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Bioimage Analyses Using Artificial Intelligence and
Future Ecological Research and Education Prospects:
A Case Study of the Cichlid Fishes from Lake Malawi
Using Deep Learning
Deokjin Joo1* , Jungmin You2 , Yong-Jin Won3*
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Hashed, Seoul, Korea
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3
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ABSTRACT
Ecological research relies on the interpretation of large amounts of visual data obtained from extensive wildlife
surveys, but such large-scale image interpretation is costly and time-consuming. Using an artificial intelligence (AI)
machine learning model, especially convolution neural networks (CNN), it is possible to streamline these manual
tasks on image information and to protect wildlife and record and predict behavior. Ecological research using deeplearning-based object recognition technology includes various research purposes such as identifying, detecting, and
identifying species of wild animals, and identification of the location of poachers in real-time. These advances in the
application of AI technology can enable efficient management of endangered wildlife, animal detection in various
environments, and real-time analysis of image information collected by unmanned aerial vehicles. Furthermore, the
need for school education and social use on biodiversity and environmental issues using AI is raised. School education
and citizen science related to ecological activities using AI technology can enhance environmental awareness, and
strengthen more knowledge and problem-solving skills in science and research processes. Under these prospects, in
this paper, we compare the results of our early 2013 study, which automatically identified African cichlid fish species
using photographic data of them, with the results of reanalysis by CNN deep learning method. By using PyTorch
and PyTorch Lightning frameworks, we achieve an accuracy of 82.54% and an F1-score of 0.77 with minimal
programming and data preprocessing effort. This is a significant improvement over the previous our machine learning
methods, which required heavy feature engineering costs and had 78% accuracy.
Keywords: Animal detection, Artificial intelligence, Citizenscience, Deep learning, Education, Machine learning
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Introduction
Ecological research has recently depended on a tremendous increase in the usage of visual data. Motionsensor cameras called "camera traps" produce hundreds
of millions of images worldwide (Swanson et al ., 2015).
Uncrewed aerial vehicles (UAVs) and drones cover large
areas with sub-decimeter resolution produce visual data
in terabytes for a single project Kellenberger et al . (2020).
While the camera traps can take millions of images, extracting information from these is traditionally done by
humans (i.e., experts or community of volunteers), making the task time-consuming and costly that much of
the valuable knowledge in these data repertoires remains
untapped (Norouzzadeh et al ., 2018). Moreover, humans
suffer from the consistency problem and the trade-off
issue between accuracy and computational efficiency.
Deep learning is a revolutionary paradigm not only in the
machine-learning field but also in ecological research.
Recently, as deep-learning-based methods—particularly
convolutional neural networks (CNNs)—have outperformed conventional methods in object detection, they
are increasingly used in ecological research. In the future,
attempts to utilize deep learning-based object recognition technology are expected to become more and more
widespread in ecological research.

Ecological Research Using
Artificial Intelligence (AI)
This section briefly summarizes several recent ecological
research using image data processing technologies that
leverage AI, such as CNNs. First, researchers can monitor
various wildlife species and their numbers using a deep
learning algorithm on the vast amount of data collected
through camera traps. As digital camera technology advances in ecological research that requires the interpretation of large amounts of visual data obtained from extensive wildlife surveys, the number of studies using camera
traps has increased to at least 125 in 2011 (Fegraus et al .,
2011). However, when a motion sensor “camera traps" is
used to collect wildlife pictures, it is time-consuming and
expensive to extract images from video data manually.
Norouzzadeh et al . (2018) collected wildlife pictures from
the camera traps and then trained the images extracted
from the image data through a deep neural network
(DNN). The Snapshot Serengeti project is a large-scale
camera trap project that has been shooting wildlife with
225 motion-sensing camera traps in Serengeti National
Park, Tanzania, since 2011. It contains 1.2 million photos
of 48 species of wildlife. The trained model classified 48
species, counted wildlife, and described animal behavior
and companionship with young individuals with over
93.8% accuracy on the 3.2 million Snapshot Serengeti
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Dataset. If only species classification is done, species
identification can be automated with an accuracy of
99.3%, and a crowdsourcing team made up of volunteers
showed an accuracy of 96.6% in species classification of
wildlife data.
Additionally, it would take 8.4 years for 30,000 volunteers to process 3.2 million images over a 40-hour week,
but an automated model saves 99.3% of the time. This
improvement in efficiency underscores the importance of
using AI to automate data extraction and demonstrates
the potential to transform ecology, wildlife biology, zoology, conservation biology, and wildlife behavior through
data science. However, this study did not deal with images containing more than one species, and the performance was low for non-classification results such as the
number of wildlife in the images. In addition, learning
was inevitably performed on a background including
wildlife, and when applied to object image data in a new
place, the accuracy was lowered. For example, an image
data model trained in the United States was less accurate
in identifying the same species in Canada (Tabak et al .,
2019). Norouzzadeh et al . (2021) conducted research using an object detection model to solve the limitations of
existing researches. Object detection algorithms present a
bounding box on each object and the model’s certainty of
the object class. The algorithm can handle multiple species in one image and can be efficiently applied to new
places by learning and focusing only on wildlife. Norouzzadeh et al . (2021) analyzed eMammal Machine Learning
data, in which researchers and citizen scientists classified
450,000 camera trap images from 270 species worldwide,
and Caltech Camera Traps data, in which 245,000 camera
trap images from 22 species were classified in the southwestern United States. It was used as pre-training data
for image detection. The trained model was tested on the
Snapshot Serengeti and North America Camera Trap Images (NACTI) data of 3.7 million camera trap images from
28 species in five regions of the northern United States.
This model showed 91.92% accuracy in wildlife detection
and 97.7% accuracy in species classification, and 93.2%
accuracy in species classification in NACTI data.
Meanwhile, AI technology is being applied to individual identification studies of wildlife. Recently in Korea,
a study of automatic individual identification of IndoPacific bottlenose dolphins (Tursiops aduncus ) using AI
is being conducted (personal communication). In dolphin
research, various external features of dolphins such as
body, pectoral fin, caudal fin, dorsal fin, head shape, and
wounds are used to identify individual dolphins. Since
the dorsal fin is constantly exposed when a dolphin rises
above the water to breathe, the shape of the wounded
dorsal fin is generally used for identification. Identifying
dolphins from dorsal fin data is an easy but time-consuming task. In the past, researchers directly cropped and
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compared the dorsal fins, but now, using deep learning,
the time taken in the recognition-identification process is
significantly reduced, thereby increasing the efficiency of
analysis and accuracy.
Second, AI technology is being introduced to wildlife
conservation. With the number of elephants and rhinos
rapidly declining in Africa, various strategies exist to combat poaching using UAVs or drones. In particular, UAVs
equipped with thermal infrared cameras can be used for
night surveillance, combating night-time poaching activities (Bondi et al ., 2018). However, it is complicated
for park managers to monitor these UAV video images
continuously. In addition, the more the drones are added,
the burden of additional video monitoring increases.
Bondi et al . (2018) developed an integrated cloud-based
framework SPOT (Systematic POacher deTector) that detects the location of poachers in real-time using Faster
R-CNN (Ren et al ., 2015) using thermal infrared camera
images collected by UAVs or drones. The program trains
the AI offline using the image frames as the training data
set with labeled images. The trained model automatically
detects poachers online and displays the wildlife in a live
video stream. Several experiments were performed to ensure that the online detection could be completed in the
cloud and a balance between local computer and remote
could be maintained. The developed SPOT system will be
deployed in several national parks in Africa, including Botswana.
Finally, ecological surveys collect terabytes of images
in a single survey, and such large-scale surveys require a
large amount of photographic interpretation. Conventional models require programming and labeled image data
sets, but most data collected from ecological studies are
not annotated, making CNN training difficult. Kellenberger et al . (2020) developed Annotation Interface for Datadriven Ecology (AIDE) (accelerating image-based ecological surveys with interactive machine learning) to solve this
problem, an open-source web framework designed for
image annotation for ecological surveys based on deep
learning. AIDE is a web-based, open-source collaboration
platform that integrates machine learning models and
multi-purpose labeling tools for image annotation without writing any code. AIDE utilizes active learning (AL) to
do this through a feedback loop. AL in AIDE enables the
machine learning model to be iteratively trained on the
latest annotations provided by the user, and when training is complete, the model is used to obtain predictions
for yet unlabeled images. AL allows machine learning
models to be trained with large-scale image annotation processing and potentially small training data. In
addition, AIDE provides an easy-to-use, customization
labeling interface and supports multiple users, database
storage, and capability to the cloud or multiple systems.
Through this web-based open source collaboration plat-

https://doi.org/10.22920/PNIE.2022.3.2.67

form, citizens can easily participate in ecological research,
provide more observers and ideas, increase ecological
literacy, save research costs and time, and learn about science and scientific research processes. As a result, science
literacy will be strengthened, and social activities for ecosystem conservation will begin.

Ecological Education Prospects
Just as AI has begun to be used as a powerful tool for
ecological research in the 21st century, it is expected that
AI will become increasingly relevant to ecological education. Today, the global ecosystem is facing an ecological crisis. Air and water pollution, biodiversity reduction,
resource depletion, climate change, etc., are important
issues that humankind, including ecosystems, faces. Ecological education is the surest and essential solution to
overcome the environmental and ecological crises and
solve the conservation of the ecosystem and the existence
of humankind (Capra, 1996). Ecological education is an
ecosystem-based education and started when ecology began as a discipline of science and contains the principles
of maintaining the Earth's ecosystem. It involves shifting
the learner's cognitive base to an ecological paradigm.
The scope of eco-education extends education related to
ecology in the humanities or social sciences originating
from ecology and ecology education. In addition, eco-education aims to promote ecological literacy, the ability to
understand the natural systems that enable living things
on the planet, as the basic knowledge to solve the crisis
of the ecosystem (Kim, 2015).
Since the 2009 revision of the education curriculum
in Korea, climate change and biodiversity have been accepted as essential topics, and related education has been
expanded, increasing the need for education. Biodiversity
conservation is a core value of sustainable development,
leading human life to an ecological paradigm. Therefore,
it is required to recognize the seriousness of the ecological crisis caused by the loss of biodiversity that humanity
is facing and make efforts to conserve biodiversity (Lim &
Lee, 2018). As a solution for the conservation of biodiversity, the voluntary actionability of members of society is
required. Therefore, it is essential to provide opportunities
for students to conclude on their own through participation in self-directed exploration and exploration of information through education (Noh, 2003).
In 2019, the Korean government announced the ‘Artificial Intelligence National Strategy' (Ministry of Science
and ICT, 2019). Furthermore, the ‘Artificial Intelligence
Talent Nurturing' strategy includes an education plan to
strengthen AI education competency. In addition, ‘Artificial Intelligence Education' will be introduced through
the 2022 revised curriculum, which will be effective from
2025 (Ministry of Education, 2020). AI education consists
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of ‘programming' education that develops creativity by
recognizing and solving problems and demonstrating it
on a computer, ‘AI principles' and ‘AI utilization' education as basic communication for the future, and ‘AI ethics' as critical thinking skills. However, despite the policy
support related to AI education, the relevant curriculum
structure and environment creation are still insufficient
(Lee, 2020).
Ecological education integrated with AI can allow students to creatively solve the social problem of ecosystem
destruction based on the principles of AI through educational programs that can develop AI literacy. Data recognition technology, which has entered the most stable
stage among various AI models, can be used for future
ecological education. For example, image classification/
recognition technology can identify living things that
appear in photos or videos and determine the species.
Through an educational program that learns and classifies
images of endangered wildlife and ecosystem-disrupting
species through machine learning, it is possible to know
the principles of machine learning and creatively use
them in activities to conserve the ecosystem. In addition,
by introducing ecological research using AI, it is possible
to guide students to various careers and occupations
related to ecology. If the ecological education program
integrated with AI is applied, students' ecological literacy
will increase, contributing to ecosystem conservation
and environmentally sustainable society. In addition, as
explained above with the case of AIDE, citizen science,
which connects scientists and citizens by building an
ecological research platform using AI, is expected as a
powerful method for the education of AI and biodiversity
and ecological research. Through this, we can accumulate
more observation data and reduce the cost of scientific
research.

Identification of Cichlid Fishes from Lake
Malawi Using Deep Learning
The information that can be extracted from the bioimage data of wild animals and the purpose of use are
very diverse. The representative case is species identification. Ecological research works which use AI to obtain
useful information from bio-images are now moving into
the application stage. At this point, we would like to look
back on our 2013 past study. At that time, we developed
a pipeline that extracts features from photographic data
of African cichlid fishes through a computer vision method which automatically classifies them through a Support
Vector Machine and Random Forests. The program we
developed was able to classify photographic images of
594 cichlids belonging to 12 different classes (species and
sex) with an average accuracy of 78%.
In this paper, we intended to compare the results of the
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early 2013 study to that of more modern deep learning
methods. We reanalyze the 594 samples with the CNN
deep learning method. For this purpose, we had to develop new programs and tutorials that incorporate newly developed deep learning methods since 2013. We hope that
our experience and results will be helpful to researchers
who want to analyze large amounts of ecological image
data using AI.
For reproducibility, we made both the code and the
594 samples publicly available on the Github repository
(https://github.com/forcecore/ghoti-2021). The full raw
data will be also made available on Zenodo in the near
future, after a thorough review. The URL will be published
on the Github repository.

Trial and Error with CameraTraps Project
Microsoft is hosting AI for Earth (Microsoft AI, 2021)
project, and CameraTraps (Microsoft, 2021) is one of the
subprojects. The repository contains many valuable tools
for detecting images collected from motion-triggered
camera traps. In this section, we record an attempt to
adapt an open-source project to our needs. Such a task
may or may not succeed, as most open-source AI projects
are unstable and usually become un-runnable in a couple
of years. Eventually, we failed to meet our needs. However, our failure may provide a useful debugging process
that can be valuable to the researchers. We briefly outline
what we did here.

Following the CameraTraps Tutorial
CameraTraps so far seems to depend on Tensorflow,
which is one of the most popular deep learning frameworks and graphics processing unit (GPU) may be used
for faster training of the neural networks.
The first step is to set up a new “virtual environment”
for running Python programs. We do this as each Python
project may require different package (library) requirements, which can induce “dependency hell” when not
careful. Programmers bypass this problem by isolating
projects with virtual environments, one environment for
each project. After the creation of the virtual environment, the required packages may be installed. The requirements are usually stated in requirements.txt by the
project maintainers.
To feed our dataset, we need to figure out the data
processing pipeline the project has. We need both the
project documentation on the data format and the example dataset. It is common for deep learning research
projects to fail over time for two reasons. One is, the
researchers move onto the next phases of their research,
and the previous programs get out of sync with the later
stages. The other reason is that, even when the project
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stays consistent, the underlying deep learning framework
is developed rapidly, and the project becomes incompatible. In our case, we had both of the problems. Moreover,
we later found out that the document of the project was
out-of-sync with the code. We reported this issue to the
authors and confirmed that the repository is currently
specific to the original authors’ needs and the tutorials
are outdated. In this case, we decided to write our own
code from scratch, instead of trying to fix the problem.

In the previous study by Joo et al . (2013), they report
accuracies of 0.6649 and 0.7562 for 48-feature-classifier
and 82-feature-classifier, respectively. Our results in Table
1 indicate the superiority of deep learning over the classifier based on hand-crafted features. Moreover, we expect
further improvement if more deep learning techniques are
applied and the hyperparameters are tuned carefully.

Starting from a PyTorch Example

The African Lake Malawi cichlid fish species, which have
undergone radiative evolution in a very short evolutionary time, show a remarkable diversity in colors and various striped patterns in the appearance. From a biological
point of view, biological discrimination against closely
related species, such as cichlid fishes, which have diversified relatively recently and still have interspecific gene
flow, cast a challenge to automatic classification methods. We adopted recently progressed AI methods to solve
the difficulty and connected them for seamless automatic
analysis of the cichlid fish photographic data that we
used in 2013 (Joo et al ., 2013). In this work, we employed
a transfer-learning technique to replace and fine-tune the
final FC layer of a pre-trained neural network. Note that
the embeddings (the extracted features) of the pre-trained
neural network are not real-world and may not work on
some datasets. The reason is, “images found in current
image datasets are not drawn from the same distribution
as the set of all possible images naturally occurring in the
wild” (Chang & Lipson, 2019), and we advise the readers to try multiple neural network architectures which are
pre-trained on different datasets so that the reader may
find better performing neural nets. Please refer to the
supplementary material appended to this paper for more
detailed information about our methods and image data
of cichlid fishes. The supplementary material includes
Linux commands and program codes to help the readers
understand the deep learning research process.
One of the most important differences between the previous approach and the new deep learning method is that
the direction of the feature extraction. The deep learning
approach found the features in bottom-up fashion from
the training samples, as opposed to the previous approach
where the human engineers have somewhat arbitrarily
applied a small set of features which works, by trial and
error in top-down manner. To make matters worse, these
top-down features had limited expressivity, as they could
only be defined mathematically through a programming
language.
This in turn leads to another important implication. To
make the bottom-up approach feasible, the researchers
must first collect sufficient high-quality data. This may
require adjusting the experiment design and/or process.
We suggest that this data-driven approach with AI tools

We highly recommend PyTorch over Tensorflow in your
research phase. Most state-of-the-art deep learning algorithms are implemented in PyTorch as it is much easier
to implement ideas than Tensorflow. PyTorch has an extensive tutorial so that researchers may cherry-pick them
as a starting point. Since image classification is our task,
we pick the image classification task tutorial and employ
a pre-trained ResNet50 as the neural network architecture of choice, which is one of the most well-known for
the image classification task. Then we apply a transferlearning technique, which is to replace the final fully
connected (FC) layer of the pre-trained neural network.
This reduces the number of required training samples. To
feed the neural network with data for training requires a
matching dataset class, ImageFolder class, in PyTorch.

Experimental Results
To evaluate the performance of the deep-learningbased classifier, we ran ten randomized split/train/test
runs. The training and test sets had 535 and 59 samples,
respectively. Each training run halted in roughly 300 epochs. We got the results as shown in Table 1.
Table 1. Accuracies and F1-scores on the test set of the 10
randomized classification trials
Trial no.

Accuracy

F1-score

1

0.76271

0.7609

2

0.84746

0.8596

3

0.86441

0.6936

4

0.88136

0.77163

5

0.77966

0.76917

6

0.84746

0.80512

7

0.76271

0.6706

8

0.84746

0.82617

9

0.83051

0.73485

10

0.83051

0.81271

0.8254±0.0423

0.770435±0.059

Average
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will lead to deeper understanding of the nature. Sutton
(2019) argues that with current path of technology development, human feature engineering efforts are of little
help and more computing resources and data are the keys
of the improvements. In this spirit, we propose to employ
more AI/data-driven approaches to overcome our potential narrow understanding of the nature.
In future research, the Cichlid Fishes image identification model could improve that image data set extended
by reconstruction, convolution of feature extraction
by neural network (ResNet50 and AlexNet, VGG19,
GoogLeNet, etc.), deep learning algorithm comparison
(CNNs, R-CNN, and YOLO), activation function comparison, etc.
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ABSTRACT
Most of ants seem to be beneficial, whereas some of them are annoying or harmful. Among harmful creatures red
imported fire ants have been notorious for not only destroying farm plants and domestic animals but also biting and
killing human beings. The red imported fire ants, Solenopsis invicta Buren and Solenopsis richiteri Forel, will feed
on the buds and fruits of numerous crop plants. Large nests located in fields interfere with and damage equipment
during cultivation and harvesting. They respond rapidly and aggressively to disturbances, and ant attacks inhibit
field worker activities. A single fire can sting its target repeatedly. Young and newborn animals as well as humans
are especially susceptible to the stings’ venom. These pests can damage the environment by displacing native ant
species and reducing food sources for wildlife. In Korea Solenopsis invicta Buren were found for the first time in
Busan Gamman port in 2017. Then they were found in Incheon port, Pyongtaek port, North Daegu, Ansan in 2018
and Gwangyang in 2021. Once they invaded and occupied the terrestrial area, we have no proper solution to prevent
them. I can assume that they have been successfully enlarging their colonies toward inland since they can move freely
by flight. Therefore, I strongly suggest that we need to study ants in order not only to control harmful ants properly
but also to preserve and use beneficial ants in this country.
Keywords: Ants, Korea, Red imported fire ants, Solenopsis invicta , Solenopsis richiteri

Introduction
Ants appeared in the fossil record across the globe in
considerable diversity during the latest Early Cretaceous
and Late Cretaceous of Mesozoic, suggesting an earlier
origin. They are considered to evolve from vespoid wasp
ancestors in the Cretaceous period. After that they diversified as soon as flowering plants appeared. More than
13,800 species of an estimated total of 22,000 species
Received October 29, 2021; Revised February 15, 2022;
Accepted February 16, 2022
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e-mail swanagekim@hanmail.net
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have been classified. Their unique characters for identification are elbowed antennae and distinctive node-like
structure that forms their slender waists. They also have
colonies that varies in size, some of them have a few
dozen predatory individuals living in small natural cavities while other groups have highly organized colonies
which may occupy large territories consisting of millions
of individuals. Nearly all ant colonies also have some fertile males called “drones" and one or more fertile females
called “queens” gynes. The colonies are described as super
organisms because they appear to operate as a unified
entity, collectively working together to support the colony
(Holldobler & Wilson, 1990; 1994; Wikipedia, 2021a).
They have colonized almost every terrestrial area on earth.
However, we cannot find ants in Antarctica and in some
inhospitable islands. They occupy most ecosystems and
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may form 15-25% of the terrestrial animal mass. They
can succeed in so many environments thanks to their
social organization and their ability to modify habitats,
tap resources, and defend themselves. Especially the most
beneficial factors are their long coevolution with species
to mimetic, commensal, parasitic, and mutualistic relationships. Their societies have division of labour, communication between individuals, and an ability to solve complex problems. Many human cultures make use of ants
in cuisine, medication, and rites. Some species are valued
in their role as biological pest control agents. Their ability to exploit resources may bring ants into conflict with
humans, however, as they can damage crops and invade
buildings (Holldobler & Wilson, 1990; 1994; Wikipedia,
2021b).
The red imported fire ants (Solenopsis invicta ) are regarded invasive species, establishing themselves in areas
where they have been introduced by accident. Unfortunately, in this country 1,000 workers of red fire ants were
found in a storage container at Busan’s Gamman port,
September 28, 2017. After that, a queen, 16 larvae and
6,100 workers in Incheon port, June 7, 2018, and 20
workers in Pyongtaek port, June 18, 2018, and a queen
with some workers in North Daegu under construction
apartment, September 18, 2018, and 1,000 workers in
Ansan, October 8, 2018 (Chung, 2018; Jang & Chung,
2018; Korea Gyeonggi Daily, 2021; Korea Joongang Daily,
2017; 2018; Park & Hwang, 2017; Shim, 2018a; 2018b;
The Dong-a Ilbo, 2017; USDA, 2021) and 1,000 workers with 2 nests in Gwangyang, June 14–15, 2021 (Lee,
2021).
Ants are not only beneficial but also harmful in many
ways. Therefore, I would like to get down in the point of
view of both beneficial and harmful.

Are Ants Beneficial?
When we meet ants around us, it may seem like they
are nothing but a nuisance. But like almost all other insects, they actually perform many important ecological
roles that are beneficial to human. The benefit of having
ants all over the planet is not always obvious. However,
researchers have discovered that they serve several key
functions that help nature prosper. They are not often
referred to as “medically important insects” or even just
as “pests”. Though we hear much about dangerous red
fire ants in the news, we view them just as a nuisance. In
fact, in many ways, ants are considered to be beneficial
for the eco-system as they hunt a lot of other pest insects
and contribute to soil fertility (Vulcan Termite and Pest
Control, Inc., 2015).
First, they aerate the soil. Most of them dig tunnels
through the ground that can get very widespread and
intricate. These tunnels help moisture and air work their
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way through the soil so that the roots of plants can soak
them up more easily (Vulcan Termite and Pest Control,
Inc., 2015).
Second, they fertilize plants. They often use decaying
foliage to build their nests. As a result, nutrients are added to the soil and nearby plants receive fertilization. Absolutely they take a role of decomposing wood and fallen
leaves which became fertilizer. If all the dead wood had
not decayed by ant, ecosystem could have had serious
problems (Vulcan Termite and Pest Control, Inc., 2015).
Third, they help with pollination. As they march around
finding foods, they pick up pollens. During their travels
they distribute the pollen and inadvertently pollinate
plants. Even though butterflies and bees are important
pollinators, some plants prefer ants as their pollinators
(Vulcan Termite and Pest Control, Inc., 2015).
Fourth, they help control other insects. Most of them
prefer to eat food, but some like to prey on other insects.
The appetite of ants has been known to help decrease the
number of numerous insects that wreak havoc on lawns
and gardens. They are also highly territorial and will fight
off other insects and animals that get too close to their
nests. For example, in Africa scientists discovered that
ants play a pivotal role in protecting acacia trees from
other insects and animals (Vulcan Termite and Pest Control, Inc., 2015).

Are Ants Harmful to Animal and
Human Beings?
In some way they carry disease risks, and we can get
ant allergy from their bites and stings. The fact of the
matter is that while many other insects are significantly
more dangerous than them, some ant species can have
rather negative effects on our wellbeing. Sometimes to a
disastrous degree.
First, some ants are dangerous to human health. Most
of the 16,000+ species of ants around the world don’t
pose much health risks for humans. In fact, more often
than not it’s a good idea to tolerate them in your garden
to a certain extent as they can have quite a few beneficial
qualities. Sometimes, however, ants can be an outright
health hazard. As they are neither at the bottom not at
the top of most food chains, different ant species have
lots of weapons for both attack and self-defense. Almost
all ants have powerful mandibles which they use for anything from nibbling on leaves and fungi, through carrying
food chunks back to their nests, to crushing their prey
and biting things they perceive as potential predators.
Most ant’s bites on human skin can feel harmless but
some ants have such powerful jaws that they can be quite
painful. In fact, the bites of the red fire ant, in particular,
consist of mostly alkaloids and are known to can cause
anaphylaxis in a lot of people. Anaphylaxis is an allergic
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reaction with potentially deadly consequences that it requires emergency injections of epinephrine (adrenaline) if
the victim is to be out of danger. Other ants have wasplike stings that they can use to inject venom with, while
other species don’t even inject the venom but spray it
in the air around their victim or predator. Approximately
71% of the 16,000+ species of ants have such stings and
venom that consists of primarily formic acid. Formic acid,
especially when injected through a sting, can cause pain,
severe allergic reactions, and symptoms such as chest
pains, loss of breath, sweating, swelling, outright fever,
slurred speech, dizziness, and more (Yordan, 2020).
Second, some ants are dangerous to our property. The
most famous property pests in the ant family are the carpenter ants. They are often confused with termites, but
they actually prey on termites. Unlike them, carpenter
ants don’t really consume the wood they dig through and
don’t cause as much damage to it. However, they still
do dig extensive tunnel systems and nests through wood
and can cause quite significant structural damage to any
wooden buildings. Fortunately, carpenter ant infestations are much easier to spot than termite infestations as
they leave small wood dust piles outside of their holes.
Nevertheless, if left unchecked for long enough, carpenter ants can quite literally bring a building down. That,
in turn, can not only be viewed as property damage but
can cause collateral human health damage as well. Aside
from carpenter ants, most other species are not as harmful to our property, although a lot of garden ants can be
pest insects as much as they can be “beneficial insects”.
And while such types of property damage are not directly
dangerous to our health and well-being, they can still be
highly damaging as they can doom entire crops to go to
waste (Yordan, 2020).
Third, some ants are harmful to other animals. As
predatory animals, ants can naturally be quite damaging
to other animals. In fact, in many regions, especially in
the tropics, they are near the top of their respective food
chains with only certain bird and lizard species preying
on them. Ants in such regions are known to hunt and
kill other insects, crabs, and other invertebrates, small
adolescent mammals and birds, and more. Of course, the
ants that we are likely to meet in rural or city regions are
not as dangerous – your garden colony isn’t going to attack your new-born puppies. Nevertheless, just as they
can cause human’s physical harm through their venomous
bites and stings, they can do the same to a farm animal
or a pet (Yordan, 2020).
Fourth, some ants carry diseases. If you are looking for
an “ant disease” then there is no such thing, however,
they can carry certain harmful diseases. For example,
pharaoh ants are famous for spreading organisms such
as Salmonella , Staphylococcus , Clostridium , and Streptococcus in medical treatment and food facilities. They are
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especially dangerous pests in burnt victim treatment units
as they are attracted to the fluids from burn wounds.
Many other ant species can spread food borne disease organisms such as Escherichia coli , Shigella , and Salmonella .
Such diseases may not be that commonly spread by ants,
but even simpler things such as food poisonings can be
caused by the dirt, excrements, and other mild contaminants that ants often carry with them (Yordan, 2020).

Conclusion
Based on ant’s biology we can sort them out into two
groups, one is beneficial and the other is harmful. We
have to preserve beneficial ants carefully and persistently
while we must prevent or control harmful ants like red
imported fire ants. We need to study their ecology, ethology, and genetics to use useful genetic resources of them
and preserve useful ants as well as manage and control
harmful ants. In order to control harmful ants like red imported fire ants efficiently we also need to cooperate with
specialists of other fields like virologists (EDIS, 2012; Pest
World, 2021). Anyhow now the most important thing is
to study how to control the red imported fire ants that
invaded South Korea. We also should not be negligent
classifying ants.
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ABSTRACT
This study was conducted from March 2018 to December 2019 to identify bird diversity and environmental correlates
within the Mulchat-oream wetlands in the Jeju Islands of South Korea. A total of 255 individual belonging to 37
species were recorded form Mulchat-oream. The observation produced a species diversity of 3.14, species richness of
6.54 and species evenness of 0.88 in 2018, and in 2019, the observed species diversity was 3.02, species richness was
6.56 and species evenness was 0.84. The highly dominant species are composed of Passeriformes. The absence of
diverse submerged plants, deep water depth and isolated geographical locations makes difficult for aquatic birds to
prefer this area, and this has resulted in the dominance of Passeriformes. The appearance of the birds was the lowest
in the winter and highest during the summer. The analysis showed that the species richness and evenness increased
with an increase in temperature and precipitation. However, the number of species appearing during Mulchat-oream
significantly dependent on the temperature (P <0.001, df=2). To date, there has been little research on bird diversity
together with environmental factors for the Hallasan National Park. This study shows the environmental factors and
seasonal patterns that affect bird population.
Keywords: Bird population, Dominant species, Environment factors, Seasonal patterns, Species diversity

Introduction
The environment in which organisms live is always
changing, and the effect of these changes on the organisms within is highly complex (Nagelkerken & Munday,
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2016; Stephens, 1991). In order to clearly understand the
effects that environmental changes have on organism, it
is therefore necessary to conduct long-term monitoring
and analysis so that trends are revealed (Frommolt and
Tauchert, 2014; Hashimoto et al ., 2020). Environmental
factors, including temperature, altitude, precipitation,
and solar radiation, are known to affect the habitats of
wildlife, including bird species (Martin & Wiebe, 2004;
Salewski et al ., 2013). In general, birds show various behaviors and preference when choosing their habitat (Fisher
& Davis, 2010; Maxwell et al ., 2018). For example, forest
birds are affected by their physical environment in terms
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of temperature and rainfall (Cormont et al ., 2011; Grinde
et al ., 2017). Thus, wetland conditions, regarding habitats
for birds, are characterized by the structure of the wetland, water quality, provision of food and hiding sites,
and the presence of predators (Whited et al ., 2000; Yuan
et al ., 2014). Wetlands also provide productive habitats for
aquatic and terrestrial birds as well as wintering grounds
for migrating birds (VanRees-Siewert & Dinsmore, 1996).
Many surveys on wetlands and their surrounding areas (Ismail et al ., 2012; Park, 1990; Rathod et al ., 2016;
Sharma et al ., 2014) were conducted to better understand
the diversity and structure of bird communities, which is
necessary to determine the importance of regional or local landscapes for avian conservation (Kattan & Franco,
2004). Changes in species richness, evenness and individual numbers may be used to compare current ecological
conditions to previous ones, and they can also be used to
predict future ecological conditions (Kim, 2008).
Long-term monitoring studies have been conducted in
Jeju Island (Banjade et al ., 2019; Park, 1990) but only for
some areas, and long-term monitoring data is required for
other areas where research has not yet been conducted.
Various studies have been conducted in Hallasan National
Park, and these have focused on bird distribution, habitat
information, and population structure (Kim et al ., 2014;
Koh & Kim, 2011). However, the impact that various environmental factors can have not yet been studied.
Hence, we investigate here the relationship between the
environmental factors, such as precipitation, temperature
and seasons, upon the bird species diversity, richness and
evenness in the Mulchat-oream wetlands in Hallasan National Park.

Materials and Methods
Study area
The study was conducted at the Mulchat-oream wetlands (E126° 40′ 12.9, N33° 31′ 11.4, alt. 670 m). These
are present in a volcanic mountain containing a freshwater Crater Lake at its summit (Fig. 1). This wetland area is
protected by law under the Ministry of Environment since
it is rich in biodiversity and maintains its primitive nature.
In the past, people were permitted to enter, but the natural ecosystem was damaged by human presence and visitors have since been banned. The study site contains diverse flora and fauna, and the plant species are composed
of Carpinus laxiflora Siebold & Zucc , Styrax japonicus
Siebold & Zucc, Quercus serrata Murray in the upper part
and Sasa quelpaertensis Nakai in the lower part. The faunal diversity includes Capreolus pygargus , Cervus nippon ,
Sus scrofa and occasional sighting of Cervus elaphus . The
International Union for Conservation of Nature red list
birds such as Pitta nympha and Terpsiphone atrocaudata
have been frequently observed in the summer.
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Data collection
The field study was carried out from March 2018 to December 2019. Data were collected seasonally in each surveyed year, and on the clear and sunny days, the survey
was conducted between 06.00-10.00 hr and from 14.0018.00 hr to avoid bias caused by the weather conditions.
Birds were observed using Olympus binoculars (10×50
DPSI; Olympus, Tokyo, Japan) and were identified to the
species level by calls and excrement remnants by using
the standard reference book Lee et al . (2020). Species
were categorized following the reference of the Ornithological Society of Korea (2009) and the National Species
List of Korea (National Institute of Biological Resources,
2020). HOBO RX3000-Remote monitoring and a weather
station (Onset, Bourne, MA, USA) was set and identified
the mean monthly fluctuation on the temperature and
precipitation (Fig. 2). During the study period, the data
were collected by linking to the HOBO site once a month
with a measurement interval of 60 minutes. The average
winter temperature during the study period was 1.42°C
and the summer temperature was 20.94°C. Seasonal precipitation varied from 238 mm in winter and 977 mm in
summer.
Data analysis
The data were analyzed using a linear analysis. All other
procedures were implemented using Excel 2018 (Microsoft,
Redmond, WA, USA) and SPSS 20.0 (IBM Co., Armonk,
NY, USA). The population index was calculated using the
following formula:
∘ Dominance index (Brower et al ., 1990) : DI : DI=ni/N
DI : dominance index, N : total individual, ni : individual
of the ith species
∘ Biodiversity index (Shannon & Weaver, 1949) :
DH'=-∑{(ni/N) ․ ln(ni/N)} (ni: species of I’ individual, N:
total individual)
∘ Evenness index (Margalef, 1994) : E’ E’=D’/Ln (S),
N

Korea

700 m

Jeju Island

650 m

0

0.1

0.2

0.3

0.4

0.5 km

Fig. 1. The location of study site in Mt. Halla Mulchatoream on Jeju island.
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Fig. 2. Bird diversity value at each season in the study region.
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Parus major
Other
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Fig. 3. Dominant species by observation on the study site.
E’=evenness, D’=diversity, S: total species
∘ Richness index : R’ R’=(S-1/Ln(n), R’=richness, S: total
species, N: total individual

Results
Aspect of the entire bird population
A total of 255 individuals of 37 species were recorded
in this study. In a 2018 survey, 211 individuals belonging
to 36 species were recorded, and in 2019, 242 individuals belonging to 37 species were recorded (Supplementary Table 1). Furthermore, the species diversity was 2.44
to 2.79, species richness was 3.63 to 5.77 and species
evenness was 0.86 to 0.92 in 2018. The species diversity
was 2.40 to 2.83, species richness was 3.74 to 5.59 and
species evenness was 0.82 to 0.90 in 2019 (Fig. 2). The
highly dominant species are Carduelis sinica (15%) followed by Zosterops japonicus (14.50%), Emberiza elegans
(7.50%), Microscelis amaurotis (5.90%), Hirundo rustica
(5.50%), and Parus major (5.10%) (Fig. 3).
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Comparison of the population with weather factors
The average seasonal temperature and precipitation in
the Mulchat-oream wetlands compared to the species
presence is shown in Figs. 4 and 5. The appearance of
the birds was lowest in the winter and highest during the
summer (Table 1). The analysis showed that the species
richness and evenness increased with an increase in temperature and precipitation (Fig. 6). However, the number
of species appearing in the Mulchat-oream wetlands is
significantly dependent on the temperature (P <0.001,
df=2). One notable thing about the precipitation was that
the precipitation value in the autumn was higher than the
precipitation value in the summer by the LINGLING and
TAPAH typhoon.

Discussion
The opening of forest roads and expansion of trails
tends to greatly reduce bird species diversity because trees
are eliminated in the area, resulting in simplification of
the forest environment (Aleixo, 1999; Thiollay, 1997;
1999). Also, frequent climbing activities can reduce bird
population density due to constant interference (Camp
& Knight 1998; Covy et al ., 2019). Mulchat-oream is
restricted to visitors, but travelers usually visit because
of the surrounding forest and its connection with the
Saryeoni forest trail (Seok et al ., 2010). The bird species
diversity at Mulchat-oream is generally low compared to
that at the Hallasan National Park (Oh, 2002; Park et al .,
2011). The occurrence of a lower number of species at
the Mulchat-oream wetlands could be attributed to frequent human interference. However, species that prefer
the edges of forests or the interior of forests are different,
making it difficult to say that human interference has
hindered bird inhabitation (Baker et al ., 2002; Laiolo &
Rolando, 2006). Therefore, it is believed that further investigation is needed to detail the habitat preferences and
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Table 1. Liner regression analysis data refereeing to
temperature and precipitation
B

β

SE

t

Temperture

0.740

0.787

0.000

4.30***

Percipitation

–0.001

–0.022

0.906

–0.120

7.790

-

0.001

3.72

Model

(Constant)
***P <0.001.

to conduct bird surveys on the trails (Bell, 1996; Deluca &
King, 2014).
We have observed a higher number of Passeriformes in
this study at the site for both surveyed years. The presence of a higher number of Passeriformes is related to the
absence of aquatic birds (Moreno-Mateos et al ., 2009;
Rosselli & Stiles, 2012). The absence of diverse submerged
plants, deep water depth and isolated geographical locations makes difficult for aquatic birds to prefer this area,
and this has resulted in the dominance of Passeriformes
(Pöysä et al ., 2013).
The seasonally analyzed species diversity and evenness
showed a relatively stable population of 2.40 to 2.90 and
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0.82 to 0.90, respectively, but the richness showed seasonal variations of 3.63 in the winter to 5.70 in summer.
In general, the species diversity, evenness, and richness
are influenced by geographical, meteorological, physical,
and biological factors (Mäkeläinen & Lehikoinen, 2021).
Jeju Island is a geopolitical stopover site for migratory
birds, especially in the middle of Mt. Hallasan Mountain,
where summer visitor birds breed and spend their summer
time (Kim et al ., 2010; 2019). Human interference during
the breeding season is limited since the area is restricted
for visitors. Therefore, it is expected to have a higher species richness during the summer compared to any other
seasons. However, studies on food resources, such as invertebrates and insects, have not yet been conducted, so
it is hard to predict the relationship among the species
richness and other biological factors. Furthermore, various
factors need to be investigated that affect the bird populations.
To a large extent, the climatic preferences of the species determine their response to climate change (Nichelmann & Tzschentke, 2002). Temperature preferences play
a key role in driving trends in animal populations (Gaüzère
et al ., 2016). However, the relative importance of the
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Fig. 6. The correlation between rainfall and temperature with number of species on Mulchat-oream.
temperature and precipitation preferences is still poorly
understood, particularly in systems where ecological processes are strongly constrained by the amount and timing
of rainfall (Knape & de Valpine, 2010). In this study, we
have estimated the role played by the temperature and
precipitation preferences in determining the population
trends for birds in mountain wetlands. Trends were derived through biodiversity monitoring data and temperature and precipitation preferences were estimated from
species appearance data. The results showed that the
temperature trends were first and that precipitation is also
related to the birds. A comparison of these shows that the
precipitation preferences are less significant compared to
temperature. Climatic factors, such as temperature and
precipitation, may affect the bird communities directly via
physiological constraints, for instance by restricting the
activity, mobility and foraging time of the birds (Filloy et
al ., 2015).
The Korean Peninsula has historically offered a temperate climate (Lim et al ., 2018), but it has recently been
changing to a subtropical climate (Lee et al ., 2017) due to
global climate change (Wuebbles & Jain, 2001). These climatic factors create confusion upon migratory and native
birds species that directly influences reproductive success.
Climate change is causing mismatches in peak food availability, snow cover and other factors that could severely
impact successful migration and reproduction of avian
populations unless they are able to adjust to new conditions (Jetz et al ., 2007). Resident birds also face challenges if precipitation and/or temperature patterns vary
in ways that result in a mismatch for food and breeding
(Rodenhouse et al ., 2008).
Thus, this study shows the environmental factors and
seasonal patterns that affect bird populations. It is believed that if long-term monitoring is carried out, the
impact that temperature and precipitation have upon bird
populations will be more clearly established.
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ABSTRACT
Most of the islands of Korea are distributed in the South and West Sea, and it consists of independent small stream.
As a result, the fish community that inhabits the island's stream is isolated from the mainland and other island.
This study utilized a Self-Organizing Map (SOM) and a random forest model to analyze the relationship between
environmental variables and fish communities inhabiting islands in South Korea. Through the SOM analysis, the fish
communities were divided into three clusters, and there were differences in biotic and abiotic factors between these
groups. Cluster I consisted of sites with relatively larger island areas and a higher number of species and population. It
was found that 15 out of 16 indicator species were included. Meanwhile, the remaining clusters had fewer species and
populations. Cluster II, especially, showed the lowest impact from physical variables such as water width and depth. As
a result of predicting the species richness using the random forest model, physical variables in habitats, such as stream
width and water depth, had a relatively higher importance on species richness. On the other hand, forest area was the
most important variables for predicting Shannon diversity, followed by maximum water depth, and gravel. The results
suggest that this study can be used as basic data for establishing a stream ecosystem management strategy in terms
of conservation and protection of biological resources in streams of islands.
Keywords: Fish assemblage, Indicator species, Random forest, Self-organizing map, Stream

Introduction
South Korea is geographically surrounded by the sea
on three sides. In addition, it is one of the largest archipelagos in the world, with small and large 3,952 islands
(487 inhabited islands and 3,465 desert islands), after
Indonesia (15,000), the Philippines (7,100), and Japan
(6,800) (Kim & Lee, 2020). In particular, as more than
60% of the islands are distributed on the southwest
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coast, there is a highly complex biogeographic structure;
these areas have been designated as biosphere reserves
by the UNESCO (United Nations Educational, Scientific
and Cultural Organization) in 2009 (Hong & Kim, 2011).
Islands environmentally have bridgehead effects in which
terrestrial organisms disperse into the ocean, serving as a
filter of environmental changes coming from the ocean to
terrestrial spheres (Hong & Kim, 2011). Furthermore, as islands have independent small streams separated from the
inland water system, and the streams within the islands
are also distributed in isolation from each other; they are
utilized as basic data to examine geographical events of
island creations, the geographical distribution of fish, and
ecological characteristics of streams (Son & Song, 1998).
Most of the streams on islands in South Korea consist
of short and small streams (Han et al ., 2016), and play an

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
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Fish Communities Around Island in Korea
important role as habitats for endemic and endangered
species (Haigh et al ., 2004; Wipfli et al ., 2007). Despite
the high ecological values of the streams on the islands,
there are few studies on the management of streams, the
biota, and habitat environments (Choi & Lee, 2008a).
In fact, studies on freshwater fishes in domestic islands
have been conducted on only several relatively large islands, such as Jeju Island (Kim et al ., 2014; Lee et al .,
1999; 2015), Geoje Island (Son & Song, 1998), Ganghwa
Island (Choi & Lee, 2008a; 2008b), Geumo Islands (Chae
& Yoon, 2007; Kim et al ., 1994), Bogil Island (Han et al .,
2017), and Seokmo Island and Gyodong Island (Choi &
Lee, 2008b). Although surveys on fish assemblage were
conducted on some islands in South Korea, as part of the
National Natural Environment Survey by the Ministry of
Environment, there is a limited number of studies, such
as Choi and Jeon (1980), and on fish assemblage in various Korean islands, merely focusing on the investigation
of the current status of fish appearance around specific
islands. In addition, most studies have focused on the
distribution of freshwater fish in island, but there are only
a few comprehensive studies (Han et al ., 2016; Lee et al .,
2015) on freshwater fish in island along with environmental variables in Korea.
Fish are one of the most sensitive and reliable indicators
to estimate the health of aquatic ecosystems, since they
are more effective than other living organisms in integrating biological responses to external influences, such as
habitat changes and environmental degradation (Harris,
1995; Ibarra et al ., 2003; Karr & Freemark, 1985; Park
et al ., 2006a). They play a role as important members of
aquatic ecosystems, through consumption of organisms
at low trophic levels and their regulatory effects at various ecosystem levels (Carpenter et al ., 1985; Power et al .,
1985; Wootton & Power, 1993). In addition, the distribution and frequencies of fish communities are affected by
various environmental variables (Kwon et al ., 2012). Considering that, various studies on fish communities have
analyzed effects of abiotic factors such as water quality
(Schofield & Driscoll, 1987), land cover (Allan, 1995; Park
et al ., 2006a), and physio-chemical factors (Petry et al .,
2003; Teixeira-de Mello et al ., 2009).
It is crucial to reveal the biota in islands with various
environmental conditions and their habitats, so as to establish management strategies for the conservation and
protection of biological resources in streams on islands
(Chae & Youn, 2007). In this regard, this study analyzed
the relationship between fish communities inhabiting
Korean islands and the characteristics of various habitat
environments. In detail, it aims 1) to categorize distribution patterns of fish communities in domestic islands and
2) to identify the most dominant environmental variables
influencing fish communities.
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Materials and Methods
Study area and data collection
Fish community data were extracted from the “3rd
National Ecosystem Survey (2006-2013)” database in
EcoBank (https://nie-ecobank.kr) of the National Institute
of Ecology, Korea. The survey was conducted by dividing
824 maps across the country into nine grids for each map
at a scale of 1:25,000. At each grid, freshwater fish were
collected using casting net and kick net. The collection at
each sampling site was carried out in a section of approximately 100 m of the stream, and habitats were included
as variously as possible. From the database of EcoBank,
we selected 73 islands based on the availability of data.
Among these data, we selected 38 islands with appearance of two or more fish species (Fig. 1), among inhabited
islands with areas between 1 and 70 km2 (mean area 27.5
km2), in order to analyze fish communities around the
islands. Most sampling sites of the 38 islands are small
streams composed of the second or lower stream order.
Details of the sampling protocol for fish are described in
the National Natural Environment Survey guideline (Ministry of Environment, 2006).
Nineteen environmental variables with three categories
(i.e., physical variable, substrate composition, and land
use types) were measured to reflect the different habitat
conditions at each sampling site (Table 1). The minimum
and maximum values of
 physical variables of streams,
such as water depth, stream width, and water width, were
investigated at the entire sampling sites, and accordingly,
the average value was derived. As for the benthic composition of streams (e.g., boulder, cobble, pebble gravel, and

Study site

Fig. 1. Locations of the sampling sites around island in
South Korea. The name of each island (IL) indicated in Appendix.
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Table 1. Characteristics of 19 environmental variables at 38 island of Korea
Category
Physical variable

Variable

Mean

Minimum stream width (m)

0.0-17.0

Average stream width (m)

22.8

5.0-50.0

Maximum stream width (m)

13.8

2.5-30.0

1.9

0.0-14.0

15.3

3.0-30.0

Maximum water width (m)

8.6

1.5-22.0

Minimum water depth (m)

0.2

0.0-0.8

Average water depth (m)

1.4

0.3-2.5

Maximum water depth (m)

0.8

0.15-1.65

Boulder (%)

5.4

0.0-33.3

Cobble (%)

6.7

0.0-34.4

Pebble (%)

8.4

0.0-27.4

Gravel (%)

11.4

0.0-30.1

Sand (%)

68.0

2.2-100.0

Urban area (%)

14.5

0.0-42.1

Agricultural area (%)

52.5

7.2-97.6

Forest area (%)

7.9

0.0-57.8

Grassland (%)

18.7

0.0-69.3

Bare land (%)

6.3

0.0-40.4

Minimum water width (m)
Average water width (m)

Substrate composition

Land use type

sand), the relative ratio was calculated with the naked eye,
by applying the classification method of Cummins (1962).
As for land cover types (e.g., urban area, agricultural area,
forest area, grassland, and bare land) updated in 2013 by
the Ministry of Environment (https://egis.me.go.kr), areas
with a radius of 100 m from sampling sites were extracted
from a digital map (Kwon et al ., 2012), by using ArcGIS
10.7.1 (www.esri.com). The raw data of environmental
variables on 38 island has been added as Appendix.
To analyze the fish community composition in line with
different island environments, the fish were divided into
four trophic guilds (i.e., omnivores, piscivores, insectivores,
and herbivores) and three tolerance guilds (i.e., tolerant
species, intermediate species, and sensitive species). These
guilds were classified according to “National Surveys for
Stream Ecosystem Health” in Korea (National Institute of
Environmental Research, 2019).
Data analysis
A Self-Organizing Map (SOM) was utilized to analyze
the fish community patterns found in domestic island areas. SOM is an unsupervised learning algorithm based on
artificial neural networks that approximates the probability density function of the input data (Kohonen, 2001).
SOM consists of two layers, input and output layers, and
each layer is connected by connection weights. The input
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Range (min-max)

4.6

layer is composed of computation neurons to receive input data, whereas the output layer is expressed as a twodimensional hexagonal lattice consisting of N number
of output neurons. The output layer of the SOM in the
present study consists of 24 neurons arranged into a 6×4
hexagonal lattice, which was determined by the heuristic equation (Vesanto & Alhoniemi, 2000). Two methods
were employed to evaluate the quality of the map: the
quantization error for resolution and the topographic error for topology preservation (Park et al ., 2003). After the
learning process, SOM units were grouped through hierarchical cluster analysis using Ward’s linkage method with
the Euclidean distance measure.
For the training SOM, we used the functions in the
SOM toolbox (Alhoniemi et al ., 2000) in Matlab ver. 6.1
(MathWorks, Natick, MA, USA). The multi-response permutation procedure (MRPP) for testing the differences
between clusters was conducted using PC-ORD ver. 5 (MjM
Software, Gleneden Beach, OR, USA) to evaluate the significance of the clusters defined in the SOM (Mielke et al .,
1976).
Prior to the analysis of the SOM, we selected 29 species observed at more than two sampling sites (≥3%) to
remove the noise by rare species in the data analyses (Park
et al ., 2006b). After then, to reduce variation, fish abundance was natural log-transformed after adding one to

PNIE 2022;3(2):84-96

Fish Communities Around Island in Korea
lationship between environmental variables. The Kruskal–
Wallis test (K–W test) was utilized to compare differences
in environmental variables and community indices between groups defined by the SOM results. Nonparametric
Dunn's multiple comparisons test was used as a post-hoc
test. All statistical analyzes were performed with STATIS-

Min_Str_Wid
Ave_Str_Wid
Max_Str_Wid
Min_Wat_Wid
Ave_Wat_Wid
Max_Wat_Wid
Min_Wat_Dep
Ave_Wat_Dep
Max_Wat_Dep
Boulder
Cobble
Pebble
Gravel
Sand
Urban
Agriculture
Forest
Grassland
Bareland

Min_Str_Wid
Ave_Str_Wid
Max_Str_Wid
Min_Wat_Wid
Ave_Wat_Wid
Max_Wat_Wid
Min_Wat_Dep
Ave_Wat_Dep
Max_Wat_Dep
Boulder
Cobble
Pebble
Gravel
Sand
Urban
Agriculture
Forest
Grassland
Bareland

all data to avoid the problem of zero being undefined for
logarithms.
Indicator species analysis (IndVal; Dufrêne & Legendre,
1997) was applied to evaluate significant indicator species
in each cluster, which was divided by SOM. The indicator
value for each species in each group consists of a combination of relative abundance and relative frequency, with
the range from 0 (no indication) to 100 (perfect indication). Monte Carlo simulation was applied to determine
the significance of an indicator value of species. Analysis
was performed with PC-ORD version 5 (McCune & Mefford, 1999).
Random forest (Breiman, 2001) was applied to predict
the effects of environmental variables on fish community
characteristics. The random forest is a non-parametric
method for predicting and assessing the relationship
between a group of potential predictor variables and
response variables (Breiman, 2001). Compared to conventional statistical methods, this model is a highly powerful tool for the analysis of complex ecological data, as
it has high accuracy, efficiency, and robustness (Cutler
et al ., 2007; He et al ., 2010). Due to such features, this
model has been usefully applied in diverse ecological
fields (Barker et al ., 2006; Kwon et al ., 2015; Moisen &
Frescino, 2002; Pal, 2005; Peters et al ., 2007). To measure the importance of environmental variables, we used
the Minimum Description Length (MDL), which measures
the quality of attributes as their ability to compress the
data (Robnik-Sikonja, 2004). To compare the relative importance of each environmental variable, values of MDL
were rescaled to range from 0 to 100. Random Forest
analysis was repeated 10 times, and the extracted MDL
values were averaged for the smallest generalized error.
The random forest model was run with the ‘randomForest’
package in the R (http://cran.r-project.org).
Spearman rank correlation was used to evaluate the re-
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Fig. 3. Spearman rank correlation between environmental variables. The color gradient (from –1 to 1) indicated
Spearman's correlation coefficients. The darker blue indicates a higher positive correlation (P <0.05), and darker
red indicates a higher negative correlation (P <0.05). Min,
minimum; Max, maximum; Ave, average; Str, stream; Wat,
water; Wid, width; Dep, depth.
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Fig. 2. The number and appearance frequencies of fish communities around main Korean
islands.
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Analysis of fish communities and environmental variables
In South Korea, it is reported that there are 4 classes, 45
orders, 223 families, 724 genera, and 1,291 fish species
(National Institute of Biological Resources, 2019); among
them, a total of 216 species belonging to 39 families in
freshwater fish, including brackish species, are known. A
total of 26,698 individuals of freshwater fish belonging
to 58 species under 20 families investigated at 38 islands
targeted in this study; six endemic species (Iksookimia
hugowolfeldi , Squalidus japonicus coreanus , Liobagrus
somjinensis , L. mediadiposalis , Kichulchoia brevifasciata ,
Periophthalmus magnuspinnatus ), two alien species
(Carassius cuvieri , Micropterus salmoides ), and one endangered species (K . brevifasciata ) were found. Among all
species, Oryzias latipes was the most abundant accounting for 23.1% of all the individuals collected, followed

by Carassius auratus (17.1%) and Pseudorasbora parva
(15.8%) with strong drought resistance (Son & Song,
1998) (Fig. 2). Around the target islands, Zacco platypus
and Zacco koreanus , the main dominant species in Korea
(Kwon et al ., 2012), were not collected during this study,
but they were found around relatively larger islands such
as Namhae and Geoje Islands, which were not included in
this study, with an area of over 40 km2 (Han et al ., 2016;
Son & Song, 1998).
To evaluate relationships between environmental variables, we applied Spearman rank correlation. Average
water depth showed positively correlated with physical variables with the exception of minimum stream
width, minimum water width, and minimum water depth
(P >0.05), whereas it was negatively correlated with substrate composition such as boulder (r=–0.40, P <0.05)
and cobble (r=–0.35, P <0.05) (Fig. 3). The proportion of
sand and agriculture were negatively correlated with substrate composition (r>–0.70, P <0.05) and land use types
(r>–0.33, P <0.05), respectively.
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Fig. 4. Relationship between (A) the number of fish species and island area, (B) the number of fish individuals and island
area, (C) the number of fish species and distance from the mainland, and (D) the number of fish individuals and distance
from the mainland.
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According to the theory of island biogeography, it is
known that the biodiversity in an island is proportional
to an area of the
 island, and is in inverse proportion to
the distance from the mainland (Gorman, 1979; MacArthur & Wilson, 1967). However, this study indicated that
only the species number of fish communities showed a
positive correlation with the island area (Spearman rank
correlation, r=0.56, P <0.05) (Fig. 4). The reason is that
compared to the MacArthur and Wilson’s theory (1967)
of island biogeography, which targeted volcanic islands in
the ocean, the islands in this study are isolated by being
separated from the land, after the Holocene Sea level rise
without sudden topographical changes (Kim et al ., 2016);
there are mostly offshore islands with a distance of less
than 30 km from the land.
Patterning fish communities
To analyze the characteristics of fish communities in 38
islands, a SOM analysis was conducted on 29 species appeared at two or more sites. The 38 sites were patterned
into three different clusters (I-III) based on the similarities of fish communities in the SOM (final quantization
error: 0.950 and final topographic error: 0.000) (Fig. 5).
An MRPP indicated a significant difference between fish
communities among the three clusters (A=0.11, P <0.01).
Out of the total 38 sites, 19 sites belonged to cluster III,
14 sites to cluster II, and five sites to cluster I. The distribution of sites in each cluster was highly related to the
sites’ geographic locations (Fig. 5B). Most sites in cluster
III were located in the lower part of the West Sea, and
the sites in cluster I were situated in an upper part of the

A

West Sea. Sites in cluster II were widely distributed in the
West Sea and South Sea.
Some physical variables including average and maximum values in water width and water depth showed
significant differences among clusters (K-W test, P <0.05)
(Table 2), but others including stream width, minimum
water width and minimum water depth did not. As for
water width and water depth, cluster I showed significantly higher average and maximum values, whereas
cluster II indicated the lowest value (Dunn's test, P <0.05).
Meanwhile, there was no significant difference between
the groups in terms of the rate of substrate composition (K–W test, P >0.05) (Table 2). However, all clusters
had sand with a high proportion of 50% or more, and
in particular, clusters I and III showed very high ratios of
81% and 76%, respectively (Table 2). This is because most
of the sampling sites were brackish water zones closer
to seawater with a high ratio of benthic sedimentation
(Han et al ., 2016). Land use types around the study areas
showed similar characteristics. The three groups had high
ratios of urban and agricultural land areas with 55% or
more, and in particular, clusters I and II showed very high
rates of 85.8% and 70.5%, respectively (Table 2).
Species composition, frequencies, and conditions of fish
communities are affected by water and habitat quality
modified by ambient land uses (Deacon & Mize, 1997).
In particular, it has been reported that an increase in urban and agricultural land areas decreases biodiversity in
streams (Genito et al ., 2002; Harding et al ., 1998; Wang
et al ., 1997). However, in this study, cluster I, with the
highest ratio of urban and agricultural areas, had the
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II

I

Fig. 5. (A) Patterns of fish communities in 38 islands (IL) using
Self-Organizing Map (SOM), (B)
the geographical distribution
patterns of the sampling sites
in three clusters, and (C) dendrogram of hierarchical cluster
analysis with the Ward linkage
method based on Euclidean distance for the SOM units.
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Table 2. Differences of environmental variables at 3 different clusters by the SOM
Category

Cluster

Variable

Physical variable

I

II

III

2.4 (1.5)

3.3 (3.5)

6.1 (5.9)

Average stream width (m)

13.2 (2.5)

10.5 (5.4)

16.2 (7.3)

Maximum stream width (m)

23.3 (5.8)

17.8 (9.6)

26.3 (12.9)

0.8 (0.8)

2.8 (3.7)

Minimum stream width (m)

Minimum water width (m)

1.2 (1.2)
11.0 (1.6)

a

Maximum water width (m)

21.0 (3.6)

a

Minimum water depth (m)

0.1 (0.0)

Average water width (m)

Land use type

10.4 (5.0)ab

b

10.6 (5.2)

17.9 (8.6)ab

0.2 (0.1)

0.2 (0.2)

5.7 (2.7)

1.0 (0.1)

a

Maximum water depth (m)

1.9 (0.2)

a

Boulder (%)

1.8 (3.9)

8.7 (10.5)

4.2 (7.1)

Cobble (%)

3.3 (4.6)

12.5 (11.4)

3.7 (7.1)

Pebble (%)

6.7 (9.1)

12.0 (9.9)

6.3 (7.3)

Gravel (%)

7.2 (9.7)

15.4 (11.2)

9.8 (9.4)

Sand (%)

81.0 (25.6)

51.4 (37.1)

76.0 (25.8)

Urban area (%)

10.4 (10.9)

17.8 (13.5)

13.2 (7.8)

Agricultural area (%)

75.4 (25.2)

52.7 (21.4)

46.4 (31.1)

Average water depth (m)
Substrate composition

b

b

0.8 (0.3)ab

b

1.1 (0.6)

1.4 (0.6)ab

0.6 (0.3)

Forest area (%)

0.0 (0.0)

4.1 (7.6)

12.8 (18.4)

Grassland (%)

4.8 (3.3)

20.8 (21.7)

20.9 (15.2)

Bare land (%)

9.4 (15.6)

4.7 (5.8)

6.7 (12.2)

Values are presented as mean (standard deviation).
Different letters in each row indicate significant differences for that variable among the clusters based on Dunn’s multiple
comparison tests (P <0.05).
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Fig. 6. Difference in community indices for 3 different clusters by the Self-Organizing Map. (A) Species richness, (B) Abundance, (C) Shannon diversity, and (D) Evenness. Different letters indicate significant differences between the clusters based
on Dunn’s test after a Kruskal–Wallis test (P <0.05). NS show a non-significant difference among 3 different clusters.
highest community index, whereas cluster III, with the
highest ratio of forests, indicated the lowest value (Dunn’s
test, P <0.05) (Fig. 6). It is assumed that the ratios of
tolerant species and omnivores were high because the
research areas consisted of sites with high human disturbance such as urban and agricultural lands. Morgan
and Cushman (2005) reported that disturbance-tolerant
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species dominated urbanized areas. In effect, the relative
abundance of tolerant species was higher than 70% in all
three clusters (cluster I: 80.2%, cluster II: 70.4%, cluster
III: 90.0%), whereas the relative frequency of sensitive
species recorded the lowest of less than 5% (cluster I:
1.1%, cluster II: 2.1%, cluster III: 0.0%) (Fig. 7A). As for
the trophic guild, all three clusters showed high ratios

PNIE 2022;3(2):84-96

Fish Communities Around Island in Korea
Herbivores
Insectivores
Carnivores
Omnivores

Sensitive species
Intermediate species
Tolerant species

B

100

75

Trophic guilds (%)

Tolerance guilds (%)

A

50

25

0

100

75

50

25

0
I

II

III

I

II

Clusters

III

Clusters

Fig. 7. Difference in (A) tolerance and (B) trophic guilds for 3 different clusters by the Self-Organizing Map.
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Fig. 8. Relative abundance of 29 species in a different cluster by the Self-Organizing Map (SOM). Values were obtained
from weight vectors of the trained SOM (boxplot: - median, 25-75% percentiles, non-outlier range). The filled boxes show
the indicative species in each cluster from IndVal method.
for Omnivores (cluster I: 51.5%, cluster II: 50.5%, cluster
III: 68.2%), and insectivores (cluster I: 35.1%, cluster II:
42.6%, cluster III: 18.2%) (Fig. 7B).
Based on IndVal of the SOM clusters, 16 species were
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selected as indicator species (P <0.05) (Fig. 8). Cluster
I had 15 out of a total of 16 indicator species, with a
high abundance of all fish species. The indicator species analysis is determined by the complex application
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of populations and frequencies (Roberts, 2016), and the
observation of a large number of indicator species in
one group may mean its different cluster structures from
other clusters. Cluster III showed relatively higher abundance in three species such as O. latipes , Mugil cephalus ,
and Channa argus , compared to other clusters, and particularly, O. latipes was found as an indicator species (Fig.
8). Meanwhile, there were no indicator species in cluster
II, but relatively high abundance in Misgurnus anguillicaudatus , Tridentiger brevispinis , Gymnogobius urotaenia ,
Acanthogobius flavimanus , and Takifugu niphobles (Fig.
8). Meanwhile, Family Cyprinidae had the most dominant
species with 32.8% (19 species) out of a total of 58 species, and in particular, seven (43.8%) out of 16 indicator
species was found to be Family Cyprinidae. Previous studies (Chae et al ., 2015; Han & An, 2013; Han et al ., 2016)
reported similar results; the dominance of Family Cyprinidae was commonly found in the Korean streams flowing
into the West and South Seas.
Prediction of fish diversity
This study predicted species richness and Shannon diversity in line with differences in environmental variables,
by using a random forest model, and evaluated the relative importance of environmental factors (Fig. 9). Predictive powers of species richness and Shannon diversity,
through the model, were 0.98 and 0.95 coefficients of
determination (R2), respectively.
Fish communities are generally affected by changes
in various environmental factors such as physical habitats and land use types (Hughes et al ., 2006; Roth et al .,
1996). In particular, changes in the physical habitats of
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Fig. 9. Relative importance of
environmental variables for
predicting (A) species richness
and (B) Shannon diversity using
random forest model.

streams caused by fluctuations in stream flows, affect the
composition and stability of fish communities (Grossman
et al ., 1998; Jackson et al ., 2001). In fact, according to
the results of this study, which predicted species richness
using various environmental variables, it was found that
physical variables of streams, such as maximum water
depth (100) and minimum stream width (98.9), showed
relatively high importance (Fig. 8A). In terms of Shannon
diversity predictions, the relative importance was high
in the order of forest area (100), maximum water depth
(77.1), and gravel (69.4) (Fig. 8B). The physical environment of streams (e.g., anthropogenic influence, land
cover) has been reported in many previous studies as having a major influence on the composition of fish communities (Han et al ., 2016; Rowe et al ., 2009; Wang et al .,
2003). For instance, Cheng et al . (2012), which predicted
fish abundance in the Yangtze River, also pointed out the
physical variables of streams as important factors. Furthermore, He et al . (2010) indicated that land use types
and stream characteristic variables were major factors affecting the distribution pattern of fish communities.
In conclusion, this study analyzed the relationship between fish communities inhabiting major islands in South
Korea and environmental variables of the habitat. As a
result, the physical variables (i.e., water width and water
depth) of streams on the islands brought differences between SOM groups reflecting the characteristics of the
fish community. These factors served as crucial factors in
predicting fish species richness. Although there was no
statistical significance between the SOM groups, the forest area, stream width, and gravel ratio were found to be
important factors in predicting Shannon diversity. There-
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fore, this study suggests that its outcomes can be used as
basic data for establishing a stream ecosystem management strategy in terms of conservation and protection of
biological resources in streams of islands isolated from
the outside. In addition, in future studies, it is necessary
to analyze the relationship with other organisms (e.g.,
macroinvertebrates, algae) in the island area along with
additional investigation on water quality.
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Appendix. Description of environmental variables in 38 islands
Physical variable
Island
Site (Korean) Area Stream Water Water
width width depth
(km2) (m)
(m)
(m)

Substrate composition (%)

Land use type (%)

Agri- Forest Grass Bare
Boulder Cobble Pebble Gravel Sand Urban culture
land land

IL01 가덕도

21.4

8-27

3-10

0.2-1

33.3

34.4

12.2

IL02 가사도

5.6

1-5

1-3

0.5-1

0.0

0.0

0.0

IL03 개도

9.5

15-20

5-7

0.5-1.5

10.0

10.0

20.0

20.0

40

IL04 거금도

64.8

0-20

0-15

IL05 고금도

45.6

2-30

0.5-25

IL06 교동도

47.1

3

IL07 금당도

13

5-7

1-5

0.1-0.5

IL08 금오도

27.5

1-30

0.5-15

0.3-1.5

1-5

0.3-4

0.1-0.6

IL09 내나로도 20.6

3

0

17.8

2.2

0.0 100

0.0

39.2

0.0

58.0

2.8

10.1

58.6

7.6

16.2

7.5

6.6

59.5

0.0

34.0

0.0

16.1

24.3

27.4

17.4

14.8

20.8

57.1

0.5

18.7

2.9

0.1-1.5

8.8

9.5

14.6

22.7

44.5

23.6

36.4

0.0

3.2

36.8

0.1-2

0.0

0.0

0.5

1.8

97.7

20.6

64.2

0.0

7.6

7.5

20.0

2.9

10.0

21.4

45.7

22.2

38.3

16.5

22.2

0.8

16.9

26.2

19.2

23.8

13.8

40.6

26.4

12.8

0.0

20.3

14.7

15.3

16.3

20.5

33.2

9.0

91.0

0.0

0.0

0.0

IL10 노화도

25.3

3-10

0.5-5

0.0

17.4

5.8

30.1

46.7

3.4

19.0

6.2

69.3

2.1

IL11 대청도

12.6

10-18

0.5-13

0.05-1.2

0.0

0.0

0.0

1.3

98.7

32.1

37.8

26.7

0.2

3.1

IL12 덕적도

20.8

2-12

0.2-8

0.1-0.3

8.3

13.3

23.3

16.7

38.3

6.4

64.1

0.0

28.7

0.8

IL13 도초도

43.4

10-50

2-25

0.5-1.5

0.0

0.0

0.0

0.0 100

8.8

90.8

0.0

0.4

0.0

IL14 매화도

6.5

0-25

0-20

0-2

0.0

0.0

0.0

0.0 100

8.3

85.5

0.0

6.1

0.1

IL15 백령도

51.1

10-20

0.5-16

0.05-2.5

0.0

0.0

0.0

0.0 100

21.3

40.7

0.0

24.0

14.0

IL16 비금도

46.2

10-30

5-18

0.3-1.5

0.0

0.0

0.0

0.0 100

3.2

78.9

0.0

15.0

2.9

IL17 사옥도

14

15-30

5-25

0.3-1.2

0.0

0.0

0.0

0.0 100

14.4

83.7

0.0

1.9

0.0

0.3-0.5

0.0

2.5

5.0

24.7

10.5

33.3

24.7

6.7

0.1-1.9

0.0

0.0

0.0

0.0 100

2.4

97.6

0.0

0.0

0.0

0.0

0.0

0.0

0.7

99.3

5.5

86.0

0.0

7.9

0.6

86.6

4.9

24.6

57.5

11.8

1.2

57

42.1

48.5

0.0

7.6

1.8

0.0 100

16.8

45.9

0.0

37.3

0.0

0.0

92.6

0.0

5.3

2.2

0.2

IL18 삽시도

3.5

4-15

3-12

IL19 석모도

42.3

3-20

1.5-18

7.1

4-20

1-20

IL21 신의도

31.7

0-45

0-20

0-1.5

0.0

2.9

1.9

8.6

IL22 신지도

30.8

2-30

1-15

0.2-0.8

1.2

7.6

12.7

21.5

IL23 안마도

4.3

2.5-6.5

1.5-5.5

0.2-0.8

0.0

0.0

0.0

IL24 안좌도

48.9

0

0-2

0.0

7.0

18.5

IL25 암태도

37.3

17-35

14-30

0.8-2.5

0.0

0.0

0.0

18.4

75.7

0.5

2.2

3.3

IL26 압해도

49.2

0-50

0-30

0-2

9.1

2.0

10.5

22.9

55.4

8.0

10.9

57.8

19.0

4.3

IL27 영흥도

23.2

5-30

1-15

0.2-1.5

3.8

11.9

21.2

27.7

35.4

29.1

32.9

9.0

16.8

12.3

IL20 신도

IL28 원산도

0

0.05-2

10.0

11.0

82.5

63.5

0.0 100

8.1

1-30

0.1-30

0.2-0.5

3.3

6.7

3.3

10.0

76.7

17.0

17.3

20.6

44.1

0.9

IL29 위도

11.7

0-5

0-3

0-0.3

10.0

30.9

16.4

10.9

31.8

4.1

24.7

18.8

48.0

4.4

IL30 임자도

40

0-10.5

0-8.5

0-1.5

-

-

-

-

-

9.2

87.7

0.0

0.0

3.2

IL31 자라도

4.7

10-15

5-10

0.3-1

0.0

0.0

0.0

0.0 100

17.7

15.7

0.0

26.2

40.4

IL32 자은도

52.2

0-24

0-19

0-2

0.0

0.0

6.9

9.7

83.4

19.2

33.1

11.5

31.2

4.9

IL33 장산도

26.3

0-25

0-20

0-2

0.0

0.0

0.0

0.0 100.0

20.9

26.1

14.8

33.6

4.8

IL34 조약도

28.7

4-25

2-20

0.2-1

3.3

6.7

16.7

23.3

50.0

9.6

76.9

3.2

9.2

1.0

IL35 증도

26.6

10-28

3-25

0.3-2

0.0

0.0

0.0

9.9

90.1

5.0

79.8

3.5

11.8

0.0

IL36 창선도

54.2

1.5-30

0.5-10

0.1-0.6

18.7

17.7

22.3

28.0

13.3

27.4

44.8

0.0

21.5

6.4

IL37 팔금도

17.3

11-26

9-20

0.2-1.5

0.0

0.0

11.9

11.9

76.3

9.2

86.7

0.0

4.1

0.0

IL38 평일도

20.4

3-10

1-7

0.2-1.5

23.3

0.0

13.3

23.3

40.0

8.6

7.2

0.0

44.2

40.0
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ABSTRACT
In this study, 4,136 pictures posted on a social media platform were analyzed to discover wetlands that are worth
visiting to experience our cultural values. Pictures from 300 of the 2,499 listed wetlands have been posted in South
Korea. Proximity of a wetland was the most important criterion, regardless of the type of wetlands that were visited.
People visited wetlands at the time and season when they were good for recreational activities. Most of the subjects
in the pictures were the visitors and natural scenery of a wetland. There was no correlation observed between the
wetland conditions and the number of pictures taken by the visitors. Sightseeing and leisure activities are a significant
part of various ecosystem services offered by wetlands, but most of the visitors seem to be unaware that the place
they have visited is a wetland. Therefore, wetland awareness programs are needed, even for wetlands close to the
residential areas that many people have already visited in this study.
Keywords: Image contents, Public awareness, Wetland awareness program, Wetland visitation

Introduction
Wetlands are an important component of landscape
with high productivity and biodiversity, which is due to
their heterogeneous terrestrial matrix. The main reason
behind the loss of wetlands is human activity, but recently, people have started to become aware of the importance of wetlands (Wang et al ., 2008). Particularly, the
recreational activities in wetlands provide an opportunity
for people to experience the importance and value of
wetlands. Although some famous wetlands are known
only as tourist destinations, more people visiting wetlands
is part of an effort to perceive the value of wetlands (PuReceived October 20, 2021; Revised December 10, 2021;
Accepted December 11, 2021
*Corresponding author: Yuno Do
e-mail doy@kongju.ac.kr
https://orcid.org/0000-0001-7910-9751

eyo-Ros et al ., 2019). For this reason, inclination towards
the cultural services has recently enhanced among various
ecosystem services of wetlands (Xu et al ., 2020).
Cultural services include non-material benefits, such as
recreation, esthetic enjoyment, physical and mental health
benefits, and spiritual experiences. Cultural services are
co-produced and co-created outcomes of people’s interactions with the ecosystems (Chan et al ., 2011). Therefore,
emphasizing on cultural services in wetlands may assist in
obtaining voluntary consent from people for wetland conservation. Encouraging as many people to visit wetlands
as possible and experience the cultural values of wetlands
in person is an important aspect for understanding the
importance of wetlands, but it is practically impossible
(Daniel et al ., 2012). Nevertheless, it is still necessary to
quantitatively analyze the cultural value of wetlands and
provide appropriate information to the stakeholders (Small
et al ., 2017).
An evident method to analyze the cultural value of
wetlands is through examining the wetland images. This
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analysis is particularly useful for determining the esthetic
and recreational values among the cultural values of wetlands (Do & Kim, 2020; Lee et al ., 2020). The preference
of visitors was assessed through surveying the pictures of
certain locations and landscapes within wetlands (Dobbie, 2013; Zhu et al ., 2021). Recently, the esthetic and
recreational values of wetlands have been analyzed using
pictures shared on several social media platforms (Ghermandi, 2018; Oteros-Rozas et al ., 2018). The metadata of
pictures shared on social media, such as a geotag describing the latitude and longitude, and timestamps describing the date and time, are generally considered a suitable
proxy for estimating the visitation intensity of different
locations and times (Kaiser et al ., 2021; Sinclair et al .,
2020). For this analysis, we assumed that the site where
many pictures were taken is an attractive location for the
visitors, and the season or time when many pictures are
taken is suitable for the visitors to conduct recreational
activities (Barros et al ., 2019; Yoshimura & Hiura, 2017).
Furthermore, the image content, that is, the characteristics visible in the pictures, is essential for analyzing the
specific activities and attractive landscape components
and facilities within the analyzed wetlands (Do & Kim,
2020). Technically, it is possible to automatically analyze
the picture contents of large-scale images using the artificial intelligence tools (Lee et al ., 2019).
In this study, pictures posted on various social media
platforms were analyzed to discover wetlands that can be
visited to experience our cultural values, especially the esthetic and recreational values of wetlands in South Korea.
We analyzed the metadata such as geotags, timestamps,
and picture contents of the large-scale pictures taken in
all wetlands surveyed in South Korea. In this study, we
aimed to (1) select wetlands preferred by people, and (2)
analyses the characteristics of wetlands that are frequently
visited by many people.

Materials and Methods
Wetland distribution analysis
We used the national inventory of inland wetlands
prepared by the Ministry of Environment of Korea, the
National Institute of Environmental Research, and the
National Institute of Ecology. The wetland inventory covers 2,499 inland wetlands, including brackish wetlands at
the national boundary of South Korea. We extracted the
data on wetland types, polygon data of wetland delineation, geographical coordinates, and wetland conditions
(e.g., ranking of each wetland) from the wetland database for our analysis. Rank “I” represents the wetlands in
a well-conserved condition, which exhibited the highest
score for more than half of the evaluation criteria. Rank
“II” includes wetlands, which fulfilled the requirement for
an “I” ranking wetland, but exhibited temporal degrada-
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tion. Rank “III” includes wetlands that require moderate
enhancement for recovery to a healthy condition. Rank
“IV” includes severely modified wetlands, and thus, active
restoration practices are required for recovery to their previous status. Detailed methods used for the assessment of
wetland conditions have been described previously by Im
et al . (2020). Wetland types were divided as follows: human-made, lake mountain, and riverine wetlands, based
on their topography (Table 1). The wetland datasets are
available at the EcoBank portal of the National Institute
of Ecology of South Korea (http://www.nie-ecobank.kr/
opn/file/list.do?svcId=103). We estimated the wetland size
and central point using the wetland delineation polygon
data. The boundary of wetlands was set based on the distribution of water and vegetation, which is considerably
different from the range of visitors' activities. Therefore,
a 100 m buffer of wetland boundaries was defined as the
range to allow visitors for taking pictures and engaging
in recreational activities. Wetland distribution analysis and
visualization were performed using the QGIS 3.10.8 program.
Picture retrieval and image content analysis
Flickr images were downloaded using the Flickr geotagged photo metadata downloader plugin compatible
for QGIS program. Pictures taken from 2007-2019 were
selected and geographically cropped to the boundary of
South Korea. Among the selected pictures, duplicates and
those that could not be analyzed due to resolution issues
(lower than 80 pixels) were excluded from the analysis.

Table 1. Wetland types of South Korea
Wetland sub-types

Wetland types

Estuarine/deltas/salt marsh

Riverine

Rivers/streams/creeks
Floodplain
Lagoon

Lake

Reclaimed lake
Freshwater lake
Oxbow/dune slack
Bog

Mountain

Fen
Marsh
Shrub dominant swamp /abandoned paddy
field in high elevation area
Artificial dam/reservoir

Human-made

Rice paddy
Irrigation channel/fishing pond
Retention pond/urban parks
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We used Amazon Rekognition to identify the subjects
and scenes in the pictures. Amazon Rekognition is a deep
learning image analysis service that can help detect the
subjects, people, text, scenes, and activities. The subjects
and scenes in the pictures were assigned a confidence
score from 0 to 100, which indicated the probability that
a given prediction is correct. We selected the subjects and
scenes with the highest confidence scores. The analysis
was performed using the Facepaws package in the R software.
Statistical analysis
The correlation between the wetland size and number
of pictures taken in each wetland was confirmed using
the Pearson correlation analysis. Differences in the number of pictures depending on the wetland type and grade
conditions were assessed using one-way ANOVA with
Tukey’s post-hoc tests. Statistical tests were performed
using the GraphPad Prism software (version 8.00; GraphPad Software, San Diego, CA, USA).

Results
Preference of visitation in wetlands
Of the 2,499 wetlands included in the national wetland
inventory of South Korea, 4,136 pictures were posted
from 300 wetlands (12% of the total number of wetlands,
Fig. 1A). An average of 13.7 pictures per wetland was
posted (Fig. 1B).
A monthly analysis of the pictures taken at wetlands
revealed that April and May are the most popular months

A

to visit wetlands. People frequently visited wetlands in
October and November (Fig. 2A). Also, people visited wetlands early in the morning, but the time when the pictures were taken was between 1 p.m. to 5 p.m. (Fig. 2B).
Many pictures were uploaded at 24 p.m., which seems to
be different from the actual time when the picture was
taken. The pictures were mostly taken during the day, but
the metadata recorded them as taken at midnight.
Preferred wetland size, type, and condition and their
contents
A total of 308 subjects were identified in the pictures,
with a confidence score of over 80%. Regardless of the
wetland types and conditions, the visitors captured the
natural scenery, people, water, and wetland plants (Fig. 3)
in their pictures. There were no differences in the subjects
depending on the wetland types and conditions.
Wetland with the highest number of pictures (452) is
Ilsan Lake Park Wetland located in the capital area of
South Korea. Wetlands where many pictures were taken
include the Nakdong River Estuary (247 photos), Jangahm Wetland (Sangju, 189 photos), Cheongcho Lake
(164 photos), and Yeouido Saetgang Eco Park Wetland
(158 photos, Fig. 4A). The wetland size was found to be
significantly correlated with the number of pictures taken
at wetlands (Fig. 4B). More number of pictures were
taken at large-sized wetlands than at small-sized wetlands (r=0.4, P <0.05). Among wetland types, the highest
number of pictures were taken at riverine wetlands, but
the average number of pictures per wetland type was not
significantly different among different types of wetlands.

B

Number of photos
>10
10 50
50 100
100 200
Wetlands without photos (88%)
Wetlands with photos (12%)
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200 453

Fig. 1. The distribution of wetlands (A) and the number of
photos taken in wetlands (B).
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Fig. 2. Preferred month (A) and time (B) for taking photos in wetlands.
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I

Water
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Plant
Building
Architecture
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Path
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Outdoors
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Clothing
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Soil
Animal
Flock
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Waterfowl
Potted plant
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Leaf
Harbor
Bridge
Hedgehog
Furniture
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Sea
Wilderness
Boat
Statue
Bush
Slope
Binoculars
Brick
Condo
Finch
Horizon
Jay
Kitten

Lake
Mountain

III
IV

Many pictures were taken at the Grade II wetlands, but
there was no difference in the number of pictures based
on the wetland conditions (Fig. 4C, D).

Discussion
The metadata of the pictures posted on the social
media revealed the public preference for visiting the
wetlands. Pictures were taken in 12% of the wetlands,
but the wetlands where the pictures were taken were distributed evenly across the country. Considering that most
wetlands in the wetland inventory are very small in size
and located in areas that are difficult to find and nonaccessible, people have still managed to visit a considerable number of wetlands. Many people visited wetlands
close to their residential areas, although they may also be
interested in visiting the wetlands with excellent scenery
and high biodiversity, such as wetland reserves (Do et al .,
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Tree
Outdoors
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Architecture
Soil
Vegetation
Animal
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Electronics
Face
Finch
Gazebo
Goose
High rise

Fig. 3. Subjects of photos according to wetland types (A)
and conditions (B). I-IV, wetland
condition rankings.

2015a). Proximity to the park and wetland was found to
be the most important aspect, regardless of the type of
parkland they were visiting (Wilkins et al ., 2019). Residents of the local area are likely to revisit if they have
visited the wetlands in the past (Park et al ., 2017). Particularly, many people have visited artificial wetlands made
from parks. Visitors could not recognize that the park
they visited was a type of wetland, but they likely enjoyed
a space mixed with water and land. Wetland parks have
also been recognized as better places to take care of and
enjoy the nature.
The geotag and timestamp of metadata provide information on the time and location of the wetlands
preferred by people to visit (Ghermandi, 2018). Previous
research has shown that the visitors of wetland reserves
a high percentage of visits during certain period of times
to appreciate and experience the unique scenery of the
wetland (Do & Kim, 2020). However, when analyzing
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Fig. 4. Rank of wetlands with the most photos (A), number of photos according to wetland area (B), the difference number
of photos among wetland types (C), and condition (D). IQR, interquartile range; I-IV, wetland condition rankings.
the visiting time of wetlands across the country, people
visited wetlands at a time and season when they were
good for recreational activities, because the time and
destination of the visit to the wetlands depends on the
purpose of the visit (Do et al ., 2015b). If people visit the
wetlands to relax rather than to observe the animals or
plants, they visit the places that are easily accessible at all
times and seasons. This is also relevant to the purpose of
the aforementioned wetland visits. This is also supported
by the analysis of the subjects in the pictures taken by
people while visiting the wetlands. Most of the subjects
in the pictures were passengers and natural scenery of
the wetland. There was no correlation found between the
wetland conditions and number of pictures taken by the
visitors. The proximity and convenience of reaching the
wetlands are important because people usually visit wetlands for recreational activities (Sonti et al ., 2020). The
conditions of wetlands may not affect the choice of wetlands to visit unless the hygienic condition is poor or the
visit is not too dangerous.
In this study, we confirmed that many people are inter-
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ested in visiting wetlands. However, visitors are assumed
to visit wetlands for simple reasons, such as sightseeing
and leisure activities. Certainly, sightseeing and leisure
activities are an important part of the various ecosystem
services offered at wetlands (Zhou et al ., 2020). Particularly, wetlands near the residential areas possess high cultural ecosystem service values. Wetland areas contribute
to the quality of life and well-being of the local population (Pedersen et al ., 2019). Nevertheless, some management methods may provide better services to the visitors
of wetlands. Managers should provide appropriate information to the visitors that the place they are visiting is a
wetland. Wetlands with frequent visitors should have a
wetland visitor guide program. Wetlands near the residential areas and frequently visited by many people can help
promote the awareness regarding wetlands.

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

101

Woong-Bae Park et al.

References
Barros, C., Moya-Gómez, B., and García-Palomares, J.C. (2019).
Identifying temporal patterns of visitors to national parks
through geotagged photographs. Sustainability , 11, 6983.
Chan, K.M., Goldstein, J., Satterfield, T., Hannahs, N., Kikiloi, K.,
Naidoo, R., et al . (2011). Cultural services and non-use values.
In P. Kareiva, H. Tallis, T.H. Ricketts, G.C. Daily, and S., Polasky (Eds.), Natural capital : theory and practice of mapping
ecosystem services (pp. 206-228). Oxford: Oxford University
Press.
Daniel, T.C., Muhar, A., Arnberger, A., Aznar, O., Boyd, J.W.,
Chan, K.M., et al . (2012). Contributions of cultural services to
the ecosystem services agenda. Proceedings of the National
Academy of Sciences of the United States of America , 109,
8812-8819.
Do, Y., and Kim, J.Y. (2020). An assessment of the aesthetic
value of protected wetlands based on a photo content and
its metadata. Ecological Engineering , 150, 105816.
Do, Y., Kim, J.Y., Lineman, M., Kim, D.K., and Joo, G.J. (2015a).
Using Internet search behavior to assess public awareness of
protected wetlands. Conservation Biology , 29, 271-279.
Do, Y., Kim, S.B., Kim, J.Y., and Joo, G.J. (2015b). Wetlandbased tourism in South Korea: who, when, and why. Wetlands Ecology and Management , 23, 779-787.
Dobbie, M.F. (2013). Public aesthetic preferences to inform sustainable wetland management in Victoria, Australia. Landscape and Urban Planning , 120, 178-189.
Ghermandi, A. (2018). Integrating social media analysis and
revealed preference methods to value the recreation services
of ecologically engineered wetlands. Ecosystem Services , 31,
351-357.
Im, R.Y., Kim, T., Baek, C.Y., Lee, C.S., Kim, S.H., Lee, J.H., et al .
(2020). The influence of surrounding land cover on wetland
habitat conditions: a case study of inland wetlands in South
Korea. PeerJ , 8, e9101.
Kaiser, N.N., Ghermandi, A., Feld, C.K., Hershkovitz, Y., Palt, M.,
and Stoll, S. (2021). Societal benefits of river restoration implications from social media analysis. Ecosystem Services ,
50, 101317.
Lee, H., Seo, B., Koellner, T., and Lautenbach, S. (2019). Mapping cultural ecosystem services 2.0 - potential and shortcomings from unlabeled crowd sourced images. Ecological
Indicators , 96, 505-515.
Lee, J.H., Park, H.J., Kim, I., and Kwon, H.S. (2020). Analysis of
cultural ecosystem services using text mining of residents’
opinions. Ecological Indicators , 115, 106368.
Oteros-Rozas, E., Martín-López, B., Fagerholm, N., Bieling, C.,
and Plieninger, T. (2018). Using social media photos to ex-

102

plore the relation between cultural ecosystem services and
landscape features across five European sites. Ecological Indicators , 94, 74-86.
Park, E., Lee, S., and Peters, D.J. (2017). Iowa wetlands outdoor
recreation visitors’ decision-making process: an extended
model of goal-directed behavior. Journal of Outdoor Recreation and Tourism , 17, 64-76.
Pedersen, E., Weisner, S., and Johansson, M. (2019). Wetland areas' direct contributions to residents' well-being entitle them
to high cultural ecosystem values. The Science of the Total
Environment , 646, 1315-1326.
Pueyo-Ros, J., Ribas, A., and Fraguell, R.M. (2019). A cultural
approach to wetlands restoration to assess its public acceptance. Restoration Ecology , 27, 626-637.
Sinclair, M., Mayer, M., Woltering, M., and Ghermandi, A. (2020).
Using social media to estimate visitor provenance and patterns of recreation in Germany's national parks. Journal of
Environmental Management , 263, 110418.
Small, N., Munday, M., and Durance, I. (2017). The challenge
of valuing ecosystem services that have no material benefits.
Global Environmental Change , 44, 57-67.
Sonti, N.F., Campbell, L.K., Svendsen, E.S., Johnson, M.L., and
Novem Auyeung, D.S. (2020). Fear and fascination: use and
perceptions of New York City’s forests, wetlands, and landscaped park areas. Urban Forestry and Urban Greening , 49,
126601.
Wang, Y., Yao, Y., and Ju, M. (2008). Wise use of wetlands: current state of protection and utilization of Chinese wetlands
and recommendations for improvement. Environmental Management , 41, 793-808.
Wilkins, E.J., Sinclair, W., Miller, H.M., and Schuster, R.M. (2019).
Does proximity to wetlands matter? A landscape-level analysis of the influence of local wetlands on the public’s concern
for ecosystem services and conservation involvement. Wetlands , 39, 1271-1280.
Xu, X., Chen, M., Yang, G., Jiang, B., and Zhang, J. (2020).
Wetland ecosystem services research: a critical review. Global
Ecology and Conservation , 22, e01027.
Yoshimura, N., and Hiura, T. (2017). Demand and supply of cultural ecosystem services: use of geotagged photos to map
the aesthetic value of landscapes in Hokkaido. Ecosystem
Services , 24, 68-78.
Zhou, L., Guan, D., Huang, X., Yuan, X., and Zhang, M. (2020).
Evaluation of the cultural ecosystem services of wetland park.
Ecological Indicators , 114, 106286.
Zhu, L., Davis, L.S., and Carr, A. (2021). Visualising natural attractions within national parks: preferences of tourists for
photographs with different visual characteristics. PloS One ,
16, e0252661.

PNIE 2022;3(2):97-102

Original Article
PNIE 2022;3(2):103-114
https://doi.org/10.22920/PNIE.2022.3.2.103
pISSN 2765-2203, eISSN 2765-2211
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ABSTRACT
Zoological Parks house exclusive animal species, thus creating a source of education and awareness for visitors. Big
cats like tigers and leopards are among the most visited species in zoos globally. However, they often display stressful
or stereotypic behaviours. Such behaviours are influenced by multiple factors including visitors, animal history, and
captive environment. To understand this impact, we investigated the behavioural response of tigers and leopards to
visitation, captive, and biological factors. The behaviour of eight big cats housed in the National Zoological Park,
New Delhi, was monitored using focal sampling technique during May and June 2019. We recorded the captive and
biological factors and visitor density for the subjects. The study revealed high proportions of inactive and stereotypic
behaviours amongst the species. Tigers and leopards were found to perform stereotypic behaviours for 22% and
28% of their time, respectively. Generalised Linear Models revealed a significant variation of stereotypy in association
with the factors. Stereotypy was influenced by visitor density, age, sex, breeding history, coat colour, and enclosure
design. Adults, males, white-coated, previously bred, and those housed in smaller and simple enclosures display
more stereotypy than young, females, normal-coated, unbred, and those housed in larger and complex enclosures,
respectively. A high density of visitors induced more stereotypic behaviours amongst the big cats. As providing
entertainment and awareness amongst the public is one of the fundamental objectives of the zoo, visitors can not be
avoided. Thus, we suggest providing appropriate enrichments that would reduce stereotypies and promote naturalistic
behaviours.
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Introduction
Zoos are a means to carry out conservation of wildlife
and provide education and awareness amongst the public. They, hence, need to ensure the physical and mental
well-being of captive animal populations that support the
existing population in the wild. Provision of an optimal
animal welfare at a captive facility fosters comfortability,
safety, ability to express innate and natural behaviours,
and prevents distress. However, any external environmental stressor may lead to an alteration in the way an
animal copes with its surroundings (Morgan & Tromborg,
2007). Reduced life expectancy, diminished growth, impaired reproduction, diseases, behaviour anomalies, and
body damage may result when one is unable to endure
the sub-optimal welfare (Broom, 1991).
Captive conditions are vastly different from the wild environments in terms of spatial confinement, restrictions,
simplicity, control, and predictability (Morgan & Tromborg, 2007). Zoo-housed animals are thus compelled to
mechanisms to cope up with such monotonous surroundings (Mason, 1991). Stress and frustration in captivity is
suggested by the variety of stereotypic behaviours induced
amongst animals. They often perform repetitive, abnormal
behaviours such as pacing, coprophagy, overgrooming,
and head-weaving (Lyons et al ., 1997). Stereotypies may
arise from a primary behaviour pattern that caged species
have eventually become motivated to perform (Holzapfel,
1939; Mason et al ., 2007). Such behaviours are a strategy
to pass time and substitute free-ranging behaviour as
they have no apparent function or goal (Carlstead, 1998;
Hediger, 2013; Odberg, 1978). They generally indicate
the suboptimal level of an animal’s psychological welfare
(Boorer, 1972; Mason, 1991).
Humans tend to leave an impact on their surrounding environment. Visitors at the zoological parks form
relationships with captive animals and are recorded to
often induce alterations in their behaviour repertoire (Cole
& Fraser, 2018; Davey, 2007; Hosey, 2000). The “visitor effect” could be positive, neutral, or negative (Hosey,
2008; Hosey & Melfi, 2015). When human interactions
benefit the caged animal and increase the animal’s species-specific behaviour, they foster positive and healthy
relationships with animals (Baker, 2004; Claxton, 2011).
This results in a significant reduction in the time spent
performing stereotypies and inducing natural or wild-type
behaviours. There may also be certain conditions when
animals become habituated to visitors due to consistent
exposure and thereby exhibit no behavioural changes.
On the other hand, the visitor’s unfitting behaviours can
result in an adverse effect of visitation. Activities such as
shouting, teasing, throwing stones, hitting, and moving
in unpredictable ways can impel fear and stress response
in captive animals (Cole & Fraser, 2018; Mallapur, 2004;
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Venugopal & Sha, 1993). The mere presence of human
visitors yields a significant impact on the behaviour of
various mammalian species in zoos (Hosey, 2000). Different visitor attributes, such as presence, density, activity,
noise, and proximity, can influence captive individual’s
behaviour and physiology (Brouček, 2014; Davey, 2005;
2007). Prevalence of stereotypy may intensify on the days
of a large and noisy human audience (Dybowska et al .,
2008; Mallapur & Chellam, 2002; Vidal et al ., 2016).
The activity pattern of an animal is an expression in
response to the resources available in surroundings, and
hence in zoos, animals display distinct behaviours as
compared to those in the wild (Young, 2003). Behaviour
studies, in relation to the knowledge of species-specific
behaviours in the wild, help to assess the welfare of zoohoused animals (Keeling & Jensen, 2002). The behaviour
of animals reflects its first attempt to cope with suboptimal environmental conditions and hence acts as an
effective useful welfare indicator (Bashaw et al ., 2003;
Dawkins, 1998). Studying the extent to which visitation
and other captive factors influence captive species’ behaviour is a non-invasive measure. It is pivotal for suggesting
better management practices for upkeep and welfare.
National Zoological Park (NZP) is one of the prominent
Indian zoos. It entertains a large number of visitors each
year. From 2014-19, an average of 2.36 million people
paid a visit to the zoo each year (National Zoological Park, 2019). Big cats like tigers (Panthera tigris ) and
leopards (Panthera pardus ) are major attractions for the
most public. Visitors are more attentive and spend a long
time viewing the animal when they are active and display
species-specific behaviours (Altman, 1998; Bitgood et al .,
1988; Fernandez et al ., 2009; Margulis et al ., 2003).
Being a notable zoo, understanding of the welfare of
captive species at the NZP is of utmost importance. The
extent to which captivity and visitation have an impact
on the behaviour of some magnificent felid species has
not been studied in detail yet. Hence, the study was designed to understand the activity budget and prevalence
of stereotypic behaviours amongst captive tigers (Panthera
tigris ) and leopards (Panthera pardus ) housed at NZP, New
Delhi. Further, it aimed to identify the influence of biological, captive, and visitation factors on stereotypy. The
effect of enclosure size and design, enrichment, crowd
size, and ambient noise was studied on the stereotypic
behaviours performed by the captive subjects. Additionally, animal history factors like age, sex, colour coat, and
breeding history were also considered as factors impacting
stereotypy.

Materials and Methods
Ethics approval
The study involves no animal capture and handling and
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thus does not require any animal ethics committee permission. However, the necessary permission was obtained
from concerned authorities to conduct the study. The
subjects were monitored from a distant place without disturbing their natural behaviour.
Study area and subjects
NZP, New Delhi, received the status of being the model
zoo for the entire country (Agnihotri, 2012). The zoo
spreads over 188.62 acres of land with 72 enclosures and
houses 99 species with around 1,200 inmates. It boasts a
distinguished history of successful breeding of various animals including tiger (Panthera tigris ), brow-antlered deer
(Rucervus eldii ), Indian rhinoceros (Rhinoceros unicornis ),
and Asiatic lion (Panthera leo ) (Agnihotri, 2012).
We studied a total of eight individually-housed subjects, including four individuals each of tiger (Panthera
tigris ) and leopard (Panthera pardus ) (Table 1). Three of
the tigers were white and one a normal variant. All three
white tigers were housed in one enclosure with an arena
area of 1,445 m2. The studied normal tiger was housed
in an enclosure of about 858 m2 arena area. The leopards
were housed in two adjacent outdoor enclosures with
an arena area of about 158 m2 and 136 m2. The animals
were moved to indoor enclosures during off-exhibit hours,
i.e., in evening and on off days. No visitors are allowed to
view animals in the indoor enclosures. The animals were
fed with buffalo meat once a day in their retiring night
cells, except Fridays. Individuals on exhibit were fed during the evening hours, while the rest were served in the
afternoon. The on-exhibit areas for tigers were furnished
with logs, trees, vegetation, pool, and water supply. While
for leopards, the enclosures were provided with logs and
barks to climb, vegetation, and water. None of the eight
subjects have been provided with meticulous enrichment
programs in the past, besides the basic elements set in

the enclosures. The off-exhibit or indoor enclosures were
simple in nature, with no enrichment. A pair of male and
female leopards was let out into adjacent on-exhibit enclosures together. Subjects studied were let out in the onexhibit enclosure from 09:30 to 16:30 hours. Since no
animals were released in the outdoor enclosure on Friday,
the subjects were studied for six days a week.
Activity budgeting
The study was conducted for 208 hours, during the
summer months of 4 May and 17 June in 2019. A pilot
study of three days (23 April 2019-25 April 2019) helped
to enlist all the behaviours performed by the two species. The average temperature during the study period
was noted to be approximately 37°C. Each individual was
observed for 6 hours per day, for 4 consecutive days. Observations began from 9:00, when the zoo was opened
and the cats were let into the on-exhibit enclosures. They
lasted till 16:30, when the zoo closed and the animals
were transferred to indoor enclosures. The period was
divided into four observation session blocks: 9:00-10:30,
11:00-12:30, 13:00-14:30, and 15:00-16:30. Focal animal behavioural sampling at 1-minute intervals was used
to construct an ethogram of the big cats (Altmann, 1974).
The interval of 1-minute was set as behaviours of felids
altered swiftly, as observed during the pilot study (Biolatti
et al ., 2016). In case the behaviours were continued for
a longer duration, the same activity was marked in the
checklist. The observations were made from the visitor
area, which was at an approximate distance of three to
five metres from the enclosures. The activities performed
were classified into three categories - a) active, b) inactive, c) stereotypic, for comparison and analysis (Table
2). Active behaviours include activities such as climbing,
cooling, drinking, eating, excreting, grooming, licking,
olfaction, playing, rubbing, rolling over, running, scratch-

Table 1. Subjects studied and their history (ZIMS) at National Zoological Park
Individual

Coat colour

Sex

Age (years)*

Origin

Rearing history

Tiger (Panthera tigris )
T_M1

Mutation

Male

12

Captive (Delhi Zoo)

Parent

T_F1

Mutation

Female

12.4

Captive (Delhi Zoo)

Parent

T_M2

Normal

Male

6

Captive (Mysore Zoo)

Parent

T_F2

Mutation

Female

4.3

Captive (Delhi Zoo)

Unbred

L_M1

Normal

Male

6.8

Wild (Uttarakhand)

-

L_F1

Normal

Female

2.25

Wild (Jammu)

-

Leopard (Panthera pardus )

L_M2

Normal

Male

7.9

Wild (Chhattisgarh)

-

L_F2

Normal

Female

8.8

Wild (Chhattisgarh)

-

*As on 30.07.2019.
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Table 2. Percent time spent on various activities by individual tigers & leopards at National Zoological Park
Activity

Tigers
T_M1

T_F1

Leopards
L_M2

L_F2

LBi

0

0

0

0

0.06

0

0.06

0.65

RAi

0.45

0.65

2.6

2.47

0.26

1.04

0.26

3.06

24.6

T_M2

T_F2

L_M1

L_F1

SIi

16.4

21.8

31.18

39.45

50.97

39.97

47.58

SLi

21.1

4.16

26.04

24.15

2.41

16.86

5.53

2.08

STi

5.4

3.9

4.3

5.8

2.93

2.08

1.3

3.58

CLa

0

0

0.45

0.71

0.12

0

0.91

COa

8.3

13.28

10.8

3.78

0

0

0

0

DRa

2.15

3.06

0.19

1.45

0.85

0.45

0.58

0.97

EAa

1.17

8.6

0.05

6.18

2.08

4.1

1.5

2.21

EXa

0.26

0.26

0.13

0.19

0.19

0.19

0.19

0

GRa

0.32

0.32

3.7

2.14

1.3

1.23

0

0.71

LIa

0.59

0.59

0.13

1.82

0.19

0.52

1.17

0.32

OLa

0

0

0

0.05

0.06

0.13

0.85

0.13

PLa

0.13

0.13

0.26

0.05

0.26

0

0.26

1.1

RBa

1.17

1.17

0

0.78

0,.52

0.71

0.52

1.17

ROa

0

0

0

0

0.45

0.52

0.45

1.56

RUa

0

0

0

0

0.58

2.15

0

2.08

SCa

0.06

0.06

0.05

0

0

0.52

0.26

0.06

SMa

4.49

4.49

1

3.32

2.41

0

3.15

0.13

VOa

2.35

2.35

1.1

2.55

0.65

0.52

0.13

1.95

7

0

WLa

2.4

2.4

5.5

PAst

33.2

33.2

22.25

SPst

0

0

0

TSst

0.06

0.06

0.1

6.64

6.12

5.27

6.57

6.31

36.85

22.72

36.26

12.5

0

1.63

0

0

0

0.05

0.58

0.06

0

0.13

LB, lying on back; RA, resting awake; SI, sitting; SL, sleeping; ST, standing; CL, climbing; CO, cooling; DR, drinking; EA, eating;
EX, excreting; GR, grooming; LI, licking; OL, olfactory behaviour; PL, playing; RB, rubbing; RO, rolling over; RU, running;
SC, scratching; SM, scent marking; VO, vocalization; WL, walking; PA, pacing; SP, skip pacing; TS, tail/toe sucking; i, inactive
behaviour; a, active behaviour; st, stereotypy.

ing, scent marking, vocalisation, and walking (Appendix).
Activities such as lying on back, resting awake, sitting,
sleeping, and standing are classified under inactive behaviours. Stereotypic behaviours were performed in various forms, including pacing, skip-pacing, and tail or toe
sucking. The behaviour was considered pacing when the
animal covered three or more traverses of a definite path
(Forthman & Bakeman, 1992). The enclosures were divided into different zones – middle, edges, and visitor areas.
Zone utilized for each state of behaviour by animals was
also recorded.
Biological and captive factors
The history of all the studied individuals was obtained
from Zoo Aquarium Animal Management Software (ZIMS;
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Species360, Bloomington, MN, USA) which records a
studbook database. For tigers, biological aspects such as
age, sex, breeding history, and coat colour were recorded
(Table 1). While for leopards, age and sex were taken in
consideration. Age was classified as young/adult; sex as
male/female; breeding history as bred/unbred; and coat
colour as mutant/normal. Classification of the species
on the basis of done as per the age class referred the in
the Field Guide for Aging Tigers (Jhala & Sandhu, 2017).
Enclosure size and design was considered as the captive
factor for both species. Enclosures were categorised as
small and simple and large and complex, based on the
guidelines of Central Zoo Authority of India (Bonal et al .,
2014). Association of these variables was evaluated with
stereotypic levels of all tigers and leopards.

PNIE 2022;3(2):103-114

Does Visitation Dictate Captive Welfare
Visitation
Visitation and behaviour data were collected simultaneously. At the interval of 1 minute, the number of visitors
were counted and recorded. This was in accordance to
the pilot study, during which the average time spent by
a visitor at an enclosure was found to be approximately
1 minute. Visitor density (crowd size) was calculated by
counting the number of visitors standing at the visitor
area around the enclosures.
Statistical analysis
The frequency of each behavioural activity was calculated by converting it to the percentage of time devoted
to the respective behaviour. Time spent in performing
inactive, active, and stereotypic behaviours was also calculated and expressed as percentage. Frequency of behaviours in each of three categories were also quantified
according to the 4 sampling intervals spanning throughout the day. Stereotypic and non-stereotypic (inactive and
active) behaviours were represented as strings of 0’s and
1’s, where 1 denoted presence of stereotypy and 0 denoted absence of stereotypy. Activity budget and stereotypy
prevalence were recorded and analysed in Microsoft Excel
2019 (Microsoft, Redmond, WA, USA). The average visitor
density per minute and average ambient noise per minute
at the cage was calculated.
For further statistical analysis, IBM SPSS for Windows
(version 23; IBM Co., Armonk, NY, USA) was used. The
behavioural data presented a non-normal distribution
hence, the relationship with factors was investigated using Generalised Linear Model (GLM) with Binomial distribution and log link function (Zuur et al ., 2009). For the
model, behaviour was used as dependent variable, visitor
density as covariate, and others as factors. In all the tests,
P -value (α) was defined at the value of 0.05 to establish

statistical significance.

Results
Activity budgeting and prevalence of stereotypy
The activity budget of tigers (n=4) revealed that they
devoted a significant amount of time displaying inactivity (48.5±15%), of which, sitting was the most common
(23.8±7%) (Table 2). Animals utilized the middle area
and edges of enclosures for inactive behaviours. Tigers
devoted 31.3±8% of their time to active behaviours (Fig.
1). Cooling was the most performed behaviour (8.5±5%),
followed by walking (4.7±2%). The middle, enriched
zones of the enclosures were generally utilized for active behaviours. Tigers performed stereotypy for 20±13%
of their time. Pacing (19.9±13%) and tail or toe sucking
(0.1±0.1%), were the two forms of stereotypic behaviours. The pacing was predominantly performed toward
the edges of the enclosure. Active behaviours (42.8±17%)
were found to be much higher during the morning hours
(9:00-10:30) in comparison to other time intervals (Fig.
2). Inactive behaviours, on the contrary, were the highest
(60±10.6%) during afternoon hours (13:00-14:30). Tigers
performed the highest frequency of stereotypic behaviours
(27.4±16%) in morning hours (9:00-10:30), followed by
evening hours, 15:00-16:30, (24.9±19%).
Like tigers, leopard subjects also devoted a considerable amount of time to inactive behaviours (58±13%,
Fig. 1). Sitting was the most common inactive behaviour
(45.2±6%, Table 2). The middle and rear areas of the enclosure were generally utilized for inactivity. They display
active behaviours only for about 18.1±2% of their time
in on-exhibit enclosure. The highest amount of time was
devoted to walking (5.9±1%) of active behaviours (Table
2). Enriched zones of the enclosures were found to be

Inactive
Active
Stereotypic

Proportion of time spent (%)
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20
10
0
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Bunty F Bunty M
Leopards

Babli

Fig. 1. Proportion of time spent
by tigers and leopards in performing behaviours – inactive,
active, and stereotypic.
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11:00-12:30 13:00-14:30
Time
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Fig. 2. Proportion of time spent in performing inactive, active, and stereotypic behaviours during four time intervals
of the day by tigers.

Fig. 3. Proportion of time spent in performing inactive, active, and stereotypic behaviours during four time intervals
of the day by leopards.

utilized during the active periods. Leopards spent about
25.5±13% of their time in displaying stereotypy. Unlike
tigers, leopards display a more varied form of stereotypy,
including pacing (25±12%), skip-pacing (0.8%), and tail
or toe-sucking (0.3%) (Table 2). They paced toward the
edges and visitor zone of the enclosure. Leopards exhibited high active behaviours (25.6±3%) during the morning
hours (9:00-10:30) as compared to other time intervals
(Fig. 3). Inactive behaviours were much higher (63.8±17%)
during the afternoon hours (13:00-14:30). Stereotypic
behaviours were most common during the morning hours,
from 9:00-10:30 (33.5±19%), followed by the evening
interval, 15:00-16:30 (29.1±17%).

bred subjects (n=3) displayed more stereotypic behaviours
(27.8±5%) than unbred animals (6.7%). Coat color was
also found to influence tigers’ stereotypy (Wald χ2=30.86;
df=1; P <0.05) as normal coated tigers (27.1%) displayed
more stereotypy than white tigers (20.8±13.3%). Tigers
housed in different enclosures revealed a significant variation in stereotypic levels (Wald χ2=51.31; df=1; P <0.05).
Those housed in small and simple enclosures displayed
more stereotypy (27.1%) in comparison to those in large
and complex enclosures (20±13.3%). Leopards housed in
an enclosure with smaller area (n=2) performed slightly
higher levels of stereotypy (29.85±7%) as compared to
those in a larger enclosure (25.51±12.95%). However,
the relationship was not statistically significant (Wald
χ2=0.23; df=1; P >0.05) (Table 3).

Biological and captive factors
The effect of biological factors (age, sex, breeding
history, and coat color) and captive factor (enclosure
design and size) on prevalence of stereotypy was analysed. GLM with binomial distribution and log link function was employed to test the influence. In both species,
adults (tiger=27.85±5.45%; leopard=30.66±7.81%) performed much more stereotypy in comparison to young
(tiger=6.7%; leopard=12.56%) (Table 3). The relationship between age and stereotypy was found significant
for tigers (Wald χ2=30.14; df=1; P <0.05) and leopards
(Wald χ2=25.58; df=1; P <0.05). A significant effect of
sex was revealed for tigers (Wald χ2=12.97; df=1; P <0.05)
and leopards (Wald χ2=80.92; df=1; P <0.05). Males exhibited a high level of stereotypy (tigers=27.85±5.45%,
leopards=37.66±0.81%) as compared to females (tigers=16.9±10.2%, leopards=17.7±5%). Analysis of stereotypy with respect to breeding history revealed a significant difference (Wald χ2=39.51; df=1; P <0.05) in tigers as
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Visitation effect
The average density of the visitors was found higher
around tiger enclosures (31 humans/minute) compared to
leopards (13 humans/minute). Visitor density was found
to the highest during evening hours for tigers (44±8 humans/minute; 67±1 dB/minute) and leopards (17±6 humans/minute; 64±1 dB/minute).
GLM with binomial distribution and log link function was employed to test the effect of visitor density on
prevalence of stereotypy amongst both species. For visitor
density, it revealed a significant influence on stereotypic
behaviours in tigers (B 0.06±0.02; Wald χ2 24.32; df=1,
P <0.05) and leopards (B 0.02±0.003; Wald χ 2 27.90;
df=1; P <0.05). The results reveal that visitor density is a
sound predictor and stereotypic behaviours increase with
increase in visitor density (Wald χ2=24.32 for tigers; Wald
χ2=27.90 for leopards; df=1; P <0.05) (Table 4).
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Table 3. Generalised Linear Models to identify association of stereotypic behaviours displayed by captive tigers and leopards
with various variables
Species

Time spent on behaviour
(mean±SE)% (n=6,144)

Independent factors

Non-stereotype
Tiger

Age
Sex

Adult

72.15±5.45

27.85±5.45

Young

93.3

6.7

Male
Female

Breeding history

Bred
Unbred

Coat colour

Leopard

Stereotype

72.5±5.45

27.85±5.45

83.1±10.2

16.9±10.2

72.15±5.45

27.85±5.45

93.3

6.7

White

80±13.3

20±13.3

Normal

72.9

27.1

Enclosure

Large

80±13.3

20±13.3

Small

72.9

27.1

Age

Adult

69.34±7.81

30.66±7.81

Young

87.44

12.56
37.66±0.81

Sex
Enclosure

Male

62.34±0.81

Female

82.29±5.14

Large

74.48±12.95

25.51±12.95

Small

70.15±7

29.85±7

Statistical test result
Wald χ2

P -value

30.14

0.001

12.97

0.001

39.51

0.001

30.86

0.001

51.31

0.001

25.58

0.001

80.92

0.001

0.23

0.632

17.7±5

Significance defined at 0.05 P -value.

Table 4. Generalised Linear Model to understand influence of visitation on stereotypic behaviours of tigers and leopards
Statistical test result
df
Wald χ2

Independent
factor

Average per minute
(n=6,144)

Tiger

Density

31 humans/minute

0.06±0.02

24.32

1

0.001

Leopard

Density

13 humans/minute

0.02±0.003

27.90

1

0.001

Species

B

P -value

Significance defined at 0.05 P -value.

Discussion
In response to any change in the environment, alteration of behaviour repertoire reflects the first line
of defence of an animal. High proportions of inactive
behaviours found in the study align with various activity budgeting studies (Biolatti et al ., 2016; Mallapur &
Chellam, 2002; Pitsko, 2003; Sajjad et al ., 2011; Yu et al .,
2009). Lack of enrichment elements and hiding refuge in
captive conditions may cause excessive inactivity (Mallapur
& Chellam, 2002). In this study, all subjects performed
the stereotypical behaviours for 7% to 38% of the time
in varying forms like pacing, skip-pacing, and tail or toe
sucking (Fig. 1 and Table 2). Stereotypic pacing is usually
accompanied by consistent behaviour of marking territory (Boorer, 1972). The high proportion of stereotypy
amongst captive felids has been demonstrated in multiple
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studies (Bashaw et al ., 2003; Biolatti et al ., 2016; Clubb
& Mason, 2007; De Rouck et al ., 2005; Mallapur et al .,
2002; Mohapatra et al ., 2014; Sajjad et al ., 2011). It has
been suggested that the stereotypical level beyond 10%
of the total activity is generally unacceptable for any captive animals (Broom, 1983). According to some studies,
an animal’s welfare status is considered unacceptable if
more than 5% of the studied population performs stereotypic behaviours (Mason, 1991; Wielebnowski, 2003).
In predatory animals, stereotypies are generally locomotory in nature, which may result from their motivation
to forage, range, seek mate, patrol territory, explore, and
escape aversive situations (Clubb & Vickery, 2006). The
significant pacing levels along enclosure edges were also
reported by other studies involving various felid species
(Lyons et al ., 1997; Mallapur et al ., 2002; Sajjad et al .,
2011). Leopards exhibited broader range of stereotypic
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behaviours in comparison to tigers, which could be due
to their small-sized enclosures. As the leopard enclosures
offered them limited space to perform pacing, the stereotypy was elicited in other forms like skip-pacing and tail
or toe sucking.
Animals exhibit a high degree of stereotypic behaviours
during the morning hours (9:00-10:30), which could be
due to the natural instinct to patrol and forage. Intensified pacing and restlessness coincided with feeding and
when the food truck was audible or visible to the animals.
Bouts of stereotypy also overlapped with the presence of
animal keepers around the housing exhibits. Numerous
studies on big cats made identical observations (Mohapatra et al ., 2010; Mohapatra et al ., 2014; Palita, 1997). The
high stereotypies displayed by the two species could be
induced by the predictable feeding regime and simplified
food provisioning technique. Modification of food, such
as hiding it or an unpredictable schedule, can enhance
the targeted animal welfare (Shepherdson et al ., 1993;
Watters et al ., 2011).
This study suggested the increased display of stereotypic behaviour in males compared to female conspecifics. Few other studies have reported similar influence of
sex on stereotypy in case of captive felids (Dybowska et
al ., 2008; Vaz et al ., 2017). Due to the male big cat’s
larger territory size in the wild, the male individuals may
experience more spatial stress in enclosed spaces. Normal
coated tigers displayed more stereotypy than white or
mutant-coated tiger. Tigers bred in captivity exhibited
more stereotypy. Similar findings were also reported in
another study (Vaz et al ., 2017). Adult tigers and leopards
showed more stereotypic behaviours than young counterparts, as recorded in other studies (Breton & Barrot, 2014;
Vaz et al ., 2017). This is supported by the motion that
stereotypies develop when felids become old enough to
disperse from their natal home range and further intensify
with age (Mohapatra et al ., 2014; Smith, 1993). As animal
ages and body enlarges, it experiences spatial constraints
in captive conditions, causing behavioural repertoire alterations.
Visitor presence, the noise produced, visitor proximity
and behaviour, are known to influence captive species’
behaviour repertoire (Hosey & Druck, 1987). Human activities such as shouting, teasing, banging barriers, and
throwing stones at the animals may cause psychological
and physical harm to the victim animal (Venugopal &
Sha, 1993). Visitor effect could induce stress in zoo animals, which may ultimately contribute to the appearance
of pathologies and failure of captive breeding programs
(Carder & Semple, 2008; Chamove et al ., 1988; Hosey &
Druck, 1987). The study revealed the negative impact of
visitor crowd size on the behaviour repertoire of tigers
and leopards. As the audience size increased during the
evening hours (15:00-16:30), the degree of stereotypy
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performed by animals also increased. A large visitor crowd
has shown to influence stereotypy of captive felid species
in various studies (Quadros et al ., 2014; Sellinger & Ha,
2005; Vidal et al ., 2016). Leopards housed in enclosures
with larger viewing area performed high levels of stereotypic behaviours, thus supporting the effect of visitation
on big cats in captivity. Bouts of stereotypy due to visitors’ presence suggest the animal’s motivation to express
flight behaviour, but unable to perform the desired behaviour (Dembiec et al ., 2004).
One of the primary purposes of zoological parks is to
impart knowledge and the idea of conservation amongst
the public. Zoos need to attract visitors and communicate
a strong message of conservation to achieve this. Visitor
attraction hypothesis suggests that active animals engage
visitors more efficiently, while inactive and stereotypic
behaviours performed by animals are perceived as boredom and stress by the visitors (Hosey, 2000). Therefore, it
is crucial to alleviate the sub-optimal captive conditions
to promote active behaviours amongst the captive big
cats. The provision of enrichment techniques is a mean
to reduce levels of stereotypy and inactivity in captive
felines (Mallapur et al ., 2002; Powell, 1995; Skibiel et al .,
2007). Provision of cardboard box and toys, hiding refuge, elevated platforms, and olfactory enrichment are few
recommended enrichment techniques to ensure optimal
welfare (Bashaw et al ., 2003; Damasceno et al ., 2017;
Jenny & Schmid, 2002; Markowitz & LaForse, 1987;
McPhee, 2002; Mellen & Shepherdson, 1997; Mohapatra
et al ., 2010). Such techniques aid to encourage feeding,
exploration, and interaction by eliciting species-specific
behaviours. Moreover, the installation of appropriate visual barriers between caged animals and visitors is also an
efficient measure to reduce the prevalence of stereotypic
behaviours (Blaney & Wells, 2004).
This study suggests that the stereotypic behaviours
were prevalent amongst tigers and leopards at NZP, New
Delhi. The levels of stereotypy differed for the biological
and captive factors of the big cats. Male, adult, and previously bred individuals exhibited the lengthened pacing
periods compared to female and young individuals. Stereotypic behaviours performed by captive tigers and leopards were significantly impacted due to visitation. Large
audience size led to an increase in the proportion of time
spent in performing stereotypy. However, a small sample
size of only four individuals for each species limits the
study despite statistically significant results. Availability
of a higher number of sampled individuals would produce
reliable and definite results. Despite the limitations, we
recommend the installation of visual barriers to minimize
the viewing area. Although enclosures at NZP follow the
norms laid by the Central Zoo Authority, providing enrichment may possibly reduce the stereotypical behaviours
and enhance the captive species’ welfare. Enrichment ele-
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ments such as hidden spots and refuges, which mimic the
wild, may promote the animals to exhibit more exploratory behaviours.
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Appendix. Behaviours exhibited by tigers and leopards at
National Zoological Park, New Delhi
S. No.

Activity

Note

Inactive
1

Lying on back

LB

Resting on back

2

Resting awake

RA

Lying with eyes open

3

Sitting

SI

4

Sleeping

SL

5

Standing

ST

7

Climbing

CL

From ground to tree/log

8

Cooling

CO

In water body

Lying with eyes closed

Active

10

Drinking

DR

11

Eating

EA

Grasses

12

Excreting

EX

Defecating/urinating

13

Grooming

GR

14

Licking

LI

Ground, bark, log, cement

15

Olfactory

OL

Smelling ground, objects,
etc.

16

Playing

PL

17

Rubbing

RB

Against objects

18

Rolling over

RO

19

Running

RU

20

Scratching

SC

Objects using claws

21

Scent marking

SM

Spraying on objects by
lifting up tail

22

Vocalisation

VO

Growl, howl, etc.

23

Walking

WL

Stereotypy
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24

Pacing

PA

25

Skip pacing

SP

26

Tail/toe sucking

TS

Repetitive walking
(>3 rounds)
Chewing tail or toes
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ABSTRACT
The Yezo sika deer (Cervus nippon yesoensis ) is a subspecies of sika deer originated from Hokkaido, Japan. This paper
is a study on the ecological impact caused by large mammals invading the ecosystem. Two pairs of deer were donated
to the Agency for Defense Development in Taean in the late 1980s, and the population expanded to over 280 in
2018. The thermal imaging camera showed that the population ranged from 8 to 53 herds, divided into approximately
10 groups. It was confirmed that some of the herds had escaped the management area and invaded the nearby
natural ecosystem, causing damage to cultivated land and natural vegetation. Herds of over 50 individuals have been
studied in large grassland areas near drinking water sources such as streams and ponds. In places with excessive
deer concentration, 1) feeding damage to herbs, shrubs and sub-trees, 2) tree withering due to antler-rubbing, and
their habit of migrating along forest edges 3) excessive soil loss on slopes, 4) destruction of herbaceous layers due to
compaction, and finally 5) damage to infrastructure were also investigated. As such, it is expected that the results of
this study on the ecological and economic damage of Yezo sika deer can be used to predict the impact of other exotic
sika deer in South Korea with similar behavioral characteristics and to establish a management plan.
Keywords: Ecological impact, Exotic species, Invasion, Management, Sika deer

Introduction
Within the 40 species (Gilbert et al ., 2006) included in
the 16 genera of mammals classified as the Order artiodactyla Family Cervidae, the sika deer, classified as 'Cervus nippon ', is said to comprise 16 subspecies, although
this is a point of contention among scholars. Of the 16
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Accepted December 30, 2021
*Corresponding author: Hyohyemi Lee
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https://orcid.org/0000-0002-5088-4751

subspecies, 6 subspecies are locally endangered or nearextinction (Cervus nippon centralis , C. n. grassianus,
C. n. keramae, C. n. mandarinus, C. n. taiouanus, C. n.
pseudaxis ) while the other 10 subspecies (C. n. kopschi,
C. n. pulchellus, C. n. sichuanicus, C. n. hortulorum, C.
n. mageshimae, C. n. mantchuricus, C. n. nippon, C. n.
yakushimae, C. n. yesoensis, C. n. pulchellus ) have been
reported worldwide in places such as Taiwan, Japan, and
Europe as well as on the Korean peninsula (Groves, 2006;
Harris, 2015; Schmid et al ., 1993).
The sika deer (Cervus nippon ssp .) population in Europe
was brought to France in 1890 and the Czech Republic
in 1891 for hunting and zoo exhibitions. Individuals that
had escaped or been released adapted to their new en-
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vironment. As a result, the sika deer population spread
across continental Europe (McCullough et al ., 2009)
where it was classified as an invasive species due to genetic disturbance resulting from interbreeding with wild
individuals, ecosystem disturbance caused by excessive
consumption of plants, and economic loss due to agricultural damage. Continuous efforts, such as regulating
the import and proliferation of sika deer, have been made
to reduce their adverse impact (McCullough et al ., 2009;
McLaughlan et al ., 2014; Vilà et al ., 2010).
Sika deer have also caused problems in other places.
Japan, the deer’s native habitat, implemented the Conservation and Management Plan for Sika Deer (CMPS4) to
prevent damage from overpopulation of the species (Ijima
et al ., 2015; Kaji et al ., 2010). The population of Cervus
nippon ssp. across the entire region of Hokkaido was controlled between 2013 and 2017 (Ijima et al ., 2015).
In South Korea, a large number of sika deer (Cervus
nippon ssp .) were imported from Japan and Taiwan for
velvet antlers and deer blood from 1956 to 1975, but the
import of deer has only been suspended since the 1997
IMF crisis (Woo et al ., 2008). Furthermore, the endemic
species of Korea, C. n . hortulorum (called ‘spotted deer'),
has been locally extinct since 1940 due to indiscriminate
poaching for medicinal purposes and the mammals relief
project during the Japanese colonial period. Only a small
number of wild individuals have been known to inhabit
the region around Baekdusan Mountain (Won & Smith,
1999). As a result, C. n. hortulorum was designated as
Class I endangered wildlife in 2005 (Ministry of Environment, 2005). Therefore, the wild sika deer populations
currently found in South Korea are judged to be the escaped/released/abandoned exotic deer imported before
1997. However, two other subspecies of sika deer can
be found in Korea: Formosan sika deer (C. n. taiouanus ;
Hwang et al ., 2014) in Songnisan National Park and
Honshu sika deer (C. n. centralis ; Moon et al ., 2016) in
Geumodo Island district, Nam-myeon of Dadohaehaesang
National Park.
In this study, sika deer populations, confirmed to exist
in Taean-eup, Taean-gun, South Chungcheong Province,
were investigated where civil complaints were raised due
to damage caused by the exotic deer. Individuals from a
population overseen by the Agency for Defense Development (ADD) had escaped and damaged rice paddy fields
in the surrounding area. This study aimed to identify the
characteristics of the population through a subspecieslevel phylogenetic analysis, analysis of the population
size, and investigation of the damage done by the invasive deer. Additionally, the ecological characteristics of the
exotic sika deer and possible problems were investigated
through a literature review to provide useful reference
data for the establishment of a management plan.
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Materials and Methods
History of the exotic sika deer in the study area
The ADD’s site, about 330 ha, is classified as a military protection zone and has a structure surrounded by
double barbed wire for security, making it a difficult environment to escape. The breeding of the exotic sika deer
began in the 1980s when two pairs of male and female
exotic sika deer, their age and species unknown, were donated to the ADD’s site. In the early stages of breeding,
they were confined in cages with managed feeding, but
as the number of individuals increased rapidly, they were
released within the site. However, when the control was
loosened, some individuals escaped by destroying a part
of the barbed wire structure. Exotic sika deer appeared
in Taean-eup, Taean-gun, South Chungcheong Province,
and caused civil complaints due to damage to cultivated
land. Through exploration and field surveys, these deer
were identified as the ADD escapees. The escaped individuals have had a damaging impact on the surrounding
cultivated land and private houses.
Phylogenetic analysis
As for the exotic sika deer inhabiting the country, with
the introduction of many different subspecies, farmed individuals escaping into the wild, and frequent interbreeding between wild and farmed populations, classification
of species or subspecies based on visual observation is
difficult. Therefore, in this study, subspecies identification was conducted by performing DNA sequencing using
samples of antlers, hair roots, and feces collected from
the exotic sika deer settled in the region.
Samples of feces, hair, and antlers collected from deer
in Taean were used for DNA sequencing. Feces were
sampled by scraping the surface of the feces with a knife,
hair was sampled by cutting the hair root, and antlers
were sampled by scraping the basal burr (the site of antler
growth) with a knife (Table 1). DNA sequencing of cytochrome b (CytB) gene (1,140 bp) was performed with the
QIAamp DNA Micro Kit (Qiagen). No DNA was isolated in
the feces samples (Fig. 1), but DNA sequencing was pos-

Table 1. Sampling method by type of samples and gene
identification result
Type of
sample

Gene
identification
result

Sampling method

Feces Scrape the surface with a knife for
sampling

Unidentified

Hair

Identified

Cut the hair root for sampling

Antler Scratching the basal burr with a knife Identified
for sampling
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sible in the hair and antler samples.
Survey on population size and damage status
Through the field survey of ADD, the population size
was identified through the examination of footprints and
visual observation of sika deer inhabiting the site. The
characteristics of the main habitat and plants resources
were also investigated. Additionally, researchers visited
nearby private farmhouses around the site to conduct interviews and surveys on specific cases of damage caused
by the escaped deer.
Investigation on the necessity of sika deer management
by literature review
Through a literature review, the ecological characteristics of individuals and the possibility of pathogenic
infection were investigated. The need for sika deer management to prevent their escape and dispersal was investigated by analyzing the current status of sika deer farms.

Results and Discussion
Phylogenetic analysis
The result indicated that all samples were from an identical species. Through analysis of a phylogenetic tree, it is
thought that the exotic deer introduced to the ADD’s site
was ‘Cervus nippon yesoensis Heude, 1884’, a subspecies of Japanese sika deer (Fig. 2). The Korean names of

Cervus nippon yesoensis are ‘에조(meaning Yezo deer)’,
‘북해도사슴(meaning Hokkaido dear)’, and ‘홋카이도사
슴(meaning Hokkaido dear)’, and the English names are
'Yezo sika deer', 'Yezo sika' or 'Ezo sika deer'.
The Yezo deer originated from Hokkaido, Japan, but
its migration within the country is restricted due to the
nature of Japan as an archipelago, limiting the distribution of the deer to Hokkaido. The deer inhabits various
types of land such as forests and grasslands, can adapt to
different climatic zones, and is known as a species with a
strong tolerance to cold climate (McCullough et al ., 2009;
Ohtaishi, 1986). In the past, the population declined
sharply due to hunting, and the species went nearly extinct, requiring protection. However, due to excessive
proliferation of the species, it currently damages crops
and negatively affects the ecosystem. Accordingly, Japan
implemented from 2000 to 2012 the first stage of the
CMPS to control the sika deer population (Ijima, 2015;
Kaji et al ., 2010).
This study is the first of its kind to identify escaped
Yezo deer in the wild in South Korea using phylogenetic
analysis. The finding was confirmed by Ecological Studies
of Alien Species of the National Institute of Ecology (Park
et al ., 2020).
Population size and damage status
The two pairs of male and female exotic sika deer
introduced to the ADD site in the late 1980s bred on

Fig. 1. Samples collected from
the physical training field (Left:
feces, Right: hair).

Sample

78
99

C.n.yesoensis (NC_006973)
C.n.centralis (NC_006993)
C.n.yakushimae (NC_007179)
C.n.hortulorum (NC_013834)
C.n.taiouanus (NC_008462)

97

C.n.sichuanicus (JN389443)

99
100

0.005
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C.n.kopschi (JN389444)

Fig. 2. Subspecies of sika deer
identified by DNA sequencing of
cytochrome b gene (1,140 bp)
and the result of phylogenic tree
analysis (Ba et al ., 2015).
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the site and adapted well to the climate of Taean. The
number of individuals rapidly increased to 280 in 2018.
Around 10 groups of Yezo deer, consisting of a range of 8
to 53 individuals, respectively, were confirmed to inhabit
the ADD’s site. The main habitat of the large group was
located in an area of large grassland near drinking water
sources such streams and ponds. Pennisetum alopecuroides , Glycine soja , Persicaria perfoliata , Crassocephalum
crepidioides , and Camellia japonica ’s fruit were used as
resources for the sika deer.
Yezo deer are herbivores feeding on extensive range of
herbage, consuming herbaceous plants, twigs of trees,
bark and fallen leaves (Fukuda et al ., 2015; McCullough
et al ., 2009; Takafumi et al ., 2015). Their feeding behavior and rubbing of antlers on trees damaged landscaped
trees, flowing plants and herbaceous layers in forests as
well as caused tree deaths on the ADD’s site (Fig. 3). Due
to frequent movement of the herd, there was a risk of
slope failure caused by soil loss on the slopes at the edge
of the forest on the ADD’s site. Furthermore, there have
been reports that the escaped individuals from the ADD’s
site invaded a rice paddy field after rice planting in Taean
and caused destruction and economic loss in 2019 and
2020 (Park et al ., 2020).
Necessity of management
The average height, length, and weight of Yezo deer are

A

C
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105.2 cm, 112.6 cm, and 126.9 kg for stags, and 94.8 cm,
103.9 cm, and 83.9 kg for does. Yezo deer are classified
as the largest deer in size among subspecies of sika deer
(Suzuki et al ., 2001). Their extensive feeding behavior
and large size are expected to cause negative ecological
impact on the surrounding area when individuals from
deer farms escape. Their size poses a risk on the road
where road kills and accidents can incur further costs.
Yezo deer may also compete for food and habitat with
other Cervidae, such as the roe deer (Capreolus pygargus )
and water deer (Hydropotes inermis ). Moreover, because
there are many individuals within the ADD’s site, damage
to structures such as the barbed wire on the site, and the
resulting maintenance and repair costs, may continue. As
for the sika deer, a higher taxa of Yezo deer, there have
already been reports of ecological damage in Europe
through interbreeding with phylogenetically related species, competition with Odocoileus virginianu (Artiodactyla),
excessive feeding, and antler rubbing. Furthermore, due
to excessive disturbance by understory herbage feeding
and frequent movement, there is a risk of soil loss and
slope collapse in some steep slopes.
Yezo deer may interbreed with C . n . hortulorum , whose
presence in South Korea was confirmed in the past, C .
n . taiouanus inhabiting Songnisan National Park, and
C . n . centralis inhabiting and Dadohaehaesang National
Park. However, since C . n . hortulorum is regarded as in a

B

D

Fig. 3. Observed sika deer population at the ADD (Agency for
Defense Development) study site
and their impact on vegetation.
(A) Group of sika deer. (B) Footprint. (C) Damage by horn rubbing. (D) Damage by feeding.
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state of local extinction, the possibility of interbreeding
is thought to be low. The sika deer bred in deer farms are
considered to be hybrids imported from Japan and Taiwan, and it is thought that interbreeding may be possible
if there are escaped or released individuals.
The respective deer populations inhabiting the Hidaka,
Daisetsu, and Akan regions of Hokkaido, the native habitat of the Yezo deer, were confirmed to have low rates of
inter-population migration and interbreeding, although
these populations are not geographically isolated (McCullough et al ., 2009). The population in Hokkaido migrates according to snow, distribution of draft bamboo,
distribution of highly preferred food, and the cover of
conifers (Ijima, 2015; McCullough et al ., 2009).
Ten species of parasites and three species of ectoparasites were observed in the Yezo deer population
inhabiting Hokkaido (Kitamura et al ., 1997). Half of the
population about 47.5% was identified as the host of
Toxoplasma gondii , the pathogen of toxoplasma (Hoshina
et al ., 2019) (Table 2). There are five zoonotic pathogens
hosted by sika deer (Cervus nippon spp .). Special attention is required as that the deer can become a carrier of
Borrelia burgdorferi , the pathogen of Lyme disease (which
is fatal to humans), Cryptosporidium parvum , the patho-

gen of cryptosporidiosis, and the rabies virus, the cause of
rabies (Wardeh et al ., 2015). Parasitic mites were identified
in the Yezo deer population of ADD, but the individuals
infected with mite-induced diseases were not identified.
Subspecies information is not available for the sika deer
individuals in the 1,732 nationwide deer farms, so it is
difficult to predict the probability of Yezo deer escapes.
However, considering there are 12,235 individuals registered as sika deer (Ministry of Agriculture, Food and Rural
Affairs, 2019) (Table 3), there is a possibility that these
farmed sika deer may be introduced into the wild due to
escape from poor management and farm closures.
Since the velvet antler yield per unit weight for Yezo
deer is smaller than other species such as red deer and elk
(Woo et al ., 2008), it is expected that the population of
Yezo deer may be replaced by that of red deer or elk. In
addition, due to the decrease in the price of velvet antler because of the increase in its import, making stable
income generation from the velvet antler business difficult, the numbers of deer farms and individuals of sika
deer have continued to decrease since 2000 (Ministry of
Agriculture, Food and Rural Affairs, 2019). Therefore, it is
considered necessary to identify the phylogenetic information on the subspecies of sika deer farms nationwide

Table 2. Pathogenetic parasites hosted by sika deer and Yezo deer
Classification of parasites

Scientific name

Zoonotic
infection

Infection symptoms

Trematodes

Dicrocoelium dendriticum *

O

-

Cestodes

Anopolcephalidae gen. sp.*

X

-

Nematodes

Gongylonema sp.*
Gongylonema pulchrum

△

-

Spiculopteragia houdemeri

-

-

Rinadia andreevae *

-

-

Ostertagia ostertagi *

-

-

Mecistocirrus sp.*

△

-

Nematodirus heletianus *

X

Capillaria bovis*

O

Capillariasis

Trichuris sp.*

O

Diarrhea and vomiting in children

Haemaphysalis japonica *

O

-

Solenopotes sp.*

O

-

Trichodectidae gen. sp.*

O

-

Cryptosporidium parvum ***

O

Cryptosporidiosis

Toxoplasma gondii **

O

Toxoplasma

Bacteria

Borrelia burgdorferi ***

O

Lyme disease

Virus

Rabies sp.***

O

Rabies virus

Fungi

Trichophyton mentagrophytes ***

O

Tinea capitis

Ectoparasites

Conoidasida

-

O, infected; X, not infected; △, rarely infected; -, no data available.
Source: *Kitamura et al ., 1997; **Hoshina et al ., 2019; ***Wardeh et al ., 2015.
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Table 3. Number of deer farms and farmed deer population
by region
Region

Number of
deer farms

Number of
farmed deer

Number
of farmed
sika deer
individuals

Seoul

1

10

10

Busan

9

87

73

Daegu

8

53

20

Incheon

25

318

298

Gwangju

4

244

89

Daejeon

7

90

67

32

482

373

Gyeonggi

290

4,142

2,361

Gangwon

146

2,237

1,580

Chungbuk

187

2,349

777

Chungnam

375

5,094

739

Jeonbuk

149

2,095

1,041

Jeonnam

126

2,879

1,322

Gyeongbuk

158

2,509

800

Gyeongnam

Ulsan

178

3,184

2,307

Jeju

22

575

317

Sejong

15

324

61

and establish a management plan to distinguish exotic
sika deer from C . n . hortulorum which is the second grade
endangered species of wild fauna and flora of the ministry of environment.
Sika deer was introduced into Korea for breeding, warfare, and economic purposes, but escaped due to negligence in management or was discarded due to economic
deterioration and was released into the natural ecosystem.
Currently, in Korea's natural ecosystem, various subspecies
of sika deer are found inhabiting various regions across
the country, including Jeju Island and Songnisan National
Park.
The sika deer inhabiting the site of the Defense Science
Research Institute (ADD) located in Taean-eup, Taeangun, Chungcheongnam-do investigated in this study
was 1) feeding damage to herbs, shrubs and sub-trees,
2) Rubbing with altler to kill the tree. And due to their
habit of migrating along forest edges 3) excessive soil
loss on slopes, 4) destruction of herbaceous layers due to
compaction, and finally 5) damage to infrastructure have
been investigated. The population, which was two pairs
(four individuals) in the 1980s, increased to about 280 in
a survey in 2018, just 30 years later, and due to excessive
density, it spread and invaded nearby cultivated land, affecting it.
Based on DNA analysis of the hair and cast antlers, it
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was identified as Cervus nippon yesoensis , a subspecies of
sika deer, which is the first confirmed case of the subspecies in South Korea. Through previous studies, there are
found that including Yezo sika deer, "C . n . centralis " in
Songnisan National Park and "C . n . centralis " in Geumodo
Island district of Dadohaehaesang National Park. Already,
Songnisan National Park is applying catch management
to control the growing "C . n . centralis " population in this
country.
We have more than 1,700 deer farms across the country, so there is always a possibility that the bred deer may
be leaked into the natural ecosystem due to the closure
of the farm or negligence in management (Kim et al .,
2016; Song et al ., 2017; 2018). As studied in the case of
the Yezo sika deer, it is necessary to establish a management plan to prevent the exotic sika deer from invading
the natural ecosystem. Therefore, conducting a regional
habitat survey at the subspecies level of sika deer will be
the first step in establishing a plan and preventing further
ecological damage.
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ABSTRACT
To present the spatial variation of fish assemblages in the Geum River in Korea, the concept of beta diversity (β-diversity)
estimates based on the variance of the community data table was applied. Fish communities and environmental
variables were collected from 13 sampling sites along the in mid-low reaches of the River. We calculated the
β-diversity and local contribution to beta diversity (LCBD) values at each site depending on the two types of data,
‘occurrence’ with Jaccard and Sørensen dissimilarity coefficients, and ‘abundance’ with Hellinger distance. Multivariate
and correlation analyses were also performed to determine the relationships between LCBD and other variables, such
as community indices and physicochemical and hydrological factors. The β-diversity values of fish communities in
the River were estimated as 0.218 and 0.145 for occurrence data table with Jaccard and Sørensen respectively, and
0.268 for abundance data. Similar patterns of LCBD along the sampling sites were detected in two dissimilarity
measurements of occurrence table, and LCBD values with abundance data were slightly different. The LCBD values
are strongly correlated with community indices, and also suitable for indicating the uniqueness of fish assemblages.
However, further research is needed to determine the LCBD value as an indicator of environmental variability.
Keywords: Beta diversity, Dissimilarity coefficient, Fish community, Local contribution to beta diversity, Variance of
community data table

Introduction
Since the three kinds of diversity, such as alpha diversity, beta diversity, and gamma diversity (α, β, and
γ-diversity), were presented by Whittaker (1960; 1972),
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numerous ecological studies have been conducted using these concepts. According to Whittaker’s description,
α-diversity is the local species diversity or richness in a
single community and certain areas, whereas γ-diversity is
the total species diversity or richness within a large number of sites on a regional scale. These two diversities are
calculated by simple indices, such as the Shannon–Wiener
index (Shannon, 1948) and Simpson’s index (Simpson,
1949), which are based on species richness and evenness
(Thukral, 2017).
β-diversity is the spatial differentiation or variation
in species composition among sites within a region

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology.
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(γ-diversity), which could also result from species replacement and loss within sites (Anderson et al ., 2011; Baselga,
2010; Legendre et al ., 2005). Since Whittaker (1960)
proposed to compute β-diversity using the simple ratio
between γ-diversity and mean value of α-diversity, several different estimates of β-diversity values using α and
γ-diversity have been presented (Anderson et al ., 2011;
Koleff et al ., 2003). However, the problem has been raised
that β-diversity can only be derived after estimating the
two diversity values (Ellison, 2010). To solve this problem,
various methods for calculating β-diversity values without
using the α and γ-diversity have been suggested, including a method using the total variance of the community
data matrix (Anderson et al ., 2006; Legendre & De Cáceres, 2013; Legendre et al ., 2005; Pelissier & Couteron,
2007).
Legendre and De Cáceres (2013) and Legendre et al .
(2005) introduced the calculation method for β-diversity
as a single-number value, Var(Y ) or BDTotal, based on
the variance of the site-by-species community table (Y ).
With regard to beta diversity estimates based on the
community table, β-diversity values could be calculated
in two different ways: 1) the sum of squares of the species occurrence or abundance, and 2) dissimilarity matrix
(Legendre & De Cáceres, 2013). The same value can be
estimated by both methods and can be calculated without the numerical information from α- and γ-diversity.
However, the β-diversity value could be differentiated depending on the dissimilarity coefficients. In order to provide guidance on the selection of dissimilarity coefficients
for presence-absence (occurrence) and abundance (or
biomass) data, 16 dissimilarity coefficients were compared
according to the 14 properties. The local contribution to
beta diversity (LCBD) value, the indices of which are derived from the calculation of the β-diversity estimate, was
represented as “the degree of uniqueness of the sampling
units in terms of community composition” (Legendre &
De Cáceres, 2013).
In this study, we applied the β-diversity and LCBD
concepts according to Legendre and De Cáceres (2013)
to analyze fish community data, sampled from 13 sites
along mid-low reaches of the Geum River in Korea. Specifically, we estimated β-diversity values depending on the
two types of data, occurrence (with Jaccard and Sørensen
dissimilarity coefficients) and abundance (with Hellinger
distance) to represent the spatial variation of fish assemblages in the river. We also examined the degree of fish
communities’ uniqueness on fish communities by calculation of LCBD values in each sites. Furthermore, in order
to determine the ecological properties of the β-diversity
results, we performed traditional correlation and multivariate analysis, non-metric multidimensional scaling (NMDS),
on the fish data in company with the indices and values
derived from the β-diversity concept.
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Materials and Methods
Field sampling
To present the patterns of fish communities in the longitudinal river profile, 13 sampling sites were selected in
the main channel of the Geum River (Fig. 1). The Geum
River (397 km) is the third-longest river in Korea, flowing
from the central area of the Korean Peninsula to the West
Sea. The sample sites were located in the middle and lower reaches of the main channel of the river. The sampling
site, S1, was at the upstream of the middle reach, located
around 110 km upstream of the estuary of the West Sea
(Fig. 1).
Fish assemblages were sampled monthly at each site
from March to October 2019, a total of eight times. A
kick net (5 mm mesh), cast net (mesh 7 mm; area πr2,
16.6 m2; r=2.3 m), and fyke net (mesh 5 mm, height 80,
length 50 m) were used to collect the fish. Ten cast net
deployments and kick nets for approximately 20 minutes
were conducted for sampling in the shoreline area. Fyke
nets were set perpendicular to the bank for 48 hours. All
collected specimens were identified to the species level
by following the keys according to Kim and Park (2002),
based on the fish classification system of Nelson et al .
(2016). Six environmental variables, including physicochemical and hydrological factors, were measured concurrently. Dissolved oxygen, electrical conductivity, hydrological variables, and substrata were measured in situ (YSI
proplus® [YSI Inc., Yellow Springs, OH, USA] for water
quality data). The substrate index (SI) was calculated
based on the proportion of substrate composition in five
particle size categories (Suren, 1996):
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Fig. 1. Map of the sampling sites in the Geum River in Korea. The study sites are indicated as yellow circles with site
names.
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sij =(yij –ȳj )2

SI=0.07×% boulder+0.06×% cobble+0.05×
% gravel+0.04×% sand +0.03×% mud/silt
Community indices and environmental variables at
the sampling sites are summarized in Table 1. Sampling
sites S1, S2, S3, and S4 are located in the middle reaches
of the Geum River, with a high proportion of large substrates (boulders, cobbles, and pebbles) and velocity, and
low water depth, whereas S11, S12, and S13 sites are in
a typical lowland reach with small substrate particle size
and deep water. The remaining sites, S5-S10, show intermediate environmental variables between the sites in the
middle and lowland reaches (Table 1).
Data analysis
Single value estimates of β-diversity based on community dissimilarity matrix were applied to determine the
variation of fish communities in the longitudinal river
profile. The input data (Y ), site-by-species community table, were used to calculate the β-diversity values, the total
variance of Y (Var(Y )), and LCBD (Legendre & De Cáceres,
2013). Y consists of column vectors (presence-absence or
abundance values of p species) and row vectors (n sampling sites). Indices i and j indicate the sampling unit (or
sampling site) and fish species, respectively, and yij is the
individual value of the presence-absence or abundance in
community data matrix Y .
According to Legendre and De Cáceres (2013), estimation of β-diversity value (Var(Y )) consists of calculating
the matrix of squared deviations from the column (species
values) as follows:

where s ij is the square of the difference between the y ij
value and ȳj (the mean value of the j th species). The sum
of all the different values from all columns (SSTotal) is estimated as follows:
SSTotal=∑in=1∑jp=1Sij
Var(Y ), the total variance of the site-by-species community table, was calculated as follows:
BDTotal =Var(Y )=SSTotal/(n -1)

BDTotal , which is the same value as Var(Y ), can be considered as an estimate of the β-diversity values of the input
data table (Legendre et al ., 2005). The β-diversity values
for the fish presence-absence data table were estimated
based on two dissimilarity coefficients, the Jaccard similarity index, and the Sørensen index.
The calculation of Var(Y ) using the above-mentioned
equation, however, is not appropriate for the data table
with raw values of species abundance, density, and biomass. The assessment of the dissimilarity between sites
is based on the Euclidean distance. To estimate the
β-diversity value (Var(Y )) based on the dissimilarity of
abundance values, the Hellinger transformation was used
to estimate the β-diversity values for site-by-species
abundance input data tables (Legendre & De Cáceres,
2013).
The relative contribution of sampling site i to

Table 1. Community indices and environmental variables at 13 sampling sites
Sites

No. of
No. of
n individuals
species

S1

8

1,063

15

Water
temperature
(°C)

Dissolved
oxygen
(mg/L)

18.8±3.9

11.3±2.2

236.7±36

Conductivity Depth (cm)
(μ
μs/cm)
62.5±19.1

Velocity
(cm/s)

Substrate
index

32.8±18.3

3.69±0.52

S2

8

1,707

21

19.1±4

10.7±1.3

284.5±43.4

111.3±18.9

15.9±10

1.62±0.08

S3

8

1,319

17

20.3±4.4

11.6±2.7

292±48.5

83.8±19.2

82.8±25.4

4.28±0.47

S4

8

2,027

22

20.9±4

88.8±15.5

83.2±23.8

4.05±0.69

12±2

336.3±52

S5

8

1,756

20

20.2±4.3

10.8±2

320±39.1

213.8±37.4

19.3±9.8

3.15±0.78

S6

8

1,870

25

21.3±5

11.8±2.1

285±82.5

153.8±57.1

14.2±4.2

2.74±0.63

S7

8

4,849

25

20.6±4.8

11.9±1.4

292±81.3

153.8±73.7

13.9±3.3

2.59±0.82

S8

8

4,104

23

20.8±5

12±2.7

288.6±89.7

196.3±123.2

11.2±2.6

2.34±0.7

S9

8

7,253

23

20.9±5

11.5±3.1

311.5±57.1

393.8±195.7

10.8±1.4

2.59±0.51

S10

8

9,078

27

21.2±5.3

11.5±2.8

301.1±53.1

416.3±114.9

13±1.9

2.28±0.74

S11

8

2,501

21

11.8±2.4

300.6±74.6

261.3±70

S12

8

3,073

19

21.8±6

22±5.9

12.9±3.6

306.1±68.6

373.8±143.5

28.4±32.6
8.7±3

2.36±1.25

1.8±0.7

S13

8

2,059

21

21.6±5.9

11.3±2.3

324.3±79.5

457.5±147.9

5.7±2.4

1.88±1.25

Values are presented as number only or mean±standard deviation.
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β-diversity values (LCBDi ), is also computed as the sum of
the sij values in each row i .
LCBDi =SSi /SSTotal =∑pj=1Sij /SSTotal

Dissimilarity
coefficients

The monthly sampled community data at each site were
pooled to estimate beta diversity and LCBDs. To reduce
biases in beta diversity measures and multivariate analysis,
rare species were excluded in the pooling process. Rarity
weights (wi ) estimation is performed as follows (Leroy et
al ., 2013):

Qij –Qjmin
×0.97+1.05
jmax –Q jmin

( ( r ×Q

Wij =exp –

j

))
2

where Qij is the number of occurrences of species i during
eight sampling times, and Qjmin and Qjmax are the minimum
and maximum occurrences in the species pool, respectively. rj is the chosen rarity cut-off point according to
Gaston’s quartile definition (the first quartile of species
occurrence, 25%) (Gaston, 1994). The maximum occurrence is defined as the highest occurrence among species.
To represent the relationships between the LCBD,
biological indices, and environmental variables, a Pearson correlation analysis was conducted. In this regard,
α-diversity values as a biological index were derived by
measuring the Shannon diversity index (H'). NMDS ordination was also applied to determine the differences in
longitudinal community patterns based on the similarities
among species composition. All the analyses mentioned
above were performed in the R environment.

Results
Community composition
A total of 42,659 fish individuals (excluding rare species) were collected and identified in three orders, nine
families, and 36 species. The number of species and individuals at the sample sites ranged from 15 to 27 (mean:
21.5) and 1,063-9,078 (mean: 3,281.5), respectively. S10
showed the highest number of species and individuals,
whereas the values were lowest in S1 (Table 1). Five species, Acheilognathus lanceolata , Pseudorasbora parva ,
Squalidus japonicus , Hemibarbus labeo , and Opsariichthys
uncirostris , in the family Cyprinidae were widely distributed throughout all sampling sites in the middle and
lowland reaches, whereas three species, Cyprinus carpio ,
Sarcocheilichthys variegatus , and Leiocassis ussuriensis ,
occurred in only one or two sampling sites.
Beta diversity estimation
We obtained the β-diversity values based on the total
variance of the site-by-species data table containing the
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Table 2. Total sum of squares and estimated beta diversity
values of fish community data in the Geum River
Presence-absence

Abundance

Jaccard

Sørensen

Hellinger
distance

Total sum of squares
(SSTotal)

2.620

1.738

3.211

Beta diversity
(Var(Y ) or BDtotal)

0.218

0.145

0.268

occurrence (presence-absence) and abundance information (Table 2). The β-diversity values (BDTotal or Var(Y ))
and spatial variation of fish communities in the Geum
River were calculated as 0.218 for the Jaccard dissimilarity index, 0.145 for the Sørensen index, and 0.268 for
the Hellinger distance (Table 2). The total sum of squares
(SSTotal) was also presented as 2.620, 1.738, and 3.211 for
the Jaccard index, Sørensen index, and Hellinger distance,
respectively.
We show the local contribution to beta diversity, LCBD,
along the upstream (S1) to downstream (S13) in Fig. 2A.
The LCBD of each site ranged from 0.060-0.114, 0.0530.125, and 0.029-0.139 based on the Jaccard index, Sørensen index, and Hellinger distance. Higher LCBD values
were estimated in the middle reaches of the Geum River,
S1-S3, whereas lower values were observed in the lowland
reach sites. The highest values of LCBD were computed
in S1 for all the similarity indices. S7 shows the lowest
values of LCBD for presence-absence data, whereas the
lowest values of LCBD for abundance data are presented
in S6. The number of species and α-diversity values at
each site are presented in Fig. 2B. The number of species
and H’ ranged from 15 to 27 and 2.146 to 2.623, respectively. Both values tend to be lower in the middle reaches
of the Geum River, S1-S4. The highest values of H’ and
the highest number of species were present in the sites on
lowland reaches, S13 and S10 (Fig. 2).
Relationships between variables
Pearson correlation coefficients were obtained to show
associations between the community and diversity indices (LCBDs and α-diversity) and environmental variables
(Table 3). Strong positive correlations among the LCBD
values for the three different similarity indices were detected. All LCBD values had strong negative correlations
with the number of species (r=–0.861, –0.868, –0.795,
respectively; P <0.01), whereas they were not significantly
correlated with α-diversity and the number of individuals.
The LCBD values based on occurrence data, LCBD(J) and
LCBD(S), were negatively correlated with water temperature (r=–0.684 with P <0.01, –0.638 with P <0.05, respectively), whereas they were positively correlated with the
SI (r=–0.611, –0.591, respectively; P <0.05). No significant
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Fig. 2. Community indices at each sampling site, (A) estimated local contribution to beta diversity (LCBD) values based on
three dissimilarity coefficients, Jaccard, Sørensen, and Hellinger distance (B) α-diversity (H’) and the number of species.
correlation was observed between the environmental variables and LCBD(H).
Community ordination
In the NMDS ordination, the samples were distinguished
based on differences in species composition in communities by Bray-Curtis dissimilarity (Fig. 3). The final stress
value for the two dimensions was 0.063, which is acceptable for ecological and environmental data because
it falls below 0.2. The sampling sites in the middle and
lowland reach were separated along the NMDS axis 1.
The fish communities at sampling sites were located in
lowland reaches, S8-S13, and were aggregated on the
right side of the map, whereas S1-S7 in the middle reach
of the Geum River was widely distributed over the left
side. Correlations between the NMDS axes and variables,
including biological indices and environmental variables,
were also presented to show the associations between fish
communities and environments (Fig. 3). NMDS axes were
significantly correlated with one biological index, LCBD
values based on Jaccard similarity (r=0.49; P <0.05), and
two environmental variables, water temperature (r=0.68;
P <0.01) and depth (r=0.77; P <0.01).

Discussion
The application of β-diversity estimates based on community data tables and site-by-species occurrence and
abundance effectively accounted for the spatial variation
of fish communities in the Geum River. The β-diversity
values were calculated as a single number without estimation of the α- and γ-diversity values. In addition,
the β-diversity values of freshwater fish communities
from two different rivers, the Geum River and the Doubs
River in eastern France (Borcard et al ., 2018; Legendre
& De Cáceres, 2013), were compared. In the Geum River,
three β-diversity values, including two values for occurrence data, 0.218 and 0.145, and a value for abundance

126

data, 0.268, were presented according to the three different dissimilarity coefficients, Jaccard similarity index, Sørensen index and Hellinger distance, respectively (Table 2).
The β-diversity values of fish communities in the Doubs
River were 0.326, 0.267, and 0.503 for the same order of
dissimilarity coefficients as aforementioned.
These results show that the β-diversity values for all
dissimilarity coefficients were lower in the Geum River. It
can be noted that spatial variations in fish assemblages
were stronger in the Doubs River, although the total
number of species in all fish assemblages was higher in
the Geum River (36 species) than in the Doubs River (27
species). This result seems to be due to the higher connectivity of fish assemblages in the main channel of the
Geum River or lack of fish community data, including rare
species in tributary streams of the Geum River in mountainous areas. Further studies are required to determine
the patterns of spatial variation of fish communities under various conditions, including the relationship between
the main channel and tributaries, connectivity in the river
channel, and disturbance intensity. For these approaches,
more β-diversity analysis which related to the ecological
properties in population or species level, such as species
contribution to beta diversity (Legendre & De Cáceres,
2013), species replacement and species loss (Baselga,
2010), also should be considered in the future.
The present study also focused on LCBD values as an
indicator of community uniqueness (Legendre & De Cáceres, 2013). NMDS ordination, a traditional multivariate analysis, and Pearson correlation were performed to
examine the LCBD values as an indicator of community
uniqueness in the Geum River (Fig. 3, Table 3). In the
NMDS map, the distances between each pair of sites addressed the degree of differentiation of the communities
due to the variability in species composition. Notably, the
sites that were scattered widely over a long distance from
other sites, S1 and S3, had higher LCBD values, whereas
the sites with low LCBD values, S6 and 7, were concen-
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Significant correlations were presented with asterisk.
LCBD(J), local contribution to beta diversity based on Jaccard index; LCBD(S), local contribution to beta diversity based on Sørensen index; LCBD(H), local contribution
to beta diversity based on Hellinger distance; DO, dissolved oxygen; SI, substrate index.
*P <0.05, **P <0.01.

0.611*
0.591*
0.180
–0.578*
–0.435
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–0.348
0.059
–0.081
–0.573*
0.805**
0.477
0.451
0.315
–0.317
–0.387
–0.383
–0.185
0.062
0.113
–0.589*
–0.494
–0.422
–0.177
0.410
0.355
0.590*
0.651*
0.142
0.461
–0.501
–0.488
–0.411
0.108
0.350
0.173
0.606*
0.123
–0.684**
–0.638*
–0.428
0.403
0.462
0.316
LCBD(J)
LCBD(S)
LCBD(H)
α-diversity (H')
No. of species
No. of individuals
Water temperature
DO
Conductivity
Depth
Velocity

0.995**

0.749**
0.765**

–0.481
–0.456
0.001

–0.861**
–0.868**
–0.795**
0.148

–0.471
–0.434
–0.418
–0.004
0.689**

–0.196
–0.153
–0.272
–0.087
0.110
0.138
0.592*

Depth
Conductivity
Water
temperature
No. of
individuals
No. of
species
α-diversity
(H')

Community and diversity indices

LCBD(H)
LCBD(S)
Variable

Table 3. Pearson correlations between biological indices and environmental variables

DO

Environmental variables
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Fish Beta Diversity in the Geum River
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Fig. 3. Nonmetric multidimensional scaling (NMDS) ordination map based on fish communities with fitted vectors
of community indices and environmental variables (red
arrow: P <0.05, blue arrow: P >0.05). LCBD(J), local contribution to beta diversity based on Jaccard index; LCBD(S),
local contribution to beta diversity based on Sørensen index; LCBD(H), local contribution to beta diversity based on
Hellinger distance; H', α-diversity; No.sp., the number of
species; No.indi., the number of individuals; W.temp., water
temperature; DO, dissolved oxygen; Cond., electrical conductivity; Depth, water depth; Velocity, water velocity; SI,
substrate index.
trated around the center of the map at a close distance
from other sites. The sites aggregated on the right side of
the map showed relatively low LCBD (Figs. 2, 3). A significant correlation was also observed between the NMDS
axes and LCBD for Jaccard dissimilarity coefficients (Fig.
3). Overall, the LCBD value was feasible for indicating
the fish community uniqueness based on the dissimilarity
of community composition in the Geum River. However,
LCBD values were negatively correlated with the number
of species (Table 3). Similar results were also reported in
the fish community data from the Doubs River (Legendre
& De Cáceres, 2013) and Cheonggye Stream (Kim et al .,
2019). These results indicate that the uniqueness of fish
communities is related to the small number of species
and low α-diversity. However, this result seems unusual
and counterintuitive. Further research is needed to reveal
the relationships between LCBD and α-diversity indices,
such as the number of species, species richness, and H’.
Considering LCBD values along the sampling sites in
the Geum River, high LCBD values were obtained at sites
S1 and S3, representing an environment with larger substrate size, higher water velocity, and lower water temperature (Fig. 2, Table 1). In addition, LCBD values were
significantly correlated with two environmental variables:
lower water temperature and larger substrate size (Table
3). These findings indicate that fish assemblages in the
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middle reaches of the Geum River contain several unique
species or a small number of common species. Because
of these properties, LCBD values have been suggested
as an indicator of priority sites requiring conservation or
restoration (Legendre & De Cáceres, 2013). However, more
information regarding the relationships between LCBD
values, α-diversity indices, and environmental variables
is needed before using it as an indicator for conservation
biology.
According to Legendre and De Cáceres (2013), the principle of the β-diversity estimate is similar to simple ordination methods for ecological community data, such as
principal component analysis and canonical analysis, owing to the use of the total sum of squares. However, few
studies have been conducted to reveal the relationship
between β-diversity estimates and structural properties of
the community, which is illustrated by species abundance
distributions (SADs), and species-area relationships (SAR).
Accordingly, further research is warranted regarding the
relation of β-diversity estimates with SADs and SAR, in
addition, and computational analysis for ecological data
such as artificial neural network, random forests.
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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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