%,
19.47%, and 21.57% areas were designated to the very
low, low, moderate, high and very high habitat potential
zones whereas theses values for the LSTM model were
19.70%, 19.81%, 19.31%, 19.86%, and 21.31%, respectively. The models prediction accuracy were concluded by
using AUC analysis. During the training phase the AUC
of FR, CNN, and LSTM models were 0.74, 0.73 and 0.76,
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Fig. 4. Habitat potential maps developed using (A) FR, (B) CNN, (C) LSTM models. FR, frequency ratio; CNN, convolutional
neural network; LSTM, long short-term memory.
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0.8
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Fig. 5. Comparison of models prediction power using AUC (A) training phase, (B) testing phase. AUC, area under the receiver operating characteristic curve; FR, frequency ratio; CNN, convolutional neural network; LSTM, long short-term memory.
respectively (Fig. 5). Moreover, The FR, CNN, and LSTM
models had AUC of 0.73, 0.70 and 0.73 during the testing phase.

Discussion
The present study was executed to assess the ability of
deep learning algorithms (CNN and LSTM) to identify the
spatial relationships between the possible roe deer habitat
and related environmental factors for the first time. In
fact, the prediction ability of deep learning approaches
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directly depends on input data accuracy and imprecise
habitat location data can lead to inaccurate prediction.
Concerning the performance evaluation, LSTM model
had relatively higher prediction ability in comparison to
FR and CNN models according to its AUC values during
training and validation process (AUC=0.76% and 0.73%).
Percentage of roe deer habitat locations within each class
of habitat potential map (Fig. 6) display that the most
numbers of locations fell into very high class; therefore,
models have shown acceptable performances.
The results of variable importance analysis of influential
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Fig. 6. Percentage of roe deer habitat locations within each class of habitat potential map. FR, frequency ratio; CNN, convolutional neural network; LSTM, long short-term memory.
factors denoted that TPI, TWI, altitude and valley depth
had the greatest contribution in the modelling procedure
with a mean effective weight of 63.3%, 58.1%, 57.8%,
and 54.8%, respectively. On the other contrary, morphological feature, drainage density and radar intensity had
lowest impact on habitat potential mapping in descending order. Moreover, the final maps reveal that there are
slight differences between stability and robustness of
developed models and two algorithms are a class of same
family. Additionally, not only the values of AUC were
close but also the distribution of the potential classes had
remarkable similar pattern. The northeastern and central
parts of the inland area of South Korea and the central
part of Jeju Island have very high potential. However,
LSTM model performance was superior to CNN and FR
model. It should be mentioned that although FR model
is easy and the result can be interpreted simply but has
limitation in assessing relationships between an event occurrence and effective factors because of defining statistical assumptions prior to any study in comparison with
machine learning methods. Finally, the resulting habitat
potential map can make an outstanding contribution to
define effective conservation plans and manage the roe
deer habitats.
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ABSTRACT
This study was carried out to investigate the moss flora of Barton Peninsula on King George Island of Antarctica.
The study presented here was based on field surveys of Barton Peninsula conducted by the author during the austral
summer season in 2012/2013, 2013/2014, 2014/2015 and herbarium specimens from Hiroshima University. The result
of the study showed that the moss flora Barton Peninsula consisted of a total of 35 species, with 11 families and 21
genera.
Keywords: Antarctica, Barton Peninsula, Bryophyta, King George Island, Moss

Introduction
The Barton Peninsula is a small peninsula separating
Marian Cove and Potter Cove at the southwest end of
King George Island in the South Shetland Islands, Antarctica. The Korean research station, King Sejong is located
on the Barton Peninsula. Barton Peninsula is 4 km wide
at its maximum and 3 km long, so the development is
directed from the north-east to the south-west (Jeong
& Yoon, 2001). There is an area of exposed outcrops in
summer, which covers about 15 km2. This area has a rugged topography with a wide and gentle slope in the central belt having elevations of 90-180 m above sea level,
the slopes of sea side are steep (Chang et al ., 1990).
Previous studies on the mosses of Barton Peninsula
were conducted and reported by an ornithologist during
his short visit on this peninsula unlike other areas on King
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George Island (Ochyra, 1998). Recently, Yu et al . (2014)
reported 13 bryophyte belonging to five species from
Barton Peninsula. Also, some moss species are continually being added to the flora of King George Island (Ellis
et al ., 2012a). In sight of these, the moss flora of King
George Island, including Barton Peninsula, is still incompletely known. This study aims to provide a supplemented
species list of mosses growing on Barton Peninsula for
the related phylogenetic and physiological studies with
information of new moss records of the peninsula.

Materials and Methods
This study was done during the austral summer season
of 2012-2013, 2013-2014 and 2014-2015. The study has
been based on specimens collected from the field by the
first author and herbarium specimens from Herbarium of
Hiroshima University (HIRO). All the collected materials
were processed into voucher specimens and are currently
deposited at the Korea Polar Research Institute (KOPRI)
Herbarium (KOPRI, Index Herbarium) and HIRO. To identify the taxa, we referred to all the literatures available
(Noguchi, 1987; 1988; 1989; 1991; 1994; Ochyra, 1998;
Ochyra et al . 2008) and observed the specimens carefully

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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under the stereoscopic and optical microscopes.

George Island. On the other hand, the Fildes Peninsula
has 41 species, which represents 63% of total number of
mosses on King George Island. Because of the good climatic condition and wide range of habitats suitable for
colonization by mosses, Admiralty Bay is known for its
rich moss flora and has much more favorable habitats for
moss diversity than the Fildes Peninsula and Barton Peninsula (Ellis et al ., 2012a; Ochyra, 1998).
Below, we provide some information of the species
identified above as new moss records for Barton Peninsula
(Table 1).

Results and Discussion
Since Ochyra reported moss flora of King George Island consists of 61species belonging to 33 genera and
15 families in 1998, the moss flora of King George Island
had been increased with four species. Schistidium lewis smithii Ochyra and S . leptoneurum Ochyra were described
as new to science from Admiralty Bay in the Island. These
two unique species are new Antarctic endemics (Ochyra
et al ., 2008). Drepanocladus longifolius (Mitt.) Paris was
recorded for the first for the time from the southern part
of Fildes Peninsula in King George Island (Li et al ., 2009),
and Bryoerythrophyllum recurvirostrum (Hedw.) P. C. Chen
was also recorded from north-western side of Marian
Cove near the Weaver Peninsula by Kurbatova and Ochyra
(Ellis et al ., 2012a).
Currently, the moss flora of King George Island currently consists of 65 species belonging to 35 genera and
15 families (Ellis et al ., 2012b).
Here we reported on a collection from Barton Peninsula
in King George Island (Fig. 1). Through this study on the
moss diversity of Barton Peninsula, a total of 35 species
were identified as belonging to 21 genera and 11 families. This number corresponds to 54% of total number of
mosses (65 taxa) currently recognized from King George
Island (Ellis et al ., 2012a). Among the species, 19 species
are the first records from the Barton peninsula.
Both Admiralty Bay and Fildes Peninsula are located
near the study area. Admiralty Bay has the richest moss
flora on the King George Island. It has been reported to
have 58 species of mosses, and the number corresponds
to 89% of total number currently recognized from King

Andreaea depressinervis Cardot
Andreaea depressinervis is an Antarctic species, and
widely distributed in maritime Antarctic. The species is
easily recognized in the Antarctic, by the single costa
extending into an acumen (Ochyra et al ., 2008). It grows
mostly on rocks or soil, stony and gravelly ground, sometimes on patches of moss peat in Barton Peninsula. The
collections were without sporophytes.
Specimens examined: Barton Peninsula, Jeonjaegyu Hill,
soil, 62˚13´31.18˝S, 58˚46´42.54˝W, 84 m, 9 January 2013
Y .-J . Yoon KG -1017 ; Barton Peninsula, Narebski point,
rocks, 62 ˚14´03.9˝S, 58 ˚46´ 20.0˝W, 127 m, 2 February
2015 Y .-J . Yoon KG -1892 ; Barton Peninsula, along the
seacoast, 62˚13´20˝S, 58˚46´49˝W, 5 m, 30 January 2006
T . Yamaguchi 26425 .
Andreaea gainii Cardot
This is an amphipacfic subantarctic-Antartic species,
and widely distributed in the maritime Antarctic (Ellis et
al ., 2011). Andreaea gainii differs from other species of
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Table 1. Updated checklist of Barton Peninsula
Species

Information source

This research

OCHYRA

YU

HIRO

KOPRI

Andreaea depressinervis Cardot*

-

-

○

○

Andreaea gainii Cardot*

-

-

○

○

Andreaea regularis Müll.Hal.

○

-

○

○

Bartramia patens Brid.

○

-

○

○

Bryum archangelicum Bruch & Schimp.*

-

-

○

○

Bryum argenteum Hedw.*

-

-

○

-

Bryum pseudotriquetrum (Hedw.) P.Gaertn., B.Mey. & Scherb.

○

-

○

○

Bucklandiella sudeticum (Funck) Bendnarek-Ochyra & Ochyra*

○

○

-

-

Ceratodon purpureus (Hedw.) Brid.

○

-

○

○

Chorisodontium aciphyllum (Hook.f. & Wils.) Broth.

○

○

○

○

Ditrichum hyalinocuspidatum Cardot

○

-

○

○

Ditrichum hyalinum (Mitt.) Kuntze

○

-

○

○

Encalypta rhaptocarpa Schwägr.*

-

-

-

○

Hennediella antarctica (Ångstr.) Ochyra & Matteri*

-

-

○

○

Hennediella heimii (Hedw.) R.H.Zander*

-

-

○

-

Hymenoloma antarcticum (Müll.Hal.) Ochyra

○

-

○

○

Hymenoloma crispulum (Hedw.) Ochyra

○

-

○

-

Kiaeria pumila (Mitt.) Ochyra*

-

-

○

-

Meesia uliginosa Hedw.*

-

-

○

○

Notoligotrichum trichodon (Hook.f. & Wils.) G.L.Sm.*

-

-

○

○

○

-

-

○

-

-

○

Pohlia cruda (Hedw.) Lindb
Pohlia drummondii (Müll.Hal.) A.L.Andrews*
Pohlia nutans (Hedw.) Lindb.

○

-

○

○

Pohlia wahlenbergii (F.Weber & D.Mohr) A.L.Andrews*

-

-

○

-

Polytrichastrum alpinum (Hedw.) G.L.Sm.*

-

○

○

○

Polytrichum strictum Brid.*

-

○

○

○

○

-

○

-

-

○

○

○

○

-

○

○

-

-

-

○

○

-

○

○

-

-

○

○

Sanionia georgicouncinata (Müll.Hal.) Ochyra & Hedenäs
Sanionia uncinata (Hedw.) Loeske*
Schistidium antarctici (Cardot) L.I.Savicz & Smirnova
Stegonia latifolia (schwägr.) Venturi ex Broth.*
Syntrichia filaris (Müll.Hal.) R.H.Zander
Syntrichia magellanica (Mont.) R.H.Zander*
Syntrichia saxicola (Cardot) R.H.Zander

○

-

○

○

Warnstorfia fontinaliopsis (Müll.Hal.) Ochyra*

-

-

○

○

Warnstorfia sarmentosa (Wahlend.) Hedenäs

-

○

○

○

OCHYRA, Ochyra et al . (2008); YU, Yu et al . (2014); HIRO, Herbarium of Hiroshima University; KOPRI, Korea Polar Research
Institute.
*New records to Barton Peninsula.

the genus in Antarctica by leaves obovate-spathulate to
panduriform and leaf margins crenate to dentate below.
This species occurs mostly on exposed rocks or soil, stony
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and gravelly ground, sometimes on patches of moss peat,
shallow soil over rocks in Barton Peninsula. This is one of
the most frequent producers of sporophytes seen in Bar-
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ton peninsula.
Specimens examined: Barton Peninsula, Jeonjaegyu Hill,
soil, 62˚13´31.18˝S, 58˚46´42.54˝W, 84 m, 9 January 2013
Y .-J . Yoon KG -1023 ; Barton Peninsula, Kaya Hill, humus
rocks, 62 ˚13´48.5˝S, 58 ˚46´ 48.4˝W, 99 m, 3 February
2015 Y .-J . Yoon KG-1902; Barton Peninsula, route from
the station to Chottae-bawi, on soil in the shade of rock,
62.13.54S, 58.46.43W; 130 m, T . Yamaguchi 26391.

Bryum archangelicum Bruch & Schimp
Bryum is the largest and most widely distributed genus
of mosses through the world. The genus consist of about
800 species in the world (Li et al ., 2007). About 8 taxa
have been reported from Antarctica (Ochyra et al ., 2008).
This is a bipolar species, and pioneer moss growing on
bare soil or shallow soil over rocks in glacial retreated area
of Barton Peninsula. Commonly with sporophytes.
Specimens examined: Barton Peninsula, glacial retreated area, soil, 62˚13´48.90˝S, 58˚42´48.93˝W, 7 m,
10 January 2014 Y .-J . Yoon KG -1425 ; 62˚13´489.99˝S,
58˚42´38.04˝W, 6 m, 15 January 2014 Y .-J . Yoon KG 1476 ; Barton Peninsula, along the seacoast, on soil,
62˚13´08˝S, 58˚45´56˝W, 3 m, 9 February 2006 T . Yamaguchi 26643 ; on soil among boulder, 62˚13´47˝S,
58˚42´34˝W, 1 m, 9 February 2006 T . Yamaguchi 26643 .
Bryum argenteum Hedw
Bryum argenteum is a cosmopolitan species common
to urban areas where it can be found between cracks on
sidewalks, poor soil, and rocks. In South Shetland Islands,
it has been known only to Admiralty Bay and Deception
Island, but this study shows that it is distributed in summit of nunatak in Skua’s nesting ground, Barton Peninsula (Ochyra et al ., 2008). This species was distributed in
rock crevice and soil covered gravel in Barton Peninsula.
Sterile in Antarctica.
Specimens examined: Barton Peninsula, along the seacoast, in rock crevice, 62˚14´28˝S, 58˚44´25˝W, 2 m, 2
February T . Yamaguchi 26560 ; Barton Peninsula, summit of nunatak in Skua nesting ground; on soil covered
gravel, 62˚14´03˝S, 58˚46´15˝W, 130 m, 14 February T .
Yamaguchi 26685.
B ucklandiella sudetica (Funck ) Bednarek-Ochyra &
Ochyra
Bucklandiella sudetica is a bipolar species and mostly
common in the subantarctic South Georgia. To date, two
localities are known also from King George Island (Ochyra
et al ., 2008). However, this species was growing on rocks
and humus rocks near the Kaya Hill aroung King SeJong
Station. Sterile in Antarctica.
Specimens examined: Barton Peninsula, Kaya Hill, on
humus rocks, 62˚13´48.86˝S, 58˚46´55.62˝W, 96 m, 13
January 2014 Y .-J . Yoon KG -1434 ; Barton Peninsula,
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around the Korean Antarctic Station, 5 m, 27 January
2006 T . Yamaguchi 26357 .

Encalypta rhaptocarpa Schwägr
This is a bipolar species, and widely distributed in the
northern hemisphere. In King George Island, it was only
known around Bransfield Strait and Admiralty bay (Ochyra
et al ., 2008). E . rhaptocarpa differs from other species
in the genus by large calyptra over the capsule, shape of
peristome teeth and without propagules. Commonly with
sporophytes.
Specimens examined: Barton Peninsula, glacial retreated area, on soil, 62˚13´49.99˝S, 58˚42´38.04˝W, 6 m, 15
January 2014 Y .-J . Yoon KG -1458 .
Hennediella antarctica (Ångstr .) Ochyra & Matteri
This is an amphiatlantic subantarctic species which is
known from four collection sites (Admiralty Bay, Bransfield Strait, Drake Passage, Potter Peninsula) in King
George Island. Most populations of this species are from
maritime locations of Antarctic, and they usually produce
fully mature sporophytes (Ochyra et al ., 2008). H . antarctica was growing on rocks and soil among boulders near
the glacial retreated area in Barton Peninsula.
Specimens examined: Barton Peninsula, glacial retreated area, on rocks, 62˚14´18.8˝S, 58˚43´07.1˝W, 2 m,
15 January 2014 Y .-J . Yoon KG -1237 ; Barton Peninsula,
along the seacoast, on soil among boulders, 62˚13´47˝S,
58˚42´34˝W, 1 m, 9 February 2006 T . Yamaguchi 26630 .
Hennediella heimii (Hedw .) R.H.Zander
This bipolar species is known from numerous area of
South Shetland Islands (Ochyra et al ., 2008). It can be
readily distinguished from other Antarctic species by size
of upper laminal cells (16-35 μm), calyptra covering only
half of the urn. It is sterile in our collections.
Specimens examined: Barton Peninsula, along the seacoast, in rock crevice, 62˚14´28˝S, 58˚44´25˝W, 2 m, 3
February 2006 T . Yamaguchi 26561 .
Kiaeria pumila (Mitt .) Ochyra
This is a pan-south-temperate species which is known
from two collection sites (Admiralty Bay, Fildes Peninsula)
in King George Island (Ochyra et al ., 2008). It is distributed in around the Kingsejong station, Barton Peninsula.
It is sterile in our collections.
Specimens examined: Barton Peninsula, around the
Kingsejong station, in rock crevice, 5 m, 27 January 2006
T . Yamaguchi 26363 ; Barton Peninsula, around the Kingsejong station, on gravel, 30 m, 27 January 2006 T . Yamaguchi 26370 .
Meesia uliginosa Hedw
This is a bipolar species which is known from several
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area of South Shetland Islands in Antarctica. This species
is distinguished by its stems erect, 0.5-1.5cm long, oblong-lanceolate, shortly apiculate with broad costa (Ochyra
et al ., 2008). It is sterile in our collections.
Specimens examined: Barton Peninsula, Nabi Hill, on
rocks, 62˚14´24.7˝S, 58˚45´37.8˝W, 100 m, 17 January
2013 Y .-J . Yoon KG -1159 -1 ; Barton Peninsula, on soil in
shade of rock, 62˚13´40˝S, 58˚46´49˝W, 90 m, 20 February 2006 T . Yamaguchi 26743 .

Notoligotrichum trichodon (Hook .f . & Wils .) G.L.Sm.
This is an amphiatlantic subantarctic species which was
known only from the Potter Peninsula in King George Island. But, this species is the most abundantly and widely
distributed on South Georgia (Ochyra et al ., 2008). It is
common on around of Kaya Hill in Barton Peninsula. The
sporophytes are very rare in Antarctica, and not seen in
our collections.
Specimens examined: Barton Peninsula, Kaya Hill, on
humus rocks, 62˚13´48.86˝S, 58˚46´55.62˝W, 96 m, 13
January 2014 Y .-J . Yoon KG -1439 ; Barton Peninsula,
Kaya Hill, on humus, 62˚13´46.1˝S, 58˚47´00.9˝W, 96 m,
25 January 2015 Y .-J . Yoon KG -1856 -1 ; Barton Peninsula, route from the station to Chottae-bawi, on gravel, 90
m, 28 January 2006 T . Yamaguchi 26373a ; Barton Peninsula, on humus covered travel, 62˚13´04˝S, 58˚46´45˝W,
90 m, 4 February 2006 T . Yamaguchi 26691 .
Pohlia drummondii (Müll .Hal .) A.L.Andrews
This is a bipolar species, and typically grows on sandy,
glacial soil in wet places or under moist condition. Previously, the species has been found in Admiralty Bay in
King George Island. This species can be identified from
other congeneric species by its median laminal cells than
15 μm wide, leaves long-decurrent, axillary gemmae usually present (Ochyra et al ., 2008). It is sterile in our collections.
Specimens examined: Barton Peninsula, along the seacoast, 62˚13´20˝S, 58˚46´49˝W, 5 m, 30 January 2006 T .
Yamaguchi 26440a ; Barton Peninsula, along the seacoast,
62˚13´20˝S, 58˚46´49˝W, 5 m, 30 January 2006 T . Yamaguchi 26449 .
Pohlia wahlenbergii (F .Weber & D .Mohr ) A.L.Andrews
This is a bipolar species which is known from two collection sites (Admiralty Bay, Deception Island) in Antarctic. Pohlia wahlenbergii is one of the geographically
widespread and common species of the genus Pohlia. The
leaves are pale whitish, decurrent and thin-walled cells
(Ochyra et al ., 2008). It is sterile in our collections.
Specimens examined: Barton Peninsula, route from the
station to Chottae-bawi, on soil in the shade of rock,
62˚13´54˝S, 58˚46´43˝W, 130 m, 28 January 2006 T . Yamaguchi 26390 ; Barton Peninsula, along the seacoast, on
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soil, 62˚13´08˝S, 58˚45´56˝W, 3 m, 30 January 2006 T .
Yamaguchi 26477 ; Barton Peninsula, around the station,
on moist soil in shade of rock, 62˚13´35˝S, 58˚46´11˝W,
140 m, 31 January 2006 T . Yamaguchi 26531 .

Polytrichastrum alpinum (Hedw .) G.L.Sm.
This species was the first moss species reported from
Antarctica. It is a bipolar species and one of the commonest species in South Shetland Islands (Ochyra et al ., 2008).
The species is best distinguished by having papillose marginal cells of leaf lamellae. The sporophytes are not seen
in our collections.
Specimens examined: Barton Peninsula, Jeonjaegyu
Hill, on humus rocks, 62˚13´50.2˝S, 58˚46´66.9˝W, 91
m, 16 January 2013 Y .-J . Yoon KG -1107 ; Barton Peninsula, glacial retreated area, on rocks, 62˚13´49.99˝S,
58˚42´38.04˝W, 6 m, 15 January 2014 Y .-J . Yoon
KG -1462 ; Barton Peninsula, around the Sejong Hill,
62˚13´18.5˝S, 58˚45´46.6˝W, 193 m, 9 February 2015 Y .J . Yoon KG -1929 ; Barton Peninsula, along the seacoast,
on soil, 62˚13´20˝S, 58˚46´49˝W, 5 m, 30 January 2006
T . Yamaguchi 26426b ; Barton Peninsula, route from the
station to Chottae-bawi, on soil, 62˚13´54˝S, 58˚46´43˝W,
130 m, 28 January 2006 T . Yamaguchi 26388 .
Polytrichum strictum Brid.
This is a bipolar species which is known only from Ardley Island in King George Island (Ochyra et al ., 2008). It
is common in Barton Peninsula, and sterile in our collections.
Specimens examined: Barton Peninsula, Jeonjaegyu Hill,
on humus, 62˚13´50.2˝S, 58˚46´66.9˝W, 91 m, 16 January 2013 Y .-J . Yoon KG -1111 ; Barton Peninsula, around
the Narebski point, on soil, 62˚14´03.9˝S, 58˚46´20.0˝W,
127 m, 2 February 2015 Y .-J . Yoon KG -1888 ; Barton
Peninsula, around the station, on gravels, 62˚13´30˝S,
58˚46´41˝W, 80 m, 31 January T . Yamaguchi 26511 ;
Barton Peninsula, near the Narebski point, 62˚14´02˝S,
58˚46´17˝W, 120 m, 18 February T . Yamaguchi 26726 .
Sanionia uncinata (Hedw .) Loeske
This is a bipolar species and one of the common species
in the Antarctic. This species is similar in appearance to S .
georgicouncinata , but it can be distinguished by having a
different leaf alar structure (Ochyra et al ., 2008). The sporophytes are very rare in Antarctica, and not seen in our
collections.
Specimens examined: Barton Peninsula, Jeonjaegyu
Hill, soil, 62˚13´31.18˝S, 58˚46´42.54˝W, 84 m, 9 January
2013 Y .-J . Yoon KG -1027 ; Barton Peninsula, along the
seacoast, on gravel, 62˚14´15˝S, 58˚45´58˝W, 2 m, 3 February 2006 T . Yamaguchi 26541 , 26542 , 26543 , 26544 ,
26545.
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Stegonia latifolia (Schwägr .) Venturi ex Broth
This is a rare bipolar species which was known only
from three collection sites (Signy Island, Bransfield Strait
and Marguerite Bay) in the Antarctic. We found this species in glacial retreated area near the Potter Cove. It has a
sporophytes in our collections.
Specimens examined: Barton Peninsula, glacial retreated area, on soil, 62˚13´49.99˝S, 58˚42´38.04˝W, 6 m, 15
January 2014 Y .-J . Yoon KG-1451 .
Syntrichia magellanica (Mont .) R.H.Zander
This is a pan-Antarctic species which is widely distributed in maritime sites of the Antarctic (Ochyra et al ., 2008).
This species is clearly distinguished from other species of
the genus by having a hyaline hair-point in the field. The
sporophytes are not seen in our collections.
Specimens examined: Barton Peninsula, along the
seacoast, on humus, 62˚14´30.60˝S, 58˚44´20.55˝W, 9
m, 9 January 2013 Y .-J . Yoon KG -1048 ; Barton Peninsula, glacial retreated area, on soil, 62˚13´49.99˝S,
58˚42´38.04˝W, 6 m, 15 January 2014 Y .-J . Yoon KG 1446 ; Barton Peninsula, glacial retreated area, on soil,
62˚14´16.2˝S, 58˚43´15.9˝W, 22 m, 19 January 2015 Y .-J .
Yoon KG -1805 ; Barton Peninsula, along the seacoast, on
gravel, 62˚14´15˝S, 58˚45´58˝W, 2 m, 3 February 2006 T .
Yamaguchi 26540 ; Barton Peninsula, along the seacoast,
on soil among boulders, 62˚13´47˝S, 58˚42´34˝W, 1 m, 3
February 2006 T . Yamaguchi 26633 .
Warnstorfia fontinaliopsis (Müll .Hal .) Ochyra
Two species of Warnstorfia Loeske have been reported
from Antarctica. Warnstorfia fontinaliopsis is a subantarctic species which was known from several area of
maritime Antarctic (Ochyra et al ., 2008). It can be distinguished by leaves broadly ovate to ovate-lanceolate,
gradually long acuminate, axillary hairs short, brown basal
cells. The sporophytes are not seen in our collections.
Specimens examined: Barton Peninsula, flat top, on
wet land, 62˚14´20.41˝S, 58˚44´22.52˝W, 93 m, 10 January 2014 Y .-J . Yoon KG -1418 ; Barton Peninsula, near the
Narebski point, on wet land, 62˚14´03.9˝S, 58˚46´20.0˝W,
127 m, 2 February 2014 Y .-J . Yoon KG -1896 ; Barton
Peninsula, around the station, on gravels, 62˚13´30˝S,
58˚46´41˝W, 80 m, 31 January 2006 T . Yamaguchi 26515 ;
Barton Peninsula, on soil covered rock, 62˚14´02˝S,
58˚46´17˝W, 120 m, 31 January 2006 T . Yamaguchi
26727 .
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ABSTRACT
We measured the sizes of microstructures and the reflectance of blue feathers in the Common Kingfisher (Alcedo
atthis ). The colors were mainly produced in the barbs, which were composed of keratin sponge layers with air spaces
and melanin rods. The reflectance spectra of back and tail feathers of the Common Kingfisher showed a peak with a
broad plateau in the visible wavelength, whereas those of the wing feathers showed peaks in ultraviolet and visible
and short-wavelengths. Moreover, the reflectance of back and tail feathers was higher than that of wing feathers.
The blue color of the feathers comes from the keratin sponge layer due to coherent scattering. The back and tail
feathers are composed of the keratin sponge layer only, and the wing feathers are composed of the keratin sponge
layer and the keratin honeycomb structure. Due to the difference in these structures, it supposed that the reflectance
is different. Determining why the reflectance spectra of the back and tail feathers were flattened will require further
study.
Keywords: Blue feather, Microstructure, Reflectance, Structural color

Introduction
The word color actually has a broad definition. Although color can be thought of as a scientific concept of
energy, reflective material, visible light, and colorimetry,
only the definition of color associated with the optical
phenomenon was focused on in this study. In this sense,
color can be divided into pigmentary color and strucReceived September 23, 2020; Revised December 15, 2020;
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tural color. Pigmentary color is the color seen by humans
in nature, and melanin and carotenoids are represented
largely in pigments (Stephen et al ., 2011). These colors
are the most common in living organisms and ecosystems.
The pigments include red, black, brown, gray and yellow (McGraw et al ., 2004; 2005). On the other hand, structural
color refers to the color caused by microstructure and
light diffraction and interference. Many known examples
of structural color are rainbows, colorful feathers of birds
including peacocks, and the colors of Morpho butterflies
and abalone shells. Birds have colorful feathers, and the
iridescence of feathers attracts researchers from many
different scientific disciplines - physics, material science,
biology, and more. In nature, the brilliant feathers of colorful birds are classified into structural colors (Kinoshita,
2008; Prum, 2006). Structural colors of feathers include
metallic blue, red, green, and purple, and the colors give
off a brilliant sheen because of their high reflectance
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(Kinoshita et al ., 2008; Lopez-Garcia et al ., 2018). Generally, structural color is produced by interactions of light
and microstructures in organisms (Prum, 2006).
The structural color can be divided into an iridescent
color and a non-iridescent color (Kinoshita & Yoshioka,
2005). The iridescent color is that the color that appears
different depending on the angle at which it is viewed,
and non-iridescent color refers to the appearance of a
constant color regardless of viewing-dependent geometry
(Fu et al ., 2016). For example, peacocks, and mallards
exhibit iridescent color (Medina et al ., 2015), and cotingas and manakins exhibit non-iridescent color (Kinoshita,
2008). The iridescent color of feathers produced in the
barbules is related to the shape and the reflective layers of air, keratin, and melanin granules (Doucet et al .,
2006). The non-iridescent colors of feathers are generally
produced with light scattering by air vacuoles within the
keratin of the barbs (Kinoshita, 2008; Noh et al ., 2010).
In particular, non-iridescent blue feathers have attracted the attention of researchers, because the color
blue is rarely produced by the light and the pigments and,
in many cases, is produced as the structural colors. . Some
studies have shown the optical analysis of blue feathers
of cotingas, bluebirds, jays, and blue penguins (D'Alba et
al ., 2011; Noh et al ., 2010; Parnell et al ., 2015; Shawkey
et al ., 2006). In this study, we studied a bird with blue
feathers who inhabit in Korea. The purpose of this study
was to determin the blue coloring mechanism through the
microstructure and feather reflectance of blue feathers
and to show the possibility of an application technique of
biomimicry in the future.

Materials and Methods
Feathers
Blue feathers were collected from all adult birds as follows. Feather were sampled from the Common Kingfisher
(Alcedo atthis ; n=4) from road-killed individuals at the
National Institute of Ecology, Chungnam Wild Animal
Rescue Center and Ulsan Metropolitan City Wildlife Rescue and Management Center in Korea. We cut off the
back, tail, and wing feathers (secondaries) of the cCommon kingfisher, and feathers were cleaned with absolute
ethanol and 0.1% Tween 20 according to Shawkey et al .
(2003), because wild feathers contain impurities. Then,
the cleaned feathers were kept at –20°C.
Microstructure analysis
For the feather macrostructure, three points, the dorsal
vane, ventral vane and barb in the dorsal vane, were observed using a stereomicroscope (M205C, Leica).
Microstructures of the feather barbs were analyzed using FE-SEM (ultrahigh field emission scanning electron
microscope). Feathers from two bird species were tightly
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fixed with liquid nitrogen because feathers are normally
not rigid and are prone to bending, and then a portion of
the barbules attached to the barb was cut with dissecting
scissors. The barbs were mounted on stubs using adhesive
carbon tape coated with platinum and photographed for
microstructure using a FE-SEM (SU8220; Hitachi, Tokyo,
Japan) operating at 3 kV.
We measured the diameter of the circular keratin rod
(CKR), the circular air space (CAS), the irregular keratin
rod (IKR), and the irregular air space (IAS) using ImageJ
(Image Processing and Analysis in Java by http://imagej.
nih.gov/ij) to test the relationship between the size of the
microstructure and optical characteristics (Fig. 1). We used
a one-way ANOVA to analyze CKR, CAS, IKR, and IAS by
Statistics for Windows, Version 18.0 (SPSS Inc., Chicago,
IL, USA).
Measurement of reflectance spectrum
We measured the reflection properties of blue feathers by ultraviolet and visible (UV-Vis) spectrometry
(Carry-5000; Agilent, Santa Clara, CA, USA). We obtained
reflection spectra using a UV-Vis spectrometer under
omnidirectional white light illumination conditions. All
reflection spectra were measured at wavelength of 300
to 700 nm. To stabilize the beam condition of the light
source, all reflection spectra were obtained after the
equipment was switched on for two hours.

Results and Discussion
The structures of the dorsal, ventral and barbs of blue
feather vanes were observed with a stereomicroscope (Fig.

CKR
CAS
IAS

IKR

Fig. 1. Microstructure (CKR, CAS, IKR, and IAS) size analysis
of transmission electron microscopy images of a barb. CKR,
circular keratin rod width; CAS, circular air space width;
IKR, irregular keratin rod width; IAS, irregular air space
width.
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Dorsal
2 mm

Ventral
2 mm

Barbs
200 m

A
2 mm

2 mm

200 m

B
5 mm

5 mm

200 m

C

20 m

20 m

30 m

10 m

1 m

A

10 m

1 m

B

10 m

2). The feather vanes showed different colors on the dorsal and ventral sides, and the bluish shining of the barbs
was observed when they were enlarged. Common Kingfishers have blue color only on the dorsal side feathers
from the back, tail and wing (Fig. 2).
In the cross-section of blue feather barbs, barbs were
composed of a keratin cortex and sponge matrix, which
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1 m

C

Fig. 2. The dorsal and ventral
sides of feathers and the color
of the enlarged barb of Alcedo
atthis ; (A) back feather, (B) Alcedo atthis ; tail feather, and (C)
Alcedo atthis ; wing feather.

Fig. 3. Low- and high-resolution
scanning electron microscopy
images of a cross-section of
barbs in Alcedo atthis ; (A) back
feather, (B) tail feather, and (C)
wing feather.

are medullary to the keratin rod and air space (Fig. 3). The
vacuoles were located in the center of the barbs, and melanin granules were irregularly distributed in the sponge
matrix. Interestingly, the wing feather barbs occupied
approximately half of the keratin honeycomb structures
in their barbs (red circle in the Fig. 3C). The diameters of
the four categories (CKR, CAS, IKR, and IAS) of feather
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Table 1. Microstructural elements of feather barbs of Alcedo atthis
Circular keratin rod
(nm)

Name

Circular air space
(nm)

Irregular keratin rod
(nm)

irregular air space
(nm)

Mean

SD

Mean

SD

Mean

SD

Mean

SD

75.81a

19.97

109.15ab

29.49

93.51ab

19.04

98.92a

36.03

a

a

Alcedo atthis
Back

b

a

22.59

99.41

22.10

98.19

34.24

27.31

90.47b

19.60

115.33b

39.16

Tail

89.04

27.46

100.78

Wing

82.47ab

27.25

115.62b

SD, standard deviation.
*Means different letters in a column are significantly different at P <0.05 by Scheffe’s and Games-Howell’s Post-Hoc test.
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Back
Tail
Wing

Reflectance (%)

20

15

10

5
300

400

500
nm
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700

Fig. 4. Reflection spectra of Alcedo atthis via ultraviolet
and visible and/or region of interest spectroscopy under
omnidirectional illumination conditions.
microstructures are given in Table 1. The feather barbs of
the three parts showed significant differences in the four
categories (P <0.05).
The reflectance spectra of the back and tail feathers of
common kingfisher showed a flattened pattern between
approximately 350 to 550 nm without peaks (Fig. 4A).
On the other hand, the wing fathers showed a low but
certain peak, which was approximately 8% on the reflectance spectrum at 350 nm (Fig. 4).
Several studies on feather structural color have reported
that non-iridescent blue feathers are produced by coherent scattering with a β-keratin spongy layer and light
(Kinoshita, 2008; Kinoshita et al ., 2008; Noh et al ., 2010;
Prum, 2006; Shawkey et al ., 2006; Stavenga et al ., 2011).
The barbs of common kingfishers also have a β-keratin
sponge layer, air vacuoles and melanin granules. Honeycomb structures are observed with the keratin sponge
layer in the secondary feather barbs.
The reflectivity of common kingfisher’s back and tail
feathers was high, and the wing feathers had lower reflectivity. Given that, although there are significant differences in CKR, CAS, IKR, and IAS, the relationship be-
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tween reflectivity and feather microstructure is not seen
as a simple measurement, so a more precise experiment
is needed. However, it is assumed that the reflectivity of
wing feather barbs is low due to the keratin honeycomb
structures. The back and tail feathers are composed of the
keratin sponge layers in the barb, but because of the keratin sponge layers, wing feathers occupied approximately
49.3% and 31.7%, respectively (unpublished data).
The keratin rods in the sponge layers were arranged
irregularly according to several studies, they are quasi-ordered arrays with short-term periodicity (Noh et al ., 2010;
Prum, 2006; Prum et al ., 2009; Stavenga et al ., 2011).
The keratin rod in the sponge layer is formed at a specific size to produce the color and then halt, and the rod
must be very small to produde the blue color (Table 1;
Prum et al ., 2009). In the Peacock feathers (although it
is not non-iridescent color), the melanin granules in blue
feathers were smaller and more densely packed than those
in other colors, and the keratin rod in the feather of the
eastern blue bird also had a nanoscale diameter suitable
for blue (Shawkey et al ., 2006; Yoshioka & Kinoshita,
2002). Thus, the keratin rods in this study are suitable for
producing blue colors as quasi-ordered arrays with keratin
rod nanoscales.
In barbs, the melanin granules are rod-type and irregularly distributed in the keratin sponge layers and around
air vacuoles. The role of melanin granules is light absorption in a non-iridescent blue color, which also plays a role
in the feather barb of common kingfishers.
We presumed that the color mechanism of the three
parts feathers of common kingfishers was caused by incoherent scattering. In particular, we need to carry out
further studies to determine more precise feather color
mechanisms, feather microstructures and whether the flat
spectrum of the back and tail feathers can be explained
by the mixture distribution model.
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ABSTRACT
Reproduction and molt are costly processes in avian life histories. These two fitness-related traits are expected to
be under one of physiological trade-offs. Age-related molt is known to be higher in young birds than that in adults
presumably due to the cost of reproduction in adults. The present study partially replicated a previous study using
a non-invasive method of seasonal wing feather loss instead of capture-inspection for molting progress in oriental
storks (Ciconia boyciana ). We first examined characteristics of the known six wing feather types (i.e., primaries
[P], primary coverts [PC], secondaries [S], secondary coverts [SC], and tertials [T]) from two specimens with four
wings. Results were utilized as references for further investigation. We then collected a total of 3,807 wing feathers
shedded by 61 captive storks for one year and classified them into six wing feather types based on the reference with
structures of vane (i.e., how asymmetrical) and calamus (i.e., how rigidly attached to skin) of wing feathers. Our results
indicated that annual losses of all six-type wing feathers decreased with increasing ages, ranging from 29% to 58%
for PC, alula, SC, P, S, and T in order. Our results were also comparable to those of a former study, suggesting that
the pattern of age-specific molt might be associated with the cost of reproduction in adults. However, juveniles might
shed more wing feathers with low quality formed during the previous development stage than older birds.
Keywords: Age-related molt, Ciconia boyciana , Cost of reproduction, Life history, Trade-off

Introduction
Life histories of birds include costly processes such as
reproduction, molt, and/or migration (e.g., birds breeding in temperate and polar zones), determining their annual life cycles presumably with minimum of energetic
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stress (Bridge, 2011; Cornelius et al ., 2011; Payne, 1972).
Replacement of old and worn feathers through molting
processes plays a crucial role in arranging functions for
future events such as flights, thermoregulation, species
recognition, sexual display, and/or camouflage (Amadon,
1966). In a long-term perspective, climate change such
as global warming may influence avian phenological processes with respect to reproduction and migration schedules, including feather molt through various physiological
mechanisms (Kiat et al ., 2019a; 2019b). However, empirical data and knowledge on avian molt of various species
and contexts are relatively insufficient due to limitations
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in examining variations of avian molt along their life
cycles compared to studies of other life history traits (e.g.,
reproduction) of many species.
The evolution of organisms encompasses the optimization of resource allocation strategies with minimization of
fitness-related costs (Roff, 1992; Stearns, 1992). Variation
in resource allocation can be shaped by trade-offs among
several life history traits, including growth versus molt (Kiat
& Izhaki, 2016), growth versus reproduction (Kiat & Sapir, 2018), reproduction versus molt (Svensson & Nilsson,
1997), molt versus migration (Gordo, 2007), and life history contrasts between residents and migrants in a given
environment (Kiat et al ., 2019a). To date, results of many
studies support the adaptive significance of resource allocations where investing too many resources into a certain
trait or overlapping two traits are likely to cause current
and/or future fitness-related costs. Therefore, the differences between post-juvenile’s and adult’s molt followed
by distinction in juvenile-adult feather quality can be
explained by resource allocation under trade-offs among
growth, reproduction, and molt of birds along their developmental stages (Kiat & Izhaki, 2016; 2018).
Hall and Gwinner (1987) has discovered that the degree of age-related molt is higher in young birds than in
adults of white storks (Ciconia ciconia ) during the springsummer period probably due to the cost of overlapping or
upcoming reproduction and migration. Adult storks with
relatively lighter molt breed at the similar time window of
molt and migrate longer distance than juvenile storks with
low costs of reproduction and/or migration. However,
little is known about characteristics of wing feathers and
patterns of oriental storks (Ciconia boyciana ) known to
be closely related to white storks (Elliott et al ., 2020). The
purpose of this study was to determine characteristics of
black-colored wing feathers’ structures in oriental storks.
Results from known wing feathers of two specimens were
utilized as references. We then examined variation in agerelated wing molt using collection and classification of
wing feather losses in captivity. We also discussed molt
patterns of oriental storks (i.e., juvenile vs. adult) in a lifehistory perspective with resource allocation.

Materials and Methods
Study site and species
The present study was conducted in the breeding facility of Ecological Institute for Oriental Stork, Korea National University of Education (KNUE), Cheongju, Republic of Korea (36°36′15″ N, 127°21′33″ E). Two breeding
facilities in Cheongju (KNUE) and Yesan Oriental Stork
Park have pursued captive propagation to recover extirpated species in Republic of Korea through reintroduction
and habitat management since 1996 (Park & Cheong,
2002; Park et al ., 2011). The oriental stork as a large soar-
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ing bird is known to exhibit monogamous mating with
a long-term pair bond in which both sexes incubate and
provide chicks with post-hatching care throughout the
spring-summer breeding season (Cheong, 2005; Elliot et
al ., 2020; Yoon et al ., 2015a). Oriental storks in the wild
build large nests (diameter of 2 m) typically in 10-15 m
tall trees (range, 3-30 m) that are often dead trees with
good visibility (Elliot et al ., 2020). Parents have solitary
breeding with strong territoriality. They raise nidicolous
young prior to independence (Starck & Ricklefs, 1998).
Storks seem to be at maturity when they become three
years old after hatching (i.e., in 2.5 years after fledging in
June; J. Yoon, personal observation ). They start to display
courtship and nest-building behaviors in December (Yoon
et al ., 2015a; 2015b). Thus, we defined the age class of
oriental storks into juvenile (hatch year to 3rd year) and
adult (after 3rd year).
The oriental stork is internationally listed as an endangered species due to its habitat loss and overhunting in
the past. It currently breeds only in Russia and partially
in China (BirdLife International, 2018). To date, there are
118 captive storks managed in facilities. Eighty-six storks
have been released into recovery sites of Yesan County,
Republic of Korea (36°36′32″ N, 126°48′05″ E) since
2015. Yet, few researchers have extensively conducted
a comparative study on life history traits such as reproduction, molt, and/or migration of wild (e.g., migrants
in Russia or China) versus reintroduced (e.g., probably
residents or short-distance migrants) oriental storks in
Republic of Korea and Japan (reintroduction started since
2005).
Measurement of referenced wing feathers
We first collected wing feathers from two adult stork
specimens with four wings (n=4) as references for further
classification. We then measured six types of wing feathers: alula (A) (1-4), primaries (P) (1-11), primary coverts
(PC) (1-11), secondaries (S) (1-22), secondary coverts (SC)
(1-22), and tertials (T) (1-7). Permission for feather use
from specimens was acquired from Cultural Heritage Administration previously. Characteristics of wing feathers
included two portions: vane and calamus structures (Fig.
1). Vane structure referred to the degree of asymmetry
with differences between trailing and leading edge in
width (mm) and angle (degrees to the shaft) at the midpoint of vane. Calamus structure denoted the degree of
rigid attachment to the wing skin including length (mm)
of total calamus, skin level to inferior/superior umbilicus,
percent skin level, and calamus diameter. Here, these two
structural features were selected because they tended to
be well shaped with less abrasion in old, worn, and shedded feathers in captivity (J. Yoon, personal observation ).
We used calipers and ImageJ software (Image Processing
and Analysis in Java version 1.8.0.; https://imagej.nih.
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gov/ij) for a variety of measurements (Fig. 1).
Collection and classification of shedded wing feathers
To examine annual and seasonal age-related molt patterns (October 2015 to September 2016), 61 captive oriental storks were separately kept in five cages: one-yearold (6 individuals [indv.]), 2-year-old (16 indv.), 4-yearold (6 indv.), 5-year-old (15 indv.), and 6-year-old (18
indv.). Here, age was defined as the age when the collection of feather losses (Rohwer & Brom, 2012) started.
One-year old was referred to hatch year. Shedded wing
feathers were collected in each cage twice a week to prevent any damages and stored by each month where cage
fences were dense enough to keep shed wing feathers for

a short time of period. Collected feathers were washed
and dried to make normal shape, especially vanes, prior to
measuring and classifying into six types of wing feathers.
Statistical analyses
We used a generalized mixed model to analyze structural characteristics of wing feathers as references, controlling for each individual as well as changes in wing feather
loss as a function of age, feather type, and two-way
interaction. We then used a principal component analysis
and Pearson’s correlation to document shapes of six wing
feather types (i.e., the degree of asymmetry in vane and
rigid attachment in calamus) using PC composite scores
of vanes (6 variables) and calamus (5 variables) measures
(e.g., eigenvalue greater than 1). All statistical analyses
were performed with SPSS for Windows, Version 16 (SPSS
Inc., Chicago, IL, USA). We did not need to transform any
variables to meet model assumptions.

Results
Midpoint of vane


Edge
angle

Fig. 1. Terminology of black-colored wing feather structure. The left-bottom part shows measurements of calamus
structure and the right-upper portion indicates measurements of vane structure.

Averages of all wing feathers (i.e., vane and calamus
structures) with 5 known classes and within-class orders
(i.e., 77 types) from two specimens were calculated as references (Supplementary Table 1). First, PC score for vane
structure was representative for the degree of vane asymmetry (eigenvalue=3.29). PC score increased with decreasing vane asymmetry found in the trailing (wider, more
gradual)-leading (narrower, steeper) edge of vanes (Fig.
2A). Here, the degree of vane asymmetry ranged from P,
PC, A, SC, S, and T in order. Second, PC score for calamus
structure was representative for the degree of rigid attachment of feathers to the wing skin (eigenvalue=4.39).
PC score increased as the calamus was longer and thicker
with deeper skin level (Fig. 2B). Here, the degree of cala-
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Fig. 2. Structural patterns of known wing feathers of oriental storks with 95% confidence intervals of PC scores for (A)
vane and (B) calamus structures (n=77). X-axis denotes each part of wing feathers. P, primaries; PC, primary coverts; A,
alula; SC, secondary coverts; S, secondaries; T, tertials.

28

PNIE 2021;2(1):26-31

Age-Related Molt of Oriental Storks

Discussion
We documented that the degree of wing feather molt
in young birds was at a higher rate than that in adults
presumably due to the cost of reproduction in adults of
oriental storks. The present study partially replicated the
study of Hall and Gwinner (1987) for white storks using a
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Circled numbers denote a series of feather collection (i.e.,
October 2015 to September 2016).
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non-invasive method based on annual wing feather loss
for molting inspection (Rohwer & Brom, 2012). Our results indicated that wing feather loss annually decreased
with increasing age (Fig. 4) where juveniles (i.e., hatch
year to 3rd year) tended to molt earlier and temporally
elongated compared to adults (i.e., after 3rd year) with
respect to seasonal variation in wing feather molt (Fig. 3).
Our results were comparable to those of a previous study
(Hall & Gwinner, 1987), suggesting that differences in
age-specific molt found in oriental storks might be associated with the cost of reproduction in adults.
In a life history perspective, resource allocation strategies are necessary under various trade-offs among selfmaintenance (e.g., growth and molt), reproduction, and
other demands depending upon the ontogenic stage
of early life in birds (Roff, 1992; Stearns, 1992). Here,
fitness-related costs of molt-breeding overlap were well
studied for adults through experimental approaches
(e.g., enlarged brood size or simulated molt) to increase
the cost of reproduction, specifically in pied flycatchers
(Ficedula hypoleuca ) and blue tits (Cyanistes caeruleus ).
Parents with enlarged broods tended to delay molting
compared to those with control broods, where the degree
of molt was lighter and briefer in males and young birds
than in females or old birds during the nestling period
(Siikamäki et al ., 1994; Svensson & Nilsson, 1997). Also,
molt-breeding overlap simulated by removing wing feathers is known to lower parents’ body condition, recruitment rate, and return rate to next year, resulting in current and/or future fitness costs (Hemborg & Lundberg,
1998).
Compared to costs of molt-breeding overlap found in
adults, juveniles might need another resource allocation
strategy under a trade-off between growth and molt at
the early developmental stage after hatching. The amount

Annual per capita wing feather loss (%)

mus rigidness ranged from P, S, T, PC, A, and SC in order.
All wing feathers (n=3,807) collected for a year were
classified into six types. As shown in Fig. 3, seasonal
feather loss (i.e., per capita, the number of feather losses
divided by the number of individuals in each cage) appeared to start earlier and become seasonally more expanded in juvenile storks (i.e., hatch year to 2nd year)
than adult storks (i.e., after 3rd year) with increasing
age. The annual wing feather loss differed by feather
type and age (mixed model: FEATHER F 5,18=3.33, P =0.03; AGE
F 1,18=7.80, P =0.01; FEATHER×AGE F 5,18=0.40, P =0.84; Fig. 4).
Specifically, the proportion of wing feather losses varied
for the six types: A (31%), P (41%), PC (29%), S (43%), SC
(34%), and T (59%). The percentage of all feather losses
significantly decreased with age (slope=–4.45±1.96).
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Fig. 4. Annually accumulated per capita wing feather
loss (%) of oriental storks (n=61) as a function of age and
feather type.
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of post-juvenile molt can be either partial or complete
(Kiat & Izhaki, 2016). Juveniles should favor the former
strategy under high costs of survival, while others should
allocate limited energetic resources into not only development, but also molt simultaneously. Furthermore, juvenile feathers can also exhibit relatively lower quality in
feather length, mass, and/or melanization measurements
compared to feathers of adults (Kiat & Sapir, 2018). The
amount of nest-grown feathers is likely to be replaced
depending on the timing of developmental completion.
Therefore, patterns of age-related wing molt found in this
study might be partial under two different trade-offs (i.e.,
growth-molt-breeding) in the puberty-maturity spectrum
(i.e., juvenile to adult stages) of oriental storks.
Prior to 1950s, the distribution and life histories of oriental storks might be continuous from Russia to China,
Korean Peninsula, and Japan, meaning that their life
forms were likely to range from long-distance migrants
towards the most northern breeding sites to shortdistance migrants or residents towards the most southern
breeding areas (e.g., Republic of Korea and Japan) along
the latitudinal gradient. Currently, the northern population lives as long-distance migrants, while the recently
establishing populations from reintroduced storks in
Korea and Japan seem to live as residents because they
lack the regular migratory behavior (J. Yoon, personal
observation ). It is still unknown whether migratory and
released storks exhibit distinct life history traits shaped by
various trade-offs among growth, molt, and reproduction
at the most northern and southern parts of their distribution (Kiat et al ., 2019a; Wingfield, 2008). Although agerelated wing feather loss is found at low-intermediate
rates, future study should investigate the degree of moltbreeding overlap and its fitness-related costs of northern
and newly establishing southern populations of oriental
storks.
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Simple Assessment of Taxonomic Status and Genetic
Diversity of Korean Long-Tailed Goral (Naemorhedus
caudatus ) Based on Partial Mitochondrial Cytochrome
b Gene Using Non-Invasive Fecal Samples
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ABSTRACT
South Korea presently harbors less than 800 long-tailed gorals (Naemorhedus caudatus ), an endangered species. I
report for the first time on the taxonomic status and genetic diversity of the Korean species using non-invasive fecal
sampling based on mitochondrial cytochrome b gene sequence analyses. To determine the taxonomic status of this
species, I reconstructed a consensus neighbor-joining tree and generated a minimum spanning network combining
haplotype sequences obtained from feces with a new goral-specific primer set developed using known sequences
of the Korean goral and related species (e.g., Russian goral, Chinese goral, Himalayan goral, Japanese serow, etc.).
I also examined the genetic diversity of this species. The Korean goral showed only three different haplotypes.
The phylogenetic tree and parsimony haplotype network revealed a single cluster of Korean and Russian gorals,
separate from related species. Generally, the Korean goral has a relatively low genetic diversity compared with that
of other ungulate species (e.g., moose and red deer). I preliminarily showcased the application of non-invasive fecal
sampling to the study of genetic characteristics, including the taxonomic status and genetic diversity of gorals, based
on mitochondrial DNA. More phylogenetic studies are necessary to ensure the conservation of goral populations
throughout South Korea.
Keywords: Conservation, Cytochrome b gene, Endangered species, Feces, Naemorhedus caudatus

Introduction
The long-tailed goral (Naemorhedus caudatus ) is a
member of the tribe Rupicaprini in the subfamily Caprinae
(An, 2006). The distribution of this species ranges from
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the northern to central Baekdoodaegan mountain range
in South Korea (Choi & Park, 2004; 2005; Yang, 2002).
The goral has been listed as an endangered species (Ministry of Environment, 2004) and a natural monument (No.
217; Cultural Heritage Administration of Korea, 1999) by
the South Korean government. Internationally, this species is also considered endangered (Baillie & Groombridge,
1996). Commercial trade of this species is prohibited in
countries signatory to the Convention on International
Trade in Endangered Species (Hutton & Dickson, 2000).
The population size of the goral has gradually decreased
to fewer than 800 individuals because of illegal hunt-
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Table 1. Summary of invasive and non-invasive sampling of Korean long-tailed goral (Naemorhedus caudatus )
No.

Sample

N=24

Non-Soraksan population

1

Cgrb1612

Haplotype

Sample

Individual

Sampling site

Reference

H2

Feces

A

Yanggu

This study

2

Cgrb1613

〃

〃

A

〃

〃

3

Cgrb1614

〃

〃

A

〃

〃

4

Cgrb1617

〃

〃

A

〃

〃

5

Cgrb1618

〃

〃

A

〃

〃

6

Cgrb1619

〃

〃

A

〃

〃

7

Cgrb1620

〃

〃

A

〃

〃

8

Cgrb1621

〃

〃

A

〃

〃

19

Cgrb1622

〃

〃

C

〃

〃

10

Cgrb1623*

〃

〃

C

〃

〃

11

Cgrb1624*

〃

〃

A

〃

〃

12

Cgrb1625*

〃

〃

B

〃

〃

13

Cgrb1626

〃

〃

C

〃

〃

14

Cgrb1629*

〃

〃

D

〃

〃

15

Cgrb1630

〃

〃

A

〃

〃

16

Cgrb1633

〃

〃

D

〃

〃

17

Cgrb1634

〃

〃

D

〃

〃

18

Cgrb1635

〃

〃

A

〃

〃

19

KG09*

〃

Tissue

-

〃

An (2006)

20

KG12*

〃

〃

-

〃

〃

21

KG02*

〃

〃

-

Samcheok

〃

22

KG03*

〃

〃

-

〃

〃

23

KG23*

〃

〃

-

〃

〃

24

KG30*

〃

〃

-

Donghae

〃

N=31

Soraksan population

1

Cgrb1640

H1

Feces

-

Injae

This study

2

Cgrb1641

〃

〃

-

〃

〃

3

Cgrb1642

〃

〃

-

〃

〃

4

Cgrb1643

H2

〃

-

〃

〃

5

Cgrb1645*

〃

〃

E

〃

〃

6

Cgrb1646

〃

〃

-

〃

〃

7

Cgrb1647

H1

〃

-

〃

〃

8

Cgrb1653

H2

〃

-

〃

〃

9

Cgrb1654*

〃

〃

F

〃

〃

10

Cgrb1655*

H1

〃

G

〃

〃

11

Cgrb1659

H2

〃

-

〃

〃

12

Cgrb1660*

〃

〃

H

〃

〃

13

Cgrb1665

〃

〃

-

〃

〃

14

Cgrb1666

〃

〃

H

〃

〃

15

Cgrb1668

〃

〃

H

〃

〃
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Table 1. Continued
No.

Haplotype

Sample

Individual

Sampling site

Reference

16

Cgrb1669

Sample

〃

〃

-

〃

〃

17

Cgrb1671

〃

〃

-

〃

〃

18

Cgrb1673

〃

〃

-

〃

〃

19

KG05*

〃

Tissue

-

〃

An (2006)

20

KG17*

〃

〃

-

〃

〃

21

KG18*

H1

〃

-

〃

〃

22

KG19*

H2

〃

-

〃

〃

23

KG20*

〃

〃

-

〃

〃

24

KG26*

〃

〃

-

〃

〃

25

KG27*

〃

〃

-

〃

〃

26

KG28*

〃

〃

-

〃

〃

27

KG02*

〃

〃

-

Gosung

〃

28

KG03*

〃

〃

-

〃

〃

29

KG16*

〃

〃

-

〃

〃

30

KG29*

〃

Blood

-

〃

〃

31

KG10*

〃

Tissue

-

Yangyang

〃

N=9

Unknown population

1

KG01*

H2

Tissue

-

Everland Zoo

An (2006)

2

KG04*

〃

〃

-

〃

〃

3

KG11*

〃

〃

-

〃

〃

4

KG13*

〃

〃

-

〃

〃

5

KG14*

〃

〃

-

〃

〃

6

KG21*

〃

〃

-

〃

〃

7

KG22*

H3

〃

-

〃

〃

8

KG24*

〃

〃

-

〃

〃

9

KG25*

〃

〃

-

〃

〃

N=7

Others

1

Russian goral

RG

Tissue

-

Russia

An (2006)

2

Chinese goral

CG

GenBank

-

China

U17861

3

Himalayan goral

HG

DNA

-

Singapore Zoo

An (2006)

4

Indian serow

IS

GenBank

-

India

DQ459334

5

Japanese serow

JS

〃

-

Japan

D32191

6

Goat (outgroup)

G

〃

-

〃

D84201

7

Sheep (outgroup)

S

〃

-

〃

D84205

*Fecal samples used in this study. A, B, C, D, E, F, G, and H were previously identified as individuals via microsatellite genotyping
analysis (B.J. Kim, unpublished data).

ing, overexploitation, habitat destruction, and habitat
fragmentation in South Korea (Ministry of Environment,
2002; Yang, 2002).
In particular, habitat fragmentation is a major issue
in the conservation of the goral. For wild populations,
habitat fragmentation has caused decreased connectiv-
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ity, i.e., the degree to which the landscape facilitates or
impedes movement between resource patches (Coulon et
al ., 2004; Taylor et al ., 1993). Heterogeneity caused by
fragmentation can create natural barriers against population movement, because unfavorable habitats do not provide cover against predators or because distances between
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suitable patches are greater than can be rapidly crossed
(Arnold et al ., 1993). Therefore, the movement ability of
wild animals may be altered by habitat fragmentation.
Such changes can have negative consequences for wildlife
populations, partially due to the reduction of gene flow
between populations, which leads to greater inbreeding
and loss of genetic diversity within fragments (Coulon
et al ., 2004; Frankham et al ., 2002). Fragmentation can
even lead to the extinction of species, and many studies
on habitat fragmentation have focused on fragmentation
created by barriers, such as roads, islands, and settlements
(Burkey, 1989; Coulon et al ., 2004; Soulé et al ., 1992). In
the case of wild goral in South Korea, few studies have
hitherto been conducted on the ecology and genetics
of this species (Choi & Park, 2004; 2005). Suitable goral
habitats are expected to significantly decline and/or disappear from South Korea in this century (Lee et al ., 2019).
Collecting elusive animal samples (e.g., tissue, blood,
etc.) in the wild is difficult, but non-invasive sampling
methods could overcome such constraints (Kohn &
Wayne, 1997). Fecal sampling is the most frequently
used method of obtaining wildlife DNA (Wehausen et al .,
2004). As a useful genetic marker in non-invasive wildlife
research, the mitochondrial cytochrome b gene has been
used for phylogenetic, population, and forensic investigations (Parson et al ., 2000). The nucleotide sequence
of this gene contains species-specific information. Furthermore, the cytochrome b gene is located on the mitochondrial genome, making it suitable for forensic PCRbased mitochondrial DNA typing. Taxonomic researches—
using invasive samples—based on mitochondrial genes,
such as cytochrome b (An, 2006; Min et al ., 2004) gene
or D-loop (An, 2006) region have been conducted on the
goral in South Korea. A population study on the goral
was recently performed using invasive samples based on
12 microsatellite loci (Choi et al ., 2015). For the first time
to my knowledge, the present study assessed the phylogenic status and genetic diversity of the long-tailed goral
inhabiting South Korea via a simple method using noninvasive fecal samples.

quences (10, 17, and 9 for non-Soraksan, Soraksan, and
unknown population, respectively; Table 1). All sequences
were obtained from different goral individuals identified
in another study (B.J. Kim, unpublished data).
Species-specific PCR amplification and sequencing
Partial sequences of the mitochondrial cytochrome b
gene (337 bp) from the fecal samples were amplified via
PCR using a new Korean goral-specific primer set developed in this study (NCF: 5’-atgatcaacatccgaaaaac-3’;
NCR: 5’-ataggagggattaccccaata-3’). The PCR analysis
was carried out using a 25 µL reaction volume containing 4 µL DNA template, 1X PCR buffer (iNtRON Inc.,
Seongnam, Korea), 2 mM MgCl2, 0.2 mM dNTP, 0.1 µM
of each primer, 2.5 µg bovine serum albumin (Promega
Inc., Madison, WI, USA), and 1.25U i-Star Taq polymerase
(iNtRON Inc.). PCR amplification was performed in a
PTC-100 Thermal Cycler (MJ Research, Inc., Watertown,
MA, USA) as follows: initial denaturation for 3 minutes
at 94°C, followed by 45 cycles (at 94°C for 60 second,
46°C for 45 second, and 72°C for 60 second) and a final extension for 3 minutes at 72°C. The PCR products
were resolved through electrophoresis on 2% agarose gel,
stained by ethidium bromide, and visualized under an ultraviolet illuminator. Of the 64 PCR samples, we selected
18 from the captive and wild populations, respectively, for
sequencing (Table 1). Thirty-six PCR products were puri-

Materials and Methods
Samples and DNA extraction
A total of 64 goral fecal samples were collected from
the wild (n=40) in Soraksan National Park, Injae, Gangwon Province, and a goral farm (n=24) in Yanggu, Gangwon Province, South Korea, during summer (July 4 and
6) 2005 and winter (December 16 and 17) 2006 (Table
1; Fig. 1). The samples were frozen at –70°C until experimentation. Genomic DNA was extracted from fecal
samples using the method developed by Gerloff et al .
(1995). Additional sequences (n=28) were obtained from
a previous study (An, 2006). In total, I obtained 36 se-
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0

30 60

120 K

Fig. 1. Map of Gangwon province, South Korea. Baekdoodaegan mountain range is located in Gangwon province,
the main distribution range of Korean goral (Naemorhedus
caudatus ). Soraksan National Park is isolated from other areas by local highways and human settlements. The national
park, including Mt. Sorak, consists of four different areas,
namely Injae, Gosung, Yangyang, and Sokcho.
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sponding mitochondrial cytochrome b gene sequences of
one goat (accession no. D84201) and one sheep (accession
no. D84205) were chosen to root the phylogenetic tree
(Douzery & Randi, 1997). Confidence in the estimated
relationship was determined using the bootstrap approach
(Felsenstein, 1985) obtained through 1,000 replicates
using the same model as mentioned above. Bootstrap
analyses and phylogenetic reconstruction were conducted
using MEGA version 3.1 (Kumar et al ., 2004). In addition,
a minimum-spanning network was created combining goral haplotypes using TCS software (Clement et al ., 2000).
To determine goral genetic diversity, three haplotype
sequences were aligned and edited using BIOEDIT ver-

fied using a QIAquick Gel Purification Kit (QIAGEN Inc.,
Valencia, CA, USA). Purified PCR products were sequenced
using the forward primer in an ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems Inc., Foster City, CA, USA).
We only used 310 out of 337 bp for our sequence analyses.
Data analysis
In total, we used 36 sequences for data analysis (Table
1). The phylogenetic relationships between the haplotypes
of gorals and serows were reconstructed via the neighborjoining method (Saitou & Nei, 1987) using the Kimura
2-parameter model (Kimura, 1980). As outgroup, corre-

Table 2. Summarized statistics for cytochrome b variation in Korean goral populations (Naemorhedus caudatus )
Statistics

Population
Non-soraksan

Soraksan

Unknown

Total

N

10

17

9

36

A

1

2

2

3

h

0

0.221

0.222

0.160

ps

0

0.300

0.600

0.400

π

0

0.071

0.072

0.053

Tajima’s D

NA

–0.491 (P >0.05)

–1.088 (P >0.05)

–1.284 (P >0.05)

Fu and Li’s D

NA

0.677 (P >0.05)

–1.190 (P >0.05)

–0.800 (P >0.05)

N, fecal sample size; A , number of haplotypes in each population; h , haplotype diversity; p s , sequence divergence (%); π ,
nucleotide diversity (%); NA, not available.

Fig. 2. Alignment of partial sequences of mitochondrial cytochrome b gene of Korean goral (Naemorhedus caudatus ) and
closely related species. Dots represent same base as those of haplotype 1. Two polymorphic sites were found in Korean goral.
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sion 7.0.5.3 (http://www. mbio.ncsu.edu/BioEdit/bioedit.
html; Hall, 1999). Sequences that varied by at least one
nucleotide were considered different haplotypes. Haplotype and nucleotide diversity were calculated according to
Nei (1987), and the neutral molecular evolution hypothesis was tested according to Tajima (1989) and Fu and
Li (1993) using DNASP version 4.10.9 (http://www.ub.es/
dnasp; Rozas et al ., 2003).

Results
Three goral haplotypes defined by only two polymorphic sites were found (Table 2). The polymorphic sites
were a synonymous transversion (Ala, GCA/GCC) and a
synonymous transition (Asp, GAC/GAT), and no insertion
or deletion existed (Fig. 2). The haplotype (H) frequencies
of H1, H2, and H3 were 0.056, 0.917, and 0.028, respectively, in the total Korean goral population. Among the
three haplotypes, H2 was found in the non-Soraksan (1),
Soraksan (0.882), and unknown (0.889) populations, but

Frequency

Soraksan population

1.0
0.8
0.6
0.4
0.2
0

0.882

0.118
1

2

3

Haplotype
GS
(n=4)

YG
(n=6)
IJ
(n=12)

YY
(n=1)

Non-Soraksan population

Frequency

1.000

DH
(n=1)

1.0
0.8
0.6
0.4
0.2
0

SC
(n=3)
1

2

3

Haplotype

Frequency

Unknown population
0.889

1.0
0.8
0.6
0.4
0.2
0

0.111
1

2
Haplotype

https://doi.org/10.22920/PNIE.2021.2.1.32

3

Fig. 3. Haplotype frequencies of
partial mitochondrial cytochrome
b gene in Gangwon province,
South Korea. Non-Soraksan population samples were collected
from Yanggu (YG), Donghae (DH),
and Samcheok (SC), and Soraksan population samples were
collected from Injae (IJ), Gosung
(GS), and Yangyang (YY). Three
allele frequencies were found for
each population. No information
from samples was obtained from
unknown population. n, sample
size.
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H1 was restricted to the Soraksan population (0.118), and
H3 only occurred in the unknown population (0.111; Fig.
3). The frequency of H2 was similar in the non-Soraksan
(1) and Soraksan (0.882) populations, excluding the unknown population (Fig. 3). I also tested the neutral evolution hypothesis for the Korean goral, and neither Tajima’s
D value nor Fu and Li’s D value showed strong selective
sweeps in this species (Table 2).
The consensus neighbor-joining tree was reconstructed
with the three haplotypes and other reference sequences
and rooted by two outgroup species, such as goat and
sheep (Fig. 4). The three haplotypes formed a separate
cluster from those of Chinese and Himalayan gorals but
not from the Russian goral (Fig. 4). The latter showed one
of the three Korean goral haplotypes (H2). Furthermore,

Ha

Capricornis

crispus_JS

Ca

pr

ico

rn

is

su

m

at

re

ns

is_

IS

s_G

ircu

s_S

arie

ra h

Cap

Ovis

0.01

Fig. 4. Consensus neighbor-joining tree of mitochondrial
cytochrome b haplotypes of Korean goral (Naemorhedus
caudatus ) and closely related species. Tree was computed
using Kimura-2-parameter distance matrix of haplotypes and was rooted using goat (Capra hircus D84201)
and sheep (Ovis aries D84205) sequences as outgroups.
Haplotypes 1, 2, and 3 were obtained from Korean goral.
Nemorhaedus caudatus RG, Russian goral; Nemorhaedus
caudatus U17861, Chinese goral; Naemorhedus goral HG,
Himalayan goral; Capricornis crispus D32191, Japanese serow; C. sumatraensis DQ459334, Indian serow.
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TCS generated a 95% parsimony haplotype network for
the Korean, Chinese, and Himalayan goral haplotypes (Fig.
5). The network showed a clearly separated distribution
pattern between the Korean goral and Chinese and Himalayan gorals (Fig. 5). The haplotype diversity was 0.160
in the total population and ranged from 0 in the nonSoraksan population to 0.221 in the Soraksan population
(Table 2). The nucleotide diversity was 0.053% in the
total population and differed slightly between the nonSoraksan (0%) and Soraksan (0.071%) populations (Table
2).

Discussion
The Korean long-tailed goral is a species in the tribe
Rupicaprini, subfamily Caprinae, and family Bovidae (An,
2006). Within the tribe Rupicaprini, gorals and serows
are classified as Naemorhedus and Capricornis , respectively (Mead, 1989; Nowak, 1999; von Dolan, 1963). In
contrast, Groves and Grubb (1985) suggested that serows
should also be classified as Naemorhedus (Corbet & Hill,
1992; Grubb, 1993). Few studies have hitherto reported
genetic differences between the two genera (An, 2006;
Min et al ., 2004). The present study also showed similarities in the phylogenetic status of the two genera based on
the neighbor-joining tree (Fig. 4) and maximum spanning
network (Fig. 5). The Korean goral should be classified as
a genus distinct from Capricornis. In addition, the Korean
and Russian gorals have the same haplotype and clustered
within the same clade (Fig. 4). However, the Chinese goral
(N. caudatus ) has relatively higher genetic variation than
the Korean and Russian gorals do and therefore clustered
with the Himalayan goral (N. goral ; Fig. 4). This result
agreed with those of previous studies (An, 2006; Min et
al ., 2004). For the reasonable solution of this taxonomical issue, more samples of Chinese and Russian gorals in
eastern China and Russia adjacent to Korean habitats are
necessary.
Based on the partial mitochondrial cytochrome b gene
sequences (310 bp), only three haplotypes were found for
the Korean goral (Table 2). The sequence divergence between these haplotypes was 0.4% for the total population
(Table 2). Min et al . (2004) found only two haplotypes
(Korean goral types a and b) in partial cytochrome b sequences (646 bp) of the species, with a 0.16% sequence
divergence. According to a more recent study on the
Korean goral (An, 2006), seven haplotypes (A ) of complete mitochondrial cytochrome b gene sequences were
identified (N. caudatus KG-a, b, c, d, e, f, and g), but the
sequence divergence (ps ) ranged from 0 to 0.4%. Furthermore, the haplotype (h =0.323) and nucleotide (π =0.053%)
diversity of the species according to the present results
were low (Table 2). In contrast, other ungulate species,
such as moose (Alces alces ; 403 bp; A =8; p s =0.2-1.8%;
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H3

CG
H2

HG

Group A

H1

Group B

Fig. 5. A 95% parsimony network of five goral haplotypes obtained via our sequence and previous sequence data. Each
haplotype is represented by an oval, the size of which is proportional to haplotype frequency. Group A involved 27 Korean
goral haplotypes (H1, H2, and H3) and one Russian goral haplotype (H2). Group B, separate from Group A, included Chinese and Himalayan goral haplotypes (CG and HG, respectively). Two groups differed with a large sequence variation. Each
branch connecting haplotypes represents single mutation event. ---, 15 substitutions between H2 and CG; ◦, unsampled
haplotypes.

h =0.56-0.60; π =0-0.3%; Hundertmark et al ., 2002),
western red deer (Cervus elaphus ; complete 1,140 bp;
A =21; p s =1.86±0.22%; h =0.98±0.02; Ludt et al ., 2004),
and eastern red deer (C. elaphus ; complete 1,140 bp;
A =13; ps =1.27±0.020%; h =0.98±0.03; Ludt et al ., 2004),
showed relatively high genetic diversity in their mitochondrial cytochrome b gene sequences.
The population structure of the long-tailed goral has
been rarely studied despite it being one of the most endangered species in South Korea. Yang (2002) reported
that the total population consisted of many small, fragmented populations. Choi and Park (2004; 2005) indicated that Korean goral populations are isolated by local
highways or forest trails in one of its main habitats. Using
invasive sampling based on 12 microsatellite loci (n=68
gorals), Choi et al . (2015) recently reported that the goral
population in the lower northeastern regions of South
Korea was distinct from the upper northeastern population. The genetic integrity and individual identification of
goral in Soraksan National Park were studied using noninvasive sampling based on the mitochondrial D-loop
region (n=38 fecal samples) and nine microsatellite loci
(Jang et al ., 2020). This study is the first to report results
of the phylogenic relationship and genetic diversity of the
Korean goral compared with those of other species using
non-invasive fecal samples. In particular, non-invasive
molecular genetic studies using fecal samples could provide more information to support the conservation of
South Korean goral populations.
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ABSTRACT
In order to secure basic data on biodiversity for wetland conservation and management used the data from Wetland
Protected Area surveys conducted in South Korea (2015-2019) to analyze the distribution of fish from a total of 15
orders, 45 families, 134 species, and 12,972 individuals. The predominant species identified were Zacco platypus
(Temminck and Schlegel) (19.47%) and Zacco koreanus (Kim, Oh and Hosoya) (8.16%). Of all emergent species, 52.9%
(n=71 species) were freshwater species, 26.9% (n=36) were brackish species, 3.0% (n=4) were migratory species, 27%
(n=36) were marine species, and 9.0% (n=12) were riffle benthic species. Overall, 5.2% (n=7 species) were endangered
species, 3.0% (n=4) were exotic species, and 23.1% (n=31) were Korean endemic species. The eight identified Wetland
Protected Areas (WPA) were classified based on their habitat characteristics and on the analysis of their emergent
fish communities, as estuarine (n=2), coastal dune (n=1), marsh (n=2), stream (n=2), and stream-marsh (n=1) types.
The environmental factors revealed to have the greatest influence on the species diversity of emergent fish were
maintenance and repair, installation of reservoirs, and construction of artificial wetlands around them. The present
study offers basic information on the diversity of fish species in different Wetland Protected Area types that can be
used to inform conservation and management decisions for WPA.
Keywords: Biodiversity, Endangered species, Estuaries, Habitat, Ramsar convention, Rivers

Introduction
Wetlands are transition zones between terrestrial and
aquatic ecosystems, and are recognized for their high biodiversity and conservation value. National reports on the
roles of wetlands as habitats for migratory birds as well as
their roles in preserving biodiversity are being published
worldwide (Kim & Lee, 2015).
Since the Wetland Conservation Act in 1999, a total of
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*Corresponding author: Jung-do Yoon
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25 inland wetlands, including Yongneup of Mt. Daeam,
have been designated as Wetland Protected Areas (WPA)
by the Ministry of Environment in South Korea. Since
2006, the Ministry of Environment has been conducting
intensive surveys on the WPAs under Article 4 (Wetland
Investigations), Article 5 (Formulation of Master Plans
for Wetland Conservation), and Article 11 (Formulation
and Implementation of Conservation Plans) of the Wetland Conservations Act. Currently, the National Institute
of Ecology is performing the third WPA intensive survey
(2016-2020) under Article 18 (Delegation and Entrustment of Authority) of the Wetland Conservations Act.
This study identified the emergent fish species in the
WPAs within inland wetlands. As the top predators of
aquatic ecosystems, fish are an important group that
regulates the biological structures and functions within
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Copyright © National Institute of Ecology. All rights reserved.

Fish Species in Wetland Protected Areas
water bodies (An et al ., 2001; An & Kim, 2005; Lee et al .,
2017; Shin et al ., 2012). In wetlands, fish are not only the
higher-level consumers (Choi & Byeon, 2010) but they
also dominate important niches at the center of wetland
food chain, acting as both consumers and producers. Inhabitation of rare and endangered species is an especially
important factor when evaluating the value of domestic
wetlands and their designation as protected areas. However, intensive surveys and focused research efforts are
needed because the environmental preferences of fish
species can result in them having narrow distributions
and small populations that are hard to detect (Engler et
al ., 2004; Kim et al ., 2018). Presently, information regarding the distribution of fish species in WPAs and the characteristics of such areas that serve as important habitats
for organisms is limited.
This study, therefore, aimed to investigate the distribution of fish species that were identified during intensive
surveys on the WPAs to compare and analyze their population distribution and inhabitation characteristics based
on wetland patterns. Here, we provide basic reference
data that can be used to develop plans for the conservation, restoration, and management of future WPAs.

characteristics of the fish species inhabiting the WPAs (Kim
et al ., 2016; 2017; Lim et al ., 2019) (Fig. 1). These wetlands consisted of stream type wetlands (n=5) and marsh
type wetlands (n=3) (Table 1).
Intensive surveys of the WPAs followed the monitoring guidelines of the Ministry of Environment for Korean
inland wetlands (ME, 2011). In large areas where general
fish investigation methods (e.g., cast net and skimming
net) were not possible (e.g., the Han River estuary and
Nakdong River estuary), we enlisted the help of fishermen to capture individuals using fixed shore nets, gill
nets, dredge nets, and other methods. Species of captured
individuals were either identified in the field and released
after recording the required data, or were fixed with 10%
formalin and identified in lab if identification in the field
was not possible. Fish species were identified with reference to Chae et al . (2019), Choi et al . (2002), Kim et al .
(2005), and Kim and Park (2002), and the taxonomic sequencing was based on the National Species List of Korea
(NIBR, 2019).
Data analysis
We compiled a list of the fish species based on the reports of the intensive surveys conducted for the WPAs
to analyze the diversity and distribution of the emergent
fish in the WPAs. We analyzed the fish community characteristics and similarities using the diversity and population data of emergent fish, as well as the richness index
(Margalef, 1958), dominance index (McNaughton, 1967),
evenness index (Pielou, 1975), and species diversity index
(Shannon & Weaver, 1963).

Materials and Methods
Research targets and methods
Among the 22 intensive surveys of the WPAs over the
last 5 years (2015-2019), we used the data for 8 wetlands
in 2016, 2017 and 2019 in which fish surveys had been
conducted, to understand the diversity and distribution
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Fig. 1. Map showing the Wetland Protected Areas in which
intensive surveys were conducted in South Korea during 20152019.
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Table 1. Details of the WPA fish surveyed in South Korea 2016, 2017, 2019
Wetland name

Date designated as a WPA

Area (km2)

Survey year

Nakdong River Estuary

Aug 9, 1999

37.718

2017

Upo

Aug 9, 1999

8.609

2016

Duung

Nov 1, 2002

0.067

2019

Damyang Stream

July 8, 2004

0.981

2019

Han River Estuary

Apr 17, 2006

60.668

2016

Gonggumji

June 29, 2011

0.264

2019

Hanbando

Jan 13, 2012

2.772

2019

Cimsil

Nov 7, 2016

2.037

2019

WPA, Wetland Protected Area.

All statistical analyses were performed using R (R version 3.5.2, R Core Team 2020). First, we performed a hierarchical cluster analysis using the ‘hclust’ (method='ward.
D2') function in the Vegan package to understand the
relationship between wetland types (Bang et al ., 2006)
and the fish community structure (Oksanen et al ., 2020).
The total species population of the collected individuals (S)
was converted to log(S+1) to be used as the input data,
and the species that emerged in only one wetland were
excluded from the analysis to eliminate regional specificity.
Second, we applied non-metric multidimensional scaling (NMDS) using the ‘metaMDS’ function in the Vegan
package (Oksanen et al ., 2020), and analyzed the fish
community structure and relationship in the investigated
sites using ordination methods. Again, we converted the
species population data to log(S+1) to produce the input
data for the analysis. We calculated the distance between
the investigation sites using the Bray-Curtis method (Bray
& Curtis, 1957). In addition, we determined the correlation coefficients and levels of significance using the
‘envfit’ function in the Vegan package (Oksanen et al .,
2020) to analyze the eating behaviors of fish and other
correlations in the 2-dimensional visualization of the
NMDS results. We referred to the “Biomonitoring Survey
and Assessment Manual” (ME, 2016a) and “Biomonitoring
Survey and Assessment Manual: Estuary Ecosystem (fish)”
(ME, 2017a) to determine the ecological characteristics of
the fish species.

Results and Discussion
Emergent fish fauna in the WPAs
A total of 15 orders, 45 families, and 134 fish species
were identified from the 12,972 individuals collected
from the 8 WPAs. Specifically, 28 species were identified
in the Han River estuary, 21 species in the Upo wetland,
60 species in the Nakdong River estuary, 17 species in the
Gonggumji reservoir, 18 species in the Damyang stream,
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9 species in the Duung wetland, 46 species in the Cimsil
wetland, and 36 species in the Hanbando wetland. The
most species appeared in the mouth of the Nakdong River
estuary, and the proportion of marine fish species was
high. Next, the second most abundant species appeared
in the Cimsil wetland (Table 2).
The Nakdong River estuary, a partially-mixed estuary,
has an estuary bank and coastal or bay characteristics that
have enabled the high occurrence of marine fish species
as well as the largest overall number of species. Blockage
of the freshwater inflow by the estuary bank had gradually transformed the brackish water zone into a marine
environment; which is consistent with the observations of
previous studies (Kang et al ., 2012).
On the other hand, the Han River estuary does not have
an estuary bank, and the brackish water zone is extended
due to the direct influence of the tides. The Han River
estuary is a well-mixed estuary that maintains the typical ecosystem structure of estuaries along the Korean
western coast (Hwang & Rhow, 2010), therefore, estuarine
fish species were observed to be the dominant species.
The species diversity of the Han River and Nakdong River
estuaries differed greatly, with the latter estuary having a
relatively higher occurrence of marine fish species.
The Cimsil wetland, which was found to support the
second highest number of species, has a widely spread
out brackish water zone due to the lack of an estuary
bank, and the water quality is relatively high due to the
lack of a source of atmospheric pollution. The diverse endemic species in the Cimsil wetland may largely influence
the high proportion of endemic species in this area (Baek
et al ., 2013; Jang et al ., 2009). Among the collected fish,
45 species (33.58%) of Cyprinidae, 12 species (8.96%) of
Gobiidae, and 8 species (5.97%) of Cobitidae (Fig. 2A)
were identified. In the observed population, the emergent fish species and their associated rates (from highest
to lowest) were Zacco platypus (19.5%), Zacco koreanus
(8.2%), Lepomis macrochirus (6.3%), and Carassius auratus (5.4%) (Fig. 2B). Among the emergent fish, there

PNIE 2021;2(1):42-52

Fish Species in Wetland Protected Areas
Table 2. Fish species identified in the Wetland Protected Area s in South Korea during 2016, 2017, 2019
Species

Han
River Upo

Nakdong Gonggumji Damyang Duung Cimsil Han Remarks
River
bando

Anguilla japonica

●

Conger myriaster

●

Muraenesox cinereus

●
●

Oryzias sinensis
●

Strongylura anastomella
Hyporhamphus intermedius

●

Hyporhamphus sajori

●

●
●

Clupea pallasii

●

Konosirus punctatus

●

Sardinella zunasi

●

Sardinops melanostictus

●

Coilia mystus

●

Coilia nasus

●

●

Engraulis japonicus

●

Thryssa adelae

●

Thryssa hamiltonii

●

Thryssa kammalensis

●
●

Cobitis hankugensis

Ke
●

Cobitis tetralineata

Ke

Iksookimia koreensis

●

Ke

Koreocobitis rotundicaudata

●

Ke

Misgurnus anguillicaudatus

●

●

Misgurnus mizolepis

●

●

●

●

●

●

●

●

●

Iksookimia longicorpa

●

Orthrias nudus
Abbottina rivularis

●

●

Acanthorhodeus chankaensis

●

●
●

Acheilognathus koreensis
Acheilognathus lanceolata intermedia

●

Acheilognathus macropterus

●

●

●

Acheilognathus majusculus

●

Acheilognathus rhombeus

●

Acheilognathus signifer
Acheilognathus yamatsutae
●

●

●

●

●

●

●

●

Carassius cuvieri

Ke, En

●

Ke

●
●

●

Culter brevicauda
●

●

Ex
Ke

●

Coreoleuciscus splendidus
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●

●

Coreoleuciscus aeruginos

Cyprinus carpio

Ke, En

●

Aphyocypris chinensis
Carassius auratus

Ke
●

Ke
En

●

●

●

●

●

●

45

Yeounsu Chu et al.
Table 2. Continued
Species

Han
River Upo

Nakdong Gonggumji Damyang Duung Cimsil Han Remarks
River
bando

Cyprinus carpio*
Erythroculter erythropterus
Gobiobotia brevibarba
●

●

●

Hemibarbus longirostris
●

●

●

●

●
●

Pseudogobio esocinus

●

●

●

●

●

●

●

Pseudorasbora parva

●

●

Pungtungia herzi

●

Ke

●

●

●

●

●

●

●

Ke, En

●

Ke
Ke

Rhodeus notatus

●

Rhynchocypris oxycephalus

●

Sarcocheilichthys nigripinnis morii

●
●

Sarcocheilichthys variegatus wakiyae
●

Squalidus chankaensis tsuchigae
●

●

●

Ke
●

●
●

Ke
Ke

●

●

Squalidus japonicus coreanus

Ke
Ke

●

Zacco koreanus
●

Zacco platypus

●

●

●

●

●

●

Ke

●

Zacco temminckii
Chelon haematocheilus

●

Mugil cephalus

●

●
●

Eptatretus burgeri

●

Neobythites sivicola

●
●

Plecoglossus altivelis
Repomucenus beniteguri

●

Repomucenus lunatus

●
●

●
●

Trachurus japonicus
Lepomis macrochirus

●

Micropterus salmoides

●
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Ke

●

●

Rhodeus uyekii

Psenopsis anomala

●

●

Pseudopungtungia tenuicorpa

Repomucenus olidus

Ke, En

●

Opsariichthys uncirostris amurensis

Squaliobarbus curriculus

●
●

Microphysogobio yaluensis

Squalidus gracilis majimae

Ke, En

●

Microphysogobio longidorsalis

Rhodeus ocellatus

●
●

Hemibarbus mylodon
Hemiculter eigenmanni
Hemiculter leucisculus

Ex

●

Gnathopogon strigatus
Hemibarbus labeo

●
●

●

●

●

●

●

●

Ex
●

Ex

●
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Table 2. Continued
Species

Han
River Upo

Nakdong Gonggumji Damyang Duung Cimsil Han Remarks
River
bando
●

Coreoperca herzi
●

Channa argus

●

Acanthogobius flavimanus

●

Acentrogobius pellidebilis

●

Amblychaeturichthys hexanema

●

Gymnogobius urotaenia

●

Odontamblyopus lacepedii

●

●

●

●

●
●

Rhinogobius giurinus

●

Synechogobius hasta

●

●

Tridentiger bifasciatus

●

●

Tridentiger brevispinis

●

●

●

●

Nuchequula nuchalis
Lateolabrax japonicus

●

●

Lateolabrax maculatus

●

●
●

Macropodus ocellatus

●

Odontobutis interrupta

●

●

Odontobutis platycephala

●

●

Pholis fangi

●

Pholis nebulosa

●

Acanthopagrus schlegelii

●

Argyrosomus argentatus

●

Johnius belengerii

●

Sillago japonica

●

Sillago sihama

●

Zoarchias uchidai

●

Pampus argenteus

●

Zoarces gillii

●

●

Ke
Ke

Ke

●

Lethenteron reissneri

En

●

Cynoglossus joyneri
●

Paralichthys olivaceus

●

Kareius bicoloratus

●

Pleuronectes yokohamae

●

Pleuronichthys cornutus

●

Zebrias fasciatus

●
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●

●

●

Tridentiger obscurus

Trachidermus fasciatus

●
Ke

Rhinogobius brunneus

Hemitripterus villosus

Ke

●

Favonigobius gymnauchen

Cynoglossus semilaevis

●
●

Siniperca scherzeri

●
●
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Table 2. Continued
Han
River Upo

Species

Nakdong Gonggumji Damyang Duung Cimsil Han Remarks
River
bando
●

Platycephalus indicus
Liobagrus andersoni

●

Ke

●

Ke

●

Ke

●

Leiocassis nitidus
●

Pseudobagrus fulvidraco

●

Pseudobagrus koreanus
●

Silurus asotus

●

●

●

●

●

●

●

Silurus microdorsalis
●

Monopterus albus
●

Takifugu niphobles
●

Takifugu obscurus

●

Takifugu xanthopterus
Total
No. of species
No. of individuals

28

21

60

17

18

9

46

36

134

521

1,439

1,980

919

818

118

3,147

4,030

12,972

Ke, Korean endemic species; En, endangered species; Ex, exotic species.
*Translocation species.

B
Cyprinidae
Gobiidae
Cobitidae
Engraulidae
Clupeidae
Callionymidae
Pleuronectidae
Bagridae
Tetratodontidae
Sciaenidae
Cynoglossidae
Pholidae
Siluridae
Moronidae
Sillaginidae
Hemiramphidae
Centropomidae
Odontobutidae
Mugilidae
Centrarchidae
Order

33.58
8.96
5.97
4.48
2.99
2.24

Species
n=134

2.24
2.24
2.24

Species

Family

A

1.49
1.49
1.49
1.49
1.49
1.49
1.49
1.49
1.49
1.49
1.49
18.66
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Z. platypus
Z. koreanus
L. macrochirus
C. auratus
P. parva
P. herzi
H. labeo
A. lanceolata
M. salmoides
E. japonicus
K. punctatus
M. cephalus
C. herzi
S. chankaensis
O. interrupta
C. carpio
A. signifer
C. pallasii
A. yamatsutae
S. gracilis
M. yaluensis
A. rivularis
S. variegatus
P. esocinus
Order

19.47
8.16
6.27
5.43
4.05
3.08
2.83
2.72
2.61
2.54
2.48
2.30
1.81
1.80
1.78
1.73
1.67
1.66
1.54
1.30
1.27
1.13
1.04
1.03

Individuals
n=12,972

20.34
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Fig. 2. Comparison of fish species and individuals collected in the Wetland Protected Areas in South Korea during 20152019. (A) Species. (B) Individuals.
were 7 legally protected species: Acheilognathus signifer ,
Acheilognathus majusculus , Culter brevicauda , Gobiobotia
brevibarba , Hemibarbus mylodon , Pseudopungtungia
tenuicorpa , and Lethenteron reissneri , that made up 5.2%
of the total emergent species; 4 exotic species: Carassius
cuvieri , Cyprinus carpio , L . macrochirus , and Micropterus
salmoides , that made up 3.0% of the total emergent spe-
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cies; and 31 Korean endemic species: including Z . koreanus , Coreoperca herzi , Squalidus chankaensis tsuchigae ,
Odontobutis interrupta , A . signifer , and Acheilognathus
yamatsutae , that made up 23.1% of the total emergent
species (Fig. 3A). There were 36 brackish water species:
including Hyporhamphus intermedius , Hyporhamphus sajori , Konosirus punctatus , and Thryssa kammalensis , that
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Fig. 3. Appearance rate of emergent fish species collected in the Wetland Protected Areas in South Korea during 20152019. (A) Specific. (B) Inhabit. (C) Feeding. (D) Tolerance.
made up 26.9% of the total emergent species; 4 migratory species: Anguilla japonica , Coilia mystus , Coilia nasus ,
and Plecoglossus altivelis , that made up 3.0% of the total
emergent species, 36 species of marine species: including
Conger myriaster , Muraenesox cinereus , and Strongylura
anastomella , that made up 26.9% of the total emergent
species; and 12 species of riffle-benthic species, including
Coreoleuciscus splendidus , G . brevibarba , and Koreocobitis
rotundicaudata , that made up 9.0% of the total emergent
species (Fig. 3B).
After analyzing the eating behavior and tolerance characteristics using the National Institute of Environmental
Research (2017). Biomonitering Survey and Assessment
Manual, Incheon: National Institute of Environmental
Research. We identified 16 carnivorous: including A . japonica , C . brevicauda , Erythroculter erythropterus , and
Channa argus , that made up 11.9% of the total emergent
species; 7 herbivorous: including H . intermedius , H . sajori ,
and K . punctatus , that made up 5.2% of the total emergent species; 41 insectivorous: including Cobitis hankugensis , C . splendidus , and Repomucenus olidus , that made
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up 30.6% of the total emergent species; and 29 Omnivorous: including Oryzias sinensis , Abbottina rivularis , and
Acheilognathus koreensis , that made up 21.6% of the
total emergent species (Fig. 3C). In addition, there were
33 tolerant species: including O . sinensis , A . rivularis , and
C . auratus , that made up 24.6% of the total emergent
species; 44 species with intermediate tolerance: including A . japonica , H . intermedius , and C . nasus , that made
up 32.8% of the total emergent species; and 16 sensitive
species: including A . signifer , C . splendidus , and P . tenuicorpa , that made up 11.9% of the total emergent species
(Fig. 3D).
Fish community indexes and similarity analysis
Among the investigated WPAs, the Nakdong River estuary and Duung wetland had the highest and lowest Diversity and Richness indexes of 3.0 and 7.77 and 1.45 and
1.68, respectively. The Han River estuary, Upo wetland,
and Cimsil wetland had similar Evenness indexes of 0.75,
0.75, and 0.74, respectively, and the Duung wetland had
the lowest Richness index of 1.68. On the other hand, the
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Fig. 4. Fish community index in each Wetland Protected Area in South Korea during 2015-2019.
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Duung wetland had the highest Dominance index of 0.73
because its small area and lack of water inflow resulted in
the domination of C . auratus (Fig. 4).
The NMDS and hierarchical cluster analysis of fish communities in the eight WPAs showed that the wetlands can
be classified into four categories: estuary-type, streamtype, lake-type, and coastal dune-type (Figs. 5, 6). The
Han River and Nakdong River estuary-type wetlands were
placed on the left side of the first axis, and were found to
have a high incidence of marine fish species and brackish
water species, such as H . intermedius , Chelon haematocheilus , and Synechogobius hasta (Fig. 6). It is noteworthy that herbivorous fish species dominated the estuarytype wetlands. The Cimsil and Hanbando wetlands (i.e.,
typical stream-type wetlands) were placed on the upperright side of the first axis, and were found to have a high
incidence of endemic species and riffle-benthic species,
such as Z . koreanus , Sarcocheilichthys variegatus wakiyae ,
and C . herzi . The Upo and Gonggumji lake-type wetlands

Fig. 5. Dendrogram of the similarities among the Wetland
Protected Areas.
that are created by floodplains, were placed on the lowerright side of the first axis, and found to be dominated by
exotic species, such as M . salmoides and L . macrochirus .
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Fig. 6. Biplots of NMDS using fish community data in Wetland Protected Areas. (A) Wetland sites by habitat type (circle,
lake; triangle, river; square, estuary). (B) Distribution of fish species. The length and angle of arrows indicate the contribution of a feeding characteristic to the NMDS axes. NMDS, nonmetric multidimensional scaling; C, carnivorous; I, insectivorous, H, herbivorous; O, omnivorous.
On the other hand, the Damyang stream wetland was
considered to be better characterized as a stream-laketype wetland (e.g., the Upo and Gonggumji wetlands)
than a stream-type wetland because a significant amount
of this stream wetland has been lost by development activities, such as the renovation of a dammed pool for irrigation, installation of a detention pond, construction of
artificial wetlands, and large-scale engineering works. The
loss of this stream wetland has resulted in water pollution
and eutrophication, and parts of the retained wetland are
undergoing various geomorphic changes and rapid successional changes that are driving a change in the wetland type.
In conclusion, this study was based on the results of
fish-related investigations for 11 sites included in the
intensive surveys on WPAs in South Korea. Currently, 44
sites (1,553.13 km2) are designated as WPAs; however,
studies that focus on emergent fish and their distributions
despite the variations in shape, area, and type of WPAs
are seriously limited
Analysis of the fish investigation data from the intensive surveys on WPAs revealed that there are four wetland
types and one combined wetland type, and that the wetland types differed in species composition. Additionally,
the predominant species Z . koreanus and Z . platypus
contributed the most to the similarity of the fish communities, and are reportedly dominant species in domestic
streams (Yoon et al ., 2011). Tolerant or exotic species had
high incidences in lakes, which is similar to the findings
of a previous study where the proportion of omnivorous
and tolerant species increased with the increase in stagnant water (Han & An, 2013).
Such environmental changes in wetlands have direct influences on fish communities; thus, it is high possible that
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they will be used as the main indexes in the management
of wetland types. However, fish communities are influenced by a combination of waterfront vegetation, differences in water quality, and physical characteristics of river
beds. It is, therefore, difficult to use limited data for fish
communities to develop a comprehensive management
plan for wetlands. This is especially relevant regarding estuarine WPAs, in which fish communities vary depending
on the geomorphic characteristics of habitats and the salinity of the water source (e.g., freshwater, brackish water,
saltwater) (Baek et al ., 2013; Kim et al ., 2018; Park et al .,
2013). Data supplementation and an improvement of our
understanding through the classification of geomorphological environment types and analysis of biota including
fish communities within inland wetlands is necessary for
the overall management of wetlands.
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ABSTRACT
Distribution of fish community depends largely on environmental disturbance such as habitat change. In this study,
we evaluated the impact of environmental variables and microhabitat patch types on fish distribution in Yudeung
Stream at 15 sites between early May and late June 2019. We used non-metric multidimensional scaling to examine
the distribution patterns of fish in each site. Gnathopogon strigatus , Squalidus gracilis majimae , Zacco koreanus , and
Zacco platypus were associated with riffle and boulder areas, whereas Iksookimia koreensis , Acheilognathus koreensis ,
Coreoleuciscus splendidus , Sarcocheilichthys nigripinnis morii , and Odontobutis interrupta were associated with
large shallow areas. In contrast, Cyprinus carpio , Carassius auratus , Lepomis macrochirus , and Micropterus salmoides
were found at downstream sites associated with large pool areas, sandy/clay-bottomed areas, and vegetated areas.
On the basis of these results, we suggest that microhabitat patch types are important in determining the diversity
and abundance of fish communities, since a mosaic of different microhabitats supports diverse fish species. As
such, microhabitat patches are key components of freshwater stream ecosystem heterogeneity, and a suitable patch
composition in stream construction or restoration schemes will support ecologically healthy food webs.
Keywords: Aquatic macrophytes, Microhabitat, Pool, Riffle, River continuum, Zacco koreanus

Introduction
Empirical studies have suggested that the relationship
between the distribution of fish assemblages and environmental characteristics may be influenced by many variables, including body size (Knouft, 2002), habitat range
(Willis et al ., 2005), and life history traits (Mims & Olden,
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2012). Ecological gradients related to the river continuum
are closely associated with fish community composition
in freshwater stream ecosystems (Curtis et al ., 2018; Ratton et al ., 2018), and can explain the common pattern of
upstream-to-downstream replacement of congeneric species pairs that belong to the same environmental guild,
exhibit similar life history strategies, and occupy similar
trophic niches. Fish species differ in their habitat requirements and preferences, and therefore, their presence and
abundance can be strongly influenced by habitat characteristics at different spatial scales from headwaters to
downstream (Hoeinghaus et al ., 2007; Mendonça et al .,
2005). For example, large piscivorous fish are likely to
have larger ranges compared with other fishes, but may
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by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Materials and Methods
Site description and monitoring strategy
Yudeung Stream, a major tributary of the Geum River
in South Korea, is 44 km long and has an approximate
drainage area of 289.14 km2. Most sections, except for
the upstream parts, run through downtown Daejeon City
and are constantly disturbed by human activity. We selected 15 study sites that reflect diverse microhabitats
from upstream to downstream sections (Fig. 1) and surveyed the stream from early May to late June 2019 over
a period of eight weeks before the occurrence of summer
monsoon (July to August; Choi & Kim, 2020a) to avoid
physical disturbance of fish distributions caused by the
monsoon. We randomly selected three sampling points
per site based on virtual grids constructed over maps of
each study site.
Environmental variables including water temperature,
pH, dissolved oxygen (DO), conductivity, turbidity, and
water velocity were measured in three quadrats at each of
the study sites. We used a DO meter (YSI Model 58; YSI
Incorporated, Yellow Springs, OH, USA) to measure temperature and DO, a Fisher Conductivity Meter (YSI model
152; YSI Incorporated) to measure conductivity, and an
Orion Model 250A pH meter (Orion Research, Beverly,
MA, USA) to measure pH. Turbidity was measured using
a turbidimeter (Model 100B; HF Scientific Inc., Ft. Myers,
FL, USA). Average water velocity was measured using a
portable multi-parameter water checker (Hach Co., Loveland, CO, USA) at six sampling points for each site. Analysis of factors associated with regional variation of fish assemblages was performed using both environmental and
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be attracted to specific habitat spaces, such as a complex
habitat rich in aquatic plants, due to prey abundance
(Rilov et al ., 2007). Fish assemblages can change substantially across habitats and spatial extents, even across tens
of meters on reefs (Wedding et al ., 2008). It is therefore
important to consider spatial characteristics such as environmental variables and habitat patch types in each section of stream to better understand how habitat features
spatially influence fish assemblages.
The ecological health of streams relies on linkages between physical habitat quality and species composition.
Previous studies have described longitudinal mapping of
habitat units in sequence, with dimensions of each unit
and information based on riparian vegetation and microhabitat features (Stromberg, 2001; Thomson et al ., 2001).
Ecologically, pools and riffles are essential since many lotic species have evolved body morphology and behaviors
to specifically occupy one unit or the other (Brooks & Brierley, 2002). Therefore, stream restoration projects commonly involve reach-scale channel reconfigurations, with
pool-riffle sequences being a key morphological structure
for restoration design (Kasahara & Hill, 2008). Despite
various fish species’ responses to habitat characteristics,
available information regarding their distribution focuses
mainly on the local scale (Buisson et al ., 2008; Huang et
al ., 2016; Perkin & Gido, 2012). In particular, most studies in South Korea only explain the distribution of fish
species in each section of the stream, but the impact of
different microhabitat types as they relate to entire stream
sections from headwaters to its mouth is unclear. South
Korea has built weirs and dams in most stream sections to
ensure continuous water resources, which has disturbed
natural stream continua across many different sections,
and may affect the spatial distribution of animal communities, including that of fish.
The primary objective of our study was to characterize the influence of environmental variables and habitat
patch types on fish distribution within a continuous
stream section. We hypothesized that the distribution of
fish communities could be clearly distinguished according to habitat characteristics in each section of a stream.
Habitat preference for each fish species lead to different spatial distribution in accordance with longitudinal
section supported by different microhabitat types. We
selected Yudeung Stream as a suitable study site because
it reflects the continuous microhabitat types, with fewer
weir and dam modifications compared with other streams
in South Korea. The results of this study can be used as
basic data for establishing stream restoration plans in
management of stream health and fish species diversity.
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Fig. 1. Map of study sites in Yudeung Stream, as indicated
by solid circles (●). The small map in the upper left corner
indicates the Korean Peninsula.
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spatial explanatory variables.
Fish were caught using a 3.5 m diameter cast net with
7×7 mm mesh size and a 5×5 mm mesh dip net (0.32 m2
area). In cast net sampling, the same points along the
100 m riparian zone were sampled in the upper and
lower part of the stream at all events. Cast net was cast
10 times at 10 m intervals to yield a total of 20 casts,
covering a total water surface area of 61.2 m2. Dip net
sampling was conducted one hour later along the same
stretch of water, with 20 samples covering 6.4 m2 water
surface area. In study sites dominated by aquatic macrophytes and boulders, we used only dip net sampling. All
collected fish were preserved in methanol-formaldehyde
solution and were identified to species level according to
Kim and Park (2002) and Kim et al . (2005) based on the
classification system of Nelson et al . (2016).
Identification of microhabitat patch types
We delineated the habitat and characterized the patches within 200 m upstream and downstream of each study
site using a combination of remotely sensed and fieldcollected data (Kobayashi et al ., 2012). Specifically, we
used a combination of on-screen digitizing in ArcGIS 10.1
and Arc Pad 8.0 (Environmental Systems Research Institute, Redlands, CA, USA) on a desktop computer. Characterized patches of the study area were obtained from
satellite images (Daum Kakao Map in June, 2019; https://

map.kakao.com) with 50 cm resolution. Using this approach and guidelines adapted from Holmes and Goebel
(2011) and Johansen et al . (2010), we identified and digitized six patch types in the riverine microhabitat as riffle,
pool, shallow, boulder, sand/clay, and vegetated (Table
1). Several microhabitat patches that are difficult to distinguish from satellite images were additionally identified
through field surveys. Riffles were classified as areas with
a steep surface and shallow depth relative to up- and
downstream areas, with swift flow and the surface usually
broken (white-colored water). Pools were classified as areas with flat, smooth surfaces with greater depth relative
to upstream and downstream areas. Shallows were classified as areas of less than 1 m depth, which could overlap
with riffles and pools. Boulder classification was used to
refer to patches with bottom structure larger than 256
mm. Sand/clay referred to areas with very fine particles of
0.125-0.004 mm. Vegetated areas included those occupied by aquatic macrophytes, namely emergent, floating,
and submerged plants. We identified aquatic macrophytes
species appearing at each study site.
Data analysis
Environmental variables and microhabitat patch types
were log-transformed after assessing their degrees of normality based on the Shapiro-Wilk test. Also, Seventeen
species were selected for further analysis. We then used

Table 1. Environmental variables and habitat patch types at study sites
Habitat patch types (m2)

Environmental variables
Sites

Shallow Boulder

Sand/ Vegetation
clay

WT

pH

DO

Cond.

Tur.

Vel.

Riffle

Pool

1

16.3

7.6

102.1

98.3

1.8

1.4

532.5

324.2

868.2

528.3

0

223.1

2

16.4

7.4

115.3

101.5

2.4

1.1

694.2

220.1

442.7

647.3

0

415.3

3

16.2

7.8

111.2

106.2

2.1

1.8

846.3

262.4

410.5

785.1

0

284.3

4

17.3

7.3

95.3

84.3

2.0

1.0

651.2

286.3

604.2

452.2

105.2

214.3

5

17.5

7.8

92.7

125.3

1.5

1.1

781.21

215.3

485.3

562.3

95.5

252.6

6

17.2

7.1

84.6

128.5

1.8

1.2

684.6

318.7

325.4

408.4

108.3

254.3

7

17.3

7.6

74.5

108.4

2.1

1.5

612.3

268.2

226.2

485.2

156.2

212.5

8

16.9

7.6

95.3

116.2

2

0.6

552.3

125.3

274.3

528.3

112.3

205.2

9

17.1

7.7

86.3

113.2

1.5

0.2

216.2

0

538.9

582.4

0

146.2

10

16.8

7.5

84.3

208.4

2.5

0.5

265.3

523.5

214.3

282.3

0

542.3

11

17.2

7.2

68.3

198.3

1.8

0.3

285.3

610.5

426.4

151.2

528.2

652.1

12

17.9

7.5

82.5

207.3

3.2

0.6

265.3

471.3

325.8

256.3

405.2

568.2

13

17.8

7.4

74.3

215.3

5.6

0.2

185.2

721.3

445.2

151.2

451.3

571.2

14

17.5

6.8

68.3

235.2

11.6

0

0

1,065.2

652.3

54.2

584.3

584.3

15

16.7

7.1

47.3

254.2

19.2

0

0

879.3

548.2

0

684.2

625.3

WT, water temperature (°C); DO, dissolved oxygen (%); Cond., conductivity (µg/L); Tur., turbidity (NTU); Vel., water velocity (m/s).
Shallow refers to depth not exceeding 1 m. Boulder refers to the bottom structure beyond 256 mm.

https://doi.org/10.22920/PNIE.2021.2.1.53

55

Jong-Yun Choi et al.

Results and Discussion
Environmental variables and microhabitat patch types
Environmental variables from each study site reflected
the limnological characteristics of a temperate stream
(Table 1). Among environmental variables, DO, conductivity, turbidity, and water velocity differed by site (one-way
ANOVA, P <0.05). DO was generally highest in upstream
regions, with sites 1-3 having <100% DO, and decreased
downstream with a range of 47.3 to 95.3%. This reflects
water velocity. In contrast, conductivity and turbidity
increased downstream. Water temperature and pH did
not differ notably among study sites (one-way ANOVA,
P >0.05).
Microhabitat patch types differed markedly across study
sites (Table 1). Greater areas of pool, sand/clay, and vegetation were present in the downstream regions, whereas
riffle and boulder areas dominated in the upstream
regions. In streams and rivers, the growth of aquatic
macrophytes is closely related to water flow, and downstream areas with relatively lower flow are more suitable
for macrophyte growth. The increase in sand/clay areas
over boulders in the downstream also contributes to the
development of aquatic macrophytes. Plant community
composition varied similarly across the study sites. Most
of the study sites were dominated by Phragmites communis Trin. and Paspalum distichum L., which were accompanied by a total of seven plant species: Miscanthus
sacchariflorus (Maxim.) Hack, Typha orientalis C. Presl,
Typha angustifolia L. sensu lato, Paspalum distichum var.
indutum Shinners, Ceratophyllum demersum L., Potamogeton malaianus Miq. var. latifolius Nakai ex Mori, and
Potamogeton oxyphyllus Miq.
Clustering of the study sites based on environmental
similarity and microhabitat patch types yielded three
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groups with homogeneous native fauna (Fig. 2). These
groups reflected the microhabitat characteristics of the
studied aquatic ecosystems, implying an underlying biogeographical pattern. Group 1 included sites 14 and 15 as
representative of downstream characteristics, and Group 2
comprised sites 10 to 13, representing the middle section.
The remaining sites 1-9 in the upstream section constituted Group 3. Based on this, microhabitat characteristics
of Yudeung Stream could be clearly distinguished by
distinct environmental variables and microhabitat patch
types in the upstream to downstream direction.
Effect of fish distribution on microhabitat structure
A total of 2042 individuals belonging to 24 fish species
were collected at the 15 study sites (Table 2). Cyprinidae
was the dominant family, represented by 14 species, with
a relative abundance of 92.1%. They were followed by
the Centrarchidae (3.0%), Gobiidae (1.7%), and Centropomidae (1.4%). The remaining families (Odontobutidae,
Cobitidae, and Bagridae) represented less than 1%. These
distribution characteristics are consistent which reported
the dominance of Cyprinidae in freshwater streams (Kim
& Park, 2002). On a species level, Zacco platypus dominated with 1015 individuals (ind.) (relative richness, 50%)
across study sites, followed by Zacco koreanus (497 ind.,
24.4%), Pungtungia herzi (105 ind., 5.2%), and Coreoleuciscus splendidus (80 ind., 3.9%) (Figs. 3, 4). The greatest
abundance of fish was found at site 3 with 517 ind., followed by site 5 with 259 ind.
In this study, the fish community structure in Yudeung
Stream was very similar to the previous results. Empirical
studies suggested that the fish community in Yudeung
Stream are dominated by Cyprinidae, and that higher
relative richness of Z . platypus , Carassius auratus , and P .
herzi (An et al ., 2005; Lee, 2001). An et al . (2005) sug-

Cluster dendrogram
16
14
12
10

Height

non-metric multidimensional scaling (NMDS) to examine
species distribution patterns according to their abundance
at each site. NMDS ordination plots were produced based
on Euclidean distance, and goodness-of-fit was assessed
in terms of loss of stress. Stress value for the two-dimensional solution was 0.186, lower than the generally accepted maximum stress value of <0.2 (Clarke, 1993). Environmental variables and microhabitat patch types were
fitted to NMDS ordination axes scores. The significance of
the fitted vectors was assessed using 3000 permutations,
with P <0.05 considered significant. NMDS ordination was
conducted with the R package ‘vegan’ (version 2.5-3; Oksanen et al ., 2013).
We also clustered the 15 sites based on environmental
variables and microhabitat patch types, allowing the generation of probability values for clusters using bootstrap
resampling with 1000 runs. Clustering was carried out using R version 2.5-3 (R Core Team, 2019).

8
6
4
1

2
0

14 15
12 13

Group 1
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Group 2
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5

9

7
4

6

Group 3

Fig. 2. Cluster analysis of environmental variables and microhabitat types among study sites indicated three groups.
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Table 2. Fish species found at study sites in Yudeung Stream
Taxonomic groups

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

8

9

3

4

2

8

Cyprinidae

Acheilognathus koreensis

6

3

5

Acheilognathus lanceolata intermedia

4

3

Carassius auratus
Coreoleuciscus splendidus

24

26

23

1

6

Cyprinus carpio

4

Gnathopogon strigatus

9

Pseudogobio esocinus

4

Pseudopungtungia nigra

10

3

7
8

4

25

8

2

Pungtungia herzi

11

17

5

7

Rhodeus uyekii

2

4

10

16

34

21

48

58

5

Sarcocheilichthys nigripinnis morii

8

12

3

Squalidus gracilis majimae

14

Zacco koreanus

32 198

13 127

59

68

86 234

89 124

90

74

Zacco platypus

2

19

17

5
55

66

5

12

7

3

10

1

Cobitidae

Iksookimia koreensis

7

2

6

Misgurnus anguillicaudatus

1

2

2

Bagridae

Pseudobagrus fulvidraco

1

Centropomidae

Coreoperca herzi

2

2

2

2

4

8

Siniperca scherzeri

5
3

Centrarchidae

Lepomis macrochirus

4

Micropterus salmoides

10

5
6

12

2

Odontobutidae

Odontobutis interrupta

8

5

Odontobutis platycephala

1

Gobiidae

Rhinogobius brunneus
Number of species
Number of individuals

5
57

2

4

5

7

4

7

6

7

6

8

4

8

5

7

194 517 119 259 154 198

79

95

61

52

75

101

33

34

11

12

5

gested that tolerant species such as Z . platypus and C .
auratus were frequently observed in most of streams because of their high resistance to water pollution. In this
study, we found that Z . platypus's dominance was similar
to the previous results, but Z . koreanus was more abundance than C. auratus. Although the Z. koreanus is a sensitive species, they were mainly distributed as high density
at sampling points (site 2 to 7) located upstream section
of Yudeung Stream. The prevous studies also suggested
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4

8

5

5

that sensitive fish species, such as Rhynchocypris oxycephalus and Zacco temminckii , were frequently observed
in the upper parts than the downstream. In contrast, fish
species, such as Lepomis macrochirus and Micropterus
salmoides , can also be distributed in downstream because
they are resistant to water pollution. From the different
distribution characteristics of fish according to these types
of sensitivity characteristics, we surmise that the environmental gradient (i.e. water quality and habitat environ-
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Zacco platypus (Zp)
Zacco koreanus (Zk)
Pungtungia herzi (Ph)
Coreoleuciscus splendidus (Cs)
Micropterus salmoides (Ms)
Rhinogobius brunneus (Rb)
Squalidus gracilis majimae (Sgm)
Gnathopogon strigatus (Gs)
Coreoperca herzi (Ch)
Sarcocheilichthys nigripinnis morii (Snm)
Carassius auratus (Ca)
Lepomis macrochirus (Lm)
Pseudogobio esocinus (Pe)
Cyprinus carpio (Cyc)
Iksookimia koreensis (Ik)
Acheilognathus koreensis (Ak)
Odontobutis interrupta (Oi)
Etc

50.0
24.4
5.2
3.9
2.0
1.8
1.8
1.4
1.2
1.1
1.0
0.9
0.9
0.9
0.8
0.7
0.6
1.2
0

10

20

30

40

Fig. 3. Relative richness (%) of
16 species of fish in Yudeung
Stream.

50

Relative richness index (%)

1,600

0.1

1,200

Riffle
Zk

6

1,000
800

Gs
8

5

Boulder

Sgm
Zp
DO

0.0

7

Ph Rb
Pe

Ch
11

13

3

0.1

10

2

12

Ms
Sand/clay
Lm
Plant Cyc Pool
15

600

Ca 14

0.2

400

9

0.3

200
0
Group 1

Group 2

Group 3

Fig. 4. Abundance of dominant fish species in three groups
resolved by cluster analysis of study sites in Yudeung
Stream.
ment) from upstream to downstream of Yudeung Stream
has changed little from the past (the early 2000s) to the
present.
We fitted the 17 dominant fish species to NMDS ordination axes and selected seven factors (one environmental variable and six microhabitat patch types) that
were significantly correlated (P <0.05; Fig. 5). The results
of NMSD analysis showed that Gnathopogon strigatus ,
Squalidus gracilis majimae , Z . koreanus , and Z . platypus
were associated with riffle and boulder areas, but Iksookimia koreensis , Acheilognathus koreensis , C . splendidus ,
Sarcocheilichthys nigripinnis morii , and Odontobutis interrupta were more associated with shallow areas. These
species were frequently found in the upstream sections
of Yudeung Stream (sites 1-9), and the various microhabitat characteristics present in the upstream sections
led to different spatial distribution of these fish species.
We surmised that Gnathopogon straggagatus , S . gracilis
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4

0.2

NMDS2

Fish abundance

1,400

Zacco platypus
Zacco koreanus
Pungtungia herzi

Snm
Oi
Cs
Ak
Shallow 1
Ik

0.2

0.0
NMDS1

0.2

0.4

Fig. 5. Non-metric multidimensional scaling (NMDS) of
17 dominant fish species and 15 study sites. Blue arrows
represent the associations with environmental variables
and habitat patch types. Red numbers indicate site number
(Fig. 4). The letters represent the abbreviations of scientific
names for the 17 dominant fish species (Fig. 3). Ak, Acheilognathus koreensis ; Ca, Carassius auratus ; Cs, Cyprinus
carpio ; Ch, Coreoperca herzi ; Cyc, Cyprinus carpio ; Gs, Gnathopogon strigatus ; Ik, Iksookimia koreensis ; Lm, Lepomis
macrochirus ; Oi, Odontobutis interrupta ; Ms, Micropterus
salmoides ; Pe, Pseudogobio esocinus ; Ph, Pungtungia herzi ;
Rb, Rhinogobius brunneus ; Sgm, Squalidus gracilis majimae ; Snm, Sarcocheilichthys nigripinnis morii ; Zk, Zacco
koreanus ; Zp, Zacco platypus .

mazimae , Z . Koreanus , Z . platypus are mainly distributed
in riffle and boulder areas, because they generally prefer
microhabitat with high water velocity and high concentration of DO (Fu et al ., 2015; Jang et al ., 2008). Rapidly
flowing streams tend to have greater atmospheric gas exchange and therefore greater DO (Allan & Castillo, 2007).
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Also, although fish species such as A . koreensis , C . splendidus , and S . nigripinnis morii have been found in shallow
areas, these species do not avoid the habitat environment
in riffle and boulder areas. The shallow area is distributed
around the riffle and boulder areas, and supported by
high concentrations of DO. Therefore, their distribution
may be a transient distribution pattern due to the characteristics of fish with strong mobility and may also be
related to feeding activity. The food items (e.g., invertebrates) were more abundant in shallow areas with lower
water flow rates than riffle areas where water velocity are
rapid (Meschiatti et al ., 2000). In addition, shallow areas
can be highly covered by aquatic macrophytes, which can
be used as a habitat for various invertebrates (Williams et
al ., 2004).
In contrast, Cyprinus carpio , C . auratus , L . macrochirus ,
and Mi . salmoides were found in the downstream section (sites 14 and 15), associated with pool, sand/clay,
and vegetated areas. Cyprinus carpio and C . auratus have
relatively large bodies and poor swimming ability, and
are not well-suited to rapidly flowing or shallow environments in upstream areas. They are mainly distributed in
downstream sections, as well as in areas with limited flow
such as wetlands and reservoirs (Hussain et al ., 2015).
Their distribution is broad due to strong environmental
tolerances, such as resistance to drought and pollution
(Koehn, 2004; Sun & Liang, 2004). Lepomis macrochirus
and M . salmoides are introduced predators that prey indiscriminately on native fish species, zooplankton, and invertebrates (Weyl et al ., 2010; Wilson et al ., 2011), resulting in high density and exclusion of other species. Due to
this, they are managed as ecological disturbance species
in South Korea. Interestingly, adult M . salmoides prey on
small L . macrochirus , which spends time in vegetated areas to avoid predation (Hossain et al ., 2013). The leaves
and stems of aquatic macrophytes increase the complexity of habitat structures in the water, and small fish utilize
such refugia to avoid predators (Casatti, 2005; Sass et al .,
2006). We observed both species at the same sites despite
their predator–prey interactions; this suggests that aquatic macrophytes are indirect determinants of M. salmoides
habitats. Other small species such as C . carpio and C . auratus also inhabit vegetated areas to avoid M . salmoides
predation (Choi & Kim, 2020b; Jin et al ., 2019). Therefore, we suggest that aquatic macrophytes are important
habitats for fish distributed in downstream areas and their
area determines the population size of prey species.
Rhinogobius brunneus , Coreoperca herzi , and P . herzi
were mainly found at midstream sites with fluctuating
environmental variables and habitat patch types, and their
presence did not appear to be determined by key habitat characteristics. They have been previously reported as
having a relatively wide range of distribution (Kim et al .,
2016). From these points, we considered that these fish
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species have a broader distribution that does not rely on
special habitat characteristics.
Stream management based on fish community distribution
Most of Korea’s streams have been damaged or altered
by weirs and embankments, and human activities have increased the inflow of pollutants (Woo et al ., 2005). Structures built in the stream sections particularly affect variables such as water flow and slope of habitats, leading to
increased nutrient concentration and reduced DO, thereby
affecting various organisms (Allan & Castillo, 2007). Fishes
respond rapidly to these environmental changes compared
with other aquatic organisms and can be used as an 'indicator species' to determine the disturbance gradient in
stream ecosystems. In particular, tolerant fish species are
sensitive to disturbances such as changes in water quality,
so they can continuously monitor the stream environment
based on their spatial distribution.
Our results have not found much difference in comparison with the fish communty in Yudeung Stream, from the
past data of about two decades ago. Yudeung Stream are
supported by distinct gradient of water quality and fish
community structre from upstream to downstream from
the past to the present. We assumed that through the distribution of sensitive species such as Z. koreanus, the upstream area of Yudeung Stream was from site 1 to 7. The
fish communty structure changed rapidly after site 7 of
Yudeung Stream. we considered that this change may be
caused by physical and chemical disturbances by humans.
From the site 7 of Yudeung Stream, the surrounding land
cover mainly changes to the urbanized area. This means
that not only water pollution caused by inflow of phosphorus and nitrogen, but also physical disturbances such
as fishing will occure. From such finding, we speculate
that the mid-lower reaches of Yudeung Stream have been
continuously affected by human disturbance since the
past. Therefore, we recommend minimizing the anthropogenic disturbance in the mid-lower of Yudeung Stream to
maintain the typical environmental characteristics of middownstream.
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ABSTRACT
This study aimed to verify the suitability of an air quality regulating service for wetland ecosystem service evaluation
by investigating the effect of reducing particulate matter (PM) on vegetation in wetlands. We installed tunnel-type
experimental plots at Yonghwasil Pond in the National Institute of Ecology and set up the input and output of PM
by applying the natural vegetation of the relevant wetlands. We took measurements by replicating four different
conditions four times each. The air quality regulating service in each experimental plot was measured based on PM10
concentration; further, the difference between the input and the output concentration of PM passing through the
Phragmites australis community tunnel was measured using a light scattering method. For the Phragmites australis
community in the outdoor conditions and bare land, the PM concentration was measured with the same specifications
as tunnel-type experimental plots without setting up the input and output. For the tunnel-type experimental plots,
PM10 concentration was significantly lower in the output than in the input. Furthermore, in the outdoor conditions, a
comparison between the Phragmites australis community and bare land showed that the concentration was relatively
low in the former than in the latter. This confirmed the PM reducing effect due to the blockage and absorption of
PM depending on the growth of Phragmites australis . Based on the results of this study, we assessed the air quality
regulating service in wetlands as an evaluation indicator.
Keywords: Air Pollution, Particulate matter, Wetlands

Introduction
Wetlands refer to the transition zone between terrestrial
and water environments, particularly the land that covers
the earth surface either for a year or for a considerable
amount of time, including the growth period of living
things. The land in which underground water is distribReceived September 11, 2020; Revised December 17, 2020;
Accepted December 17, 2020
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uted near the ground surface can also be referred to as a
wetland (Koo et al ., 2013). Wetlands have an abundant
biodiversity and provide ecosystem services to humans
through various functions (de Groot et al ., 2006; Gu et
al ., 2013; Halls 1997; Millennium Ecosystem Assessment,
2005; Ministry of Environment, 2018; Joo et al ., 2019).
Existing policies on designation, conservation, and management of wetland protection areas were implemented
with a focus on species/habitats. However, it is also necessary to perform ecosystem service evaluation to actually
assess the functions of wetlands as well as ecosystem service (Joo et al ., 2018; 2019).
Ecosystem service evaluation refers to quantitative as-
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sessment of the provisioning, regulation, and cultural
services provided by wetlands as well as the functions of
wetlands (Joo et al ., 2018; 2019). The qualitative assessment of wetland ecosystem service is focused on provisioning service such as water, fishery, and agriculture;
regulating service such as flood protection and water
purification; and cultural service such as ecotourism, leisure, and landscape value. However, there is a significant
inadequacy in the assessment of an air quality regulating
service (Table 1) (Janse et al ., 2019; MA, 2005; Mcinnes,
2013; Ramsar Convention on Wetlands, 2011; 2018; Russi
et al ., 2013).
The air quality regulating service refers to absorbing,
adsorbing, and eliminating contaminants from the air
during the process of plant respiration based on the material cycling function of the ecosystem (de Groot et al .,
2006; Joo et al ., 2017). The indicators to assess the air
quality regulating service include gaseous and particulate contaminants such as NO2 and SO2 (Joo et al ., 2018;
2019).
Based on the particle size, particulate contaminants are
classified into total suspended particles (TSP) for particles
below 50 μm, particulate matter (PM) for extremely small
particles, and dust particles for those smaller than 10 μm,

which are classified as PM10, and dust particles for those
smaller than 2.5 μm, which are classified as PM2.5 (Ministry of Environment, 2016; National Institute of Forest
Science, 2019). PM has harmful effects on the respiratory and cardiovascular systems such as lungs and blood
vessels (Bae et al ., 2011; Bae & Hong, 2018; Jang, 2014;
Myong, 2016). The International Agency for Research on
Cancer (IARC) operating under World Health Organization (WHO) concluded that PM is highly carcinogenic to
the human body, and thus, designated it as a Group 1
carcinogen (IARC, 2016). The PM concentration in Korea
has decreased since 1995 when observations were first
made, but there is not significant change after 2010. Korea has approximately 1.4-2.8 times higher PM concentration compared to Los Angeles (United States), London
(England), Paris (France), and Tokyo (Japan) (Cha et al .,
2018; Lee, 2018). To address this issue, the government is
defining air pollutants, climate/ecosystem-changing substances, and specified hazardous air pollutants in Articles
2-4 of the Enforcement Decree of the Clean Air Conservation Act to reduce and manage the level PM. Moreover,
the government selected “creating a pleasant air environment without concerns of particulate matter” as a major
government project and is making policy efforts such as

Table 1. Evaluation indicators for wetland ecosystem regulating service
MA
(2005)

Climate
regulation

Hydrological
regimes

de Groot et al .
(2006)

Ramsar
Convention on
Wetlands
(2011)

Ramsar
Convention on
Wetlands
(2018)

Air quality
regulation

Air quality
regulation

Climate
regulation

Climate change Climate
mitigation and regulation
adaptation

Hydrological
regimes

Russi et al .
(2013)

Carbon
sequestration

Mcinnes
(2013)

Climate regulation

Janse et al .
(2019)

Carbon
Local
Climate

Maintenance of
temperature,
precipitation

Groundwater
Water
replenishment Regulation

Maintenance of
hydrological
regimes

Pollution control Pollution
and
control and
detoxification
detoxification

Water
purification

Water
Water
purification and purification
waste treatment

Pollution control
and detoxification

Water
quality

Erosion
protection

Erosion
protection

Flood control

Erosion
regulation

Erosion control

Erosion protection

Natural hazard

Natural hazard
mitigation

Natural hazard
mitigation

Flood
protection

Hazard reduction

Extreme
events
mitigation

Biological
regulation

Pest regulation

Biological control of
pests and disease

Disease
regulation
Pollination
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establishing the Comprehensive Plan on Particulate Matter (2020-2024) (Government Performance Evaluation
Committee, 2020; Interagency, 2019). However, studies
on PM reduction are still limited to research on absorption and adsorption of trees in forests or plants of interior
landscaping (Jo et al ., 2002; Kwon & Park, 2018; Manes
et al ., 2016; Nowak & Heiser, 2010), whereas it is still
necessary to establish reduction plans that can be applied
extensively to various ecosystems.
Studies on the air quality regulating service that reduces gaseous substances in the wetland ecosystem have
been verified to a certain extent (Novitzki et al ., 2001;
Roucoux et al ., 2017). However, studies on the air quality regulating service that reduces particulates or PM
are nonexistent, except for research that compared the
changes in concentration and plant dry weight after creating artificial wetlands and infusing PM2.5 and PM10 into
the air (Son & Kim, 2020).
This study aims at assessing the reduction levels of PM
in the natural vegetation of wetlands that lacks sufficient
research in relation to the air quality regulating service in
wetlands. We intend to quantitatively measure the level
of PM reduction while maintaining the natural attributes
as they are without damaging the wetland ecosystem as

A

much as possible. Finally, we will establish the grounds
for objective evaluation indicators for the air quality regulating service in the wetland ecosystem.

Materials and Methods
Experimental design
The study site was Yonghwasil Pond (68,199 m2) in the
National Institute of Ecology located in Maseo-myeon,
Seocheon-gun, Chungcheongnam-do. The experimental
plots were installed in the most dominant Phragmites
australis community in Yonghwasil Pond considering the
ease of installation and accessibility (36°02′34.19″N,
126°43′04.71″E).
To measure the PM reduction effect of wetlands, we
installed three tunnel-type experimental plots using a
greenhouse (Fig. 1). Their size was 10.8 m2 (W 2,400
mm×L 4,500 mm×H 3,500 mm), and 2 out of 3 experimental plots maintained the Phragmites australis community in natural state, whereas the remaining one had all
plants removed. The input, through which PM in the air
flows in, was made with a mesh (air gap 1.2 mm), and the
output was set up to induce PM to pass through Phragmites australis . The PM was discharged via a shutter-type

Output

Input

Ventilator
1.50 m
PM laser sensor

PM laser sensor

Mash
Temp/RH sensor

Ventilator
3.00 m
PM laser sensor
2.00 m

PM laser sensor

2.00 m
1.50 m

4.50 m

B

Fig. 1. Design of particulate
matter reduction measuring device for Phragmites australis . (A)
Tunnel-type, (B) outside condition. PM, particulate matter.
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electric ventilator (600×600×490×750 W-1hp, Daeheung
Industry, Korea) installed 2 m and 2.5 m above ground.
To measure the level of PM reduction by analyzing the
difference in PM concentration at the input and output
of the experimental plots, we installed the PM measuring
sensor at 1.5 m and 2.0 m above ground, separated at a
50-cm distance each from the input and output.
There are various methods of measuring the PM such
as the gravimetric method, β-ray absorption method,
and light scattering method. This study applied the light
scattering method that can take real-time measurements
under natural conditions, which are easy to set up, and
is relatively inexpensive (Cha et al ., 2018). Laser Sensor
(SDS011 v1.3; Nova Fitness Co. Ltd., Jinan, Shandong
Province, China) was used as the PM measuring sensor
and PM10 was measured every minute.
We also installed the ATMOS 14 sensor (METER group,
Inc., Pullman, WA, USA) to measure the temperature and
humidity inside the tunnel-type experimental plots.
To compare the PM reducing effect in outdoor conditions, we installed only the PM measuring sensor in the
Phragmites australis community and bare land (plants
artificially removed) at the same height and with the same
gap as that of the tunnel-type experimental plots (Fig. 1).
We measured the PM a total 4 times from April to June

2020 (9 a.m.-6 p.m.) and surveyed the plants that appeared inside and outside the experimental plots as well
as the height and cover of Phragmites australis on the
days of sensor data collection and the findings are shown
in Table 2. The findings indicate that Phragmites australis
cover is highest in both inside and outside the experimental plots, and Beckmannia syzigachne , Alopecurus aequalis , Ranunculus sceleratus , and Cardamine flexuosa also
appear (Table 3). From May (Date 2-Date 4), Phragmites
australis cover was maintained at 100%, and the height
increased up to 3.5 m (Experimental Plot 3) and the findings are summarized in Table 2.
The morphological characteristics of Phragmites australis were analyzed using ultra-high-resolution fieldemission scanning electron microscopy (FE-SEM, SU8220;
Hitachi, Tokyo, Japan).
Statistical analysis
The light scattering method used in this study to measure PM has the disadvantage of being vulnerable to
humidity (Cha et al ., 2018). Actual measurement results
showed that PM concentration was highly correlated with
relative humidity. To make up for this, we excluded PM
concentration during precipitation days and when the
relative humidity levels were over 55%.

Table 2. Schedule and experimental conditions for measurement of particulate matter reduction
Temperature (°C)

Reed height (m)

Reed cover (%)

Sampling

Day

Tunnel 3

Outside

Tunnel 1

Tunnel 3

Outside

DATE 1

4.21-4.24

0.9-23.3

5.2-21.3

0.40

0.50

0.01

67

33

0.01

DATE 2

5.21-5.25

8.2-31.1

10.3-26.4

2.30

2.50

1.70

100

100

100

DATE 3

5.28-5.30

10.8-34.1

12.4-27.3

2.80

3.00

2.00

100

100

100

DATE 4

6.80-6.90

17.2-38.0

16.4-33.9

3.25

3.49

2.40

100

100

100

Tunnel

Outside

Tunnel 1

Table 3. Specifications of tunnel-type experimental plots
Equipment

Species*

Sensor (ea)

Humid sensor (ea)

Tunnel 1

Phragmites australis
Beckmannia syzigachne
Ranunculus sceleratus
Alopecurus aequalis
Cardamine flexuosa

Input 2
Output 2

○

Tunnel 2

-

Input 2
Output 2

○

Tunnel 3

Phragmites australis
Ranunculus sceleratus
Alopecurus aequalis
Cardamine flexuosa

Input 2
Output 2

○

Phragmites australis

4

×

-

4

×

Reed
Bare land
*Only species with at least 30% cover.
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A

B

80

Input
Output

***

***

60

***
40

***

20

3

3

PM10 concentration (g/m /min)

Results and Discussion

PM10 concentration (g/m /min)

PM10 purification effect of wetlands
To verify whether the Phragmites australis community
had PM purification effect, we compared the differences
between the PM concentration of the input and that of
the output for the experimental plots (Fig. 2). In Experimental Plot 1 with Phragmites australis , the concentration
of input at the beginning of the experiment (Date 1) was
32.7 μg/m3 on average, but the output decreased to 16.8
3
μg/m . Furthermore, on Date 2, the input was 28.4 μg/
3
m and the output was 24.3 μg/m3, but on Date 4, the
output was 44.9 μg/m3 and the input was 36.9 μg/m3,

showing that the concentration in the input was higher.
Experimental plot 3 also showed lower PM10 concentration in the output than compared to that in the input on
Date 1 and Date 2. On Date 3, concentration in the output was lower, but there was no statistical significance.
On Date 4, the concentration in the output (40.3 μg/m3)
was higher than that of in input (40.2 μg/m3), which is
the same as Experimental Plot 1.
On the other hand, Experimental Plot 2 without plants
showed a higher concentration in the output. The difference in the concentration of the input and output varied
depending on the point of measurement, but the difference was maintained at a significant level.
April (Date 1) is the time when Phragmites australis was germinated, which is why the new Phragmites
australis was in form of sprouts, while maintaining the
plant wastes from the previous year in standing position. Therefore, the wastes may have filtered and reduced
the PM10 entering from the outside. In other words, even
though Phragmites australis had withered, there was a PM
reducing effect if the plant wastes had not fallen, thereby

To test the statistical significance of the differences in
the concentration of PM concentration between input
and output of each experimental plot as well as PM concentration between Phragmites australis community and
bare land, we transformed the variables to log and conducted a paired sample t-test (using IBM SPSS Statistics
for Windows, Version 25.0; IBM Co., Armonk, NY, USA).

0
Date 3

**

60

NS

40

***

***
20

Date 4

Date 1

D
Input
Output

3

***

PM10 concentration (g/m /min)

3

PM10 concentration (g/m /min)

Date 2

80

60

40

Input
Output

0
Date 1

C

80

***
***

20

0

Date 2

Date 3

80

Bare land
Phragmites australis

60

40

Date 4

***

***

***
***

20

0
Date 1

Date 2

Date 3

Date 4

Date 1

Date 2

Date 3

Date 4

Fig. 2. Input and output concentration of PM10 of tunnel 1 (A), tunnel 3 (B), tunnel 2 (C) and outside condition (D). Vertical
bars indicate average±standard deviation. Paired-Samples t-test was performed that variance between input and output
concentration within a date. PM, particulate matter; NS, not significant at P <0.05. *P <0.05, **P <0.01, ***P <0.001.
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blocking the movement of PM like plants (Fuchs, 1964).
Moreover, the inside of the experimental plots had a
higher temperature than that of the outside, which accelerated the growth rate of Phragmites australis . It had
grown to a high-density cover, filling up the inside of
the experimental plots by May (Date 2-3). Thus, the
PM10 purification effect was expected to increase as
time passed, but there was no significant difference in
June (Date 4). This may be due to the aphid infestation
that occurred inside the experimental plots (Fig. 3). As
the weather got warmer, the temperature and humidity
increased inside the experimental plots that also significantly increased the density of Phragmites australis causing aphid infestation to expand explosively almost to the
point of covering all leaves. There was aphid outside as
well, but the frequency was not high. Aphid infestation
caused the adsorptive function of leaves to decline, which
is likely to have decreased the effect of reducing the PM,
but this could have been verified by a close, detailed
analysis of leaves.
We compared the differences in PM concentration between the input and output in each experimental plot
and found that it was higher in Experimental Plot 1 than
that in Experimental Plot 3. Phragmites australis was
dominant in both plots, but unlike Experimental Plot 3,
Experimental Plot 1 showed an extremely high-density
cover of Beckmannia syzigachne (cover 50% or higher,
height 1.6 m). Even though it was the Phragmites australis community, Beckmannia syzigachne in the lower layer
may have affected the PM reducing effect. A separate
research is needed on the PM reducing effect of Beckmannia syzigachne . However, the height of Phragmites
australis in Experimental Plot 3 was about 20 cm greater

Fig. 3. Aphid bloom on Phragmites australis leaves.
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than that in Experimental Plot 1, and the density was also
higher. Nonetheless, the concentration gap in Experimental Plot 1 is greater due to the effect of another subdominant species Beckmannia syzigachne , which implies that
Beckmannia syzigachne also show a PM reducing effect.
Son and Kim (2020) claimed that if plant bodies contributing to PM reduction are single species, the reduction
effect is greater when the plants that have little effect are
combined.
To check the PM10 purification effect in the natural
conditions as well, we compared the Phragmites australis
community distributed outside the experimental plots
and the bare land without plants (Fig. 2). We found that
the PM10 concentration inside the Phragmites australis
community was lower compared to that in the bare land
without plants. As time passed, PM10 concentration inside
the Phragmites australis community was 23.4 μg/m3, 23.3
3
3
3
μg/m , 37.9 μg/m , and 38.8 μg/m on average, whereas
3
in the bare land it was 22.5 μg/m , 25.0 μg/m3, 39.3 μg/
m3, and 40.9 μg/m3, proving that PM10 concentration inside the Phragmites australis community was lower than
that in the bare land. The observation that concentration
is lower where there is Phragmites australis compared to
that in bare land without plants even in natural conditions with many variables indicates that it has a great
reduction effect.
However, considering that the bare land in this study
is a place where plants were artificially removed from the
wetlands, the PM reduction level may vary depending on
the points of measurement such as species composition
of plants, cover area, density, etc., even in the same wetlands.
Qiu et al . (2015) also reported that the wetland ecosystem reduces PM, and PM that met the vapors in the wetlands are piled up in bubbles and settle in the water layer.
Son and Kim (2020), who designed an artificial wetland
ecosystem environment with a small, simple greenhouse
and compared the PM reducing ability in a terrestrial
ecosystem, also reported that the wetland ecosystem has
a greater PM reducing ability because the PM in the air is
piled up in water that forms the wetlands and has sedimented, and is also adsorbed on the above-ground parts
of wetland plants.
In general, the PM reducing ability is greater in the
wetland ecosystem with high humidity, and the ability
may be enhanced depending on the function of plant
species that form the ecosystem.
PM purification effect of Phragmites australis
The fact that plants reduce PM has been proved by several studies (Jo et al ., 2002; Kwon & Park, 2018; Manes
et al ., 2016; Nowak & Heiser, 2010). PM is absorbed by
plant bodies or adsorbed on leaves, and this may vary depending on the plant structure and form (He et al ., 2020).
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A

B

C

Fig. 4. Analysis of Phragmites australis leaf structure (FE-SEM). (A) Leaf surface, (B) stoma, (C) stoma from the side.
This study also proved, through the experimental plots,
that Phragmites australis is effective in reducing PM. To
morphologically verify the PM reducing ability of Phragmites australis , we observed the leaves using ultra-highresolution field-emission scanning electron microscope
(Fig. 4). As a result, the stoma of Phragmites australis has
a major axis of 10-15 μm and a minor axis of 4-7 μm,
with approximately 1,500 stomas distributed per 1 mm2.
Moreover, the surface was uneven, and the stomas were
sunken. In addition, 4-7 μm long papillae shaped like
eyelashes were surrounding the stomas in high density.
This characteristic was equally observed in the study by
Guan et al . (2019). PM10, which is PM in the size of 10
μm, is not sufficiently small to enter the stomas of Phragmites australis , and fine papillae are blocking the stomas
as well, making it more difficult for PM10 to actually enter
the stomas.
Therefore, PM is not reduced by the adsorption on the
stoma but the blocking effect of similar to trees. Moreover, the surface of Phragmites australis leaves was burr
with small papillae distributed on them. Some research
findings suggest that the plants with wrinkles on the
back of their leaves are more effective in adsorbing PM
than those with many leaf hairs. With too many leaf hairs,
it is difficult to adsorb PM due to electrical phenomenon
(Rural Development Administration Press Release, 2019).
Furthermore, since there are wax layers on the surface of
Phragmites australis leaves, they are likely to adsorb PM
(Guan et al ., 2019). It is necessary to verify more closely
the adsorption effect through further research including the component analysis of the surface of Phragmites
australis leaves. However, morphologically, the leaves have
a structure effective in adsorption and thus contribute to
PM reducing effect.
To determine more closely the PM reducing ability in
the wetland ecosystem, it is necessary to examine the
PM reducing ability of the major plant species that form
the wetlands, reduction effects depending on the size of
plant bodies, patterns of PM, and tracer studies.
This study is of great significance in that it verified the
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PM reducing ability of the wetland ecosystem in natural
conditions while eliminating artificial manipulation as
much as possible. Moreover, we also discovered that wetlands contribute to the purification of not only the water
quality but also air quality. The PM reducing ability of the
wetland ecosystem is one of the ecosystem services that
must be considered as a suitable indicator for value assessment of wetlands.
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ABSTRACT
The present study aimed to clarify flora living at the area of Restoration Center for Endangered Species in Yeongyang,
Gyeongbuk Province. In May, August, and September 2019 and in May and July 2020, all of vascular plants were
recorded, and endangered, Korea endemic, and exotic plant species were further identified. The study site contained
a total of 418 floral taxa (98 families, 261 genera, 384 species, 4 subspecies, 27 variations, and 3 formations), in
which Magnoliophyta accounted for larger proportion (95.2%) than Pteridophyta (3.6%) and Pinophyta (1.2%). In
addition, 1 endangered (Cypripedium macranthos Sw.) and 5 Korea endemic species (Aconitum pseudolaeve Nakai,
Eleutherococcus divaricatus var. chiisanensis [Nakai] C.H. Kim & B.-Y. Sun, Lonicera subsessilis Rehder, Paulownia
coreana Uyeki, and Weigela subsessilis [Nakai] L.H. Bailey) were detected. The number of exotic species was 33,
consisting of 4 invasive-exotic, 4 potentially invasive-exotic, and 25 non-invasive species. Compared to a previous
assessment before the establishment of the center (in 2014), there were increases in total floral taxa (from 361 to 418),
endangered species (from 0 to 1), and exotic species (from 26 to 33). These results possibly reflect temporal changes
in floral community, which should be confirmed through subsequent long term monitoring.
Keywords: Anthropogenic disturbance, Biodiversity, Floral composition, Gyeongbuk Province

Introduction
Flora is the undoubtedly important component in terrestrial ecosystems. It mediates various ecosystem processes, such as pedogenesis (Shanmugam & Kingery,
2018), carbon sequestration (Chapin et al ., 2009), and
nutrition cycle (Wurzburger & Hendrick, 2009). Floral diversity also governs ecosystem structure by controlling the
environment around fauna and microbes, although flora
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accounts for only 17% of global number of species (Mora
et al ., 2011). From the phytosociological perspective,
distribution and composition of plant community can
exhibit the integrated information regarding climatic and
geological history on a landscape over a long time period
(Pott, 2011).
Studying flora species composition has been prioritized
in terms of the terrestrial ecosystem research and conservation/restoration ecology. For example, plans for landscape protection and land use change generally require a
thorough structural monitoring of flora (Korean Ministry
of Environment, 2014a; Oh et al ., 2015). Assessments
following anthropogenic or natural disturbances also
frequently include it as a key index revealing health and
sustainability of a target site (Lee et al ., 2018; Onaindia

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology. All rights reserved.

Flora of a Temperate Forest in Yeongyang

et al ., 2004). Sometimes, floral data are utilized to quantify the degree of urbanization and naturalization as well
(Beon et al ., 2005; Oh et al ., 2011).
Yeongyang in Gyeongbuk Province is one of the least
urbanized peninsular regions in South Korea, and retains
diverse forest types (Lee et al ., 2006) and vascular plant
species (Chung et al ., 2007; 2008; Oh et al ., 2015). In
2018, a land use change occurred by the establishment
of Restoration Center for Endangered Species, which possibly shifted the local floral community. However, there is
no information on the flora throughout the area of Restoration Center for Endangered Species, despite an environmental risk assessment before the construction (Korean
Ministry of Environment, 2014a).
The present study explored flora living at the area of
Restoration Center for Endangered Species in Yeongyang.
Our study primarily focused on the identification of vascular plants, and the associated analyses of endangered,
endemic, and exotic species based on the Korean classification. Furthermore, comparisons with a previous assessment to the same area (Korean Ministry of Environment,
2014a) were made so that potential floral changes after
the establishment of the center could be elucidated.

Materials and Methods
Study site
Study site covered overall area of Restoration Center for
Endangered Species (255 ha) in Yeongyang (N36°38'10.30
E129°09'13.69), which was located at the northeastern
part of Gyeongbuk Province (Fig. 1). Topographically, approximately 77% of the site area were mountainous (slope
>15°), but there were plain and stream inside as well. The
altitude ranged from 235 m to 568 m (376 m on average). The soil was classified as inceptisols in the USDA soil
taxonomy, and as a brown forest soil type with a sandy
loam to loamy sand texture in the Korean forest soil no-

menclature. The climate was cool temperate with a hot
humid summer and a cold dry winter. The concentrated
precipitation event generally occurred in the middle of
summer. The average air temperature, precipitation, relative humidity, and wind speed were 13.3°C, 1,032.6 mm,
63.0%, and 2.9 m·s-1 during the last 10 years, respectively.
The highest and lowest air temperature was 37.7 and
–15.0°C throughout a year.
Floral data collection and analysis
Vascular plants were investigated in May, August, and
September 2019 and in May and July 2020. The field
survey was based on the line transect method (BraunBlanquet, 1964), which targeted on the area of Restoration Center for Endangered Species. Any vascular plants
were identified in the field using the characteristics of
organs (e.g., leaves, flowers, and stems) according to Lee
(2003) unless further specification was required with a
microscope in detail.
The nomenclature for each taxon followed the national
species list from National Institute of Biological Resources. The enforcement regulations by Korean Ministry of
Environment were applied to specify the legally protected
(endangered or Korea endemic) and exotic plant species.
In terms of exotic species, further classification was conducted by the possibility of invasion to the native ecosystems (invasive-exotic, potentially invasive-exotic, and
non-invasive) according to a previous assessment by Korean Ministry of Environment (2014b). Urbanization and
naturalization indices were calculated with the equations
purposed by Yim and Jeon (1980), Numata and Kotaki
(1975). Meanwhile, floral data before the establishment of
the center (Korean Ministry of Environment, 2014a) was
cited and restructured to make a direct comparison with
data from the present study. In particular, the classification
and the lists of legally protected or exotic species were adjusted to the same versions for those of the present study.

Fig. 1. Location of the study site
(black arrow).
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Results and Discussion

2014a). Such increase in floral taxa was remarkable in
Magnoliophyta (from 344 to 398 taxa). On the contrary,
the number of family was lower in the present study than
in Korean Ministry of Environment (2014a) as a result of
the disappearance of 5 families (Eucommiaceae, Ginkogoaceae, Grossulariaceae, Malvaceae, and Orobanchaceae)
and the new appearance of 1 family (Juncaceae). These
changes might reflect the potential reorganization in
plant niche and vegetation composition after the anthropogenic event due to the construction (De Martis et al .,
2016). Given that the present study covered a relatively
short period of time, this aspect should be confirmed
through further monitoring in the long-term.

Total floral taxa
There were 418 floral taxa (98 families, 261 genera, 384
species, 4 subspecies, 27 variations, and 3 formations)
in the study site (Table 1). Magnoliophyta occupied the
largest proportion (95.2%) of the floral taxa, followed by
Pteridophyta (3.6%) and Pinophyta (1.2%). The dominant
families within Magnoliophyta were Asteraceae (51 taxa),
Fabaceae (25 taxa), Rosaceae (25 taxa), Poaceae (24 taxa),
Liliaceae (17 taxa), and Lamiaceae (16 taxa), while the
dominant genera within Magnoliophyta were Artemisia (9
taxa), Carex (8 taxa), Persicaria (8 taxa), Viola (8 taxa), Dioscorea (6 taxa), and Quercus (6 taxa). On the other hand,
the dominant family and genus within Pinophyta were
Pinaceae (4 taxa) and Pinus (2 taxa), whereas those within
Pteridophyta were Dryopteridaceae (4 taxa) and Dryopteris
(4 taxa). Full list for the floral taxa in the study site was
provided in Supplementary Table 1.
In a quantitative manner, our result differed from previous studies investigating the other mountainous areas in
Yeongyang. For instance, Chung et al . (2007) found 513
floral taxa (91 families, 318 genera, 424 species, 3 subspecies, 73 variations, and 13 formations) in Geomma-san,
while Chung et al . (2008) observed 437 taxa (88 families,
267 genera, 384 species, 4 subspecies, 43 variations, and
6 formations) in Podo-san. Oh et al . (2015) also reported
582 taxa (94 families, 307 genera, 508 species, 4 subspecies, 61 variations, and 9 formations) in Ilwol-san. Such
difference between the present and previous studies might
occurred because the study site has undergone anthropogenic disturbances such as agriculture (Korean Ministry of
Environment, 2014a), in contrast to Geomma-san, Podosan, and Ilwol-san. The presence of agricultural fruit trees
(e.g., Diospyros kaki Thunb. and Ziziphus jujuba Mill.) in
the study site possibly supports this explanation (Supplementary Table 1). Relatively low altitude of the study site
(study site: 376 m; Geomma-san: 1,017 m; Podo-san:
748 m; Ilwol-san: 1,219 m) might also contribute to such
differences in floral taxa (Yirga et al ., 2019).
The total number of floral taxa from the present study
was larger than that of a study for the same site before
the establishment of Restoration Center for Endangered
Species (102 families, 331 species, 4 subspecies, 25 variations, and 1 formation) (Korean Ministry of Environment,

Legally protected species
A total of 6 legally protected species were detected in
the study site (Table 2). Of them, the endangered species
included Cypripedium macranthos Sw. (grade II by Korean
Ministry of Environment). The endemic species consisted
of Aconitum pseudolaeve Nakai, Eleutherococcus divaricatus var. chiisanensis (Nakai) C.H. Kim & B.-Y. Sun,
Lonicera subsessilis Rehder, Paulownia coreana Uyeki, and
Weigela subsessilis (Nakai) L.H. Bailey.
One result deserving highlight is that the detected endangered species, C . macranthos , did not occur in the
previous study on the same site, while the number of
endemic species remained unchanged (Korean Ministry
of Environment, 2014a). This new inclusion might result
from either seed disposal from the outside of the study
site or simple unidentification during the previous study.

Table 2. List of legally protected plant species found in the
study site
Type

Scientific name

Endangered species

Cypripedium macranthos Sw.

Endemic species

Aconitum pseudolaeve Nakai
Eleutherococcus divaricatus var.
chiisanensis (Nakai) C.H. Kim & B.-Y.
Sun
Lonicera subsessilis Rehder
Paulownia coreana Uyeki
Weigela subsessilis (Nakai) L.H. Bailey

Table 1. Number of floral taxa found in the study site
Phylum

Family

Genus

Species

Subsp.

Var.

For.

Subtotal

Magnoliophyta

87

247

365

4

26

3

398

Pinophyta

2

4

5

0

0

0

5

Pteridophyta

9

10

14

0

1

0

15

98

261

384

4

27

3

418

Total
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The presence of the endangered species was comparable
to previous studies in Yeongyang, which revealed several
endangered species (grade II by Korean Ministry of Environment) such as C . macranthos in Geomma-san (Chung
et al ., 2007) and Eleutherococcus senticosus (Rupr. &
Maxim.) Maxim. and Paeonia obovata Maxim. in Podosan (Chung et al ., 2008); however, no endangered species
was found in Ilwol-san (Oh et al ., 2015). As C . macranthos has been unreported around the study site until the
present study, detailed investigations should be necessary
to ensure whether that species habituate in the surrounding area of Restoration Center for Endangered Species.
Exotic species
The number of exotic species was 33, comprising 4
invasive-exotic, 4 potentially invasive-exotic, and 25 noninvasive species (Table 3). The invasive-exotic species
consisted of 3 North American species (Ambrosia artemisiifolia L., Ambrosia trifida L., and Aster pilosus Willd.) and
1 European species (Lactuca scariola L.). The potentially
invasive-exotic species contained 2 North American species (Amorpha fruticosa L. and Bidens frondosa L.), 1 European species (Festuca arundinacea Schreb.), and 1 Eurasian species (Rumex obtusifolius L.). These species were
either herbaceous weeds living along road- and streamside (A . artemisiifolia , A . trifida , A . pilosus , L . scariola , B .
frondosa , F . arundinacea , and R . obtusifolius ) or plantation shrubs (A . fruticosa ). Meanwhile, the non-invasive
species were comprised of 9 North American species
(Conyza canadensis (L.) Cronquist, Coreopsis lanceolata
L., Cuscuta campestris Yunck., Erigeron annuus (L.) Pers.,
Euphorbia maculata L., Geranium carolinianum L., Helianthus tuberosus L., Oenothera biennis L., and Robinia
pseudoacacia L.), 9 European species (Cerastium glomeratum Thuill., Fallopia dumetorum (L.) Holub, Medicago sativa L., Poa pratensis L., Rumex crispus L., Taraxacum officinale F.H. Wigg., Thlaspi arvense L., Trifolium pratense
L., and Trifolium repens L.), 3 Eurasian species (Avena
fatua L., Carduus crispus L., and Dactylis glomerata L.), 2
Tropical American species (Amaranthus retroflexus L. and
Galinsoga quadriradiata Ruiz & Pav.), 1 South American
species (Bidens pilosa L.), and 1 Asian species (Melilotus
suaveolens Ledeb.).
Urbanization (proportion of exotic floral taxa in the
study site to that in the entire country) and naturalization
(proportion of exotic floral taxa to total floral taxa in the
study site) indices were 9.9 and 7.9%. These values slightly exceeded the findings from Chung et al . (2005; 2007;
2008) in Yeongyang (urbanization index: 6.3-9.7%; naturalization index: 3.6-4.1%) as well as the indices prior to
the establishment of the center (urbanization index: 7.8%;
naturalization index: 7.2%) (Korean Ministry of Environment, 2014a). Moreover, the proportion of both invasiveexotic and potentially invasive-exotic species increased
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1.5-fold, comparing it to that before the establishment
of the center (Fig. 2). These results demonstrate that the
study site might have been subjected to the anthropogenic disturbances like agriculture and the construction
of the center, as suggested by the total floral taxa data (see
total floral taxa subsection). Considering that the newly
appeared exotic species (e.g. L . scariola ) are generally tolerant and invasive to the unvegetated bare environments
(Kim et al ., 2013), the increasing trend in invasive species
Table 3. List of exotic plant species found in the study site
Type
Invasive-exotic

Scientific name

Ambrosia artemisiifolia L.
Ambrosia trifida L.
Aster pilosus Willd.
Lactuca scariola L.

Potentially invasive-exotic Amorpha fruticosa L.

Bidens frondosa L.
Festuca arundinacea Schreb.
Rumex obtusifolius L.
Non-invasive

Amaranthus retroflexus L.
Avena fatua L.
Bidens pilosa L.
Carduus crispus L.
Cerastium glomeratum Thuill.
Conyza canadensis (L.) Cronquist
Coreopsis lanceolata L.
Cuscuta campestris Yunck.
Dactylis glomerata L.
Erigeron annuus (L.) Pers.
Euphorbia maculata L.
Fallopia dumetorum (L.) Holub
Galinsoga quadriradiata Ruiz & Pav.
Geranium carolinianum L.
Helianthus tuberosus L.
Medicago sativa L.
Melilotus suaveolens Ledeb.
Oenothera biennis L.
Poa pratensis L.
Robinia pseudoacacia L.
Rumex crispus L.
Taraxacum officinale F.H. Wigg.
Thlaspi arvense L.
Trifolium pratense L.
Trifolium repens L.
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Invasive-exotic
Potentially invasive-exotic
Non-invasive

Number of exotic species

40

30

20

76%

25

22

84%

1
3

16%

10
4

0

24%

4

Present study

Korean Ministry of
Environment (2014)

Fig. 2. Number of exotic plant species. Values beside each
bar indicate the species number (left) and the proportion
(right) for the corresponding classes.
might be closely related to the recent construction of
infrastructure, such as parking lots and roads across the
study site.
Concluding remarks
The present study exhibits a total of 418 floral taxa (98
families, 261 genera, 384 species, 4 subspecies, 27 variations, and 3 formations) around the area of Restoration
Center for Endangered Species in Yeongyang, Gyeongbuk
Province. The flora in the study site particularly contained
1 endangered species and 5 Korea endemic species as well
as 33 exotic species consisting of 4 invasive-exotic, 4 potentially invasive-exotic, and 25 non-invasive.
Several changes were detected relative to the data before the establishment of the center. In particular, the
total number of floral taxa increased by 16%, although
several floral families (Eucommiaceae, Ginkogoaceae,
Grossulariaceae, Malvaceae, and Orobanchaceae) were
faded out in the present study. Additionally, 1 endangered
species (C . macranthos ) newly occurred, and the proportion of invasive and potentially invasive species was 1.5fold elevated. Overall results imply potential alterations in
floral community, which might be related to the recent
establishment of the center at the study site. Subsequent
studies should be required to confirm and track the potential floral changes in the future.
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ICMJE Recommendation for Corrections, Retractions, Republications and Version Control available from: http://www.icmje.org/recommendations/browse/publishing-and-editorialissues/corrections-and-version-control.html.
Honest errors are a part of science and publishing and require publication of a correction when they are detected.
Corrections are needed for errors of fact. Minimum standards are as follows: First, it shall publish a correction notice
as soon as possible, detailing changes from and citing the
original publication on both an electronic and numbered
print page that is included in an electronic or a print Table
of Contents to ensure proper indexing; Second, it shall post
a new article version with details of the changes from the
original version and the date(s) on which the changes were
made through CrossMark; Third, it shall archive all prior versions of the article. This archive can be either directly accessible to readers; and Fourth, previous electronic versions shall
prominently note that there are more recent versions of the
article via CrossMark.

1. Data Sharing and Data Accessibility

The journal encourages authors to share the data and other
artefacts supporting the results in the paper by archiving it
in an appropriate public repository. Authors should include
a data accessibility statement, including a link to the repository they have used, in order that this statement can be
published alongside their paper. This journal follows the data
sharing policy described in “Data Sharing Statements for
Clinical Trials: A Requirement of the International Committee of Medical Journal Editors”. The ICMJE's policy regarding

trial registration is explained at http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinicaltrial-registration.html. If the data sharing plan changes after
registration this should be reflected in the statement submitted and published with the manuscript, and updated in the
registry record.
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reserves the right to refuse any material for publication.
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Reproduction of Copyright Material. If excerpts from copyrighted works owned by third parties are included, credit
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from the copyright owners.

3. Ethical Considerations

1. Submission

Any experiments involving animals must be demonstrated to
be ethically acceptable and where relevant conform to national guidelines for animal usage in research.
In taxonomic papers, type specimens and type depositories
must be clearly designated and indicated. Authors are required to deposit the name-bearing type material in internationally recognized institutions (not private collections).
When the research is carried out in areas for which research
permits are required (e.g. nature reserves), or when it deals
with organisms for which collection or import/export permits
are required (e.g. protected species), the authors must clearly
detail obtaining these permits in the Acknowledgments section.
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where they ease the reader’s task by reducing repetition of
long, technical terms. Initially use the word in full, followed
by the abbreviation in parentheses. Thereafter use the abbreviation only.

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

3. Preparing Your Submission

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

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

MANUSCRIPT ORGANIZATION AND FORMAT
1. Word Length

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

2. Parts of the Manuscript

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

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

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

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

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

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

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

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

PUBLICATION PROCESS AFTER ACCEPTANCE
1. Accepted article received in production

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

2. Proofs

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

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

Research Publication Ethics
Enacted August 5, 2020

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

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

3. Authorship

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

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

4. Conflict of Interest Statement

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

5. Originality and Duplicate Publication

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

6. Copyright Information

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

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

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

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