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Conditions for Reintroduction of Captive-Bred
Endangered Birds: A Review
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ABSTRACT
Reintroduction programs have been promoted across the world to recover and rehabilitate endangered birds through
ex situ captive breeding and releasing to the nature. The ultimate aims of these reintroduction programs are recovery
of sustainable populations in natural habitats. To ensure the success of the reintroduction programs, it is necessary
to examine the followings in order to increase the success rate of releasing along with the development of captive
breeding techniques: 1) Adequate habitat provision, 2) adaptability of captive-bred individuals, 3) survivability of
released individuals, and 4) social interest and will. Before releasing captive-bred individuals, it should be reviewed
whether there are habitats in which the limiting factor is removed, and assessed their long-term safety. The quantity
and quality of the released individuals must be considered to increase the chances for mate selection, maintain
genetic diversity, and acquire the ability to adapt to the wild. The release method must be decided in consideration
of characteristics of the target habitats and individuals, and rational means such as careful observation, evaluation,
and feedback must be provided throughout the release process. For the long-term success of recovery projects,
social awareness, sustainable support, and related experts are needed. Satisfying these criteria can help to increase
the success rates of reintroduction programs. For the bird reintroduction program in the future, the feasibility of the
methods and procedures must be closely reviewed before starting.
Keywords: Captive breeding, Endangered birds, Reintroduction

Introduction
To date, reintroduction programs for endangered birds
have been promoted using different methods globally. The
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Deceased.

importance of and need for the reintroduction of endangered wildlife was officially recognized in the “Convention
on Biological Diversity” at the Rio Environment Conference in June 1992. This convention comprises a preamble
and 42 articles with 2 annexes. The core content of the
convention stresses that each party much strive for the “in
situ and ex situ conservation” of animals and plants. Article 9 (c) specifies that parties have “adopt measures for
the recovery and rehabilitation of threatened species and
for their reintroduction into their natural habitats under
appropriate conditions (UN, 1992).”
The reintroduction of wildlife, such as endangered
birds, as promoted in this convention, is often performed
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by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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using methods whereby the population size is increased
through ex situ captive breeding. There have been many
developments in captive breeding techniques for wild
birds, raising the possibility of increasing the populations
of endangered birds for almost all taxonomic families
(Destro et al ., 2018; Ewen et al ., 2008).
Following captive breeding, the next step in wildlife reintroduction programs for animals and birds involves their
successful release, in which captive-bred individuals return to their natural habitat and live independently. Many
endangered bird reintroduction programs have aimed to
restore sustainable populations in their natural habitats
through release. In such programs, ex situ captive breeding is an intermediate step for release. The captive breeding stage ensures the safety of the birds before releasing,
and ultimately prepares them for adapt to nature habitat.
Accordingly, a series of processes, from rearing and captive breeding to release into the wild, are actively promoted for the conservation of endangered species. To ensure
the success of these processes, however, it is necessary to
examine which methods are useful for release and determine how they may affect the successful reintroduction
of species. In addition, reviewing the reliability of various
methods leading to the release of different species could
help in this regard.
The success of captive breeding can be considered separate from the success of release. It is important to screen
and review certain criteria to evaluate which conditions
must be satisfied to increase the success rate of release,
and vice versa . The lack of such procedures may lead to
major setbacks in the restoration of endangered species
into the wild, regardless of the expectations in the planning stage. Captive breeding programs have not always
been successful for all bird species, and not all captive-

Pre-release

Release

bred species have been successfully released into the wild
(Bubac et al ., 2019; Fischer & Lindenmayer, 2000).
Although several successful cases of captive breeding
and release have been reported for endangered birds, the
necessary experience and technology to ensure the successful release of endangered species into the wild is still
lacking. To solve this issue, it may be possible to predict
the success of current or future programs by examining
the following four categories, according to the release
procedure being used (Fig. 1).
(1) Is there an appropriate habitat for the captive-bred
birds, such that they can return to a natural or seminatural state?
(2) Are the captive-bred individuals able to sufficiently
adapt to the given environment and their natural lifestyle?
(3) Is there an effective method to increase the chances
of survival of the released birds, until a sustainable population becomes established?
(4) Is there adequate social interest and will for the
given task, which will require high levels of effort before a
sustainable population can be established?
Here, therefore, we compare and review the four categories by evaluating global reports of reintroduction
cases, with the aim of determining best practices regarding the release of endangered bird species during reintroduction efforts.

Discussion on Procedure and Cases of Release
Is there an appropriate habitat that meet the goals of
the endangered birds being released?
Releasing endangered birds into inappropriate habitats
increases the likelihood of failure. In many cases involving

Post-release

Promote social interest and will

Habitat preparation
Remove limiting factors
Assess habitat quality
Explore alternative habitat

Release method design
Soft/hard release
Eggs, nestlings, fledglings
/juveniles, adults

Captive breeding
Ensure quantity and
quality of release pop.

Release Pop. training
Adjust lifestyle to wild
Train skills for survival

Assessment, feedback
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Monitoring
Marking and tracking
Monitor adaptation to
wild environment

Fig. 1. Considerations according
to the reintroduction procedure.
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the captive breeding and release of endangered birds, the
target habitat for release was close to the habitat where
the species in question were last seen. In such cases, the
factor that originally led to said species becoming endangered must first be corrected. The failure to correct such
factors could lead to the released individuals becoming
extinct, rather than in them regaining the opportunity for
natural reproduction. The fundamental cause of endangerment must therefore be either corrected or greatly improved before returning the species in question back into
the target habitat.
One example of such a case is the reintroduction of the
Peregrine falcon (Falco peregrinus ), which has been promoted since the late 1970s in the United States of America (U.S.). The Peregrine falcon Reintroduction Program
was implemented on the basis that the problem of contamination by artificial chemical compounds, which had
originally led to the extinction of these falcons from the
eastern part of the U.S., had largely been corrected following the establishment of long-term restrictions on the
use of such chemicals (Bollengier et al ., 1979). The use of
organo-pesticides such as dichlorodiphenyltrichloroethane
(DDT), which are artificial compounds within the chlorinated hydrocarbon series, led to their biomagnification in
the food chain. The reintroduction program was carried
out after sufficiently correcting for this issue (Barclay &
Cade, 1983). In other reintroduction programs worldwide,
the root cause of extinction has often been corrected
prior to release of the endangered individuals, highlighting the importance of fixing this problem to ensure the
adequacy of the habitat for the species being released.
Efforts and studies have also aimed remove the limiting factors that have decreased the population of the
California condor (Gymnogyps californianus ), prior to the
release of captive-bred individuals (Ricklefs, 1978; Wilbur
et al ., 1980). Thus, it is not sufficient to simply hope that
the species being released will be restored to a sustainable
population, without first understanding the limiting factors and fixing the original cause of endangerment. Such
a lack of understanding and preparation will only lead to
poor survival of the released individuals, thus leading to
the failure to satisfy initial expectations.
Although several individuals of a species can be secured
through successful captive breeding practices, poor habitats will limit the restoration of such species upon release
even in historic range. Wilson and Willis (1975) described
these endangered species as ‘orphan species’. Therefore,
the successful release of endangered species to the wild is
dependent on finding an adequate habitat and performing experimental releases. Even in areas where the species
in question has not previously been inhabited, the chances of survival, including adaptability after release, may be
guaranteed to be higher than in their last-seen habitat,
provided other suitable survival conditions are in place.
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Successful cases of release have also been achieved for
local endemic species that reside on remote islands; most
of the endangered bird species listed today fall into this
classification.
The Mauritius kestrel (Falco functatus ), Mauritius parakeet (Psittacula echo ), Pink pigeon (Nesoenas mayeri ),
and Mauritius fody (Foudia rubra ) are all endemic to the
island of Mauritius in the Indian Ocean. These species
were captive-bred and released to the nearby Reunion Island, following which they have successfully adapted and
been restored in this new habitat (Temple, 1981). This is
a case where Reunion Island was selected as the remained
area with the best survival conditions for the orphan species, and the release was decided after fully considering
whether or not they may affect the native species originally living on the island. In New Zealand, the exchange
release of endemic species between islands has been adopted as an important strategy for the reintroduction of
endangered species (Flack, 1978). Similarly, several species
of Amazonian parrots (Amazona spp.) have undergone the
same process in the Caribbean Sea (Collazo, 2003; Sanz &
Grajal, 1998).
The target habitat must be also assessed regarding the
long-term safety of the captive-bred species in question
after their release. Predicting the future is a challenging
process; however, the underprepared release of captivebred species into new habitats with an uncertain future is
likely to end in failure. To prevent such cases, it is necessary to consider their artificial release into habitats that
have been already designed or designated for the conservation of wildlife species (e.g., national parks, ecosystem
conservation areas, wildlife reserves, or wetland reserves).
In these cases, the released birds can be guaranteed a
relatively safe habitat in the long term. For example,
Whooping crane (Grus americanus ) individuals were intensively released into the Grays Lake National Wildlife
Refuge in Idaho, U.S. (Ellis et al ., 1992).
Are the captive-bred individuals in a suitable condition
for natural release?
In addition to the selection of an appropriate habitat, the unique characteristics of the individuals being
released is another factor that can affect the success of
reintroduction efforts. Two factors must be considered
in this regard: the quantity and quality of the individuals
being released to the nature.
The fundamental question in this regard is whether
there is a sufficient number of captive-bred individuals
to ensure their effective restoration. This is an important
consideration for “establishing a sustainable population,”
which is the goal of release. If the wild population is
small, and the goal of release is to increase the number
of target population, then the number of released individuals must be equal to or greater than the population
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decline of the species in question. If the annual decline
in the number of individuals in a wild population can be
compensated by the release of captive-bred individuals,
then the endangered species in question may sustain.
However, if the goal of the project is to somewhat recover or restore a highly endangered species other factors
must be considered. Biologists in the fields of genetics
and evolution have studied with interest and concern that
increasing a population from a small number to a much
larger number causes a variety of problems. Such problems can be split into two categories.
The first category concerns scenarios where it is desirable to restore a population from an extremely small
number to a stable number in a short period to ensure
the future of the species in question. Notably, in these
scenarios it is desirable to allow free selection between
several individuals of both sexes. If a small number of
birds is released into a large habitat, then they will be
more likely to face difficulties in breeding. Therefore, releasing as many individuals as possible at once could help
to overcome this limitation.
Second, concerning long-term survival, it is desirable
to ensure that many individuals exchange various genetic
traits with each other. The theoretical model of population genetics suggests that at least 50 genetically different individuals are required to form a basic population
when restoring a species to achieve rapid recovery (Frankel
& Soulé, 1981; Franklin, 1980). A small initial population
may be disadvantageous for continuous adaptation and
survival in an irregular natural environment, due to the
limited exchange of genes over generations.
Various species restoration programs in the U.S. have
been conducted in stages, to allow the natural release of
as many individuals as possible. For example Peregrine
Falcone natural release projects has been conducted when
the annual captive-bred population exceeded 100 individuals (Barclay & Cade, 1983). In the case of Whooping
Cranes captive breeding had been continued until the
growth rate reaches a certain number, with the breeding
project expanding in scale every year (Kepler, 1978).
In addition to the number of individuals released, the
qualities of the released individuals are another factor
that can affect the successful restoration of species. Thus,
it is necessary to prepare procedures to evaluate the qualities of such individuals, such as their genetics, behavior,
physiology, and health. From a genetic viewpoint, individuals that have not been bred captively through several
generations are ideal for natural release. Captive breeding over multiple generations can limit genetic selection
through free gene exchange. Another issue is that during
captive breeding, individuals can become over-adapted to
artificial survival conditions, rather than to their natural
habitat. This may lead to inadequate adaptive selection,
which is undesirable for individuals that will eventually be
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released into a natural habitat.
Additionally, genetic bottleneck effects can occur in
the process of captive breeding over multiple generations,
which is another serious genetic downside. Genetic bottleneck effects have commonly been observed during the
process of producing numerous individuals from a small
population (Denniston, 1978; Franlkel & Soulé, 1981). In
the process of the captive breeding and natural release,
birds can face two genetic bottleneck effects. The first
effect is observed when the species is captured from the
wild for captive breeding, which the second effect occurring when the captive-produced individuals are selected
for release.
To overcome the first effect, it is necessary to prepare a
founder population for captive breeding that has as many
distantly related individuals as possible. The second effect
can be overcome by selecting as many different genetic
groups as possible among the bred individuals when releasing them to the wild. For example, the release population should be composed of individuals with different
body types and different levels of resistance to natural
disasters. If possible, the wider the difference, the better.
These approaches have proved to be effective in various
captive breeding and release programs. In particular, these
approaches have helped to ensure the successful reintroduction of Peregrine Falcone in the U.S. (Barclay & Cade,
1983).
The qualities and characteristics of the birds being
released can also be determined through the breeding
process. Behavioral and health-related problems can arise
during breeding, and the quality of individuals that are
selected for release are often determined by these characteristics from the breeding process. In the past, several
release programs have failed due to inappropriate sexual
imprinting, extreme tameness toward human beings,
inadequate adaptation in captive breeding conditions,
and poor health (Cade & Fyfe, 1978; Curio, 1996). These
problems have decisive effects on the success of release
programs following captive breeding; however, the severities of these problems may also differ depending on the
species in question; the life history, general characteristics,
and innate or acquired behavioral development processes
of said species must first be understood.
Under certain captive breeding conditions, birds may
develop problems related to “imprinting.” Birds that are
raised by humans can often suffer from the problem of
being overly sexual or socially intimacy with their adoptive parents. Selecting individuals that exhibit such imprinting behaviors can lead to poor prognosis regarding
their reintroduction into the wild.
Captive breeding requires significant levels of care and
effort. However, it is also necessary to provide technological learning processes that allow individuals to properly
recognize the opposite sex of the same species to ensure
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that they undertake normal sexual behavior when released
into the wild. One credible strategy in this regard involves
allowing a mother bird of the same species to rear young
birds after hatching. If the young birds are instead being raised by humans, the use of a puppet that imitates
the head and beak, pattern, and color of the mother bird
constitutes another effective strategy. In fact, young individuals of Peregrine falcon that were naturally released
first spent significant amounts of time with parents of the
same species during certain phases of growing, or spent
time with a large number of young birds of the same species (Sherrod, 1983). In the captive breeding of Andean
condors (Vultur gryphus ) for natural release, puppets that
resembled mother birds were used, with direct eye contact between young condors and humans being kept to a
minimum; this strategy proved effective for their successful natural release (Wallace & Temple, 1987).
However, despite these efforts to prevent imprinting,
birds will inevitably come into frequent contact with humans during captive breeding. Frequent contact can not
only make birds tame to humans but can also prevent
them from being vigilant against human behavior and
presence when released. Therefore, developing familiar
relationships between humans and individuals for release
is undesirable.
For example, hawks that were raised and released after
frequent contact with humans were easily killed by humans (Snyder & Snyder, 1974). Based on this experience,
a learning stage on the topic of negative conditioning for
humans was implemented for the release projects of Peregrine falcon (Sherrod & Cade, 1978). Birds released without such pre-conditioning have frequently been killed in
human-related accidents and have become easy targets of
hunters. Domesticated Hispaniolan parrots (Amazona ventralis ) were released into their past habitat in the Dominican Republic, but they have since been hunted and consumed for food by Haitian farmers (Snyder et al ., 1987).
Additionally, similar experiences have been documented
regarding the release of domesticated Hawaiian nene
goose (Branta sandvicensis ), until they eventually adapted
to living in the wild (Berger, 1978). In contrast, Ellis et al .
(1978) provided learning to Masked bobwhites (Colinus
virginianus ridgwaty ) to ensure that they could cope with
other predators before their release into the wild; this led
to a significantly improved survival rate.
Birds that are captive-bred for a long time before release usually only acquire a limited set of skills necessary
to live in a cage, instead of learning the essential behaviors and functions required for survival in the wild. This
leads to them experiencing difficulties when adapting to
their natural habitat following release. Notably, it is difficult for captive birds to learn how to find, catch, and
handle food in a natural environment. In captive breeding conditions, food is provided in an unnatural manner,
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leading to birds becoming accustomed to this convenient
method of obtaining food. Therefore, the survival of these
birds after release depends on how quickly they can adapt
to dealing with a variety of new and varied food in nature can determine their continued survival. For example,
captive-bred Hispaniolan parrots that grew familiar with
being artificially fed in caged conditions experienced difficulties in consuming food in the wild upon release, and
so died of starvation (Collazo et al ., 2003; Snyder et al .,
1987).
A captive breeding environment can also promote and
impose unnatural habits on birds by providing living
conditions that differ greatly from their natural environment. These differences include responses to vocalizations of the same species, the nature of sleeping areas,
and the processes of searching for water and food (Fyfe,
1978). Although there may be many differences depending on the species in question, it is common that various
learning conditions must be provided before captivebred individuals are released into the wild. These learning
processes can significantly improve the survival rates of
released individuals.
Health during captive breeding is another factor that
greatly influences the survival of individuals after release.
Captively raised and bred individuals must be free from
diseases and parasites prior to release and should be
physically fit. Poor health (regarding feather and muscle
condition, and the accumulation of subcutaneous fat)
before release is not ideal; it can lead to individuals
struggling to change their lifestyle after release, therefore,
the released individuals may show a poor survival rate.
Individuals with diseases and parasites will also have low
survival rates. Moreover, these individuals should not be
allowed to join with existing wild populations, as this
could lead to diseases and parasitic infections, which may
be fatal, entering these wild populations (Kemp et al .,
2020; Woodford & Rossiter, 1994). In the International
Crane Foundation program, for example, cranes with herpes virus are considered to be unsuitable for release (Olsen
et al ., 2016).
Are release procedures adequate and effective?
Birds that are released into the wild must adapt to sudden changes in their lifestyle, compared to their captive
breeding environment; this may be stressful for released
individuals. Even if individuals with good health are selected and are released into a natural habitat with ideal
conditions, the process of release is a further factor that
needs to be considered regarding the successful reintroduction of endangered species. Several procedures are
required for release.
The birds in question should be provided with the opportunity to undergo a gradual and smooth change in
lifestyle, rather than experiencing rapid changes. It is
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also important to ensure that the number of released individuals is not too small that they become “lonely.” In
particular, artificial multi-step procedures are required to
adjust the lifestyle of birds and ensure a smooth transition in their living environment. Birds must be constantly
monitored during this transition, and the process must
help the released birds to acquire those functions that are
essential functions for survival in the wild.
In many cases, the age of the released individual can
determine how well it will adapt to this transition in its
living environment. Fledglings, though naturally prone
to high mortality, can quickly acquire necessary life skills
and are excellent at adapting to new environments. Thus,
they constitute ideal individuals with optimal physical
conditions and psychological states for release into the
nature (Le Gouar et al ., 2008; Sarrazin & Legendre, 2000;
Schaub et al ., 2004; Temple, 1978).
Adult birds who are acclimatized to their captive breeding environment, however, can be relatively naive when
coping with new and sudden changes in their environment. Thus, they are unsuitable for release. Adult birds
also require a relatively long process of habit transition
prior to release. This is consistent with observed differences in learning ability with respect to age. Young birds can
learn new skills relatively quickly, based on imprinting. In
contrast, adult birds need to undergo gradual habit transitions through associate learning, which must be conducted over a longer period (Canessa et al ., 2014; Carrie
et al ., 1999; Clark et al ., 2002; Earnhardt et al ., 2014).
Practical methods for returning captive-bred birds
into the wild have been developed in a variety of ways.
However, one common aspect is “gentle release.” In fact,
programs featuring “abrupt releases” have led to failures
more (Bright & Morris, 1994; Mitchell et al ., 2011; Resende et al ., 2021).
A gentle release can be ensured through several methods; young birds can either be raised by a mother from
the wild or fostered by a mother bird in the wild. Release
processes that mimic the natural release process of the
mother bird leaving the young bird from the nest represent another effective method. “Hacking”, which has
been used in release of young falcons, is one such process (Dixon et al ., 2019; Dzialak et al ., 2006; Sherrod et
al ., 1982). When releasing adult birds, gradual modifying
their captive environment to close to the natural state can
help them to adapt. This involves gradual changes in the
habits of the birds, in new breeding environments that
imitate their natural habitat, rather than enforcing abrupt
changes in their habits.
The foster parenting of eggs or offspring from captive
breeding programs by mother birds in the wild leads to
the highest success rate of release into the wild. This involves the switching of fertile eggs or nestlings, which has
been applied to the Puerto Rican parrot (Amazona vittata )
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and Western populations of Peregrine falcon (Burnham et
al ., 1978; Herzog, 1995). The high success rates obtained
when using this approach can be attributed to the natural
experiences and learning processes that the offspring gain
by living with a wild mother, and to the opportunities
they are afforded to adapt to a wild environment.
However, there are several limiting factors in this process. Foster parenting allows a relatively large number of
eggs or offspring from captive breeding to be raised by a
small number of mother birds in the wild, instead of their
own natural reproduction. Thus, this method is difficult
for endangered bird recovery. In fact, there are significantly lower numbers of mature mothers of Puerto Rican
parrot and Peregrine falcon in the wild than the number
of eggs and offspring that have been raised in captive
breeding programs. Another limitation is that young birds
can learn inappropriate habits from their mothers, especially if the species in question originally became endangered due to the newly acquired habits of the remaining
wild population (Temple, 1978).
The advantage of foster parenting, however, is that the
offspring can easily learn essential species-specific habits,
which are difficult to teach under captive breeding conditions. It has been demonstrated that Aleutian Canada
geese (Branta canadensis leucopareia ) offspring can easily
learn their seasonal migration route from their mothers
(Springer et al ., 1978).
If there are sufficient basic data from research, the raising of captive-produced offspring by adoptive parents
from other closely related species is a possible option.
This method is referred to as cross fostering. In general,
the offspring do not initially present any problems as they
grow up when using this method. However, as they grow
older, the unique characteristics of the adoptive parents
(i.e., diet, social behavior, seasonal migration, habitat, and
nest selection) may be imprinted, inevitably leading to
serious errors (Cade & Temple, 1995).
The U.S. program to cross-foster the endangered
Whooping crane using Sandhill crane (Grus canadensis )
mother birds was controversial (Drewien & Bizeau, 1978).
It resulted in hybrids between the two species being born
in the wild, leading to major modifications being made
to the program (G. Archibald, personal communication,
1994). The plan in the U.S. to cross-foster Peregrine falcons with Prairie falcons (Falco mexicanus ), and Masked
bobwhite with Texas bobwhite (C. v. texanus ) mothers (Ellis
et al ., 1978; Hernández et al ., 2006) is another controversial issue.
Various hacking methods that imitate the processes of
falconery are widely used when preparing birds for release
(Fyfe, 1978; Sherrod & Cade, 1978; Temple, 1978). These
processes involve supplying food to the fledglings from
a distance until they acquire necessary skills for survival.
This is an effective method for ensuring a smooth transi-
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tion from the captive breeding environment to natural
environment. Hacking has many advantages, for example
it allows for to release into the nature in more places
and in larger numbers of fledglings. Furthermore, large
numbers of the same species can be reintroduced into the
natural habitat at once. Therefore, various methods that
have been modified according to the unique characteristics of different species have been developed and used for
release (Temple, 1978).
Hacking has a further advantage in that young offspring can be taught to learn various skills that are necessary for survival in the wild. It is possible to make the
most of existing knowledge of the life history, and learning programs that imitate the life history of said species in
nature can be applied. This allows the offspring to learn
the conditions required for survival, such as diet, habitat,
nest selection, and sexual selection, prior to release.
However, after reviewing these methods and releasing
the individuals, the released individuals must be continuously monitored. In general, it is important to continuously seek rational means, such as careful observation,
evaluation, and modification of methods, throughout the
process of release. To accommodate feedback, improve
methods, and expand research opportunities, it is also
important to simultaneously use marking and tracking
methods, such as color bands or radio-telemetry, on released individuals (Black, 1991; Ewen & Armstrong, 2007;
Sarrazin & Barbault, 1996).
Is there sufficient social interest and will to recover the
endangered species?
Another factor that must be considered for the longterm success of endangered bird recovery projects is social
awareness. Projects involving the reintroduction of endangered species back into the wild must be supported
by social interest and will. Initially, society may show relatively high levels of interest in a particular project. However, over time, interest in the project can often decline
significantly. Accompanied by declines in parties’ willingness to cooperate, support, and invest, this can lower the
chances of successful restoration (Kleiman et al ., 1994;
Primack, 2008).
Most programs focusing on the reintroduction of endangered birds ultimately aim to save endangered species.
Therefore, long-term motivation is essential to achieve
these goals. Reintroduction programs must primarily aim
to maintain sustainable wild populations of endangered
species. Simultaneously, these programs must effectively
maintain and conserve the species-specific life history and
ecological characteristics of the wild population. Only
then will such programs be socially recognized and gain
increased interest and support.
Peregrine falcon reintroduction projects in the U.S.
have been continuously reviewed and modified through
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computer-aided modeling approaches to set long-term
targets and reach their goals of creating sustainable wild
populations. The project was planned for approximately
ten years; it led to the successful reintroduction of the
Peregrine falcon and to the establishment of populations
in the eastern region of the U.S. The Peregrine falcon that
was reintroduced is a resident or migratory bird, the wild
population of which has increased over time. As a result,
the species has been removed from the endangered species list, and is now being continuously monitored as a
threatened species (U.S. Fish and Wildlife Service, 2003).

Conclusion
Herein, we have highlighted and discussed items that
must be reviewed and satisfied as prerequisites for reintroduction of captive-bred endangered bird species. The series of processes required in this endeavor fundamentally
require human skills and effort. However, few researchers
have the talent necessary for captive breeding and release.
In particular, the captive breeding of endangered birds,
inducing them to adapt to their natural environment, and
releasing them are all challenging process that require
logical thinking, appropriate knowledge, experience, and
innate talent. Therefore, strategies must be sought to
support the training of experts.
Realistically, in Korea, it is doubtful that necessary habitats currently exist to support captive-bred and released
species, so as to ensure their continuous and stable longterm survival. Thus, it may be necessary to determine
whether the end goal of reintroduction needs to be reconsidered, regarding the availability of a natural or seminatural state. Problems related to available habitats cannot be solved by a single expert, or by restoration teams.
Rather, these problems require awareness of the whole society, adequate laws and institutions, the accumulation of
academic studies and technology, and the establishment
of various educational programs by private environmental
movements and social groups. In addition, when Koreaʼs
environment and habitat conditions are not suitable, the
will of international cooperation is necessary to properly
fulfill the role of a gene bank by releasing the species to
high-quality environments in neighboring countries for
the future of endangered species.
To date, not every case of captive breeding has been
successful. Similarly, not all bird species and individuals are fit for release into the wild. Thus, programs must
involve an appropriate habit, population, and method, in
addition to social interest and will. Satisfying these previously described qualities and criteria can help to increase
the success rates of reintroduction programs. Moreover,
the probability of failure must be reduced by using and
supplementing effective and modified methods in the
process of captive breeding and release.
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In certain cases, it is necessary to determine whether
the goal of a program should be a test release or should
instead include a long-term captive breeding plan, with
the aim of establishing a sustainable wild population. In
addition, for all species that may require reintroduction
in the future, the feasibility of the methods and procedures must be closely reviewed to increase the chances
of recovering endangered species. As there are currently
insufficient measures for the proper reintroduction of endangered species, active measures must be implemented
to prevent the extinction of endangered wild species.
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ABSTRACT

Saxifraga hirculus is classified as a vulnerable plant species in Europe, and it is confined to base-rich flushes in the
British uplands. However, a lack of available information about its conservation status hampers the development of
adaptive strategies for its in-situ conservation, especially with respect to grazing. To assess the effectiveness of sheep
grazing in maintaining viable populations of S. hirculus , we compared the community dynamics of the vegetation in
a base-rich flush over 44 years in two plots: one sheep-grazed under business-as-usual sheep grazing densities and
the other fenced to exclude grazing. The plots were established in 1972, and the abundances of all vascular plants,
bryophytes, and litter were measured at six intervals until 2016. Our results showed that although the presence of S.
hirculus was maintained in both plots over the 44 years, it declined and reached a minimum between 1995 and 2010,
when it was close to extinction. Since 2013, Saxifraga has recovered only slightly. Interestingly, the S. hirculus response
appeared to be independent of grazing treatment, but it mirrored wider changes in the vegetation composition and
structure within the flush over the 44 years. These changes are similar to others reported in broader uplands that have
been attributed to a combination of reduced nitrogen and sulfur deposition and global warming. Thus, the simple
adaptive management approach of “just managing” sheep grazing appeared ineffectual for preserving the S. hirculus
population. S. hirculus showed signs of recovery at the end of the study period within this base-rich flush.
Keywords: Base-rich flush, British uplands, Conservation, Generalized additive mixed models, Multivariate analysis,
Rare species
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Most conservationists have a fundamental desire to
conserve rare and endangered species, especially in protected sites where the available habitat is limited (Magurran & McGill, 2013). When information about the exact
ecological requirements for the survival of a rare species
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is limited, the most obvious way is to investigate factors
that could reduce the population further and then try
to remove them as a constraint. Adaptive management
approaches often combine the best available knowledge
about the species and habitat with that known about
other similar species and habitats and information obtained from relevant stakeholders. However, it is important
to learn while implementing such an approach and to
modify the strategy as new information becomes available
(Allen et al., 2011; Holling, 1978). Unfortunately, a lack
of available data and the large number of uncertainties
often hamper the development of adaptive strategies for
in-situ conservation (Allen et al., 2011), and both success
(Pavlik & Stanton, 2014; Wehn et al., 2018) and failure
have been reported (Allen et al., 2011). Indeed, Pullin and
Knight (2009) suggest that, where adaptive strategies for
conservation are based on “learning from process,” there
is the potential to do more harm than good. Nevertheless,
such risks will be reduced as a better knowledge base becomes available for each conservation problem (Sutherland
& Wordley, 2018).
Saxifraga hirculus L. , the marsh saxifrage, is a stoloniferous, yellow-flowered, perennial herb. In the British Isles,
it is found in wet, base-rich flushes and mires. Formerly
it was more widespread, but it is now confined to upland
localities (300-750 m, BSBI, 2020). This is in contrast
to its distribution in some areas of central and northern
Europe, where it is often found in fen habitats (Singh et
al., 2019). The British distribution of S. hirculus has been
reduced dramatically since 1930, mainly in relation to its
disappearance from lowland areas due to agricultural intensification; however, recent estimates that populations
appear to have stabilized since then (BSBI, 2020). As a
result, it is classified as “vulnerable” on the UK Red List
and listed as a protected species under the UK Wildlife
and Countryside Act (Schedule 8) and the European Commission Habitats and Species Directive, Annexes II and IV
(BSBI, 2020; JNCC, 2019a). Currently, S. hirculus is found
in five regions of the UK (JNCC, 2019a), and the largest
and most important sites occur within the Moor House/
Upper Teesdale areas of Cumbria, the Tees Valley, and in
County Durham in northern England, where it is present
in ca. ten base-rich flushes within a complex mosaic of
acid grassland, blanket bog and limestone outcrops (JNCC,
2019b). A recent survey of most English populations estimated the overall population size at approximately 1.2
million individuals, of which 41% (485,000) were scattered on small flushes within the Moor House National
Nature Reserve (NNR) (J. O’Reilly, unpublished data 20172018). This is a qualifying feature, albeit not a primary
reason, for site selection within the North Pennine Moors
Special Area of Conservation, defined under the European
Unionʼs Habitats Directive (92/43/EEC, JNCC, 2019b). Its
continued survival is of conservation concern; thus, in-
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situ conservation programs to maintain populations of S.
hirculus have been instigated.
The use of a small-scale case study is inevitable when
considering the conservation of any rare species that occurs in small patches in upland Britain (BSBI, 2020; JNCC,
2019a; 2019b). Fortunately, the case study was conducted
over a relatively long period (44 years) through the regular
sampling of permanent plots (Marrs et al., 1986). The use
of long-term data is gaining importance in ecology, as it
is fundamental for forecasting the stability of a community over time and understanding the mechanisms driving vegetation change (Sperandii et al., 2022). Although
statistical inference in such small studies must be viewed
with caution (Sokal & Rohlf, 1969), ecological information gained from such long-term records can provide
important insights into conservation policies. We consider
that the limited ecological information on rare species is
a common issue; therefore, our results are meaningful for
advancing adaptive management for the conservation of S.
hirculus in similar areas.
Our knowledge of the factors affecting species changes
in upland Britain has expanded since this case study was
established in 1972. Large-scale, repeat vegetation surveys
have shown biotic homogenization (Ross et al., 2012) by
considering drivers such as acid deposition, nitrogen (N)
deposition, and climate change (Mitchell et al., 2017). In
addition, Milligan et al., (2016) conducted a meta-analysis
of grazing exclosure studies at Moor House and showed
reductions in species diversity and a shift in the balance
of taxonomic groups associated with grasses, lichens, liverworts, mosses, herbs, sedges, and shrubs. Therefore, it is
impossible to assess changes in a rare species such as S.
hirculus and to identify the environmental variables that
control change without having some knowledge about
changes within the entire plant community. Indeed, the
presence of certain common species often provide clues
about the presence of rarities (Smart et al., 2015). Although it is possible that grazing has a direct impact on
individual species (Li et al., 2015; Marrs et al., 2020),
indirect effects of landscape processes through a change
in the dominant plant species and litter accumulation
may also be important (Marrs et al., 1988; Milligan et al.,
2016). In any case, no clear test has been conducted to
identify whether management approaches or landscape
trends are the main drivers of long-term dynamics of S.
hirculus or its community performance.
Therefore, we report the results of an early attempt
to use an adaptive management approach to maintain
populations of S. hirculus at the Moor House NNR in the
northern Pennines. First, to identify differences in successional changes, we compared the community compositional changes produced by grazed vs. ungrazed plots
over the last 44 years. We then modelled the changes in
S. hirculus in each plot over time, plus changes in the
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diversity and density of vegetation and litter, to provide
information about the impact of the treatments on the
main community properties that may influence rare species populations. Finally, we modelled changes in a series
of taxonomic groups and grazing indices to provide additional information about the local drivers of change and
to identify potential indicator groups for this flush that
could be used to inform conservation managers about the
potential success or failure of applying particular strategies (de Bello et al., 2010; Gondard et al., 2003).

Materials and Methods
This case study was established in 1972 at Moss Burn
“Johnny’s” flush (Supplementary Figs. S1, S2; British
National Grid Reference, NY 74553 31632; 54°40'44.8"
N, 2°23'46.2" W; elevation, 640 m). Two plots (10 m×6
m) were established: one fenced to exclude sheep and
the other left open to allow free-range grazing (Marrs
et al., 1986). The plots were initially “matched-by-eye”
and the only differences were: (1) the grazed plot had
greater bryophyte cover on one side, and the ungrazed
plot had a greater amount of scattered Juncus effusus
(Marrs et al., 1986). Both plots were sampled six times
within the 44-year period (1972, 1974, 1983, 1996, 2013,
and 2016) and these times correspond to the amount of
time elapsed since the start of (0), +2, +11, +24, +41 and
+44 years, respectively. Following sampling in 2013, the
fence was removed, and the vegetation was resampled in
2016, 3 years after grazing was reinstated to assess early
responses. The grazed plot was defined as the “Businessas-usual” control treatment, and the ungrazed plot was
referred to as the “Intervention” treatment. Sheep numbers changed during the study period; they were reduced
during the early 1970s and again in 2001 after the Foot
and Mouth outbreak in the UK (Alday et al., 2021).
Vegetation sampling and data handling
Vegetation sampling was performed in late June and
early July on each of the six sampling occasions. Each
plot was gridded into 60 (1 m2) quadrats. In 1972, only
30 randomly selected quadrats from a total of 60 per plot
were sampled; however, in subsequent sampling years
(1974, 1983, 1996, 2013, and 2016), 60 quadrats were
monitored. In each quadrat, the vegetation cover was
measured using a 1-m long point quadrat-frame with 10
positions and 2 mm diameter pins with four height strata
(0-10 cm, 10-20 cm, 20-30 cm, and >30 cm) (Marrs et
al., 1986). Point-quadrat frames were positioned using a
permanently marked reference system within each quadrat. In 1972, a total of 10 pins were measured at each
quadrat, and 5 pins were measured in the subsequent
monitoring. At each pin, the number of pin touches was
recorded for each species within each stratum (Marrs et
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al ., 1986). At the same time, litter presence was described
by counting the pin-touches in the lowest strata (0-10
cm). The raw data can be found at Rose et al . (2020).
Subsequently, the collected point data were treated as
follows:
1. At each pin, the number of hits was summed for
each of the four strata to provide the total species for
each individual pin. These data were then converted to
presence/absence data using the “decostand” function
in the “vegan” package (Oksanen et al., 2019). Taken
together, this process reduced all the data collected at a
single pin to either 1 or 0 for each species.
2. At each 1 m2 quadrat, we calculated the summed
presence for each species and obtained an abundance
score of between 0 and 5. As the 1972 data were obtained using 10 pins per quadrat, we selected only the
5 pin positions that were sampled throughout the entire
sampling period.
Changes in rare species are not independent of changes
occurring in the biotic conditions of the entire plant
community (Milligan et al., 2016). Therefore, a series of
variables related to vascular plants, bryophytes, and lichens were derived to identify whether they also affected
the response of S. hirculus . This included three diversity
variables (species richness, and both the Shannon–Weiner
and Simpson’s diversity indices), six variables based on
taxonomy, and a grazing index (Supplementary Table S1).
The taxonomic variables defined were vascular plants,
mosses, liverworts, herbs, graminoids, and the graminoid
family Poaceae, which is an important group of species
that can compete with S. hirculus . To define taxonomic
variables and litter abundance weighted indices, the
summed total of hits per plot and per taxonomic group
and litter was calculated (Alday et al., 2021). The grazing
index was derived using Critchley’s (2000) suited species
score for grazing, where +1 was associated positively with
grazing, 0 represented no discernable response to grazing,
and –1 was associated negatively with grazing. Nomenclature was standardized using Stace (2019) for vascular
plants and Atherton et al. (2010) for bryophytes.
Data analysis
All statistical analyses were performed within the R
Statistical Environment (R Core Team, 2018); the “vegan”
package was used for all multivariate analysis (Oksanen
et al., 2019) and the “mgcv” package for the Generalized
Additive Mixed Modelling (GAMM) (Wood, 2006).
First, the plant community composition and successional trends were described using the absence data for each
plot. We used a detrended correspondence analysis (DCA)
with the “decorana” function and Hellinger-transformed
data. Species that were present on only one occasion were
excluded from analysis. The DCA ordination axes were
correlated with the three diversity measures (species rich-

141

Rob H. Marrs et al.
ness and both Shannon–Weiner and Simpson’s diversity
indices) and elapsed time (0, +2, +11, +24, +41, and +44
years) using the “envfit” function with 9,999 permutations. As all diversity variables showed similar significant
results (P <0.001), only species richness data are discussed
here. The plot distributions were then visualized in ordination space using standard-deviational ellipses (SD-ellipses,
95% confidence limits) with the “ordiellipse”function and
the centroids of grazing and sheep excluded plots for
each year were plotted to illustrate successional trends.
In addition, the area of each ellipse within the ordination
space was calculated to measure the size of the overall
species pool (i.e., β-diversity). To test whether there was
a significant relationship between the species community
data and the derived variables (diversity, taxonomic, and
grazing indices), we used the “adonis” function in “vegan”
with 9,999 permutations stratified by grazing treatment
(Supplementary Table S1).
Subsequently, these variables were modelled using
GAMMs. We chose GAMMs because they do not make a
priori assumptions about the functional relationship between variables (Wood, 2006). GAMMs were fitted using
the “gam” function to determine the general shapes of
the relationships between (a) the abundance of S. hirculus , (b) species richness, (c) litter, (d) vegetation density
(i.e., the summing of all species+litter values obtained),
and (e) taxonomic and grazing index variables with respect to elapsed time. Here, the dependent variable was
fitted with respect to elapsed time, with elapsed time
nested within the grazing treatment to account for temporal correlations (random factors). Four knots were used
for the regression splines to avoid overfitting the data but
still allowing for unimodal or slightly more complex model fits (Wood, 2006). The results of all analyses are presented in Supplementary Table S2, and all the responses
discussed are significant (P <0.01) unless explicitly stated.

Results
Community dynamics over time
The DCA analysis produced eigenvalues of 0.411, 0.179,
0.162, and 0.142 and gradient lengths of 3.28, 2.99,
2.66, and 2.60 for the first four axes. The species plot
showed a main gradation along Axis 1 (46% variance, Fig.
1A) from a Festuca ovina and Carex demissa community
at the positive end, through a community containing
Agrostis stolonifera , Anthoxanthum odoratum, Carex dioica, Carex echinata , Eriophorum angustifolium and Juncus articulatus in the mid-axis towards a community of
Carex panicea, Cirsium palustre, J. effusus , and Valeriana
dioica at the negative end. Axis 2 reflected a gradation
from a grassland community with A. odoratum , Agrostis
canina and C. panicea with a large bryophyte presence at
the negative end through a community of Carex nigra ,
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C. palustre, Rhizomnium punctatum and V. dioica at the
positive end (20% of variance, Fig. 1A). The species richness trajectory was correlated positively with axis 1 and
correlated negatively with axis 2, that is, towards the
bottom-right quadrant (r2=0.32, P <0.001, Fig. 1A).
The ungrazed plot area occupied was larger than the
grazed plot, covering it completely (relative areas of the
standard error ellipses: ungrazed=7.66, grazed=2.65).
A larger area indicated that there was either larger
β-diversity or greater heterogeneity in the ungrazed plot
than in the grazed plot (Fig. 1B). The temporal trajectories moved in the same negative direction in both plots
along Axis 1 towards C. panicea, C. palustre, J. effusus
and V. dioica communities, with the ungrazed plot moving further than the grazed plot (Fig. 1C). Both successional trajectories indicated a reduction in species richness
until 2013; however, a downward trend was again noted
in the latest 2016 sampling (Fig. 1C), indicating a recent
small recovery in species richness, albeit with a different
species complement. No Sphagnum spp. were detected.
Changes in abundance of S. hirculus, species richness
and litter
A relatively low abundance of S. hirculus was noted
throughout the experiment. At the start of the study, the
grazed plot contained approximately twice the abundance
of the ungrazed plot (Fig. 2A), however the abundance
declined to approximately zero in both plots within the
first 25 years, and it was below the level of detection of
the sampling method used between 1996 and 2013 (Fig.
2A). Thereafter, a slight recovery was observed (Fig. 2A).
These temporal responses mirrored the changes in overall
species richness (Fig. 2B), which showed a decline over
the first 25 years (1972-2000), followed by a recovery,
albeit not to the initial values (Fig. 2B). When the ungrazed plot was first fenced, there was little difference in
species richness between the grazed and ungrazed plots
(with approximately 19 species each); however, there was
a markedly greater decline in the ungrazed plot than in
the grazed plot in the first 25 years, with a minimum of 7
and 9 species, respectively (Fig. 2B). Both the grazed and
ungrazed plots partially recovered and attained a similar
species richness at the end of the monitoring period (approximately 13 species by 2016, Fig. 2B).
There was a linear increase in the amount of plant litter in both treatments, with a marginally faster increase
at the end of the study period in the ungrazed plot than
in the grazed plot (Fig. 2C). The grazing index (Fig. 2D)
showed a similarly shaped response to that of species
richness (Fig. 2D), although the decline and recovery were
less marked. Moreover, no significant differences were observed between the grazed and ungrazed plots.
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Fig. 1. Biplots from the detrended correspondence analysis (DCA) of grazed and ungrazed treatment plots within a baserich Flush (Moss Burn) at Moor House National Nature Reserve between 1972 and 2016: (A) the most abundant species, (B)
quadrat plot with sites displayed and standard deviational ellipses (95% confidence limits), and (C) temporal trajectories
through time. The start and end points of trajectories are shown by open circles and diamonds respectively; ungrazed and
grazed trajectories are presented in grey and black, respectively. Ac, Agrostis canina sl; Ao, Anthoxanthum odoratum ; Api,
Aneura pinguis ; As, Agrostis stolonifera ; Bps, Bryum pseudotriquetrum ; Ccal, Calliergonella cuspidata ; Cd, Carex demissa ;
Cdi, Carex dioica ; Ce, Carex echinata; Cn, Carex nigra ; Cpa, Carex panicea ; Cpal, Cirsium palustre ; Cpu, Carex pulicaris ; Cs,
Campylium stellatum ; Ea, Eriophorum angustifolium ; Fa, Fissidens adianthoides ; Fo, Festuca ovina ; Fr, Festuca rubra ; Gr,
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UG, ungrazed plot; G, grazed plot.
Changes in litter, taxonomic groups and grazing index
Mosses, liverworts, graminoids, Poaceae and herbs all
followed a similar response to that of species richness,
with an initial reduction to minimum values in the middle
of the study period, followed by a recovery (Fig. 3). However, there was a gradation in the reduction, and vascular
plants, mosses, and liverworts were the least affected,
intermediate, and most affected, respectively (Fig. 3A-C).
There was no difference in the response of liverworts between grazing treatments, and of all the groups, it underwent the greatest reduction and experienced the lowest
recovery (Fig. 3C). There were minor differences between
the treatment responses over time for the vascular plants
and herbs (Fig. 3A, F); however, for graminoids and Poaceae, their reductions in the middle of the study period
were more pronounced in the ungrazed plots than in the
grazed plots (Fig. 3E). The mosses, liverwort and graminoids/Poaceae (ungrazed only) did not recover to their
initial conditions (Fig. 3B, C, E).
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Discussion
S. hirculus changes over time
The main focus of our study was to monitor the presence of the vulnerable species, S. hirculus and assess
whether the removal of grazing would help in maintaining their population levels. We initially thought that high
grazing pressure was a major factor limiting this species,
and it was therefore rather surprising to find that the
same temporal response occurred in both treatment plots;
that is, an initial decline in the species reaching approximately zero after 25 years followed by a slight recovery.
The reduction in the early part of the study suggests that
these opposing conservation strategies were neither effective nor harmful (Pullin & Knight, 2009). The minor
recovery noted recently is encouraging in the grazed plot,
and it suggests that the current grazing level is, at best,
not harmful. Determining the extent of the recovery in
the ungrazed plot is confounded by the fact that sheep
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grazing has been allowed since 2013, and it is impossible
to determine whether this recovery would have occurred
without the re-introduction of grazing. Venterink and
Vittoz (2008) studied the last remaining population of
S. hirculus in Switzerland and argued that grazing and
mowing were needed to remove N from the system and
maintain a low above-ground biomass of between 152
g m-2 and 231 g m-2 and a N:P ratio in the vegetation of
between 7 and 8. In 1983, the respective ranges of the
living above-ground biomass at our study site were close
to these values, at 181 g m-2 and 245 g m-2 in the grazed
and ungrazed plots, respectively (Marrs et al., 1989).
However, there was a large litter component, and the N:P
ratios were also much larger (litter mass, grazed=310±32
versus ungrazed=745±94 g m-2; N:P ratios, grazed=12.1
versus ungrazed=14.1; Marrs et al., 1989). It is thus likely
that during the first 25 years, the above-ground vegetation mass and its N load may have been too high to
maintain large numbers of S. hirculus.
It is evident that we do not have enough knowledge
about the autecology and population ecology of S.
hirculus ; that is, we have limited knowledge about the
environmental factors that control its recruitment, persistence, and mortality (Hornemann et al., 2012; Pfeifer et
al., 2006; Wells et al., 1998; among others). We also have
no information about the size and persistence of the seed
bank in British upland communities, which limits our reli-
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Fig. 2. Predicted responses from
GAMM modelling of changes
in (A) Saxifraga hirculus abundance, (B) species richness, (C)
litter, and (D) the grazing index
in grazed (red) and ungrazed
(green) plots at Moss Burn flush
on Moor House NNR in Northern England over a 47-year
period. The predicted responses
with 95% confidence limits are
shown along with the overall r2;
statistical results are presented
in Table S2. GAMM, Generalized
Additive Mixed Modelling; NNR,
National Nature Reserve.

ance on recovery from seed as part of an ecological restoration strategy (Klaus et al., 2018; Rowell et al., 1982).
Therefore, several important factors reduce our ability to
guide the recovery of S. hirculus. Consequently, for more
effective in situ conservation management, it is necessary
to conduct new studies on S. hirculus autoecology and
its population ecology, and to combine such studies with
ecological restoration and conservation programs. Singh
et al. (2019) highlighted that non-Sphagnum (“brown
mosses”) may play an important role in favoring the persistence and survival of S. hirculus as a component of
plant communities in ferns. On our site, no Sphagnum
species were detected, but three “brown Mosses” (Calliergonella cuspidata , Campylium stellatum , and Palustriella
commutata ) were plotted close to the community starting
positions in the DCA ordination (Fig. 2), although these
have since declined.
Community dynamics through time
It was also clear from our results that despite slight
differences in composition between the grazed and ungrazed treatments, the successional processes in both
plots followed the same trajectory, but at different rates.
It is worth recalling that when the plots were established, the sheep stocking levels had just been reduced
from 4.4 ha-1 to 2.0 ha-1, so there was likely to be some
“adjustment” of species abundance in both grazed plots.
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Fig. 3. Predicted responses from the GAMM modelling of changes in (A-F) taxonomic categories and vascular plant-life
forms in the grazed (red) and ungrazed (green) plots at Moss Burn flush on Moor House NNR in Northern England over a
47-year period. Predicted responses with 95% confidence limits are shown along with the overall r2; statistical results are
presented in Table S2. GAMM, Generalized Additive Mixed Modelling; NNR, National Nature Reserve.
It was also expected that there would have been some
convergence of the grazed plot towards the ungrazed
plot following further stock reductions implemented after 2001, and convergence of the ungrazed plot towards
the grazed plot following the re-introduction of grazing to the ungrazed plot in 2013. Irrespective of these
events, the community composition trends over the last
40 years have been mainly caused by fluctuations in the
abundance of dominant species coupled with reductions
in sub-dominant species, including some bryophytes. In
both treatments, the dominant species balance changed
over time from C. demissa and E. angustifolium with fineleaved grasses towards Geum rivale (ungrazed only) and
coarse-leaved graminoids (including Nardus stricta and
J. articulatus ) predominantly on the grazed plot, and C.
nigra and C. panicea on both the grazed and ungrazed
plots. These results are essentially similar to those reported elsewhere for the wider British uplands (Mitchell et al.,
2017; Ross et al., 2012). The increased abundance of G.
rivale reported here has been noted in a similar ungrazed
plot on base-rich soil at Knock Fell, also located at Moor
House (Marrs et al., 2020; Rawes, 1981). Evidence from
the bryophyte life histories also mirrors the large declines
previously reported across the uplands (Britton et al.,
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2018), although the results of this study show evidence of
limited bryophyte recovery.
The compositional changes in vegetation noted here
in the grazed and ungrazed plots are in agreement with
the changes noted in similar experiments in other communities within the Moor House reserve and in the wider
countryside. Therefore, it is likely that compositional
changes were mainly driven by landscape drivers, such as
the atmospheric deposition of SO2 and NOx, which have
impinged on species diversity elsewhere in the uplands
(Pakeman et al., 2019) and on flora across the entire United Kingdom (Smart et al., 2003a; 2003b; 2006). These
results are unsurprising, because it is well known that
adjacent sites subjected to similar abiotic pressures and
sharing the local species pool produce similar successional
processes, which makes large successional differences unlikely (Falster et al., 2017). However, this means that managing the grazing had little effect on plant communities,
as similar long-term responses were observed in both the
grazed and ungrazed plots, thus showing no positive effect on S. hirculus conservation. In addition, the initial
compositional changes in the grazed and ungrazed plots
did not favor the conservation of S. hirculus , although the
last compositional changes from 2013 showed a slight in-
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crease in S. hirculus in both plots.
Change in litter, taxonomic groups, and grazing index
An examination of the litter showed a greater increase
in the amount of litter in the last few years in both the
grazed and ungrazed plots, although it was generally stable over the first 25 years. These results correspond with
the conclusions of Mitchell et al. (2018) from an analysis
of repeated vegetation surveys in Scotland, who found
that the climate has warmed slightly and become slightly
wetter (Holden & Rose, 2011). This could favor the development of denser vegetation and litter cover, and it suggests that decomposition processes have slowed over the
period (Marrs et al., 1980; 1989). The future impacts of
an increase in litter on S. hirculus are currently unknown,
but our results from 2013 showed a parallel increase in
litter and S. hirculus .
Overall, the taxonomic group responses were similar to
those reported for species richness in both treatments,
with an initial reduction and recovery in the previous
years. However, there was a gradation in species reduction
and liverworts were the worst affected group, followed by
mosses and then vascular plants. These results show that
community drivers other than grazing have occurred, and
these have particularly influenced the persistence of bryophytes and liverworts. Recent studies have suggested that
SO2 and N deposition was a major cause in the reduction
of bryophyte and liverwort in the last part of the 20th
century (Rose et al., 2016). However, SO2 acidification
peaked in the 1970s, and emissions were reduced by 90%
by 2008, while N emissions were also reduced over this
period, but only by 50% (Monteith et al., 2016; RoTAP,
2012). These reductions in SO2 and N deposition have
been linked to the start of a reversal in species decline, especially among bryophytes and liverworts (Mitchell et al.,
2018; Rose et al., 2016). The results of the present study
appear to follow these national trends, in that conditions
are becoming warmer and there are reductions in the input of atmospheric pollutants, which is affecting the vegetation composition (Holden & Rose 2011; Monteith et
al., 2016). However, we accept that such conclusions are
only speculative, and further work is needed to unravel
the mechanisms involved. Nevertheless, the decreasing
trends in the liverwort and bryophyte populations resemble those of S. hirculus and are in agreement with the
results of Singh et al. (2019), who showed a relationship
between the persistence and survival of S. hirculus and
bryophytes.
Interestingly, there were slight differences between the
trends of vascular plants and grasses over time with respect to their responses to treatment, and this suggests
that grazing is not as important as expected for vascular
plants. In addition, the abundances of graminoids and
Poaceae, which are favored by grazers in these areas (Alday
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et al., 2021), were lower values in the ungrazed plots than
in the grazed plots. Surprisingly, there was no difference
in the grazing index between the grazed and ungrazed
plots, and this could be attributed to the low grazing
pressure which was not sufficient to impact species other
than the specialized grazing species (Hodgson & Illius,
1998). However, the abundance of mosses, liverworts, and
graminoids did not recover to initial levels, even after 44
years, and this trend was similar to that of S. hirculus ,
which suggests that it takes longer to recover populations
or community structures than it takes to degrade them
(Alday et al., 2013).
We aimed to describe the results of an early attempt
to use an adaptive management approach to maintain
populations of S. hirculus at the Moor House NNR in the
northern Pennines. We must consider that S. hirculus is
a species of conservation concern (BSBI, 2020; JNCC,
2019a; 2019b), which its presence was maintained over
time in the flush studied. However, its population declined
over the 47 years studied, and it reached a minimum
value between the years 1995 and 2010, when it neared
extinction, but it has subsequently slightly recovered. This
response of S. hirculus appears to have been independent
of grazing management approaches (grazing vs. ungrazing plots), and it mirrored wider changes in vegetation
within the flush and changes reported elsewhere in the
wider uplands that are mainly related to reductions in the
deposition of N and sulfur (landscape drivers). The longterm results imply that using a simple adaptive management approach of “just managing” the sheep grazing appears to be ineffectual, and it seems that recent changes
in atmospheric deposition or climate warning may have
helped the observed recent recovery. However, although
the recent recovery of S. hirculus brings hope, these results need to be treated with caution, as the current
medium-term responses are unknown.
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ABSTRACT
The degree distribution of the plant-pollinator network was identified by analyzing the data in the ecosystem and
reproduced by a model of the growing bipartite mutualistic networks. The degree distribution of pollinator shows
power law or stretched exponential distribution, while plant usually shows stretched exponential distribution. In the
growth model, the plant and the pollinator are selected with probability Pp and PA =1–Pp , respectively. The number
of incoming links for the plant and the pollinator is lp and lA , respectively. The probability that the link of the plant
selects the pollinator of the existing network given as Aki =kλi A /∑i kλi A , and the probability that the pollinator selects
the plant is P ki =kλi p /∑i kλi p . When the nonlinear growth index is λ X =1 (X =A or P), the degree distribution follows a
power law, and if 0≤λ X <1, the degree distribution follows a stretched exponential distribution. The cumulative degree
distributions of plants and pollinators of 14 empirical plant-pollinators included in Interaction Web Database were
calculated. A set of parameters (PA,PP,lA,lP ) that reproduces these cumulative degree distributions and a growth index
λ X (X =A or P) were obtained. We found that animal takes very heterogenous connections, whereas plant takes a more
flexible connection network.
Keywords: Degree of distribution, Mutualistic network, Plant–pollinator network, Power law, Stretched exponential
distribution

Introduction
Ecosystems exhibit complex relationships as numerous
species interact with each other. In ecological networks,
the species is represented by a node, and the relationships between the species are represented by links. The
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connecting links in the prey–predator food web represent
the relationship between the prey and predator. In addition to the prey–predator network, there are various other
network types, such as mutualistic networks and parasite–
host networks (Bascompte, 2009; Bascompte et al ., 2003;
de Lima Filho et al ., 2021; Dunne et al ., 2002; Luz et al .,
2021; McLeod & Leroux, 2021; Montoya et al ., 2006;
Strydom et al ., 2021). In a mutualistic network, such as
a seed disperser network or a plant–pollinator network,
plants and animals are mutually supportive because they
can profit from each other (Cohen, 2020; Hwang et al .,
2008; Lee et al ., 2012; Maeng & Lee, 2011; Olesen et al .,
2007). However, in the parasite–host network, parasites
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benefit from the host. When a parasite parasitizes a host,
the two species become linked.
Mutualistic relationships in ecosystems are classified
into four types, namely seed dispersal, pollination, resource harvesting, and protection (Boucher, 1985). Plants
that spread pollen via animals or insects use less energy to
produce pollen, but they use considerable energy to produce colorful flowers and scents that attract animals and
insects. Plants offer benefits to pollinators, including pollen, oil, resin, nectar, and fragrance; a common example
is bees and flowers. Bees fly from one flower to another,
gathering nectar. When they land on the flower, the
bees obtain pollen as it rubs off onto their hairy bodies.
When they land on the next flower, some of the pollen is
rubbed off, thus pollinating the plant. In this mutualistic
relationship, the bees consume the nectar, and the plants
successfully reproduce.
In an ecological network, the degree of a node represents the number of connecting links. The degree of distribution for ecological networks characterizes the properties of ecological systems. When the degree of distribution
function for the ecological network was investigated,
various network types were identified. The cumulative
degree of distribution function is defined as the integral
of the degree distribution in the range of a specific lower
degree to the maximum degree. The cumulative degree
distribution functions identified in ecosystems have typical functions such as power law, exponential function,
truncated scale-free function, stretched exponential function, uniform function, and irregular distribution (Lee
et al ., 2012; Maeng & Lee, 2011; Montoya et al ., 2006).
Table 1 summarizes the cumulative degree of distribution
functions found in ecological networks.
Ecological networks have highly different characteristics
compared to other complex networks. The total number of nodes in ecological networks is small because the
ecosystems being examined by ecologists are relatively
small (McLeod & Leroux, 2021; Montoya et al ., 2006;
Strydom et al ., 2021). Given that ecosystems have a range
of relationships between species, the characteristics of
the connecting lines are distinct. Because species within
an ecosystem strongly compete or cooperate with each
other, the clustering coefficient is small compared with
other networks. This clustering coefficient refers to the
proportion of connections among the nearest neighbors
of a node that are actually realized, compared with the
number of all possible connections. A distinct hierarchy of
predator relationships exists in the food chain. When the
habitat environment in an ecosystem changes, the linkage
or link strength between the species changes dynamically.
Ecological networks are both robust and fragile. Some
ecosystems maintain a high level of robustness against
invasive species, whereas others are more vulnerable to
rapid changes across the entire ecosystem (Maeng et al .,
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2019; Montoya et al ., 2006).
In an ecological network, some species behave like wild
bald eagles with many connections and are called generalists. However, some species are specialists with highly
specific diets and a small number of prey species being
consumed. Specialists have a fragile network structure because their survival cannot be guaranteed when connected species disappear, but they do have the advantage of
being able to monopolize their prey. Research is currently
underway to deepen our understanding of the expression
principle of the structure of an ecological network. (Maeng
et al ., 2012; 2013; 2019). According to Maeng et al . (2019)
in the case of a mutualistic network, the dependence of
the cumulative degree of distribution function differs
between plants and animals. The cumulative degree of
distribution function of the plant–pollinator network has
been recorded in coastal forests (Maeng & Lee, 2011).

Materials and Methods
Datasets on prey–pollinator networks
We examined datasets on plant–pollinator networks
and suggested a model for growing them. We used plant–
pollinator data from the Interaction Web Database (http://
www.ecologia.ib.usp.br/iwdb). After analyzing the structure of the network, we proposed a model that reproduces the structure of the observed mutualistic networks. We
summarized the 14 plant–pollinator networks analyzed in
this study. The number of nodes and links in the ecological network was small and the network was sparse.
Nonlinear evolutionary model of a mutualistic network
The principle driving the generation of the degree of
distribution function in a mutualistic network is not well
understood. Here, we developed a growth network model
to reproduce the degree of distribution function observed
in plant–pollinator networks. The degree of distribution
function follows a power law or a stretched exponential
distribution. Therefore, we considered the linear or nonlinear preferential attachment in bipartite-growing mutu-

Table 1. Types of cumulative degree of distribution in the
ecological networks
Function

Cumulative degree
distribution

Power law

Pc (k )~k –γ

Exponential function

Pc (k )~exp(–ak )

Truncated power law

Pc (k )~k –γexp(–k/ γ)

Stretched exponential function

Pc (k )~exp(–ak β)

Uniform function

Pc (k )~constant

No functional form

Irregularly distributed
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alistic networks. Fig. 1 shows a model of a growing bipartite mutualistic network. The network growth begins with
the initial core network. During each update, we selected
a plant with the probability qp and a pollinator with the
probability q A =1–q p . The incoming node has links lp for
the plant and links lA for the pollinator.
We controlled the connecting probability of the incoming links when a node such as a plant or a pollinator
becomes attached to the existing network node. We then
examined the linear and nonlinear preferential attachments for new incoming links. The linear preferential
attachment introduced by Barabasi and Albert (1999),
known as the Barbasi–Albert model, exhibits a scale-free
degree distribution. The nonlinear preference attachment
model can explain the stretched exponential function
of the degree of distribution (Krapivsky & Redner, 2001;
Maeng et al ., 2019). We applied the general nonlinear
preferential attachment of incoming links for plants and
pollinators. The incoming links for the plant or pollinator
were chosen as the target nodes according to the nonlinear preferential attachment with an attaching probability
of A ki =k λi A /∑i k λi A for the pollinators and P ki =k λi p /∑i k λi p for
the plants. We then repeated the attachment process to
reach the target network size.

Results and Discussion
Solutions for a nonlinear evolutionary model of a
mutualistic network
The growing mutualistic network follows the power law
of the degree of distribution as λ A or P =1. When the parameter is less than one (0<λ <1), the degree of distribution
of the plant or pollinator shows a stretched exponential

Plant
lA

Animal

PA

Initial network

lP
PP

Fig. 1. Model of a growing bipartite network. The growth
of the network starts from the initial core network. During each update, we selected a plant with a probability Pp
and a pollinator with a probability PA =1– Pp . The incoming
node has links lp for the plant and links lA for the pollinator.
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function expressed as P (k )~exp(–k 1–λ j), where j =A or P . We
set a master equation for the mean number of plants and
pollinators. Maeng et al . (2012) obtained the degree of
distribution for the growing networks. For λ X=1, the degree of distribution follows the power law:

PX (k )~k –γ X
 

 
where the power-law exponent is obtained as   ʹ  

and X =(A or P ). For λ X<1, the degree distribution shows a
stretched exponential function such that
 ̱
 

 
where   ͳ    .
 

  




Structure of growing bipartite mutualistic networks
We generated the growing bipartite mutualistic networks from the initial core networks for a given set
of parameter sets (PA,PP,lA,lP ), as shown in Fig. 1. We
simulated a mutualistic network using linear or nonlinear growth exponents for preferential attachment. Fig.
2 shows the cumulative degree of distribution of the
simulated growing bipartite mutualistic network with
nonlinear exponents for λ A =1.0 for the plant and λ P =0.5
for the animal and for the given set of parameter sets


(    ǡ    ǡ   ͳǡ   ʹ ). The cumulative degree

of distribution shows the power law for the animal with
λ A =1.0 and the stretched exponential distribution for the
plant with λ P =0.5. The simulated results were consistent
with the analytical prediction.

Applications of the model for growing bipartite networks
to real mutualistic networks
We applied the model of the growing bipartite mutualistic network to 14 empirical plant–pollinator networks.
The incoming number of links l P for plants is much
larger than that of the animal lA . There were found to be
more plants than animals in the mutualistic networks, as
shown in Table 2; the nonlinear growth exponents show
significant asymmetry. In most of the networks in Table
2, we recorded the relation λ A >λ P except in the case of
the Hocking network. This implies a significantly strong
competition between a new animal and existing pollinators, in contrast with the relatively weak competition between plants. The restriction on the number of available
plant species is a more important factor in shaping the
mutualistic community than the restriction on the animal
species available, which is likely related to the difference
in their survival and reproduction rates. Plants with a
large degree of distribution have the advantage of high
abundance, and are screened by the competition between
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animals characterized by λ P <1, which leads the degree of
distribution to take the stretched exponential form. This
is not the case for “Hocking” in Fig. 3, where it has been
reported in Hocking (1968) that competition between
plants is more significant than that between the pollina-

tors, implying λ A >λ P .
In summary, we determined the degree of distribution
for the plant–pollinator network and introduced a growing model for bipartite mutualistic networks. We can
reproduce the power law or stretched exponential degree
of distribution for a mutualistic network for plants and
animals. Thus, we report that competition among animals
is stronger than that among plants.

Animal
Plant

P (K>k)

1.0

Barrett
McMullen

0.9

Medan2

0.8
0.7

Hocking

P

0.6

Arroyo1
Kevan

Kato
Clements

0.5
0.4

Elberling

0.3
10

0

10

1

10

2

10

0.2

3

0.1

k

Ramirez

0

Fig. 2. Simulation of a growing bipartite mutualistic network using the growing exponents λ A =1.0 for the plant
and λ P =0.5 for the animal and for the given set of param

Memmott



eter sets (    ǡ    ǡ   ͳǡ   ʹ ). We plotted the
cumulative degree of distribution for the simulated results
(symbols) and the analysis results (the dashed and dotdashed line).

0

Arroyo2
Robertson

Inouye

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
A

Fig. 3. Plot of the growth exponent λ A for the plant versus
λ A for the empirical mutualistic networks. The nonlinear
growing exponents (λ A , λ P ) are obtained by fitting the cumulative degree of distribution of the empirical plant and
pollinator, respectively.

Table 2. Fourteen plant–pollinator networks
Network

Links

Reference

Arroyo1

Animals
87

Plants
98

371

Arroyo et al . (1982)

Arroyo2

43

62

199

Arroyo et al . (1982)

Barret

12

102

167

Barrett and Helenurm (1987)

Clements

96

275

923

Clements and Long (1923)

Elberling

23

118

238

Elberling and Olesen (1999)

Hocking

29

86

184

Hocking (1968)

Inouye

42

91

281

Inouye and Pyke (1988)

Kato

93

679

1,206

Kevan

Kato et al . (1990)

32

115

312

Kevan (1970)

106

54

204

McMullen (1993)

Medan

23

72

125

Medan et al . (2002)

Memmott

25

79

299

Memmott (1999)

Ramirez

33

53

109

Ramirez and Brito (1992)

456

1,428

15,255

McMullen

Robertson

Robertson (1928)

The number of nodes and links depends on the mutualistic networks.
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ABSTRACT
Understanding temporal variations in wildlife populations is a prerequisite for conservation planning of wide-ranging
species such as tigers (Panthera tigris ). We determined the temporal variation in abundance, population growth, and
sex ratios at different age and sex stages for a tiger population in Ranthambhore Tiger Reserve, India from November
2007 to February 2011 using motion-sensing cameras. We identified 19 male and 21 female tigers from stripe
patterns during 16,110 trap nights within an area covering 233 km2. The annual abundance of the population varied
from 34.9 (mean)±3.8 (SE) to 23.9±1.5, with a declining trend in the mean annual change of abundance (−12%).
The density of adult females remained stable across the study duration, but the densities of adult males and nonbreeding tigers fluctuated. The sex ratio was female-biased (0.58 males/female) for breeding tigers and male-biased
(1.74 males/female) for non-breeding tigers. Our results reinforce the importance of long-term studies for monitoring
the naturally occurring processes in populations to develop population indicators and identify reliable baseline
information for conservation and management planning of populations.
Keywords: Demography, Mark-recapture, Motion-sensing cameras, Panthera tigris , Ranthambhore
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tribute to population demography and are important for
interpreting changes in abundance (Albon et al ., 2000;
Carter et al ., 2020; Gaillard et al ., 1998; Sibly & Smith,
1998). For the conservation and management of large
carnivores, the major goal is often centered on population
size and changes in size over time (Koons et al ., 2006).
The factors explaining the changes in population size
and demography are of interest for population ecology,
conservation biology, and wildlife management (Caughley,
1977). It is important to understand if the changes (spatial
and temporal) in the distribution and population demography of carnivores are due to natural causes or anthropogenic interventions (Green et al ., 2018). Therefore,
long-term demography data are essential to underline the
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dynamics of a population to evaluate the potential population-level effects of threats (e.g., emergent diseases,
poaching, and degradation of habitats; Grosbois et al .,
2008; Morris & Doak, 2002). Information on demography
data is useful for the development of population management programs to prioritize and implement conservation strategies (Morris & Doak, 2002). Reliable estimates
and essential demographic parameters (i.e., life history
stages) for many carnivores are lacking because of their
elusive nature (Karanth & Chellam, 2009) and scarcity of
long-term surveys (Magurran et al ., 2010; Patterson et
al ., 2014). Long-term life history data are available for
some carnivores (e.g., lions [Panthera leo ; (Packer, 2019)],
tigers (Majumder et al ., 2017; Sunquist, 1981), cheetahs
[Acinonyx jubatus ; (Kelly et al ., 1998)], leopards [Panthera
pardus ; (Swanepoel et al ., 2015)], and pumas [Puma concolor ; (Logan & Sweanor, 2001)]), but the knowledge of
populations dynamics for different sexes and age stages is
not available for many populations.
The tiger, a flagship species, is a symbol of conservation
and can act as an umbrella species for the ecosystems
that they inhabit (Seidensticker, 2010). The tiger’s role as
a top predator is important in regulating and perpetuating the ecological processes of their ecosystems (Sunquist
et al ., 1999; Wikramanayake et al ., 2011). The recent
population estimate of tigers in India is approximately
>3,000 tigers (~70% of the world’s tiger population; Jhala et al ., 2019). Tigers have high turnover rates, including
mortality and reproduction; thus, it is important to assess
their population annually (Goodrich et al ., 2008). Data on
long-term ecological research of tiger populations have
received little attention in the Indian subcontinent. The
only long-term study for wild tigers is available from the
neighboring Royal Chitwan National Park (RCNP), Nepal
(Sunquist, 1981), which was conducted using radiotelemetry. However, using radiotelemetry to monitor large
number of tigers or at population levels is difficult owing
to the possibility to study a limited number of individuals.
Further, the challenges in obtaining official permissions
for capturing animals in India are complex, requiring a
relatively long application period and posing a high cost.
Alternatively, individual tigers can be recognized from
distinctive natural marks based on long-term research
(Karanth, 1995; Majumder et al ., 2017), which may enable the evaluation of different life history stages.
The technology of remotely triggered motion-sensitive
cameras based on individual identification and monitoring for long periods can enable the life history parameters
of elusive animals to be determined (O’Connell et al .,
2011; Sollmann et al ., 2013). The photographic histories
of individual animals over the years also allows the estimation of survival, recruitment, population growth rate,
and movement, which influence changes in abundance
(Williams et al ., 2002). Motion-sensitive cameras are non-
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intrusive and applicable over large areas with relatively
moderate effort (Silveira et al ., 2003). Similarly, ongoing
developments in analytical methods (e.g., multi-state
closed robust design) extend the range of capture-recapture studies to gather information on key demographic
parameters (e.g., population growth, recruitment rate,
temporary emigration, and survival; Sharma et al ., 2014;
Troyer et al ., 2014). These methods allow investigators
to handle ecological and statistical complexities involved
in sampling the populations of wide-ranging, rare, and
elusive species (Thompson, 2013). Additionally, these estimates can be used to test model-based predictions (Cooch
& White, 2011) for gaining a better understanding of
population dynamics as a basis for management (Karanth
& Stith, 1999). Recently, wild tigers were monitored for
long durations (5-9 yrs) using motion-sensitive cameras
under a capture-recapture framework in Southeast Asia
(Bisht et al ., 2019; Duangchantrasiri et al ., 2016; Karanth
et al ., 2006; Majumder et al ., 2017). These studies were
based on multi-season efforts to measure the overall
trends in wild tiger populations. Information on population estimates according to different life history stages
(i.e., different age and sex classes) or different demographic groups have not been reported for any tiger population in India. Such information is only available for the
demographic groups of Amur tigers (Smirnov & Miquelle,
1999) and tigers in Nepal (Barlow et al ., 2009).
In the natural life cycle of tigers, cubs are born, they
mature, disperse, establish home ranges, and breed. The
short life span (~15 yrs) of tigers in the wild leads to
a high turnover rate and human-induced factors (e.g.,
poaching) accelerate the changes in demography (Bisht
et al ., 2019; Duangchantrasiri et al ., 2016; Karanth et al .,
2006; Majumder et al ., 2017). During the process of the
acquisition of new territories by adult male tigers, the
non-breeding (juveniles and sub-adults) male tigers in the
demographic group are more vulnerable to infanticide,
emigration or dispersal, and territorial fights, whereas
non-breeding females remain nearer to natal areas (Barlow
et al ., 2009; Singh et al ., 2014a; Smith, 1993; Sunquist,
1981). Hence, it is important to understand the demographic stage that is vulnerable and causes fluctuations in
populations, which can help biologists develop strategies
and monitoring protocols for the long-term viability of
populations.
Our study was an extension of the ongoing monitoring
of the tiger population in Ranthambhore Tiger Reserve
(RTR), Rajasthan, India. The reserve is geographically isolated and comprises a small population of <50 individuals
(Jhala et al ., 2008). Poaching resulted in the population
decline of tigers (Sharma & Wright, 2005) and only 19
individuals were present in 2005 (Chauhan et al ., 2005).
This offered an opportunity to evaluate the recovery or
further decline of the tiger population and to understand
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the natural temporal dynamics. Here, we examined the
observed recovery pattern of tigers after the sudden decline in 2004 (Sharma & Wright, 2005) and focused on
understanding the sources of variation in the abundance
of the different life history stages (breeding and nonbreeding) of a tiger population. The information generated from this study can be helpful for wildlife managers
to understand the causes of changes in a tiger population
and can help identify key threats to conservation strategies for endangered species.

Materials and Methods
Study area
The western-most population of tigers survives in
western India in RTR. The RTR (25°54′N–26°12′N and
76°22′E–76°39′E) is in the semi-arid part of Rajasthan,
India (Fig. 1). RTR receives an average annual rainfall of
80 cm, and temperatures can be low as 2°C in January
and as high as 47°C in May (Singh et al ., 2014b). The RTR
is characterized by a dry subtropical climate with four
distinct seasons: summer (Mar–Jun), monsoon (Jul–Aug),
post-monsoon (Sep–Oct), and winter (Nov–Feb). The
undulating terrain has an elevation ranging from 200 to
500 m and 76% of the area is categorized as highly undulating (Singh, 2011). Land uses outside the RTR include
agriculture, human settlements, orchards, and mining.
The RTR is surrounded by 332 villages within 5 km of the
reserve boundary, with approximately 200,000 people and
100,000 livestock (Sharma et al ., 2004); people are mostly

engaged in agriculture (i.e., cutting grass, lopping trees,
and grazing livestock). Owing to intense habitat destruction across the landscape, tigers are present only in 344
km2 of the 1,394 km2 of the RTR (Jhala et al ., 2008).
The main vegetation types are northern tropical dry
deciduous forests and northern tropical thorn forests
(Champion & Seth, 1968). Other large predators in the
area include leopards, sloth bears (Melursus ursinus ), and
striped hyaenas (Hyaena hyaena ). The potential wild prey
include chital (Axis axis ), sambar (Rusa unicolor ), nilgai
(Boselaphus tragocamelus ), chinkara (Gazella bennettii ),
and wild pig (Sus scrofa ). The RTR consists of two management units; a core area that includes Ranthambhore
National Park (392 km2), and a buffer area including
Sawai Mann Singh (330 km 2) and Kailadevi (672 km 2)
wildlife sanctuaries (Fig. 1).
Field methods
This study was part of a long-term study conducted in
RTR during November 2007–February 2011 using noninvasive methods with motion-sensitive cameras (Singh
et al ., 2021). We did not capture animals and did not disturb them during surveys. We followed the guidelines of
the American Society of Mammalogists (Gannon & Sikes,
2007) for the ethical treatment of animals.

Tiger monitoring
Following the decline of the tiger population in 2004
(Sharma & Wright, 2005), the Wildlife Institute of India,
Dehradun, India, initiated tiger monitoring program in

N

Kaila Devi Wildlife Sanctuary

Ranthambhore National Park

Sawai Man Singh Wildlife Sanctuary

Camera trap location (2007-2011)
Minimum Convex Polygon (MCP)
Core area

0
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19
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38
Kilometers
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Fig. 1. Location map of study
area including the intensive
monitoring area of tigers in
Ranthambhore Tiger Reserve,
India, 2007-2011.
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RTR in 2005 (Chauhan et al ., 2005). The presented research is an extension of the long-term monitoring of the
tiger population in RTR. The tigers were identified by the
stripe pattern on their left and right flanks according to
Karanth (1995), and a unique number was assigned to
each individual.

Characterizing the tiger population
Age classification
Males — In the initial period of the project (Apr–May
2005), four male tigers were photographed and identified
and the age of two tigers was estimated (Chauhan et al .,
2005). Tiger male (TM) – 02 was ≥5 years old because
he had been photographed in 1998 and TM-20 was ≥3
years old and he had been photographed in 2000 with his
mother as confirmed by previous photographs. Two tigers
were never photographed during the entire sampling period and may have emigrated or were poached. We confirmed that all photographed males were ≥3 years old.
Females — We assumed that females with cubs were
≥3 years old because Smith et al . (1987) reported that
females start breeding when they are 3 years in age or
older. In 2005, three females were photographed with
cubs, and five females were photographed with cubs in
subsequent years, with two never being photographed
with motion-sensitive cameras during the entire sampling
period; they may have emigrated to nearby protected areas. We are certain that all identified tigers were ≥3 years
old (Singh et al ., 2014c).
We knew the approximate age of the male and female
cubs born during our study period (2005-2011) (Singh et
al ., 2013). The sex of the cubs was confirmed after they
were older than 1 year based on their body size and secondary sexual characteristics. We used the following age
categories (Goodrich et al ., 2010; Karanth, 2003): cubs (≤1
yr old, associated with and dependent on their mothers),
juveniles (1-2 yrs old), sub-adults or post dispersal floaters or transients (>2-3 yrs old, no longer associating with
their mothers but not reproducing), and breeding adults
(≥3 yrs old). The proportion of females (≥3 yrs old) that
reproduced was determined based on direct observations
and photographic evidence from cameras.
Motion-sensitive photo-capture of tigers
Our study began with a preliminary reconnaissance to
produce a distribution map of tigers based on the presence of secondary evidence of tigers (e.g., tracks, scat,
and scrapes). We divided the entire study area into 1×1
km grids and selected 224 grids (based on confirmed
presence of tigers). We placed remotely triggered single
motion sensitive cameras in each grid. Cameras were
placed 5-7 m on either side of the trail and the mean
distance between two cameras was 0.67 (0.33-0.92) km.
We placed cameras at the same sampling location in
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each grid throughout the sampling period. The motionsensitive cameras were deployed close to animal trails and
forest roads to maximize capture probability, covering an
area of 233 km2 from November 2007 to February 2011
(Fig. 1) in the winter session (November to February) to
follow standard protocols of camera trapping within a 45
day period to ensure temporal closure (Karanth & Nichols,
2002). Owing to technical problems (i.e., theft and breakage by local villagers), the number of sampling points
varied from 165 to 224 during sampling periods, but the
overall sampling area (233 km2) was always covered with
≥165 cameras. We sampled each grid for 20-25 nights
for each camera session (Singh et al ., 2014b). All trapping
sites were checked twice a week in each study period so
that we could download pictures and change batteries
and film.
We used a combination of 100 remotely triggered cameras (20 active infrared systems [TrailMaster® TM1550;
Goodson Associates, Lenexa, KS, USA], 80 digital passive
infrared systems: 40 Wildview [Wildview, Grand Prairie,
TX, USA], 20 Stealth Cam [Stealth Cam, Grand Prairie, TX,
USA], and 20 Moultrie systems [Moultrie Game Feeders,
Alabaster, AL, USA]). We connected each TrailMaster unit
to two fully automatic 35 mm cameras (Canon A1 Mini
DX; Canon, Tokyo, Japan) with auto flashes fitted with
a multi-trigger device, which simultaneously fired the
two cameras to take pictures of both flanks of an animal.
We placed the digital passive infrared cameras on either
side of the roads. As we used different types of passive
cameras, there were differences in their sensor sensitivity
(detection times); thus, we placed the cameras approximately 5-7 m from the center of the road. Because each
camera had a unique detection zone that required an
animal to move within a horizontal zone for the sensor to
detect heat and movement, we placed cameras such that
each camera had sufficient time to detect the animal and
take a full frame picture. Each passive camera was programmed to take three pictures with a gap of three seconds. This system enabled us to photograph mating pairs
and females with cubs.
Data analysis

Assessing changes in tiger population and demography
We identified individual tigers in photographs by examining the stripe patterns on the flanks, limbs, and forequarter (Karanth, 1995), and determined sex after evaluating the secondary sexual traits (i.e., genital portion) in
photos. We developed the capture histories of individual
tigers in a standard matrix format, with rows representing
the capture histories of captured individuals and columns
representing the sampling occasions (Otis et al ., 1978).
The annual abundance (N) for different age segment in
the population was based on: (i) breeding adults (i.e.,
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males and females >3 years old) and (ii) non-breeding individuals (<3 years old). We used the MARK 8.0 program
(White, 2008) to estimate the population size of each
segment. All analyses excluded cubs (<1 year) because
of their low probability of being photographed (Karanth
& Nichols, 1998). The population closure was tested using program CloseTest (Stanley & Burnham, 1999). We
also calculated the yearly sex-ratio (number of males/female) of each age category. We calculated the population
growth by estimating the Rreal (Skalski et al ., 2010) with
a fractional increase or decrease in abundance from one
year to the next;
Rreal=(Nt−Nt−1)/Nt−1, or λ–1, where λ=(Nt/Nt−1).

Estimation of annual densities
We used maximum likelihood implementation of spatially explicit capture recapture (SECR) models in the
program DENSITY 5.2 (Efford, 2010; www.otago.ac.nz/
density, accessed 12 Apr 2020) to estimate the tiger
density of different age categories. The analysis evaluated two files collected with cameras, with each detector’s (camera’s) identification number in one file and
geographic coordinates compiled in another file of photo
histories, including animal identification, capture occasion (day), and detector. SECR models do not require the
use of effective photo areas as used in traditional density
estimation (Efford & Boulanger, 2019). SECR estimates
the density based on the potential animal activity centers

in a sampled area using camera locations. The spatial detection function was modeled by a detection probability
(g0) at the activity center and a spatial scale detection (σ)
reflecting the animal movement function (Borchers & Efford, 2008). The g0 of animals decreases with increasing
distance from the activity center (Efford, 2004). The σ
is related to the home range and the density is distancedependent, as density decreases with an increase in σ or
animal movement from its activity center (Efford et al .,
2016). We used a half-normal spatial detection function
for modeling, using a buffer of 10 km width around the
camera stations. We selected this distance to ensure the
coverage of the activity center of all animals that could
have been exposed to the cameras, corresponding to 2-3
times the estimator for σ (Royle et al ., 2014). We knew
the sex and age of every individual and estimated density
in each age category; therefore, we used a null model
with no covariates to calculate g0 (.) and σ (.) for density
estimates.

Results
Sampling effort
We obtained 577 photographs of 40 individual tigers
from 16,110 trap nights in winter from November 2007
to February 2011, within an area of 233 km2 (Table 1).
The number of unique individuals photographed varied
from 23 to 32 during different sampling periods (Table
1). We identified 19 males and 21 females. The closure

Table 1. Details of sampling effort during the study period from 2007 to 2011 in Ranthambhore Tiger Reserve, India
Parameters
Sampling days

2005*

2006†

Apr to May
2005

2007-2008

2008-2009

2009-2010

2010-2011

Nov 2007 to
Feb 2008

Dec 2008 to
Mar 2009

Jan 2010 to
Mar 2010

Dec 2010 to
Feb 2011

Sampled area (km2)

140

233

233

233

233

No. of trap nights

358

4,480

3,880

3,300

4,450

No. of trapping stations

30

224

194

165

178

Trapping occasion at a location

15

20

20

20

25

Photo-captures used for analysis

31

139

151

122

165

No. of individuals tigers captured (Mt+1)

14

31

32

27

23

Breeding male
Breeding female

4

5

5

10

10

10

13

10

10

12

8

11

4

0

5

6

3

1

12

4

0

12

Non-breeding male
Non-breeding female
Total cubs reported

5

Tiger abundance

14 (2.9)

Tiger density

2.3 (0.9)

13
3.2 (1.0)

34.9 (3.8)

34.7 (3.5)

7.33 (1.37)

7.85 (1.45)

30.02 (3.7)
6.10 (1.23)

23.9 (1.5)
4.72 (1.01)

Value in parenthesis standard error.
*Published data (Chauhan et al ., 2005) used for the 2005 estimate.
†
Published data (Singh et al ., 2014c; 2021) on the number of cubs reported in 2006.
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1.8 (0.17)
1.0 (0.5)
0.58 (0.13)

1.09

1.06 (0.03)

13.0 (0.1)
23.9 (1.5) 0.80
4

Breeding (adult) male
Breeding (adult) female
Non-breeding male
Non-breeding female

N, total population estimate; SE, standard error.

30.02 (3.7) 0.87
3

0.88 (0.06)

34.7 (3.5) 0.99
2

χ̅

34.9 (3.8)
1

Sex ratio
There was a significant difference in the yearly sex
compositions during the sampling period. Adult sex ratio varied yearly from 0.18 males/female in 2007 to 0.77
males/female in 2011 (Table 2). The overall sex ratio was
female-biased (0.58±0.13 males/female) for breeding
adults, but male-biased for non-breeding tigers (sub-

Percent contribution in the population

0.77

1.09
11.9 (3.5)
2.18

0.92
10.0 (0.1)

10.9 (1.4)

2.50
5.0 (0.1)

2.0 (0.1)

Change in tiger abundance and demography
The tiger abundance was estimated to be the highest (34.9±3.8 individuals) in 2007-2008, whereas lowest abundance (23.9±1.5 individuals) was determined in
2010-2011, with the observed annual growth ranging
from 0.80 to 0.99 (χ̅ =0.88±0.06) during the sampling
period (Table 2). The abundance of breeding (adult) and
non-breeding males increased but varied highly, whereas
that of breeding and non-breeding females remained
stable and showed low variability (Table 2). The breeding tigers (adult >3 years) accounted for 68.8% of the
total population (range=47.1-95.8%, coefficient of variation [CV]=0.31); 27% were males (range=14.7-41.7%,
CV=0.50) and 41.8% were females (range=32.4-54.1%,
CV=0.21) (Fig. 2). Non-breeding tigers accounted for
31.2% of the population (range=4.2-52.9%, CV=0.67):
25.7% were males (range=16.1-35.3%, CV=0.37) and
11.9% were females (range=4.2-17.6%, CV=0.52) (Fig. 2).

1.87 (0.48)

0.46
0.99
10.9 (1.4)

0.92

0.18
11.0 (0.1)

N (SE)
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test confirmed that the population was closed during the
sampling periods (Supplementary Table 1).

1.58 (1.08)

0.50

2.00
0.50
0.50
4.0 (1.3)

1.0 (0.1)

4.0 (0.3)
2.67
8.0 (0.4)

2.0 (0.2)

2.0 (0.1)
3.0 (0.3)

2.00

2.00

1.50

Sex ratio
(M/F)

N (SE)

λO
Sampling
period

N (SE)

λO

N (SE)

Male

λO

Female

λO

Sex ratio
(M/F)

N (SE)

Male

λO

Female

Sub-adult

Non-breeding
Breeding adult
Total population

Table 2. Estimates of abundance (N ), observed population growth rate (λO), and sex ratio (males/female) for the tiger population in Ranthambhore Tiger Reserve,
India, 2007-2011
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60
54.1

50
41.9

41.7

40

38.7
35.5

35.3
32.4

30
20

25.8

16.1

16.1

17.6
14.7

16.1
9.7

10

4.2

0
2007-2008
(n=31)

2008-2009
(n=34)

2009-2010
(n=31)

2010-2011
(n=23)

Fig. 2. Contribution of different age segments of tigers
(i.e., breeding [adult >36 months] and non-breeding [1236 months] males and females) to the population in Ranthambhore Tiger Reserve, western India during 2007-2011.
Values in parentheses are the population sizes of individuals older than 12 months.
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Total population (all ages)
Breeding males
Breeding females
Non-breeding males
Non-breeding females

2

Tiger density (no. of tiger/100 km )

9
8

7.9
7.3

7
6.1

6
5

4.7

4

2.9

2.9

3

2.4

2.4 2.2

2
1

3.7

3.6

0.7

2.0

1.9

1.7
1.1

1.0

0.7

0
2007-2008

2008-2009

2009-2010

2010-2011

Fig. 3. Variation in tiger density (total population (>12
months old), breeding males and females (>36 months old),
and non-breeding males and females <36 months (excluding cubs <12 months) from 2007 to 2011 in Ranthambhore
Tiger Reserve.
adult=1.8±0.17 males/female, juvenile=1.52±0.17 males/
female).
Annual change in population density
After the year 2005, the level of protection in RTR was
increased and the tiger density gradually increased from
2.3±0.9 tigers per 100 km2 in 2005 (Singh et al ., 2021) to
7.33±1.37 tigers per 100 km2 in 2007 (Fig. 3). The density
of tigers (per 100 km2) was estimated to be the highest
(7.85±1.45) in 2008 and lowest (4.72±1.01) in 2011 (Fig.
3). The densities of breeding and non-breeding male tiger
fluctuated, whereas those of breeding and non-breeding
female remained stable during 2007-2011 (Fig. 3).

Discussion
Recovery pattern of tigers
Demographic parameters are the best monitoring measures for assessing the recovery of endangered species
(Trimble et al ., 2009). Following the decline of the tiger
population in RTR in 2004 (Sharma & Wright, 2005), the
Forest Department increased the level of protection via
forest patrols and the resulting control on poaching enabled the rapid recovery of the tiger population in RTR.
The tiger density increased threefold during the recovery
period since 2005 in RTR and remained stable after 2007.
The fluctuations in density between 2007 and 2011 possibly occurred at the carrying capacity, and recruitment
replaced mortality and emigration (Singh et al ., 2015a;
2015b; 2021). The cubs born during 2010-2011, would
have contributed to the population as adults, resulting in
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increased density (5.68-7.22 tigers/100 km2) being reported after this study from 2012 to 2014 (Sadhu et al ., 2017;
Supplementary Fig. 1). RTR supports a high density of
wild prey biomass (6,429.8 kg/km2; Bagchi et al ., 2003),
enabling a high tiger density. The reserve comprises a
productive grassland habitat that supports abundant prey
and predator populations (Karanth et al ., 2004).
Variation in tiger abundance
The tiger population in RTR included 68.8% breeding and 31.2% non-breeding tigers. These findings are
similar to those from RCNP, Nepal, where the population
is composed of 45% breeding individuals and 55% nonbreeding individuals (Barlow et al ., 2009). In RTR, fluctuations in the young non-breeding tiger population arise
from infanticide, dispersal, natural causes, and anthropogenic mortality, which have been documented by other
researchers among other large carnivore populations (i.e.,
tigers and lions; Banerjee & Jhala, 2012; Packer & Pusey,
1983; Smith et al ., 1987). The infanticide and anthropogenic-related mortality in RTR during the first year of
the life of tigers is low (15%; Singh et al ., 2014c), compared with the reported mortality rate of 34% for tigers
in RCNP (Smith & McDougal, 1991), and 53% reported
for Amur tigers (Kerley et al ., 2003). Overall, fires, floods,
anthropogenic-related mortalities, poaching of mothers,
and infanticides, have been shown to cause the mortality
of tigers in their first year (Smith & McDougal, 1991).
The mortality rate of juvenile tigers was much lower
(6%) in RTR (Singh et al ., 2014c) than that for tigers in
RCNP (Smith & McDougal, 1991). Dispersal, territorial
fights, retaliatory killings, and translocations were the
underlying causes of the loss of sub-adult tigers in RTR
(Singh et al ., 2015a). Mortality due to natural causes accounted for 16% of mortalities of Amur tigers (Goodrich
et al ., 2008). Karanth & Stith (1999) reported that the
natural mortality (through aggression, hunting injuries,
and starvation) of tigers contributed to 10-25% of overall
mortality. The probability of sub-adult males attaining
the age of breeding was 39% in RTR, similar to that (40%)
for tigers in Nepal (Smith, 1993), and for Amur tigers
(32%, Goodrich et al ., 2008).
The variation in abundance corresponded to variations
in population demography and growth rate, providing
insights into the dynamics of a recovering tiger population. The estimated growth rates for tigers in RTR showed
a declining trend and mean annual change of overall
abundance of −12% for the population. The declining
trend in population was influenced by the loss of nonbreeding tigers, whereas the adult tiger population was
comparatively more stable. Our results are similar to those
of reports on tigers in RCNP (Barlow et al ., 2009) and
lions in Kenya (Ogutu & Dublin, 2002). The adult female
abundance was stable across the sampling duration and
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we observed an increasing population growth rate. The
annual change in the abundance of male tigers varied
as compared with that of females; loss of female tigers
was 35.3% and loss of males was 64.7% in RTR. Similar
observations have been recorded in Nepal (Barlow et al .,
2009). The female tenure over time is a useful interim
indicator of population stability. This indicator can also
provide insights into the effectiveness of recovery efforts
(Harihar et al ., 2020). The estimated growth rate observed
for the tiger population was much lower than expected
based on the values from Corbett, Nagarhole, and Pench
tiger reserves in India, the Terai arc landscape, Nepal, and
the Russian Far East, with an annual increase of 3-21%
(Bisht et al ., 2019; Karanth et al ., 2006; Majumder et al .,
2017; Miquelle et al ., 2015; Thapa et al ., 2017).
The sex ratio was female-biased for breeding tigers,
whereas it was male-biased for non-breeding tigers in
RTR. Similar sex ratios of adult tigers have been reported
in Corbett (Bisht et al ., 2019) and Pench, India (Majumder et al ., 2017), and RCNP, Nepal (Smith, 1993). During
carnivore species dispersal, the natural and anthropogenic
mortalities of young or sub-adult males are important
causes of changes in sex ratio, as reported from the Pench
Tiger Reserve (Majumder et al ., 2017), RCNP (Sunquist,
1981), and for Amur tigers in the Russian Far East (Goodrich et al ., 2008). The female-biased sex-ratio in RTR
is consistent with the general hypothesis that female tigers are philopatric and tend to stay near their natal area
(Smith, 1993), whereas males disperse.
With the increase in the tiger population from 2005
to 2007 in RTR, human–tiger conflicts increased (Singh
et al ., 2015a). Hence, mitigation and preventive measures need to be initiated to eliminate retaliatory killing.
This population faces poaching, so protection activities
(i.e., anti-poaching efforts and increased patrols) should
continue. Enhancing the quality of neighboring habitats
and development of dispersal corridors or restoration of
potential connectivity between the landscapes should be
promoted to create more space for dispersing individuals
over the landscape.
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ABSTRACT
The Chinese crested tern (Thalasseus bersteini ) is one of the most globally endangered species, listed as “Critically
Endangered (CE)” on the IUCN Red List, with only approximately 30-49 individuals surviving in the wild. Chinese
crested terns were discovered to breed in South Korea for the first time in 2016 while conducting a census on
uninhabited islands. The Ministry of Environment has declared the breeding habitat of the Chinese crested terns as
“Specified Island” to protect this CE species. However, brown rats (Rattus norvegicus ) inhabiting the breeding grounds
of the Chinese crested terns and Black-tailed gulls may potentially pose a threat to the breeding of these avian
species. Therefore, we conducted a study on the feeding behavior of brown rats involving stable isotope analysis to
determine their food sources. Fecal analysis showed that brown rats mainly fed on plants, whereas they scarcely fed
on animals, such as insects. In addition, the stable isotope analysis showed that the δ13C values of brown rats, insects,
and Indian goosegrasses were approximately –16 to –11‰, whereas the δ13C value of Chinese crested terns that
obtained their food from the marine ecosystem was approximately –22 to –18‰. Hence, we conclude that the source
of carbon for brown rats on this island is the terrestrial ecosystem. We ruled out the possibility of any direct prey–
predator interaction between the brown rat and the Chinese crested tern or Black-tailed gull.
Keywords: Food analysis, Larus crassirostris, Rattus norvegicus , Scat analysis, Stable isotope, Thalasseus bernsteini

Introduction
Rats are a small species of mammals that occupy the
lower trophic level of the food web, and are food sources
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tus living in Korea include R. norvegicus , R. rattus , and
R. tanezumi (Jo et al ., 2018). In particular, R. norvegicus
(called the brown rat or Norway rat) is a relatively large
species of the genus Rattus , with a total length of 302355 mm, tail length of 140-167 mm, and weight of approximately 90-500 g. Brown rats are present nationwide,
in habitats including islands, farmlands, and forests (Jo
et al ., 2018). Kang et al . (2008) and Oh et al . (2008) also
observed them on islands. Brown rats are omnivorous and
have a lifespan of four years in captivity or only 1-2 years
in the wild.
According to the IUCN Red List, the Chinese crested
tern (Thalasseus bersteini ) is an extremely rare and globally critically endangered species. This species is listed as
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“Critically Endangered (CE)” on the IUCN Red List, and
the surviving population is estimated to consist of approximately 30-49 individuals (BirdLife International,
2021). Prior to the discovery of a breeding site on the
western coast of South Korea, the only known breeding
sites were in China (Jiushan and Wuzhishan) and Taiwan
(Matzu and Penghu Islands) (Chen et al ., 2009). Currently,
five described breeding sites remain (Song et al ., 2017).
Historically, the breeding populations in China have been
pushed to the brink of extinction due to egg poaching,
breeding failure due to typhoons, marine pollution, and
hybridization with the Great crested tern (Chan et al .,
2010). Yuksan Island, Korea, was declared a marine sanctuary (Natural Monument No. 389) to protect the breeding grounds of endangered marine bird species. Moreover,
it was declared a Specified Island (No. 239) after Chinese
crested tern breeding was confirmed during a census to
investigate the natural habitats of uninhabited islands. In
addition, the breeding period (late March-early July) of
Chinese crested terns does not overlap with the typhoon
season, which greatly reduces the risk of natural hazards
(Ministry of Environment, National Institute of Ecology,
2019). Furthermore, the breeding colony of the Chinese
crested terns being located close to breeding colonies of
the distant Black-tailed gulls (Larus crassirostris ) suggests
a low risk of hybridization. Hybridization is known to be
a great risk to Chinese and Taiwanese Chinese crested
tern populations, but it does not seem to be significantly
important to the South Korean population. However, Yuksan Island may have different risk factors for this species.
Therefore, research and monitoring of the factors influencing the breeding of avian species on this island are of
crucial importance.
Generally, goats, rabbits, felines, and rodents may
threaten the breeding grounds of avian species (Russel
& Le Corre, 2008). In particular, the impact of rodents
has frequently been reported in the literature (Jones et
al ., 2008; Lee & Yoo, 2002). Previous censuses reported
that the population size of brown rats (R. norvegicus ) is
approximately 50-100 (Cultural Heritage Administration,
2004) on Yuksan Island, the only breeding site of the Chinese crested tern in South Korea. Hence, the presence of
brown rats may threaten the breeding of Chinese crested
terns in South Korea. The impact of rodents on marine
birds has been investigated from various perspectives
(Howald et al ., 2007; Møller, 1983; Towns et al ., 2006).
For example, on Sasu Island in South Korea, the presence
of brown rats accounts for 85% of all hatching failures
in the Streaked shearwater (Calonectris leucomelas) (Nam
et al ., 2014). However, it has also been reported that gulls
(Larus spp.) may feed on rodents; thus, it is even more
necessary to elucidate the prey–predator relationship between Chinese crested terns and brown rats on Yuksan
Island. Moreover, Jones et al . (2008) reported that small
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species within the Hydrobatidae, or even smaller species,
and especially burrow-nesting species, may be largely
influenced by rodents, whereas larger species within the
Laridae and ground-nesting species may be less influenced. The Chinese crested tern is a ground-nesting species, but it is smaller than many other species belonging
to the Laridae family, making it potentially vulnerable to
the presence of brown rats.
Atoms consist of neutrons, protons, and electrons, with
neutrons and protons tending to exist in identical quantities. However, some atoms have one more neutron than
protons, known as isotopes. There are two different types
of isotopes: radioisotopes, with radioactivity, and stable
isotopes, such as C, N, O, and P, which are used in stable
isotope analyses and tend to have one more neutron than
the number of protons. Owing to these characteristics,
stable isotopes may accumulate within organisms during activity. Stable isotopes (e.g., 13C and 12C), which are
constantly used during biological activities and are also
absorbed from food sources, have been shown to have
similar ratios across organisms that are in prey–predator relationships. Empirical studies using stable isotope
analyses for food source analyses have been performed
(Hong et al ., 2016; Major et al ., 2007; Tabak et al ., 2016).
In the case of 15N, which is depleted less during feeding
activities than C and consequently accumulates, it has
been shown that predators have higher nitrogen values
than their prey; thus, it is a highly valuable stable isotope
in studies on prey–predator relationships. In this study,
we predicted the carbon sources of terrestrial and marine
ecosystems would be different, and that we would be
able to determine whether the brown rat feeds on birds or
eggs through the 13C level.
This study aimed to assess the potential threats that
brown rats may pose to the Chinese crested tern by investigating the population status and feeding behavior of
brown rats on Yuksan Island, and determine the carbon
source of the food sources of the brown rat by conducting stable isotope analysis.

Materials and Methods
Study area
The study area is Yuksan Island, with a surface area of
approximately 50,000 m2, in Jeonlanam-do (Province),
Yeonggwang-gun (County), approximately 14 km offshore
of Kyema Port in Yeonggwang-gun. Chinese crested tern
breeding on Yuksan Island was reported for the first time
in April 2016 when conducting a natural habitat census
on uninhabited islands. The Ministry of Environment declared the island as Specified Island No. 239 on February
13, 2017, and hence prohibited the public from accessing
or conducting any activities on the island to protect the
breeding grounds of these Chinese crested terns. There-
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fore, the South Korean breeding site for Chinese crested
terns is an ecologically well-protected area without any
human activity. Yuksan Island is an important habitat
for many marine bird species, including the endangered
Black-faced spoonbill (Platalea minor ) and the Chinese
egret (Egretta eulophotes ), and is also the main breeding
ground for the Black-tailed gull (Larus crassirostris ). The
northeastern pinnacle of the island is 38 m above sea level the southwestern pinnacle is 22 m above sea level, and
the middle part connecting these two pinnacles is always
above sea level, even during high tide (Fig. 1). There is a
sandy beach on the southwestern part of the island that
serves as resting and hunting grounds for birds during
low tide, and the rest of the island consists of rocky areas.
Yuksan Island largely consists of rocky walls, rocks, and
naked ground with few plants.
The vegetation on Yuksan Island varies across the lifecycle of the avian species. There is little vegetation until
July, the group breeding season for avian species. Most of
the surface of Yuksan Island is used by Black-tailed gulls
for breeding, and vegetation gradually grows from August
onwards, when Black-tailed gull chicks are fledged (Ministry of Environment, National Institute of Ecology, 2019;
2020). We mainly observed Indian goosegrass (Eleusine

0

50

100 m

Fig. 1. Map of the study site in South Korea.

indica ) and Coast rock sedge (Carex boottiana ), along
with some tree species (e.g., Euonymus japonicus, Vitex
rotundifolia, Albizia julibrissin, and Clerodendrum trichotomum ). From March to June, C. boottiana dominates the
landscape of Yuksan Island, while E. indica starts forming
large colonies on initially naked land near the breeding
colonies from July onwards.
Samples
To investigate the feeding status of brown rats on
Yuksan Island, we sampled brown rats as well as animals
and plants that we predicted that brown rats would feed
upon (Table 1). To catch brown rats, we used rat traps
and lured them with dried sardines (Sardinella zunasi ).
Moreover, we collected fruits, edible plants producing
seeds, and insects that could be distinguished by the naked eye. To consider the impact on the breeding of marine birds, we also sampled Black-tailed gull adults that
died for unknown reasons and abandoned eggs. Although
it would have been beneficial to sample Chinese crested
terns to determine the impact on Chinese crested terns,
we could not because of their extremely low population
size. Among the 28 samples, we selected 16 that were
considered to be in a direct predator–prey relationship
with the brown rat (four Black-tailed gull adults and one
egg sample, five brown rat samples, three plant samples,
and three insect samples, but no Chinese crested tern
samples) and conducted stable isotope analyses. All the
samples were cleaned with 100% EtOH prior to stable
isotope analysis. All samples were collected from Yuksan
Island, located in Yeonggwang-gun, for 18 months from
March 2019 to September 2020. All samples were sent
to the Seoul Cooperative Center of Hanyang University
to prepare tin capsules for stable isotope analyses using
elemental analysis-isotope ratio mass spectrometry (EAIRMS).
Food source analysis
A prior census of their nests is necessary to catch brown
rats for food source analysis. Hence, we attempted to find
rat burrows with the naked eye. We selected 20 potential

Table 1. The list of brown rat sample
No.

Trapping date

Sampling date

1*

-

2019. 3. 18

Unknown

Sex

Sample type
Corpse

2*

2019. 8. 28. - 2019. 9. 2.

2019. 9. 2.

Unknown

Trap

3*

2019. 8. 28. - 2019. 9. 2.

2019. 9. 2.

Unknown

Trap

4*

-

2019. 10. 10.

Unknown

Corpse

5

-

2019. 10. 10.

Unknown

Corpse

6*

-

2019. 11. 13.

Unknown

Corpse

Etc.

Juvenile

*Used stable isotope analysis.
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were expected to serve as food items for the brown rat
from the terrestrial ecosystem, had similar 13C values of
–16‰ to –11‰, while the 13C value of the Black-tailed
gull samples, which were expected to feed on the items
obtained from the marine ecosystem, was approximately
–22‰ to –18‰ (Fig. 2). Interestingly, the 15N value of
the plant material, which was supposed to be a producer
at the bottom of the food chain, was higher than that of
the Black-tailed gull, a predator.
Food sources of the brown rat
To confirm the results obtained by the stable isotope
analysis, we additionally examined the undigested food
items within the fecal samples of brown rats (Fig. 3). By
examining the feces of brown rats, we confirmed that it
mainly consisted of plant material, such as plant seeds,
and the proportion of animal food sources, such as insects, was relatively low.

Discussion
This study analyzed factors that may threaten the
breeding of avian species, including the globally endangered Chinese crested tern. In particular, brown rats inhabiting Yuksan Island may directly threaten the breeding
of avian species; therefore, the breeding and feeding status of these brown rats should be thoroughly monitored
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Results
Stable isotope analysis
The 13C values that provided information regarding the
food source were separated between terrestrial and marine
ecosystems. Insect and Indian goosegrass samples, which
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catch points based on our prior census of feces in the
rat burrows and set automatically triggered camera and
rat traps (19×9×11 cm) on the points. For stable isotope
analysis, fresh samples of living organisms were collected
whenever possible. However, owing to the low accessibility of the study area, this was not always feasible.
Therefore, brown rat bodies were collected within 3 days
of death. Femurs, caudal vertebrae, and fresh muscle tissues were used as samples (fresh within the last 1-2 days
after death). In the case of plants, we mainly focused on
edible materials (e.g., fruits and seeds). We also sampled
the roots of inedible plant species. In insects, we ground
the entire organism for analysis. The samples were freezedried for five consecutive days. The dried samples were
then autoclaved and subsequently placed in 2-mL tubes
with stainless beads washed with 100% EtOH. The tubes
were placed in a TissueLyser II (Cat. No. 85300; Qiagen,
Hilden, Germany) and ground for 120 seconds at a speed
of 1,680 rpm. The Seoul Cooperative Center of Hanyang
University was consulted to determine the 13C and 15N
ratios of the powdered samples. Stable isotope analysis
results were analyzed using dot graphs in Microsoft Excel
(Microsoft, Redmond, WA, USA).
To increase the accuracy of our analysis, we collected
fecal samples from brown rats and analyzed the food
sources that remained undigested within the feces. For
this analysis, we chose fecal samples that were less than
1 day old and had retained their original shape and
color. When fecal samples from brown rats were found,
we recorded the coordinates and placed the samples in
polyethylene containers. The fecal samples were stored
at –20°C until further analysis. To determine the food
materials, each fecal sample was placed in a 50-mL conical tube, subsequently combined with distilled water, and
filtered using a 500-µm mesh. The filtered materials were
dried in a Petri dish and observed under a microscope to
determine the food materials.
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Fig. 2. Ratio of stable isotope contents in the study site.
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Fig. 3. Food items in brown rat
scats. (A) Animal food sources
observed in August 2020. (B)
Plant food sources observed in
October 2020.
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The 13C value of the Black-tailed gull, which we expected
to feed on items obtained from the marine ecosystem,
was approximately –22‰ to –18‰ (Table 2). Insects
and flowering Indian goosegrasses are not in direct prey–
predator relationships with Black-tailed gulls and Chinese
crested terns, which feed on items obtained from the
marine environment. A few rats had a similar carbon level
to black-tailed gulls, but the possibility that they fed on
similar food sources taken from the marine environment
(e.g., stranded fish brought in by waves) is higher than the
possibility that rats fed directly on Black-tailed gulls or
Chinese crested terns. The stable isotope values from the
bone of the tip of the tail in the rats were approximately
–11.5‰ and –13.08‰. These values were even more different to those of Black-tailed gulls.
The 15N value of the plant material, which was supposed to be a producer at the bottom of the food chain,
was even higher than that of the Black-tailed gull, which
is a predator. This difference may have been due to the
sampling period. The flowering period of Indian goose-

for the management of Yuksan Island. For this purpose,
we investigated the distribution of brown rat burrows in
the field and sampled brown rat tissues, as well as edible
plant and animal materials that may serve as food sources
for brown rats, to conduct stable isotope analyses. We
used the tail bones of the rats to determine their main
food source. The avian species breeding on Yuksan Island
stay for about half a year, while rats have a lifespan of
1-2 years; hence, about half of their lives overlaps with
the avian species’ presence on the island. Thus, this duration may be considered sufficient for stable isotopes from
avian species to accumulate in rat bones.
Additionally, we analyzed undigested food sources from
the fecal samples under a microscope.
From the 13C values that provided information on the
food source, which we separated into terrestrial and
marine ecosystem sources, we deduced that brown rats
mainly relied on food sources taken from the terrestrial
environment, such as insects and flowering Indian goosegrasses, which had similar 13C values of –16‰ to –11‰.
Table 2. The result of stable isotope analysis in survey area
Spring
Stable isotope
Bird
Larus crassirostris

Average
Mammalia
Rattus norvegicus
(Norway rat)

Average
Plantae
Miscanthus sinensis
Eleusine indica
Albizia julibrissin
Average
Insecta
Isopoda sp.
Dermaptera sp.
Orthoptera sp.

Summer

δ C

δ N

δ C

-

-

–22.51
–19.49
–18.89
–19.34
–19.01

-

-

-

-

–16.67
-

29.60
-

-

-

13
15
δ C, -13.92; δ N, 29.59

-

-

-

-

-

–26.87
–13.79
–28.42
13
15
δ C, –23.03; δ N, 24.66

21.33
34.03
18.62

-

-

-

-

-

25.33
29.05
28.55

-

-
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15

δ N

13

Winter

15

Average

13

Fall

13

δ C

17.14
15.68
16.80
15.55
16.67
13
15
δ C, –19.85; δ N, 16.37
–14.95

-

–13.61
–14.48
–12.77

15

δ N

13

δ C

15
δ N

-

-

-

29.60

-

-

–13.08
–13.42
–11.5

29.50
26.62
32.65

13
15
δ C, –13.62; δ N, 27.64
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grass is two months after Black-tailed gulls leave their
breeding sites; hence, the guano is absorbed by the soil
and the nitrogen level of the soil is the highest. The seeds
of the plants were more nutritious than the bodies, and
their constituents differed greatly. They accumulate nitrogen to sprout; therefore, it could be deduced that the nitrogen level of the plant material was the highest during
this period. Generally, the 15N value of plant material from
terrestrial ecosystems does not exceed 10 (Chahartaghi et
al ., 2005). In this study, we found that the 15N values of
plants exceeded 18 (Craine et al ., 2015; Xu et al ., 2010;
Yan et al ., 2020). This may be due to external factors enriching the nitrogen of the soil on this island, such as the
guano of Black-tailed gulls. The study site, Yuksan Island,
is the breeding site of approximately 30,000 Black-tailed
gulls that feed on items obtained from the marine environment over a relatively long period; hence, the guano
of the Black-tailed gulls likely enriches the 15N values of
the soil on this island. Plant material rarely leaves the
island, but the external factors enriching nitrogen are
maintained constantly, and very little nitrogen is washed
away by rainwater.
To confirm the results obtained by our stable isotope
analysis, we examined the undigested food sources within
the fecal samples of brown rats (Fig. 3). Much of the undigested food consisted of plant material, such as plant
seeds, and the proportion of animal matter, such as insects, was relatively low. Considering that food sources
found in fecal samples are the remaining undigested, lowquality parts of the initial food consumed, this cannot be
considered an absolute result, but is rather a supplement
adding to the results of our stable isotope analysis. Feeding conditions of live organisms are determined by nutrition, handling time, and frequency (Pulliam, 1974). As
high-quality food sources of animal matter are scarce on
the island, brown rats seemed to have fed more frequently
on the readily available plant materials. Moreover, due
to the length of the gut and the short digestion time of
the rat, they probably cannot digest and absorb all plant
materials readily, which may explain the high content of
undigested plant material in the feces.
Research on food sources and chains always entails
certain types of errors. Regardless of whether the intake
of certain food sources was high or not, if it was easily
digested, it may not have been observed in fecal samples.
In addition, even if the intake was low, hardy sources
could pass through without being digested, and therefore
may impart bias upon the main food source. To account
for such limitations, we conducted stable isotope analysis,
but it was not feasible to collect sufficient samples of all
plant and animal species inhabiting the island due to its
characteristics. A future study including sufficient samples
of algae and fish species from the marine ecosystem will
be able to provide a much clearer result.
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In conclusion, contrary to our hypothesis that brown
rats would feed on birds and eggs, which are excellent
sources of protein, we found that there was no direct effect of brown rats on avian species. However, this study
was limited to a small set of food sources, which may
have imposed a bias. Therefore, future studies considering a wider array of samples, including plant and animal
species inhabiting both the terrestrial and marine ecosystems of this island, will be necessary to assess the impact
of brown rats on the breeding colony of avian species.
Furthermore, environmental factors may push brown rats
to change their feeding behavior, rendering it even more
crucial to continue monitoring them.
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ABSTRACT
Two unrecorded fungi, Diaporthe perseae and Fusarium falciforme , were isolated from soil sampled from Dokdo in
Korea. There have been many reports of Diaporthe sp. and Fusarium sp. in mainland Korea but none of them have
reported in Dokdo so far. We used the morphological features and two molecular markers including the internal
transcribed spacer and translation elongation factor 1-α region to compare and analyze these species with the closely
related taxa. As a result, we confirmed that these fungi were unrecorded soil fungi in Korea. Then, the cultural and
morphological characteristics such as the conidia of these two fungal species could be clarified. These results are
expected to help us to understand the distribution of fungi in Dokdo and manage the Dokdo Island Natural Reserve.
Keywords: Diaporthe perseae , Dokdo, Fusarium falciforme , Korea, Soil fungi

Introduction
Fungi can secrete many kinds of enzymes to decompose
organic materials and absorb sugars and low molecular
weight substances to use them for their metabolism. Since
any substances can be used for them, they can be live everywhere on Earth and be found as a major component in
any biota (Watkinson et al ., 2015). In particular, fungi in
the soil are closely related to their surrounding organisms
and the environment, so they react quickly to changes in
that environment. Therefore, they are also effective biomarkers for changes in soil conditions (Martinez-Salgado
et al ., 2010). In addition, a wide variety of soil fungi have
high biodiversity worldwide. Soil fungi play various roles
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such as allowing plants to resist pathogens or promoting
plant growth by helping the to absorb the nutrients in
the soil (Martinez-Salgado et al ., 2010; Sikes et al ., 2009).
Dokdo is a volcanic island located at the easternmost
point of the Korean peninsula that was formed by Cenozoic volcanic activity. Dokdo consists of Dongdo (eastern
island), Seodo (western island), and annexed islets. It is a
designated natural reserve to protect its natural resources
and landscape along with Mt. Halla and Mt. Seorak (Jeon,
2005). Most of the island has steep slopes with shallow soil layers of about 0-20 cm (Jeon, 2005; Sonn et
al ., 2011). Due to these shallow soil layers and oceanic
climate, the plant diversity of Dokdo differs from the
mainland Korean peninsula, so several studies and regular
surveys have focused on and been conducted on the flora
of Dokdo (Lee et al ., 2007; Park et al ., 2010). However,
fungal research in Dokdo soil is very scarce, and only few
papers about the Macrofungi (Xylodon flaviporus ) and
microfungi (arbuscular mycorrhizal fungi) that symbiose
with plants through the roots have been published (Eo et
al ., 2017; Jo et al ., 2019).

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.

Unrecorded Soil Fungi from Dokdo
The National Institute of Ecology (NIE) conducted a
『2020 Ecosystem Survey of Dokdo Island』 to confirm the
biodiversity of Dokdo due to its geological characteristics
and oceanic climate. Through this 2020 fungal survey of
Dokdo, Diaporthe perseae and Fusarium falciforme were
discovered, and these were confirmed unrecorded fungal
species in Korea based on its morphological and molecular characteristics and so are reported here.

was analyzed and compared to the reference nucleotide
sequence using Basic Local Alignment Search Tool from
the National Center for Biotechnology Information. A
neighbor-joining tree was generated by MEGA X based
on the Kimura-2 parameter distance model with the
1,000-times bootstrap method (Kumar et al ., 2018).

Materials and Methods

Diaporthe perseae (Zerova) R.R. Gomes, Glienke & Crous,
Persoonia 31: 29 (2013) [MB#802944]
The colony diameter after seven days was 320.1-508.8
mm on MEA and 246.2-334.1 mm on PDA. The mycelium was rather dense. The marginal part of the colony
maintained a somewhat circular shape in the MEA but
showed an irregular shape in the PDA. The surface color
was gambogeish-gray (Munsell color notation: 2.5Y 7/2)
in MEA and tangeloish-gray (Munsell color notation: 5Y
9/2) in PDA, it had a similar texture to downy hair and
there was no exudate. The reverse was brownish-gray
(Munsell color notation: 10Y 8/2) in MEA, and amberishgray (Munsell color notation: 10Y 8/2) in PDA (Munsell
Color, 2012).
Under a light microscope, only alpha conidia were identified. Alpha conidia measured about 10.5-14.8 μm×2.13.9 µm (n=20) and were blunt rods with round ends. The
color of the spores was transparent, stained blue under
lactophenol cotton blue, and showed no septa inside (Fig.
1 and Table 1) (Dong et al ., 2021).
Specimen examined: Dokdo (Seodo), Gyeongsangbukdo, Korea, 37°14'33.7''N, 131°51'51.5''E, 2020.9.12.,
isolated from soil taken from Dokdo, strain NIE32018,
GenBank no. OL614769 (ITS) and TEF1-α submitting

Isolation of soil fungi
The soil samples used for the study were collected from
Dokdo (Seodo), located in Ulleung-gun, Gyeongsangbuk-do of Korea in September 2020. The collected soil
samples were stored in zipper bags until the fungi were
isolated and then transferred to the laboratory (4°C). For
serial dilution of fungi, samples were serially diluted 10-3,
and then 100 μL of each sample was spread on potato
dextrose agar (PDA, MBcell, Seoul, Korea) and incubated
for 2-3 days at 25°C (Das et al ., 2018). Soil fungi grown
on PDA medium were sub-cultured on PDA medium to
obtain pure isolates. Fungi were cultured in the dark at
25°C and morphological characteristics of the colonies
were observed after cultivation on PDA and maltose extract agar (MEA, MBcell). Microstructures were observed
after staining with lactophenol under an optical microscope (DM2500; Leica Microsystems, Wetzlar, Germany).
Unrecorded soil fungi in this study were deposited with
the Korean Collection for Type Cultures.
DNA analysis of soil fungi
Fungal genomic DNA was extracted using a plant tissue genomic DNA extraction kit (Xiʼan Tianlong Science
& Technology, Shaanxi, Taiwan) following the manufacturer’s instructions. In performing polymerase chain
reaction (PCR), fungal genomic DNA was amplified from
internal transcribed spacer (ITS) region including 5.8S
ribosomal DNA using ITS1 and ITS4 primers and the
translation elongation factor 1-α (TEF1-α) region using
EF1-526F and EF1-1567R primers. PCR amplification of
ITS region was performed under the following condition;
94°C for 5 minutes, followed by 30 cycles of 94°C for 30
seconds, 50°C for 30 seconds, 72°C for 1 minutes, and a
final extension at 72°C for 5 minutes. And TEF1-α region
was performed under the following condition; 95°C for
8 minutes, followed by 30 cycles of 95°C for 15 seconds,
58°C for 20 seconds, 72°C for 30 seconds, and a final extension at 72°C for 5 minutes (Rehner & Buckley, 2005;
Vilgalys & Hester, 1990; White et al ., 1990). The PCR
products were electrophoresed on a 1.5% agarose gel to
confirm the amplified DNA fragments and the PCR products were sequenced at Macrogen (Seoul, Korea).
To identify the fungal species, the nucleotide sequence
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Fig. 1. Cultural characteristics of Diaporthe perseae
NIE32018 isolated from the soil of Dokdo. (A, B) Front and
reversed sides of the colony on PDA. (C, D) Front and reversed sides of the colony on MEA. (E) Alpha conidia. Scale
bar=50 µm. PDA, potato dextrose agar; MEA, maltose extract agar.
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Table 1. Morphological characteristics of Diaporthe perseae NIE32018 isolated from soil of Dokdo
Strain
Characteristic

Diaporthe perseae
(Gomes et al ., 2013)

Diaporthe perseae NIE32018

Diaporthe perseae
(Dong et al ., 2021)

Colony

PDA & MEA, 25°C, 7 days

MEA, 25°C, 14 days

PDA, 25°C, 4 days

Color

MEA, Gambogeish-gray; reverse
brownish-gray
PDA, Tangeloish-gray; reverse
amberish-gray

MEA, surface sienna with
patches of umber, reverse umber
with patches of sienna
PDA, surface dirty white with
patches of sienna, reverse sienna
with patches of umber
OA, ochreous, with patches of dirty
white and iron-grey

PDA, white and later turns pale white,
reverse white

Size

MEA, 302.1-508.8 mm; PDA, 246.2334.1 mm in diameter for seven
days

No observation

PDA, 85 mm in diameter for four days

Shape

Cottony texture, downy hair
mycelium, margin irregular

Moderate aerial mycelium

Patches of sienna, age produce umber
color patches turning into sienna,
filamentous, entire margin

Conidia

Alpha conidia hyaline, aseptate,
Alpha conidia aseptate, hyaline,
Alpha conidia 5-8 μm×2-3 µm (x=7±1
fusoid with subglobtuse ends, 10.5- smooth, guttulate, fusoid to
μm×2±0.2 µm), aseptate, hyaline,
14.8 μm×2.1-3.9 μm in diameter
ellipsoid, tapering towards both
smooth, fusoid to ellipsoid, tapering
ends, straight, apex subobtuse,
toward both ends, straight, apex
base subtruncate, (6-) 7-8 (-9)
subobtuse, base subtruncate, with
two to four guttules
μm×2 (-2.5) μm
No observation
Beta conidia spindle-shaped,
Beta conidia 17-28 μm×1-2 µm
aseptate, smooth, hyaline, apex
(x=24±3×1±0.2 µm), aseptate,
acutely rounded, base truncate,
hyaline, spindle-shaped, smooth,
tapering from lower third toward
apex acutely rounded, base
the apex, curved, (15-) 22-25 (-28)
truncate
μm×1.5 (-2) μm
No observation
Gamma conidia aseptate, hyaline,
No observation
smooth, ellipsoid-fusoid, apex
acutely rounded, base subtruncate,
9-14 μm×1.5-2 μm

PDA, potato dextrose agar; MEA, maltose extract agar; OA, oatmeal agar.

(grp8312890).

Fusarium falciforme (Carrión) Summerb. & Schroers, J.
Clin. Microbiol. 40(8): 2872 (2002) [MB#483950]
The colony diameter after seven days was 379.5-409.2
mm on MEA and 364.9-443.8 mm on PDA. The mycelium was rather dense. The marginal part of the colony
maintained a more or less regular circular shape. The
surface color was light vermilionish-gray (Munsell color
notation: 2.5Y 9/2) in MEA, light amberish-gray (Munsell
color notation: 7.5Y 9/2) in PDA, had a texture similar to
down or cotton, and air hyphae were developed on the
surface of the curly (MEA) or linear (PDA), and there was
no exudate. The reverse was light gambogeish-gray (Munsell color notation: 5Y 9/2) in MEA, and amberish-gray
(Munsell color notation: 10Y 8/2) in PDA (Munsell Color,
2012). Under a light microscope, macroconidia measured
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about 43.5-71.3 µm×8.0-11.3 µm (n=20) and pointed to
a falcate shape. The color of the spores was transparent,
stained blue under lactophenol cotton blue, and showed
3-4 septa inside. Microconidia measured about 8.0-13.2
µm×2.6-5.9 µm (n=20) and were rhabdomeric-shaped,
round and blunt, tapering toward both ends. The color of
the spores was transparent, stained blue under lactophenol cotton blue, and showed no septa inside (Fig. 2 and
Table 2) (Carrion, 1951; Vega-Gutiérrez et al ., 2019).
Specimen examined: Dokdo (Seodo), Gyeongsangbukdo, Korea, 37°14'27.9''N, 131°51'52.3''E, 2020.9.12., isolated from soil of Dokdo, strain NIE32043, GenBank no.
OL614487 (ITS) and TEF1-α submitting (grp8312890).
Figs. 3 and 4 show the results of phylogenetic analysis
using ITS and TEF1-α of the unrecorded soil fungi Diaporthe perseae and Fusarium falciforme identified in this
study (Figs. 3, 4). As a result, the nucleotide sequences
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of Diaporthe perseae and Fusarium falciforme found in
Dokdo formed a group with the reference sequence.
Diaporthe perseae was first reported by Zerova as an
asexual generation, Phomopsis, in 1940. Then, Gomes
reclassified Diaporthe phylogenetically based on a sexual
generation in 2013 (Gomes et al ., 2013; Zerova, 1940).
Diaporthe spp. belong to the family Diaporthaceae and
are found in all parts of the host plant, from roots to
fruits and stems. Many species in the genus Diaporthe are
found not only as endophytes but also exhibiting patho-
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B
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D

E

50 m

Fig. 2. Cultural characteristics of Fusarium falciforme
NIE32043 isolated from the soil of Dokdo. (A, B) Front
and reversed sides of the colony on PDA. (C, D) Front and
reversed sides of the colony on MEA. (E) Macro and microconidia. Scale bar=50 µm. PDA, potato dextrose agar; MEA,
maltose extract agar.

genic properties (Gomes et al ., 2013). As such, Diaporthe
spp. can become an endophyte to pathogen depending
on the genetic type, environmental condition, and host
plants (Schulz & Boyle, 2005). For example, endophytic
fungi without pathogenicity can be converted into pathogens according to the aging of the host plant (Saikkonen
et al ., 1998). Diaporthe perseae collected in this study was
isolated from the rhizosphere soil of Artemisia japonica
ssp. littoricola (Kitam.) Kitam. in Seodo. According to previous studies, Diaporthe spp. were found as an endophytic
fungi in about 11 species of Artemisia (Cosoveanu & Cabrera, 2018). Considering that Diaporthe is closely related
to plants, A . japonica ssp. littoricola might be considered
as a host plant associated with this fungus.
Fusarium falciforme was first reported by Carrión in
1951 and was reported as Cephalosporium falciforme at
the time of the report. The genus Fusarium is widely distributed in the soil and most have been reported as plant
pathogens and saprophytic fungi (Nelson et al ., 1994).
Fusarium falciforme collected in this study was isolated
from the rhizosphere soil of Festuca rubra L. in Seodo. It
is necessary to research the phytopathogenecity of individual Fusarium species in root, stem, fruit, etc. (Duarte et
al ., 2019).
To date, the biodiversity of fungi is thought to include
>1.5 million species (Arnold, 2007). However, <100,000
species have been reported and recorded so far (Petersen,
2013). In Korea, about 4,141 species have been identified
and published according to the National List of Species of
Korea in 2015 (Y. Lee et al ., 2015; Y.S. Lee et al ., 2015).
These numbers are far below the results of overseas sur-

Table 2. Morphological characteristics of Fusarium falciforme NIE32043 isolated from the soil of Dokdo
Strain
Characteristic

Fusarium falciforme NIE32043

Cephalosporium falciforme
(Carrion, 1951)

Fusarium falciforme
(Vega-Gutiérrez et al ., 2019)

Colony

MEA & PDA, 25°C, seven days

Glucose agar, three weeks

PDA, 25°C, six days

Color

MEA, light vermilionish-gray;
reverse light gambogeish-gray
PDA, light amberish-gray; reverse
amberish-gray

No observation

PDA, white; reverse brown or yellow

Size

MEA, 379.5-409.2 mm; PDA,
364.9-443.8 mm in diameter for
seven days

No observation

No observation

Shape

Cottony texture, aerial mycelium,
margin circular

No observation

White-to-cream-colored aerial
mycelium

Conidia

Macroconidia hyaline, 3-4 septa,
Conidia simple, longish oval,
falcate, 43.5-71.3 µm×8.0-11.3 μm curved multicellular,
9-12 µm×3-4 μm diameter,
in diameter
Microconidia hyaline, aseptate,
longitude 30 μm
fusoid, 8.0-13.2 µm×2.6-5.9 μm in
diameter

Macroconidia; hyaline, three septa,
falciform, 29.5-50.3 µm×5.0-8.1 μm
diameter
Microconidia; hyaline, unicellular,
zero to two septa, oblong, 9.6
µm–14.9×4.0-6.3 µm in diameter

PDA, potato dextrose agar; MEA, maltose extract agar.
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A

Diaporthe eugeniae (KC343098)

62

B
100
89

Diaporthe phaseolorum (MH930433)

52

Diaporthe perseae (MK117253.1)
NIE32018
Diaporthe litchicola (JX862539.1)

Diaporthe phoenicicola (MW504739)

100

72

Diaporthe pascoei (JX862538.1)

92

Diaporthe arengae (NR111843)

Diaporthe australiana (MN696521.1)

60

Diaporthe phaseolorum (GU066705)

Diaporthe foeniculina (MT011072.1)
Diaporthe vawdreyi (KR936129.1)

Diaporthe phaseolorum (MT043800)

100

Diaporthe betulicola (KX024655.1)
NIE32018

75

100

Diaporthe betulae (KT733016.1)

Diaporthe perseae (KX631708)

Diaporthe pyracanthae (MT011070.1)

Valsa mali (MG554651)

Valsa nivea (MH015266.1)

Fig. 3. Phylogenic tree of Diaporthe perseae NIE32018 isolated from the soil of Dokdo. (A) Internal transcribed spacer region including 5.8S ribosomal DNA and (B) translation elongation factor 1-α were used for the sequence analysis to confirm the topological appropriation of the fungal isolates. Valsa mali and Valsa nivea were used as an out-group in each tree,
and bootstrap values are shown at the branches (1,000 replicates).
A
61
87
100

100

B
82

Fusarium pseudocircinatum (NR163683)

Fusarium metavorans (JF740822.1)

Fusarium begoniae (NR111864)
100

55

100

100

98

Fusarium falciforme (NR164424)

Fusarium hypothenemi (JF740850.1)
Fusarium pseudoradicicola (JF740757.1)
Fusarium ferrugineum (JF740787.1)

96
97

Fusarium magnoliae-champaca (NR171098)
Fusarium cassiae (NR171097)

100

69

Fusarium domesticum (NR145050)
Fusarium penzigii (NR137707)

100

Fusarium bostrycoides (JF740784.1)

Fusarium concentricum (NR111886)
Fusarium oxysporum (MZ496570)

100

Fusarium vanettenii (JF740803.1)
Fusarium mori (JF740841.1)

Fusarium pseudonygamai (NR137162)

95
77

Fusarium denticulatum (NR138359)

77
100

NIE32043
Fusarium falciforme (MT772141.1)
Fusarium piperis (MN791121.1)

NIE32043

Fusarium keratoplasticum (JF740786.1)

Fusarium solani (NR163531)

Fusarium solani (JF740714.1)

Neocosmospora rubicola (NR154227)

Neocosmopra rubicola (KM231928.1)

Fig. 4. Phylogenic tree of Fusarium falciforme NIE32043 isolated from the soil of Dokdo. (A) Internal transcribed spacer
region including 5.8S ribosomal DNA and (B) translation elongation factor 1-α were used for the sequence analysis to confirm the topological appropriation of the fungal isolates. Neocosmospora rubicola was used as an out-group in each tree,
and bootstrap values are shown at the branches (1,000 replicates).
veys and estimated biodiversity and is thought to be a result of focusing on the excavation of mushrooms, including Basidiomycetes.
Fungi can perform various ecological functions such
as symbionts and decomposers and can be distributed in
various ways according to their ecological status (Yuan
et al ., 2011). Therefore, as in this study, it will be necessary to identify fungi according to the type of ecosystem
through investigation and monitoring of unexcavated
ecosystems such as remote island areas or caves etc. that
have not yet been extensively investigated. Specially, Dokdo have some places with little or no artificial interference
by human and as A . japonica ssp. littoricola , there are
more than 20 plants that can represent the environment
of Dokdo (Ministry of Environment, National Institute
of Ecology, 2016). Thus, it is likely that there are other
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unrecorded fungal species in Dokdo soil, so investigating
other survey routes and rhizosphere soils of other plants
will reveal more unrecorded fungal species. This strategy
is expected to help identify biodiversity of fungi based on
the ecological principles pursued by the NIE.
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ABSTRACT
In order to support biomimicry technology development, it is necessary to develop an omnidirectional service platform
which can recommend principles of biomimicry and business ideas, providing experts’ networks and carrying out
their relevant education and promotion on the ground of baseline data and application research materials related to
biomimicry. This study was conducted to establish any probable plans for construction and utilization of the future
open-platform which will collect and serve the technology of biomimicry. Accordingly, biological and ecological
information databases were examined along with the appreciation of construction and management of major
biomimicry DB, and, based on the materials from the interview of related experts, a customer journey map was
schematized. Lastly, in order to suggest a mid-to-long-term target-model, the roles of a future biomimicry knowledge
service-platform were determined along with the potential plans for its construction and management based on case
analysis and customers’ needs.
Keywords: Biological and ecological database, Biomimetics, Biomimicry, Customer journey map, Knowledge-service
platform, Mental model

Introduction
In the late of the 20th century when the advance of
technology ran up against various limitations, an innovative progress became indispensable. Just at this time there
was an advent of biomimicry technology focusing on the
nature’s survival principles to find out creatures’ traits so
that the leap of new technology might be materialized
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(Lurie-Luke, 2014). Out of the human-centered thinking
which had simply considered the nature as the subject of
curiosity or development emerged a new way of thinking
for learning from the nature to figure out solutions (Lim
et al ., 2018). Biomimicry a new social technology in the
future which applies any basic structure or principle of
the ecosystem or of the biological resource so that any
environmental or social problems could be solved (Benyus,
1997; Bhushan, 2009), includes approaches for finding out environment-friendly and sustainable solutions
through the mimicry of the structures optimized by their
adaptation to the environment for a long time and of the
efficient strategy for using material and energy (Bae et
al ., 2019; Geol, 2013; NIE, 2020).
Since most of the biological and ecological principles

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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existing in the nature have the efficiency of remarkably
excellent resources, they could be the superb subjects for
mimicry (Dickinson, 1999; Stone et al ., 2014) and have
a strong potential of producing the outcome which is a
solution with a high sustainability (Chakrabarti, 2014). In
spite of this positive expectation and experimental proof,
there exist several limitations to the development of new
technology which enables the utilization of the biomimicry, a representative one of which is that, compared with
the total amount of the information in the nature, what
researchers and engineers can utilize themselves is too
little for them to explore the knowledge on the nature
for themselves, which can’t help limiting their capability
of sorting out the characteristics of biomimicry that are
applicable to any problem solving (Kim, 2018; Vincent et
al ., 2006).
Around the 2000’s, the USA led research of the methods
for exploring the biological and ecological information to
develop the system which enables the utilization of biomimicry principles (NIE, 2020). In conducted the research
for exploring the biological and ecological information
for the construction of information and search system
(Kim and Lee, 2017; Nagel et al ., 2017). It is known that
the system providing the most biological system information as of now is furnishing the information on 21,000
genera (Kim and Lee, 2017). Most of the attempts employed for the development of biomimicry technology,
however, undergo lots of trial-and-errors before finding
out any solutions qualitatively, and those tools used for
technology development are too extensive to produce
enough solutions. In addition, it is often inevitable that
related experts be equipped with not only the knowledge
of engineering technology but also the expertise on biological and ecological function, structure, behavior and
production so that they may develop new technology
(Vincent, 2014).
Therefore, it is necessary that various consumers such
as engineers, entrepreneurs and managers as well as researchers should develop a service platform which supports a practical development of biomimicry technology.
We suggest a target-model after researching case investigation and interviewing those working in various fields
while looking into its expectation effectiveness in order
to meet the needs of consumers in different areas and
provide the plans for construction and management of a
knowledge service platform which enables the support for
the development of biomimicry technology.

Materials and Methods
As analysis materials were used the findings from the
research of 31 DB’s on biological and ecological information home and abroad, the results from the investigation of the 5 current biomimicry DB’s and the outcomes
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from in-depth interviews of 17 experts on biomimicry
conducted from October 2019 to March 2020 both faceto-face and in written form. First, the biological and ecological information DB constructed home and abroad was
analyzed for the classification of basic-data types along
with the categorization of the key status of biomimicry
DB construction and management into 6 items for appreciation of features. Second, a customer journey map
was schematized on the basis of the findings from the
interview of related experts so as to examine how those
consumers explore biomimicry information and apply it to
technology development. Last, a target-model was suggested that enables determining the role of biomimicry
knowledge service platform and establishing the plans for
its construction and management.

Results
Biological and ecological information DB type and
biomimicry DB cases
Biological and ecological basic data type
For biomimicry knowledge DB to support biomimicry
technology in omnidirectional ways, it is necessary that
biological and ecological information DB, which is fundamental, were analyzed. This study, not limiting the
types of basic data to what is directly related to biomimicry domains, investigated the cases of 31 biological and
ecological basic data including Zoology, Ecology, Bioinformatics, and OMICS DB, for it would be difficult to
predetermine which data could be of indirect help for the
extraction of biological and ecological principle afterward
(Table 1). Some DBs are not allowed to be accessed and
utilized publicly. In this case, references were used (Hulo
et al ., 2006; Maglott et al ., 2011; Thorisson et al ., 2005;
Xenarios et al ., 2000). The investigation found that most
of the basic data require a certain license (only internal
access permitted) while several DB delivery services like
European Molecular Biology Lab are open for the public
to access API (application programming interface) and
download DB for the promotion of public interest.
Biological and ecological information DB’s were classified into two types. First, classified according to the scale
of biological and ecological information, is being used for
grouping the traits of biological and ecological basic data
(Table 2). It was planned to track how the basic data was
being utilized not only for conceiving any ideas but also
for materializing finished products. To put it concretely, it
is defined as biomimomic traceability matrix (BTM), which
is a model modified from STM (science traceability matrix)
resulting from tracing and analyzing, from the viewpoint
of information flow, each decision-making process for
engineering implementation of the scientific knowledge
produced from the frame of NASA’s existing science projects (Martinez, 2017).
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Table 1. Types of biological and ecological information DB
Data classification
Meta DB

Name of basic DB

Development or management agency

ConsensusPathDB (http://cpdb.molgen.mpg.de/)

Max Planck Institute for Molecular Genetics

Entrez (Maglott et al ., 2011)

National Center for Biotechnology Information

Neuroscience Information Framework
(https://neuinfo.org/)

University of California, San Diego

Model Organism DB

PomBase (https://www.pombase.org/)

University of Cambridge, University College
London

Nucleic Acid DB

DNA Data Bank of Japan
(https://www.ddbj.nig.ac.jp/index-e.html)

Center for Information Biology and DNA Data
Bank of Japan

EMBL (https://www.ebi.ac.uk/)

European Molecular Biology Laboratory

GenBank
(https://www.ncbi.nlm.nih.gov/genbank/)

National Center for Biotechnology Information

23andMe (https://www.23andme.com/en-int/)

23andMe

Protein Sequence DB

Protein Structure DB
Taxonomy

Characteristics

Gene Expression DB

HapMap (Thorisson et al ., 2005)

National Human Genome Research Institute

OMIM (https://www.omim.org/)

Johns Hopkins University

RefSeq (https://www.ncbi.nlm.nih.gov/refseq/)

National Center for Biotechnology Information

1000 Genomes Project
(https://www.internationalgenome.org/)

EMBL - European Bioinformatics Institute

Database of Interacting Proteins
(Xenarios et al ., 2000)

University of California, Los Angeles

DisProt (https://disprot.org/)

University of Padua

InterPro (https://www.ebi.ac.uk/interpro/)

European Bioinformatics Institute

MobiDB (https://mobidb.bio.unipd.it/)

University of Padua

neXtProt (https://www.nextprot.org/)

Swiss Institute of Bioinformatics

Pfam (http://pfam.xfam.org/)

European Molecular Biology Laboratory

PROSITE (Hulo et al ., 2006)

Swiss Institute of Bioinformatics

Protein Data Bank (https://www.rcsb.org/)

World Wide Protein Data Bank

SCOP (https://scop.berkeley.edu/)

University of Cambridge

Integrated Taxonomic Information System
(https://www.itis.gov/)

Smithsonian Institution

EggNOG (http://eggnog5.embl.de/#/app/home)

European Molecular Biology Laboratory

Map of Life (https://mol.org)

University of Cambridge

BIOTIC (http://www.marlin.ac.uk/biotic/)

National Marine Biological Library

TRY (https://www.try-db.org/TryWeb/Home.php)

Future Earth

FishBase (https://www.fishbase.de/home.htm)

Sheryl Yap and Rainer Froese

Ensembl Genomes
(http://www.ensemblgenomes.org)

European Molecular Biology Laboratory

Ensembl (https://asia.ensembl.org/index.html)

European Molecular Biology Laboratory

Ensembl Metazoa
(https://metazoa.ensembl.org/index.html)

European Molecular Biology Laboratory

Ensembl Bacteria
European Molecular Biology Laboratory
(https://www.re3data.org/repository/r3d100011195)

The other is the type of biological and ecological information DBʼs by industrial sector. Since the sector of
biomimetic industry have different categories due to the
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method of its definition, the analysis was carried out on
the basis of the biomimetic industrial sector defined by
civil and government agencies at home and abroad (Fig.
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Table 2. Biological and ecological basic DB classified by BTM
Classification
Biological Traits

Name of basic DB
Trait Information of Map of Life, BIOTIC, TRY, etc.
Identification information of Delta Project (in Netherlands), FishBase, etc.
Biodiversity Information of CBD, EcoBank, etc.
Taxonomy Information of ITIS, etc.
Phylogency Information of EggNOG, etc.
Entrez
Genom Information of Ensembl, Ensembl Genomes, etc. Ensembl Metazoa, Bacteria
Protein Information of DisProt, SCOP, Protein Data Bank
Ecological Information of EcologicalDataWiKi, etc.
Nucleic Acid Information of GenBank, etc.
Biochemistry Pathway Information of ConsensusPathDB, etc.
Dissertation Information of PubMed, JSTOR, etc.

Organismal Complexity

Specific Function
Molecular Instantiation
Technological Implementation

NGSP

SJLP

FBEI

EPFL

CEEBIOS

Medical/
pharmaceutical

O

O

O

O

O

Surface

O

O

O

O

O

Form/
structure

O

O

O

O

O

Material

O

O

O

O

O

Environment/
agriculture

O

O

O

O

O

Energy

O

X

O

O

O

Robotics

O

X

O

O

O

Sensing

O

O

O

O

O

Behavior
intellect

O

X

O

O

O

System

O

X

O

O

O

Packaging

X

X

O

X

O

Branding

X

X

O

X

O

Biological complexity of information

BTM, biomimomic traceability matrix.

Technological implementation

Molecular implementation

Specific function

Phylogenetic pattern
Organismal complexity
Biological traits

1). Though Fermanian Business and Economic Institute
(FBEI) presented that there were 12 sectors which would
be influenced by biomimicry technology, it was confirmed
that each country or each agency recognizes the targets
which are subject to the application of biomimicry technology a bit differently. When BTM is employed to examine 12 traditional industrial sectors which will be benefited from the substantiation of biomimicry technology by
FBEI (2013), the area of traditional industrial sectors and
those needing biological and ecological basic data can
be understood because it is possible to infer what level
of biological and ecological basic data have an effect on
which industrial sectors.
In Korea, North Gyeongsang and South Jeolla Provin-
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Fig. 1. Difference in recognition
of biomimicry industrial sector and diversity of biological
and ecological basic data group.
NGSP, North Gyeongsang Provincial Government; SJLP, South
Jeolla Provincial Government;
FBEI, Fermanian Business and
Economic Institute; EPFL, École
Polytechnique Fédérale de Lausanne ; CEEBIOS, Centre d'études
et d'expertise en biomimétisme.

cial governments defined the category of their own biomimicry technologies when writing their reports for the
attraction of biomimicry cluster, which showed some differences in their recognition on the diversity of biological
and ecological basic data group based on BTM and the
appreciation of biomimicry technology industrial sectors.
Furthermore, it was found that the biomimicry technology category recognized by those two governments is relatively narrower than those recognized by foreign agencies
(FBEI & Centre d'études et d'expertise en biomimétisme
[CEEBIOS]). Given that there is not enough consideration
of those areas requiring phenotypic property information
and phylogenetic information, it is obvious that there is
the necessity for developing biomimicry knowledge ser-
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vice platform with the goal of acquiring the maximum
amount of international biological and ecological basic
data with the 12 above industrial sectors covered.

Cases of major biomimicry DB
After the examination of 6 items such as type and
information amount of biomimicry DB, search and application function and probability of tech-development
support in 5 DB’s (AskNature, NatureTech, IDEA-INSPIRE,
DANE, Bio-TRIZ) managed currently home and abroad,
it was found that they were being managed, only in the
short term, for the purpose of promoting the information
on the principles of biomimicry and providing various users with interesting information (Table 3). This problem
was found to be caused by the proactive and follow-up
management service for the substantiation and commercialization of biomimicry technology and the intolerance of the provided biological and ecological principles.
Accordingly, it was determined that future biomimicry
knowledge service platform haves discrimination from
biomimicry DB from the viewpoint of both short and long
strategy for the purpose of service, the relevance of provided information, the support of scenario for information search and the position of service.
Customer journey map by mental model
Mental model is a behavior that users extract positive
or negative elements in their existing behavior patterns
consciously or unconsciously through interviews, based
on which the difficulties and predicaments during their
experience of substantiation and commercialization can
be drawn out so that any elements needed for the substantiation and commercialization support programs may
be analyzed (Jones et al ., 2011). Particularly, in this study,
the experience of substantiation process was schematized
in the form of customer journey map.
It was found how experts was exploring the information
and knowledge on biomimicry. The experts were asked
what information they wanted and expected to input and
output and what search methods they employed in the
cases of concrete exploration (not only when searching
online but also when exploring books, dissertations and
their acquaintances around them). We found the mental
model of the process of implementing biomimicry-ideas
into products through a 5-step user journey map (Fig. 2).
The common features of those subjects found from the
interview were that they wanted ‘Additional Learning’
of the knowledge on biomimicry, biology and ecology
through ‘Knowledge Seeking’. It is absolutely true that the
technical terms used in relevant domains must have been
unfamiliar to them while acquiring the information on
new domains. However, they still wanted to keep learning these new terms consistently through the process of
knowledge seeking. The fact was also revealed that not
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only they referred to the texts and the schematized images explaining any relevant terms or methods, but they
asked their acquaintances (fellow-researchers or relevant
experts) very frequently during the learning process as
well. On the other hand, they showed a pretty picky tendency when selecting the objects of information exploration for the satisfying reliability on the newly acquired
information. The methods to secure reliability on media
are seen to vary depending on the experience of each researcher, which is the reliance on the media’s reputation,
or on their acquaintance’s expertise, or on the paper citation counts and article clipping number or the backward
search of the context related to their own professional
field among already published contents in media.
It was interesting that a great many of the interviewees
had their own bias toward biomimicry. Especially those
experts who had dedicated to a certain research field were
found to have the firmest conviction for methodology
and knowledge-seeking method used widely in their professional field while heavily relying on them. Interviewees
were heavily dependent on the biological and ecological information intuitively coming to their mind to keep
searching for information by using familiar methods of
knowledge-seeking with any relevant keywords rather
than opening their mind to completely new possibilities for searching the information or exercising their own
ideas.
Through the insight from these interviews was obtained
the functional requirement that there is a specific need
to permit each of those experts individually specialized
knowledge-seeking. Furthermore, it was determined that
first of all it should be proposed as a prior task to build
reliability between experts and knowledge DB with the
application of the method providing the information with
close relevance if any information so widely known as to
be stale has the same context and content as those of
what any experts try to explore.
It was summarized that there are 3 key functional requirements: (1) Function of free knowledge seeking, (2)
Function of summarizing knowledge, and (3) Function of
information verification. In particular, it was confirmed
that the network among experts could be supported and
at the same time an online-cooperation system support
is indispensable for making it possible for them to collect
knowledge-seeking patterns generated during networking.
Target model for biomimicry knowledge service platform
It was found that, for an efficient utilization of biomimicry knowledge service platform with all the above
facts, the target model should be established by the
phase of short, medium and long terms and the supporting strategy suitable for each phase is needed (Fig.
3). Ultimately all phases for substantiation of biomimicry
technology should be backed up and the establishment of
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ILSc

GATECH (USA)

BioTRIZ
(Univ. of Bath)
(Britain)

IDEA-INSPIRE3)

DANE4)

BioTRIZ5)

+
Researcher
handwork

+
Curator
handwork

Degree of DB
sustainability

+
DB for test

Service
accessibility

+
Visiting consulting

++++
Access to online

-

++++
Access to online

++++
Access to online

SEM, scanning electron microscope.
1) https://asknature.org/ (access date: 2021.6.10.)
2) https://www.nature.com/collections/fxvqrpnlcq (access date: 2021.6.15.)
3) https://cpdm.iisc.ac.in/cpdm/ideaslab/ideainspire.php (access date: 2021.6.15.)
4) http://dilab.cc.gatech.edu/dane/ (access date: 2021.6.20.)
5) https://biotriz.com/ (access date: 2021.6.10.)

++
+
Knowledge on
DB for test
physics included

+
Limitation to
functional
vocabulary

++
+
Knowledge on
DB for test
physics included

Tohoku University ++
SEM image
included

Nature Tech2)

+
Arrangement of
paper abstract

Level of knowledge
basis

Biomimicry
Institute

Institution

AskNature1)

DB name

Table 3. Major biomimicry DB

++++
Interdisciplinary
consultant

-

-

+
Limitation to
biomimicry

+
DB of blog type

-

-

+
Large-sum
consulting cost

++++
Free

++
Cost for visiting
training

Expandability of
Price
connectivity to other competitiveness
areas

Online platform &
consulting

Online platform &
education of biomimetic
in middle and high
school

Online platform

Online platform

Consulting & training of
biomimetic expert

Business
model
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I. Before project
execution

II. Pretest

Conduct research
and projects in
specific fields

- Search company related
to research

- Examine product improvement
point and characteristics

- Search for papers

- Investigate company patent

- Search news

- Examine the products available
for research and application

Look for any user interview
relevant to the research
and marketing report

- Search news and
technology patent
- Check the business
direction of leading
enterprises
- Investigate the patent
of leading enterprises

- Search commercial products
- Search company s core
technology
Research of specific
(professional) fields and
project progress

Research networking

Check preceding research

Examine existing products

Investigate market data

Appreciate the technology
trend

- News portal

- Stock, enterprise and market
situation portal

- Trend reporting site

- News portal

- Market research site

- Patent search site

- Dissertation and patent
search site

- Product purchase site

- Enterprise information
search portal

III. Research progress
- Seek for
advice from
acquaintances
- Contact
dissertation
author

- Search
engineers and
biological
researcher

Search biological
DB

IV. Verification
Datafication of
design features of
specific creatures

- Utillize simulation
rules
- Ask external agencies
for evaluation

- Send E-mails
to acquaintances

- Listen to feedback
of experts in relevant
field

V. Finishing
Evaluate
product
properties

Check one s - Obtain
storytelling ideas
verifying
by news search
method

- Listen to feedback
of project co-workers

- Search news
for currently
impacting
subjects

- Listen to feedback
of professors

- Make phone-calls
to acquaintances

Obtain additional
information or
insight

Look for who will
research together

Look for data of
the field to be
grafted

Institute
introduction site

Researcher
search site

Biological DB
portal

Analysis of design
features

Execute protype test

Listen to feedback

Performance Look for
testing
analogous
study

Evaluate agency
inquiry site

Similar industry expert
search site

Evaluation
agency
inquiry site

Write reports

Fig. 2. Customer journey map by mental model utilizing biomimicry knowledge.
5-phased strategy for biomimicry knowledge search/incubation and education-substantiation-spread and sharing
is indispensable.
Biomimicry knowledge service platform of a short-term
conception provides the function of searching biomimic
ideas based on key social issues, restrictively supports researchers’ network for the resolution of any present issue
of substantiation and promotes the examples of innovative commercialization. The biomimicry knowledge service
platform with a mid-and-long term concept will be driven
as a complete platform, constructed and managed with
the goal of realizing the service which have a satisfying
support for the inference and substantiation of the biomimicry information foothold as a functional requirement
mentioned above. For this, the functions of information
search and application and of support for the solution
to any designing process problem and commercialization
could be implemented.
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Discussion
Those existing biological and ecological information
DB and biomimicry DB was materialized only the simple
function for information search. Unlike any common information search, the knowledge-seeking for the development of biomimicry technology is able to extract creative
ideas from the fragments of similar knowledge. Therefore,
the biomimicry knowledge service platform should realize
the pre-and-post management service for the biomimicry
ideas which can support the development of biomimicry
technology.
The ultimate expectation effects of biomimicry knowledge service platform are the followings: (1) Consumers
of biomimicry can search any technical idea very easily
and fast, (2) The innovation of biomimicry which has
been impracticable due to a knowledge barrier becomes
possible, (3) The industrialization of indigenous species
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Fig. 3. Mid-to-long term target model of biomimicry knowledge service platform. API, application programming interface;
AWS, Amazon Web Services.
in Nagoya Protocol can be accelerated, (4) The decision
of technical standards in every industrial field interested
in the industrialization of biomimicry technology will
become possible, which will be helpful to guiding the
development of international standards and leading technology, and finally (5) The biomimicry knowledge service
platform will result in the creation of new markets and
new industries and then the creation of new jobs.
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ABSTRACT
Nationalism can solidify national unity and ideology but sometimes causes conflicts in human societies. Interestingly,
it affects tiger conservation as well. Collaborative efforts are imperative for tiger conservation due to their vast home
ranges which cross political boundaries and the limited financial resources. However, tiger states have not shown
substantial commitment to collaboration. The nationalism that is entrenched in tiger conservation provides a credible
explanation for this passive collaboration among nations. One type of nationalism occurs within a country by favoring
one particular subspecies over another. The other type of nationalism occurs when former range countries want
tigers. Instead of contributing to saving tigers in current habitats, they are eager to bring tigers back to their political
boundaries regardless of the tremendous financial resources required and the lower chance of success. Considering
nationalism in tiger conservation, tigers, just like humans, may need a passport for a better chance to survive.
Keywords: Nationalism, Panthera tigris , Reintroduction, Tiger

Introduction
State and political boundaries provide people with
stability and security but also restrict their movement or
behaviors without physical barriers such as fences. Often,
nationalism is closely related to the state and consolidates
its status. As significant groups of people are reluctant to
share their rights and benefits with newcomers or minor
groups in states, nationalism causes conflicts in human
societies. Conflicts with immigrants in the United States
and Europe, disputes in borders between the United
States and Mexico, and tensions with Kurdish people in
Turkey, Syria, and Iran show how nationalism can affect
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human society (Coleman, 2007; Ergil, 2000; Hobsbawm
& Kertzer, 1992; Yeǧen, 2007).
Interestingly, nationalism is not limited to human society; it affects tiger conservation as well. Tigers are a
globally endangered species. Once flourishing across Asia,
they have lost 93% of their territories in the past century,
and their population has dropped dramatically from over
100,000 to approximately 3,500 because of poaching,
lack of prey, loss of habitats, and conflicts with humans
(Dinerstein et al. , 2006; Walston et al. , 2010). Simultaneously, three tiger subspecies, the Caspian (Panthera tigris
virgate ), Javan (Panthera tigris sondaica ), and Bali tigers
(Panthera tigris balica ), have become extinct. A single nation’s effort is far from sufficient, politically, structurally,
and financially, to protect this predator from extinction.
As tigers require a vast home range and do not discriminate against man-made political boundaries, neighboring
nations in tiger territories should work collaboratively.
To combat the demand for tiger body parts worldwide,
one of the main reasons for tiger poaching, an interna-
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Anya Lim
tional collaboration among the tiger-range countries and
consumer countries where tiger parts are traded, is essential. Most tiger range countries are classified as “low
income” or “low & middle income” by the World Bank
(World Bank, 2022) and can hardly support tiger conservation without financial and technical help from outside,
including international organizations and other developed nations. Although international cooperation is an
important component of tiger conservation, tiger states
have not shown substantial commitment to collaboration. Nationalism entrenched in tiger conservation provides a credible explanation of this passive collaboration
among nations. The symbolic and spiritual value of tigers
stimulates the nations’ desire for ownership of tigers. As a
result, it restrains international cooperation in tiger conservation based on the idea that tigers have no passports
or political boundaries.

Case Report
Nationalism has appeared in different forms and levels.
Similar to conflicts with immigrants in the United States
and Europe, one form of nationalism in tiger conservation
occurs within a country by the favoritism of one particular subspecies over another. For example, China used to
harbor three tiger subspecies, the South China (Panthera
tigris amoyensis ), Amur (Panthera tigris altaica ), and Bengal tigers (Panthera tigris tigris ). Of the three subspecies,
South China tigers are the only subspecies that live exclusively in China, and experts believe that there is no viable
population in the wild (Tilson et al. , 2004). While Amur
and Bengal tigers have a much higher chance to recover
in China, China had made an uncompetitive effort to restore South China tigers in the past (Qin et al. , 2015; Tilson et al ., 2010). Over-emphasis on saving the nationallyunique species would effectively remove the opportunity
to survive from among any remaining species. Thankfully,
China has committed to Amur tiger conservation in collaboration with Russia in the recent decade.
Similar to disputes in borders between the United States
and Mexico, nationalism triggers conflicts in tiger conservation in transboundary areas of tiger range countries.
When tigers cross the border of two countries, their fate
does not rely wholly on one nation. Therefore, to develop
a proper conservation strategy and manage ecological
corridors effectively, international collaboration is imperative. However, often only one country makes a concerted
effort to protect tigers through solid law enforcement
and active patrol. In contrast, the neighboring country is
reluctant to take such actions, sometimes because tigers
stay within their political boundaries for less time. Therefore, they are afraid that they cannot claim the “ownership” of the tigers or do not consider the tigers as theirs.
Ironically, all tiger range countries contributed towards a
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National Tiger Action Plan at the Tiger Summit in 2010,
emphasizing international collaboration (IISD, 2010).
Similar to the tensions with Kurdish people in Turkey,
Syria, and Iran, nationalism in tiger conservation between
the current and former tiger range nations has distorted
the tiger conservation effort. Tiger conservation costs are
quite high compared with other mammals due to their
large territory and secretive nature. The current tiger
range nations usually cannot afford these interventions
themselves, as mentioned earlier. Due to the high cost,
systematic scientific research, which provides comprehensive conservation guidelines, has not been done in all
tiger habitats. Therefore, one of the most critical agendas
in current tiger conservation is prioritizing the conservation effort and distributing limited resources adequately
to secure the future of tigers (Dinerstein et al. , 2006;
Johnson et al. , 2012; Walston et al. , 2010).
On the other hand, there are former tiger range countries, such as Iran, Kazakhstan, and Korea, which have
better financial resources. In recent years, genetic research
has revealed that extinct Caspian and Korean tigers are
genetically identical to Amur tigers (Driscoll et al. , 2009;
Lee et al. , 2012). Shortly after this discovery, those nations
presented their interest in Amur tiger re-introduction and
attempted to evaluate its feasibility in their territories
(Driscoll et al. , 2012). However, it transpired that tiger
reintroduction was impractical, considering the biological
and social risk, and feasibility. If the re-introduction occurs, it will be a long-term, multi-billion-dollar project; it
will cost much more money to bring tigers back to their
former home than to protect existing populations in the
current habitats. Moreover, the likelihood of a successful
re-introduction is highly uncertain versus the possibility
of securing the current population, possibly with less financial resources necessary. If nations wanted to join the
global tiger conservation effort, the most effective way
would be to provide financial and technical resources that
the current tiger-range countries lack. However, indigent
countries have been reluctant to support the ongoing
conservation efforts. Instead, they want to see tigers in
their own country regardless of the high cost and risk.

Discussion
Hence, nationalism ostensibly impedes current tiger
conservation to some extent. However, it is hard to conclude that nationalism is always bad for tiger conservation. It has served an important role in bringing people’s
attention to protect “the national pride” on a local or national scale among tiger range countries. Without appealing to people’s emotions, conserving this apex predator
would be more difficult, especially since tigers occasionally damage property and can even kill or maim people.
Considering both the positive and negative aspects of
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Nationalism in Tiger Conservation
nationalism in tiger conservation, just like humans, tigers
may need a passport for a better chance to survive.
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MANUSCRIPT ORGANIZATION AND FORMAT
1. Word Length

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

2. Parts of the Manuscript

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

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

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

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

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

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

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

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

PUBLICATION PROCESS AFTER ACCEPTANCE
1. Accepted article received in production

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

2. Proofs

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

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

Research and Publication Ethics
Enacted August 5, 2020
Revised July 26, 2022
Proceedings of the National Institute of Ecology of the Republic of Korea (PNIE) adheres to the ethical guidelines for
research and publication described in Guidelines on Good
Publication (http://publicationethics.org/resources/guidelines) and the ICMJE Guidelines (http://www.icmje.org).

1. Authorship

PNIE 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. After the
initial submission of a manuscript, any changes whatsoever
in authorship (adding author(s), deleting author(s), or rearranging the order of authors) must be explained by a letter
to the editor from the authors concerned. This letter must
be signed by all authors of the paper. Copyright assignment
must also be completed by every author.
• Corresponding author and first author: PNIE does not allow multiple corresponding authors for one article. Only
one author should correspond with the editorial office
and readers for one article. PNIE does accept notice of
equal contribution for the first author when the study was
clearly performed by co-first authors.
• Correction of authorship after publication: PNIE does
not correct authorship after publication unless a mistake
has been made by the editorial staff. Authorship may be
changed before publication but after submission when an
authorship correction is requested by all of the authors
involved with the manuscript.

2. Review Process

PNIE is a peer-reviewed (single-blind peer review) 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.

3. 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 PNIE 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).

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. Secondary Publication

It is possible to republish manuscripts if the manuscripts
satisfy the conditions of secondary publication of the ICMJE
Recommendations (http://www.icmje.org/urm_main.html).

6. Originality, Plagiarism 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. Submitted
manuscripts are screened for possible plagiarism or duplicate
publication by Similarity Check upon arrival. If plagiarism or
duplicate publication is detected, the manuscripts may be
rejected, the authors will be announced in the journal, and
their institutions will be informed. There will also 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; and 3) its
publication has been approved by all co-authors.

7. Process for Managing Research and Publication
Misconduct

When the journal faces suspected cases of research and
publication misconduct such as redundant (duplicate) publication, plagiarism, fraudulent or fabricated data, changes
in authorship, an undisclosed conflict of interest, ethical
problems with a submitted manuscript, a reviewer who has
appropriated an author’s idea or data, complaints against
editors, and so on, the resolution process will follow the
flowchart provided by the Committee on Publication Ethics
(http://publicationethics.org/resources/flowcharts). The discussion and decision on the suspected cases are carried out
by the PNIE Editorial Board and Research Ethics Committee
of the National Institute of Ecology (https://www.nie.re.kr/
nie/main/contents.do?menuNo=200189).

8. Process for Handling Article Correction, Retraction,
and Editorial Expression of Concern

Cases that require editorial expressions of concern or retraction shall follow the COPE flowcharts available from: http://
publicationethics.org/resources/flowcharts. If correction
needs, it will follow the ICMJE Recommendation for Corrections, Retractions, Republications and Version Control available from: http://www.icmje.org/recommendations/browse/
publishing-and-editorial-issues/corrections-and-versioncontrol.html as follows:
Honest errors are a part of science and publishing and require
publication of a correction when they are detected. Corrections are needed for errors of fact. Minimum standards are
as follows: First, it shall publish a correction notice as soon
as possible detailing changes from and citing the original
publication on both an electronic and numbered print page
that is included in an electronic or a print Table of Contents
to ensure proper indexing; Second, it shall post a new article
version with details of the changes from the original version
and the date(s) on which the changes were made through KMark; Third, it shall archive all prior versions of the article.
This archive can be either directly accessible to readers; and
Fourth, previous electronic versions shall prominently note
that there are more recent versions of the article via K-Mark.

9. Editorial Responsibilities

The Editorial Board will continuously work to monitor and
safeguard publication ethics: guidelines for retracting articles; maintenance of the integrity of the academic record;
preclusion of business needs from compromising intellectual
and ethical standards; publishing corrections, clarifications,
retractions, and apologies when needed; and excluding plagiarism and fraudulent data. The editors maintain the following responsibilities: responsibility and authority to reject
and accept articles; avoiding any conflict of interest with
respect to articles they reject or accept; promoting publication of corrections or retractions when errors are found; and
preservation of the anonymity of reviewers.

10. 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 CCBY-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.
PNIE has an author self-archiving policy (Blue : Post-print)
and can self-archiving in compliance with the following.
Public place: All or part of the thesis is posted on the author's personal website, the website of the institution or
organization to which the author belongs, the website of the
organization that supported the research fund, etc.
Disclosure Conditions: For personal and educational purposes, compliance with CC-BY-NC regulations, insert hyperlinks
in publications, and post prints and publications after review.

11. Archiving

It is accessible without barrier from KoreaScience (https://
koreascience.or.kr/) or National Library of Korea (http://nl.go.
kr) in the event a journal is no longer published.

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.

Research Ethics Pledge and
Copyright Transfer Agreement
Manuscript Title :
Authors :

Author(s) must read and sign the statements below about authorship responsibility and copyright transfer. In the case of
an article having more than one author, the signature of one of the authors is sufficient, provided that the signing author understands that he or she is signing on behalf of all of the authors and that all the other authors understand that
the signing author is acting as their proxy in signing the manuscript submission form.

1. The manuscript has not been previously published and is not currently under consideration for publication elsewhere,
nor will the research reported be submitted for publication elsewhere until a final decision has been made as to its acceptability by Proceedings of the National Institute of Ecology of the Republic of Korea.
2. The manuscript represents truthful and original work without fabrication, fraud, or plagiarism.
3. All authors have made an important scientific contribution to the study and are thoroughly familiar with the primary
data. All authors have read the complete manuscript, take responsibility for the content and completeness of the
manuscript, and understand that they share responsibility if the paper, or part of the paper, were found to be faulty or
fraudulent.
4. This manuscript contains no violation of any existing copyright or other third party right, and to the best of the
authors’knowledge, this work does not infringe the rights of others.
5. The authors of the article hereby agree that the National Institute of Ecology holds the copyright on all submitted
materials upon acceptance of the manuscript and the right to publish, transmit, sell, and distribute them in the journal
or other media.

Date:

Corresponding Author :
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