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Background: Many insectivorous bats have flexible diets, and the difference in prey item
consumption among species is one of the key mechanisms that allows for the avoidance
of interspecies competition and promotes coexistence within a microhabitat. In Korea, of
the 24 bat species that are known to be distributed, eight insectivorous bats use forest
areas as both roosting and foraging sites. Here, we aimed to understand the resource par-
titioning and coexistence strategies between two bat species, Myotis ikonnikovi and Ple-
cotus ognevi, cohabiting the Mt. Jumbong forests, by comparing the differences in dietary
consumption based on habitat utilization.

Results: Upon examining their dietary composition using the DNA meta-barcoding ap-
proach, we identified 403 prey items (amplicon sequence variants). A greater prey diversity
including Lepidoptera, Diptera, Coleoptera, and Ephemeroptera, was detected from M.
ikonnikovi, whereas most prey items identified from P ognevi belonged to Lepidoptera.
The diversity index of prey items was higher for M. ikonnikovi (H’ 5.67, D: 0.995) than that
for P ognevi (H* 431, D. 0.985). Pianka's index value was 0.207, indicating little overlap in
the dietary composition of these bat species. Our results suggest that M. ikonnikovi has a
wider diet composition than P ognevi.

Conclusions: Based on the dietary analysis results, our results suggests the possibility of
differences in foraging site preferences or microhabitat utilization between two bat spe-
cies cohabiting the Mt. Jumbong. In addition, these differences may represent one of the
important mechanism in reducing interspecific competition and enabling coexistence be-
tween the two bat species. We expected that our results will be valuable for understanding
resource partitioning and the coexistence of bats inhabiting the Korean forests.
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similarities (Arrizabalaga-Escudero et al. 2018) and have a
flexible diet that varies among different species (Clare et al.

Early ecological models based on intra- and inter-specif-
ic competition suggested that species responses to the envi-
ronment must be sufficiently differentiated from multidi-
mensional ecological resources to enable their stable
coexistence (Andriollo et al. 2021; Bazzaz and Catovsky
2001; Finke and Snyder 2008). Resource use and partition-
ing are two of the main factors explaining ecological dif-
ferences that lead to species coexistence (Finke and Snyder
2008; MacArthur 1984; Schoener 1974).

Bats serve as a fascinating example to explain resource
partitioning in ecological communities, as they tend to
form communities based on morphological and ecological

2014; Salinas-Ramos at al. 2015). Several studies have in-
vestigated food consumption and resource partitioning in
insectivorous bat species (Andreas et al. 2012; Heim et al.
2021; Whitaker 2004). In Central Europe, a study compar-
ing the dietary composition of three foliage-gleaning bat
species (Myotis nattereri, M. bechsteinii, and Plecotus au-
ritus) revealed that these three bat species exhibited effec-
tive resource partitioning despite important seasonal di-
etary changes (Andreas et al. 2012). The study also revealed
that dietary composition varied more among the guild of
forest foliage-gleaning bats than it did between these spe-
cies and their morphological siblings or evolutionarily re-
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lated species. Other studies have compared the prey of two
morphologically similar and symbiotic bat species (Murina
ussuriensis and Myotis ikonnikovi), demonstrating their
ability to exploit different prey items within diverse micro-
habitats to avoid competition and promote coexistence.

In Korea, of the 24 bat species that are known to be dis-
tributed (Yoon et al. 2016) only 12 have been identified in
the Korean forests through trapping and echolocation sur-
veys (Han at al. 2012). Excluding some of the cave-dwelling
bats (such as horseshoe bats, long-fingered bats, and great-
er tube-nosed bats), it is estimated that approximately eight
bat species use forest areas as both roosting and foraging
sites. These bats inhabiting the Korean forests are classified
as insectivorous bats (Han at al. 2012). Two forest-dwelling
bat species, Plecotus ognevi and Myotis ikonnikovi, living
in Korea are listed as “Least Concern” on The International
Union for Conservation of Nature (IUCN) Red List (GBIF
2022a; IUCN 2018; IUCN 2019). According to phylogenetic
studies on the genus Plecotus, P. auritus is geographically
separate from P. ognevi in northeastern Asia (IUCN 2018;
Kruskop et al. 2012; Spitzenberger et al. 2006). Generally,
the home range of forest bats is associated with their
weight (body size), and it is known that smaller species
have smaller home ranges compared to larger species (Fen-
ton 1997). Previous studies on the habitat characteristics of
M. ikonnikovi indicated typical characteristics for the My-
otis genus, which is known to have small habitats (Kim et
al. 2014). In addition, a study on the spatial behavior and
habitat use of P. auritus also reported that it has a small
range of space compared to other bats of the Plecotus ge-
nus (Starik et al. 2021). Based on echolocation type, the
two bat species are classified as “narrow space gleaning
foragers” or “edge space aerial/trawling foragers” (Fukui et
al. 2015; Schnitzler et al. 2003), and similarly to studies in
Central Europe, it is expected that they would require re-
source partitioning strategies for coexistence (Andreas et
al. 2012). However, studies on bat ecology have mostly been
conducted in Europe or the Americas, whereas such stud-
ies are rare in Asia (Heim et al. 2021). Despite the impor-
tance of the Korean Peninsula in the biogeography for
Northeast Asian bats, ecological research related to bats is
relatively limited compared to other mammals (Chung et
al. 2015; Fukui et al. 2015). In addition, most of the re-
search conducted in Korea mainly focuses on the distribu-
tion, home range, habitat use, and echolocation of bats
(Chung et al. 2009; Chung et al. 2010; Kim et al. 2018;
Yoon et al. 2016). Research on bat’s foraging is almost
non-existent, except for studies on the dietary composition
of the serotine bat, Eptesicus serotinus (Chung et al. 2015).

In this study, we compared the dietary composition of
two forest-dwelling bat species, M. ikonnikovi and P. ogne-
vi, cohabiting in the Mt. Jumbong forests, South Korea, us-
ing the DNA meta-barcoding approach. In addition, we
aimed to understand the resource partitioning and coexis-

Page20fg

tence strategies among bat species by comparing the differ-
ences in dietary consumption based on habitat utilization.

Study area
This study was conducted on Mt. Jumbong (128°25'-

128°30" E, 38°0'-38°5'N) at the southern end of the Seor-
aksan National Park, South Korea. The area around Mt.
Jumbong is one of the long-term ecological research sites
in Korea, where research has been conducted since the first
stage of the national long-term ecological monitoring proj-
ect in 2005. Additionally, this area has been designated as a
nature reserve and Forest Genetic Resource Reserve by the
Korean government. This study was conducted at two dif-
ferent sites (Danmokryeong and Gombaeryeong) near the
northern and eastern valleys of Jeombongsan Forest Eco-
logical Management Center. These areas are located at an
altitude of 740 m and consist mainly of deciduous broad-
leaved forests dominated by oak trees. Previous research
on insects revealed the identification of more than 60 spe-
cies of moths, with belonging to the Noctuidae family (23
species) being the most frequently observed in Mt. Jum-
bong (Cho 2013). Moths are generally known to be one of
the main food sources for forest bats. Access to hikers is
strictly limited after 4 p.m., which makes it a suitable area
for studying forest bats that are not affected by human ac-
tivity.

Bat capturing and fecal sampling
Bat capturing was carried out in June and July 2017 at

Danmokryeong and Gombaeryeong in Mt. Jumbong area
based on the entry and research permission granted by the
Korea Forest Service granted permission (Fig. 1). To cap-
ture bats, mist nets were installed within a radius of 50 m
around the points estimated to be the main moving routes
of bats. Two mist nets, 12 m in width and 3.2 m in height,
were installed in the forest valleys for each site, covering a
total area of 76.8 m’. Additionally, three mist nets, 6 m in
width and 3.2 m in height, were installed between the can-
opy and upper levels of low-cover herbaceous plants, cov-
ering a total area of 57.6 m’. Extra mist nets were installed
around the mist net installation site to block the space be-
tween trees and shrubs, which promoted bat capture.

The bat capture was conducted for approximately 4 hours
after sunset, and the condition of the captured bats was
checked every 5 minutes. Each captured bat in the mist net
was removed and placed in a cotton bag until release. All
the captured bats were identified based on the species and
sex and tagged with a metal ring to mark the individual
before release.

Fecal samples were collected either directly from the
captured bats or from the feces that were collected during
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their capture in the cotton bag. To minimize sample con-
tamination and degradation, each individual feces were
immediately sealed in a 2 mL Eppendorf tube containing
100% ethanol and stored at —20°C until transportation to
the laboratory. After transportation, the samples were im-
mediately stored in an ultra-low temperature freezer
(-80°C) until DNA extraction.

Library construction of prey items and data analyses
DNA extraction was performed on less than 200 mg of

feces using a QIAamp DNA Fast DNA Stool Kit (Qiagen,
Hilden, Germany) following manufacturer’s protocol, after
removal of ethanol from the 2 mL Eppendorf tubes. We
amplified the cytochrome ¢ oxidase subunit 1 mitochon-
drial gene (COI) of targeted arthropod prey using the
primer set ZBJ-ArtFlc: 5-AGA TAT TGG AAC WTT ATA
TTT TAT TTT TGG-3" and ZBJ-ArtR2c: 5- WAC TAA
TCA ATT WCC AAA TCC- 3’ (Zeale et al. 2011).

The libraries for dietary analysis were prepared using the
fusion primers modified at the 5" end by the addition of
individual-specific 7-bp Multiplex IDentifiers (MIDs) and
adaptors required for the emulsion polymerase chain reac-
tion (emPCR) and the Ion PGM sequencing. All PCR am-
plifications were performed in 20 uL volumes using an In-
tron FastMix/Frenche™ Premix (iNtRON Biotechnology,
Seoul, Korea). The reaction mixture contained 8 uL of
master mix, 0.25 ym of each primer, and 10 L template
DNA. PCR conditions were as follows: an initial denatur-
ation at 95°C for 5 minutes, 40 cycles of denaturation at
95°C for 30 seconds, annealing at 50°C for 30 seconds, and
elongation at 72°C for 30 seconds, and a final extension
step at 72°C for 5 minutes. PCR products were checked on
1.5% agarose gels. After the reactions, PCR products were
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Location of the study sites
at Mt. Jumbong, South Korea.

purified using a MEGAquick-spin™ Total Fragment DNA
Purification Kit (iNtRON Biotechnology, Seongnam, Ko-
rea).After PCR pooling, libraries were quantified using a
High Sensitivity DNA Chip kit on the Agilent 2100 Bioan-
alyzer (Agilent, Palo Alto, CA, USA). Emulsion PCRs were
conducted using the ITon PGM Hi-Q OT2 kit (Life Technol-
ogies, Carlsbad, CA, USA) on the Ion OneTouch? platform,
following the manufacturer’s instructions. The amplicon
libraries were sequenced on an Ion PGM system using an
Ion PGM Hi-Q Sequencing kit (Life Technologies) and Ion
316 Chip Kit v2 BC (Ion Torrent, Life Technologies).

Each dataset was pre-processed using Geneious Prime
2022.1. Raw sequences were trimmed based on primer se-
quences, and filtered when less than 50 bp. Pre-processed
datasets were imported into the QIIME2 software platform
(version 2022.2.0, https://qiime2.org) (Bolyen et al. 2019),
and processed based on Catozzi’s workflow, with some
modifications (Catozzi et al. 2019). Briefly, DADA2 was
used as the quality filtering method to denoise and derep-
licate single-end sequences, and remove chimeras (Callah-
an et al. 2016); a truncation length of 157 bases was used.
The naive Bayesian classifier was used for taxonomic clas-
sification against the COins database (Magoga et al. 2022).
After classifying the sequences, amplicon sequence vari-
ants (ASVs) that classified as low taxonomic levels (only
Phylum level) were not analyzed further.

The proportion of prey items were calculated as both fre-
quency of occurrence (FOO) and relative read abundance
(RRA). Percent of occurrence (POO) is the %FOO rescaled
so that the sum across all detected dietary items is 100%.
All mathematical expressions are as follows (Deagle et al.
2019):
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where T is the number of prey items (taxa), S is the number
of samples, I is an indicator function such that I, , = 1 if
prey item i is present in sample k, and 0 if not, and n;; is
the number of sequences of prey item i in sample k.
Species diversity was defined as the number of ASVs
identified in each sample. The Shannon-Wiener and Simp-
son’s diversity indices were respectively calculated as fol-
lows, based on the POO of prey items (Deagle et al. 2019):

H’:_Z (pi)xlogepl‘

D=172pi2

where p; is the proportion of prey item i in the diet. Wil-
coxon’s rank sum exact test was used to compare the group
means statistically.

Pianka index of niche overlap index was calculated using
“spaa” package (Zhang 2016) from the R software (version
4.1.2). This index represented the degree of dietary overlap
between the two bat species, as follows:

o Xipypy

Op= ————
/2717,-,-2 Zip,’

where p; and p,, is the proportion of prey item i in the diet
of species j and k.

An ordination was performed using Bray-Curtis dissim-
ilarity-based principal coordinate analysis (PCoA) using
the “vegan” package from the R software (version 4.1.2)
based on each fecal sample’s RRA of prey items at the ge-
nus level (Oksanen et al. 2022). All statistical analyses were
performed using the R software (version 4.1.2).

A total of 1,183,421 raw sequences were obtained from 27
bat fecal samples, and a final 406,304 reads passed trimming
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and filtering. Of those, 328,785 reads (mean = 15,656 +
17,433) were derived from 21 individuals of M. ikonnikovi,
while 77,519 reads (mean = 12,920 * 9,044) from six indi-
viduals of P. ognevi.

In total, 403 prey items (ASVs) were identified from the
two bat species (Table 1, Tables S1, S2). Of these, 346 ASVs
were detected in M. ikonnikovi and 79 in P. ognevi (Table
1). The dietary composition of the two bat species differed
at the order level. Relative read abundance demonstrated
that Lepidoptera was mostly detected from P. ognevi,
whereas various prey items such as Lepidoptera, Diptera,
Coleoptera, and Ephemeroptera were detected from M.
ikonnikovi (Fig. 2A). In the case of M. ikonnikovi, there
was a remarkable variation in the diet composition among
individuals. However, for P. ognevi, Lepidoptera was the
most detected prey item in all individuals, showing a simi-
lar pattern among individuals. The FOO for prey items
also showed a remarkable difference between two bat spe-
cies (Fig. 2B). P. ognevi showed a high frequency of feeding
on the Noctuidae and Geometridae families of the Lepi-
doptera, whereas M. ikonnikovi exhibited a feeding fre-
quency of over 50% on a variety of prey items belonging to
families, such as Noctuidae in Lepidoptera, Tipulidae in
Diptera, and Hemerobiidae in Neuroptera.

The prey item containing 6 orders (54.5%) and 27 fami-
lies (25.9%) were overlapped between the two bat species
(Fig. 3A). Two families, Cossidae and Drepanidae in Lepi-
doptera, and 16 genera were only detected from P. ognevi,
while the diet of M. ikonnikovi had unique prey items
ranging from 5 orders, 58 families, and 118 genera, making
up 45.5%-73.7% of the total (Fig. 3A). The detected prey
items in M. ikonnikovi showed higher diversity than those
in P. ognevi. However, Pianka’s index value of 0.207 indi-
cates a relatively low dietary overlap between the two bat
species.

The comparison of prey diversity between the two bat
species indicates that M. ikonnikovi utilized a wider range
of prey items compared to P. ognevi (Fig. 3B). The species
diversity index indicated that more diverse prey items were
detected in M. ikonnikovi (H* 5.67, D: 0.995) than in P.
ognevi (H 4.31, D: 0.985). Although M. ikonnikovi exhib-
ited higher median values for both diversity indices com-
pared to P. ognevi, there was no statistically significant
difference in diversity indices between the two bat species
(Wilcoxon rank sum exact test, p = 0.711). Similarly, the

Total number of prey items detected in the feces of the bats, Myotis ikonnikoviand Plecotus ognevi, at different taxonomic levels

Species No. of
P individuals Order
Myotis ikonnikovi 21 11
Plecotus ognevi 6 6
Total 27 11

ASV: amplicon sequence variants.

Taxonomic level

Family Genus ASVs
79 145 346
23 43 79
81 161 403
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Fig. 2 Prey items detected in the feces of the bat species, Myotis ikonnikovi and Plecotus ognevi, using the DNA meta-barcoding ap-
proach. (A) Relative read abundance of prey items consumed by these two bat species from each fecal sample at the order level. Prey
items with an abundance of less than 3% were merged and represented as “<3%”. (B) Frequency of occurrence for prey items consumed
by two bats at the family level. Only prey items detected at a frequency of more than 10% are indicated in the graph. %FOO: frequency
of occurrence.
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Fig. 3 Comparison of the differences in prey items of the two bat species. (A) Venn diagram showing the dietary overlap at different
taxonomic levels. Numbers in box indicate the number of prey items detected from bat species and numbers in parentheses indicate the
relative proportion of detected prey items. (B) Boxplots showing the differences in varieties of the prey items between Myotis ikonnikovi
and Plecotus ognevi. (C) Principal coordinate analysis plots by Bray—Curtis dissimilarity metrics for prey items. First two axes explained
17.7% and 11.5% of total variance, respectively. PCoA: principal coordinate analysis.



Joo et al. Journal of Ecology and Environment (2023)47:15

PCoA based on the Bray-Curtis dissimilarity matrix also
revealed a tendency for the samples to cluster according to
their respective bat species (Fig. 3C). However, the first two
axes of the PCoA only explained 17.7% and 11.5% of the
total variance, respectively.

The dietary information of two bat species can provide
insights into understanding the mechanisms of stable co-
existence through resource partitioning. Resource parti-
tioning is described as one of the mechanisms that pre-
vents competition between species in an ecosystem upon
resource limitation (Gémez-Llano et al. 2021; Matthews et
al. 2010). Therefore, each species also can adopt a strategy
to reduce inter-specific competition by partitioning habi-
tats through spatial or temporal segregation (Matthews et
al. 2010). From this perspective, inter-specific spatial parti-
tioning can result in different feeding patterns based on
the preferences for selected feeding sites. Our results
showed that there were differences in the dietary composi-
tion depending on the species, through the comparison of
two bat species cohabiting the Korean forests. M. ikon-
nikovi ate a wide range of prey items, whereas P. ognevi
primarily consumed Lepidoptera and exhibited minimal
individual variation in its diet. The Pianka index value of
0.207 indicates that the diet compositions of the two bat
species did not strongly overlap and suggests differences in
prey resource use spatially.

The diet consumption of insectivorous bats is primarily
determined by their morphological and flight characteris-
tics, echolocation, and foraging strategies (Fenton 1982;
Norberg and Rayner 1987). Previously, 14 bats species in-
habiting Korea were categorized into three types based on
their echolocation call structure (Fukui et al. 2015). Based
on that categorization, the two species (M. ikonnikovi and
P. ognevi) are placed into the same foraging group or
guilds. Although clear differences in the pulse structure of
echolocation were detected between all Myotis species and
P. ognevi, two bats (M. ikonnikovi and P. ognevi) in this
study were classified as frequency-modulated (FM) type
species and were classified as either “narrow space gleaning
foragers” or “edge space aerial/trawling foragers” (Fukui et
al. 2015; Schnitzler et al. 2003). In addition, these two bat
species may exhibit similar flight characteristics based on
their morphological features. Plecotus and most Myotis
species in Vespertilionidae exhibit an average wingspan
and a low aspect ratio (Norberg and Rayner 1987). Due to
their long and narrow wing shape, P. ognevi may exhibit
similar slow-flight characteristics like M. ikonnikovi and
employ foraging strategies such as aerial hawking or glean-
ing (Bininda-Emonds and Russell 1994; GBIF 2022a, 2022b;
Norberg and Rayner 1987). Therefore, we considered that
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the differences in morphological characteristics or echolo-
cation may not be the major factors explaining the dietary
differences between the two bat species.

The difference in prey diversity may be interpreted as dif-
ferences in foraging site preference or differences in space
utilization within microhabitats among species. The pre-
vious study explains that sympatric living species within
the same guild should exhibit differences in at least one
niche dimension to avoid competition due to limited food
resources, and spatial separation of foraging areas is de-
scribed as one of the mechanisms to achieve the niche dif-
ferentiation (Denzinger and Schnitzler 2013). Our results
showed that M. ikonnikovi consumed a wider range of
food sources compared to P. ognevi. The bat species, M.
ikonnikovi, consumed a higher proportion of prey items
belonging to Lepidoptera, Diptera, and Ephemeroptera,
whereas P. ognevi diet was dominated by Lepidoptera. M.
ikonnikovi exhibited a diverse range of consumed prey
items per individual, albeit with a relatively small sample
size, P. ognevi showed a similarity in the composition of
prey items consumed by individuals. In addition, at the ge-
nus level, 9.9% of the detected overall prey items were ex-
clusively found in P. ognevi. A previous study on the di-
etary analysis of M. ikonnikovi conducted in Japan
revealed that M. ikonnikovi exhibited higher prey diversity
than other bat species (Heim et al. 2021). Although the re-
productive status of prey items was not observed in this
study, considering the similar temperature conditions
(21.1°C-29°C in July at study area) in Japan and Korea, the
majority of prey items consumed by both bat species (Dip-
tera, Ephemeroptera Noctuidae, Geometridae, and Lima-
codidae) are likely to be predominantly adults. In addition,
some moths with known habitat characteristics belonging
to the Noctuidae family (Stenoloba sp.) are known to
mainly inhabit deciduous forests, which is consistent with
the main forest type in the study area (NIBR 2023). Our
results are consistent with the explanation of previous
studies, which indicate that long-eared bat species have
narrow dietary preferences, primarily focusing on moths
and mosquitoes (Anderson and Racey 1991; Entwistle et al.
1996). Taken together, these findings suggest that both bat
species probably fed on adult prey via aerial-hawking mode
and that M. ikonnikovi uses more diverse foraging sites,
including around valleys, within the same micro-environ-
ment condition compared to P. ognevi. Therefore, the dif-
ferences in spatial selection of foraging areas between the
two bat species may be interpreted as one of the important
factors in explaining the variation in their dietary con-
sumption and avoiding resource competition.

There are various bat species inhabiting Korea; however,
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their dietary preferences based on the habitat characteris-
tics are not well understood. This study suggests the possi-
bility of differences in foraging site preferences or micro-
habitat utilization between two bat species inhabiting the
Mt. Jumbong, based on their dietary analysis. Although
our study was limited to a specific time period and dietary
competition among bat species may vary regionally and
seasonally considering insectivorous bats’ relatively flexible
diet, our findings contributed to understanding the mech-
anisms associated with resource partitioning and coexis-
tence among insectivorous bats in Korea. In addition, our
results may provide further information on the dietary
consumption and resource partitioning of the two bat spe-
cies inhabiting the forests of Northeast Asia.

Supplementary information accompanies this paper at
https://doi.org/10.5141/jee.23.049.

Table S1 Percentage of occurrence data for two bats. Ta-
ble S2 Relative of abundance data for each samples.

Abbreviations

ASV: Amplicon sequence variant
FOO: Frequency of occurrence
RRA: Relative read abundance
POO: Percent of occurrence

PCoA: Principal coordinate analysis

Acknowledgements
Not applicable.

Authors’ contributions

SJ and SSK developed the concept of this study. SJ and IA analyzed
and interpreted data regarding dietary composition of two bats. All
authors participated in the investigation. S] was a major contributor
in writing, review and editing the manuscript. All authors read and

approved the final manuscript.

Funding

This research was funded by research projects of the National Insti-
tute of Ecology, Republic of Korea, grant numbers NIE-2017-02 and
NIE-2023-38.

Availability of data and materials
The datasets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was conducted according to the Wildlife Protection and
Management Act of the Republic of Korea and the Institutional Re-
search Guidelines of the National Institute of Ecology (RPMT-245,
17 Feb. 2017). All academic survey permission was approved by the

Page7of9g

Inje National Forest Management Office (No. 2678, 19 April, 2017).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Anderson ME, Racey PA. Feeding behaviour of captive brown long-
eared bats, Plecotus auritus. Anim Behav. 1991;42(3):489-93. https:/
doi.org/10.1016/S0003-3472(05)80048-X.

Andreas M, Reiter A, Benda P. Dietary composition, resource partitioning
and trophic niche overlap in three forest foliage-gleaning bats in
Central Europe. Acta Chiropt. 2012;14(2):335-45. https://doi.org/10.
3161/150811012X661657.

Andriollo T, Michaux JR, Ruedi M. Food for everyone: differential feed-
ing habits of cryptic bat species inferred from DNA metabarcoding.
Mol Ecol. 2021;30(18):4584-600. https://doi.org/10.1111/mec.16073.

Arrizabalaga-Escudero A, Clare EL, Salsamendi E, Alberdi A, Garin I,
Aihartza J, et al. Assessing niche partitioning of co-occurring sibling
bat species by DNA metabarcoding. Mol Ecol. 2018;27(5):1273-83.
https://doi.org/10.1111/mec.14508.

Bazzaz FA, Catovsky S. Resource partitioning. In: Levin SA, editor. En-
cyclopedia of biodiversity. San Diego: Academic Press; 2001. p. 173-
84.

Bininda-Emonds ORP, Russell AP. Flight style in bats as predicted from
wing morphometry: the effects of specimen preservation. J Zool.
1994;234(2):275-87. https://doi.org/10.1111/j.1469-7998.1994.
th06075.x.

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith
GA, et al. Reproducible, interactive, scalable and extensible microbi-
ome data science using QIIME 2. Nat Biotechnol. 2019;37(8):852-7.
Erratum in: Nat Biotechnol. 2019;37(9):1091. https://doi.org/10.
1038/541587-019-0209-9.

Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJ, Holmes SP.
DADAZ2: high-resolution sample inference from IHlumina amplicon
data. Nat Methods. 2016;13(7):581-3. https://doi.org/10.1038/
nmeth.3869.

Catozzi C, Cusco A, Lecchi C, Talenti A, Martucciello A, Cappelli G, et
al. Short communication: intra- and inter-individual milk microbiota
variability in healthy and infected water buffalo udder quarters. J
Dairy Sci. 2019;102(8):7476-82. https://doi.org/10.3168/jds.2019-
16352.

Cho KY. A study on the distribution of delicate insects to climate change
by altitude in Mt.Jeombong [MSc Thesis]. Wonju: Sang Ji Universi-
ty; 2013.

Chung CU, Han SH, Cha JY, Kim SC, Kim JJ, Jeong JC, et al. The diet
composition of the serotine bat, Eptesicus serotinus revealed by fae-
cal analysis. Korean J Environ Ecol. 2015;29(3):368-73. https://doi.
0rg/10.13047/KJEE.2015.29.3.368.

Chung CU, Han SH, Lee CI. Use of bridges as roosting site by bats(Chi-


https://doi.org/10.5141/jee.23.049
https://doi.org/10.1016/S0003-3472(05)80048-X
https://doi.org/10.1016/S0003-3472(05)80048-X
https://doi.org/10.3161/150811012X661657
https://doi.org/10.3161/150811012X661657
https://doi.org/10.1111/mec.16073
https://doi.org/10.1111/mec.14508
https://doi.org/10.1016/B0-12-226865-2/00235-2https:/doi.org/10.1016/B0-12-226865-2/00235-2
https://doi.org/10.1016/B0-12-226865-2/00235-2https:/doi.org/10.1016/B0-12-226865-2/00235-2
https://doi.org/10.1016/B0-12-226865-2/00235-2https:/doi.org/10.1016/B0-12-226865-2/00235-2
https://doi.org/10.1111/j.1469-7998.1994.tb06075.x
https://doi.org/10.1111/j.1469-7998.1994.tb06075.x
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.3168/jds.2019-16352
https://doi.org/10.3168/jds.2019-16352
https://sangji.dcollection.net/public_resource/pdf/000001689420_20231006120348.pdf
https://sangji.dcollection.net/public_resource/pdf/000001689420_20231006120348.pdf
https://sangji.dcollection.net/public_resource/pdf/000001689420_20231006120348.pdf
https://doi.org/10.13047/KJEE.2015.29.3.368
https://doi.org/10.13047/KJEE.2015.29.3.368
https://preview.kstudy.com/W_files/kiss61/1o201308_pv.pdf

Joo et al. Journal of Ecology and Environment (2023)47:15

roptera). Korean J Environ Ecol. 2009;23(3):294-301.

Chung CU, Han SH, Lee CI. Home-range analysis of pipistrelle bat
(Pipistrellus abramus) in non-reproductive season by using radio-
tracking. Korean J Environ Ecol. 2010;24(4):487-92.

Clare EL, Symondson WO, Broders H, Fabianek F, Fraser EE, MacKen-
zie A, et al. The diet of Myotis lucifugus across Canada: assessing
foraging quality and diet variability. Mol Ecol. 2014;23(15):3618-32.
https://doi.org/10.1111/mec.12542.

Deagle BE, Thomas AC, Mclnnes JC, Clarke LJ, Vesterinen EJ, Clare
EL, et al. Counting with DNA in metabarcoding studies: how should
we convert sequence reads to dietary data? Mol Ecol. 2019;28(2):
391-406. https://doi.org/10.1111/mec.14734.

Denzinger A, Schnitzler HU. Bat guilds, a concept to classify the highly
diverse foraging and echolocation behaviors of microchiropteran
bats. Front Physiol. 2013;4:164. https://doi.org/10.3389/fphys.2013.
00164.

Entwistle AC, Racey PA, Speakman JR. Habitat exploitation by a glean-
ing bat, Plecotus auritus. Philos Trans Biol Sci. 1996;351(1342):921-
31.

Fenton MB. Science and the conservation of bats. J Mammal.
1997;78(1):1-14. https://doi.org/10.2307/1382633.

Fenton MB. Echolocation, insect hearing, and feeding ecology of insec-
tivorous bats. In: Kunz TH, editor. Ecology of bats. Boston: Spring-
er; 1982. p. 261-85.

Finke DL, Snyder WE. Niche partitioning increases resource exploitation
by diverse communities. Science. 2008;321(5895):1488-90. https://
doi.org/10.1126/science.1160854.

Fukui D, Hill DA, Kim SS, Han SH. Echolocation call structure of four-
teen bat species in Korea. Anim Syst Evol Diversity. 2015;31(3):160-
75. https://doi.org/10.5635/ASED.2015.31.3.160.

Global Biodiversity Information Facility (GBIF). Myotis ikonnikovi
Ognev, 1912. 2022a. https://www.gbif.org/species/2432431. Ac-
cessed 7 Sep 2022.

Global Biodiversity Information Facility (GBIF). Phyllonorycter trifasciella
(Haworth, 1828). 2022b. https://www.gbif.org/species/205787717.
Accessed 7 Sep 2022.

Gomez-Llano M, Germain RM, Kyogoku D, McPeek MA, Siepielski
AM. When ecology fails: how reproductive interactions promote
species coexistence. Trends Ecol Evol. 2021;36(7):610-22. https://
doi.org/10.1016/j.tree.2021.03.003.

Han SH, Kim SS, Fukui D, Oh DS, Jun JM. Biodiversity and phylogenet-
ic research of bats in forest (I1). Incheon: National Institute of Bio-
logical Resources; 2012.

Heim O, Puisto AIE, Saaksjarvi |, Fukui D, Vesterinen EJ. Dietary analy-
sis reveals differences in the prey use of two sympatric bat species.
Ecol Evol. 2021;11(24):18651-61. https://doi.org/10.1002/ece3.8472.

IUCN Red List of Threatened Species in 2018. Siberian long-eared bat.
2018. https://www.iucnredlist.org/species/136598/21996784. Ac-
cessed 15 Jul 2022.

IUCN Red List of Threatened Species 2019. Ikonnikov’s Bat. 2019.
https://www.iucnredlist.org/species/14168/22057122. Accessed 31
Aug 2022.

Kim SS, Fukui D, Ha SH, Hur WH, Oh DS. Habitat characteristics of
Myotis ikonnikovi. Korean J Ecol Environ. 2014;47(1):41-52.

Page 8 of 9

https://doi.org/10.11614/KSL.2014.47.1.041.

Kim SS, Choi YS, Kim L. The relationship between thermal preference
and hibernation strategies in endangered Plecotus ognevi. Korean J
Ecol Environ. 2018;51(4):345-53. https://doi.org/10.11614/KSL.
2018.51.4.345.

Kruskop SV, Borisenko AV, lvanova NV, Lim BK, Eger JL. Genetic di-
versity of northeastern Palaearctic bats as revealed by DNA bar-
codes. Acta Chiropt. 2012;14(1):1-14. https://doi.org/10.3161/
150811012X654222.

MacArthur RH. Geographical ecology: patterns in the distribution of spe-
cies. Princeton: Princeton University Press; 1984.

Magoga G, Forni G, Brunetti M, Meral A, Spada A, De Biase A, et al.
Curation of a reference database of COI sequences for insect identi-
fication through DNA metabarcoding: COins. Database (Oxford).
2022;2022:baac055. https://doi.org/10.1093/database/baac055.

Matthews AK, Neiswenter SA, Ammerman LK. Trophic ecology of the
free-tailed bats Nyctinomops femorosaccus and Tadarida brasiliensis
(Chiroptera: Molossidae) in big bend national park, Texas. Southwest
Nat. 2010;55(3):340-46.

National Institute of Biological Resources (NIBR). Stenoloba fontinalis
Ronkay and Kononenko, 1998. 2023. https://species.nibr.go.kr/
home/mainHome.do?cont_link=009&subMenu=009002&contC-
d=009002&ktsn=120000035337. Accessed 25 Sep 2023.

Norberg UM, Rayner JMV. Ecological morphology and flight in bats
(Mammalia; Chiroptera): wing adaptations, flight performance, for-
aging strategy and echolocation. Philos Trans R Soc Lond B Biol
Sci. 1987;316(1179):335-427 https://doi.org/10.1098/rstb.1987.0030.

Oksanen J, Simpson GL, Blanchet FG, Kindt R, Legendre P, Minchin
PR, et al. Community ecology package. 2022. https://CRAN.R-proj-
ect.org/package=vegan. Accessed 15 Jul 2022.

Salinas-Ramos VB, Herrera Montalvo LG, Ledn-Regagnon V, Arrizaba-
laga-Escudero A, Clare EL. Dietary overlap and seasonality in three
species of mormoopid bats from a tropical dry forest. Mol Ecol.
2015;24(20):5296-307. https://doi.org/10.1111/mec.13386.

Schnitzler HU, Moss CF, Denzinger A. From spatial orientation to food
acquisition in echolocating bats. Trends Ecol Evol. 2003;18(8):386-
94. https://doi.org/10.1016/S0169-5347(03)00185-X.

Schoener TW. Resource partitioning in ecological communities. Science.
1974;185(4145):27-39. https://doi.org/10.1126/science.185.4145.27.

Spitzenberger F, Strelkov PP, Winkler H, Haring E. A preliminary revi-
sion of the genus Plecotus (Chiroptera, Vespertilionidae) based on
genetic and morphological results. Zool Scr. 2006;35(3):187-230.
https://doi.org/10.1111/j.1463-6409.2006.00224 X.

Starik N, Gottert T, Zeller U. Spatial behavior and habitat use of two
sympatric bat species. Animals (Basel). 2021;11(12):3460. https://
doi.org/10.3390/ani11123460.

Whitaker JO Jr. Prey selection in a temperate zone insectivorous bat com-
munity. J Mammal. 2004;85(3):460-9. https://doi.org/10.1644/
1383943.

Yoon KB, Lim SJ, Park YC. Analysis on habitat characteristics of the
Korean bats (Chiroptera) using geographic information system (GIS).
J For Environ Sci. 2016;32(4):377-83. https://doi.org/10.7747/JFES.
2016.32.4.377.

Zeale MR, Butlin RK, Barker GL, Lees DC, Jones G. Taxon-specific


https://preview.kstudy.com/W_files/kiss61/1o201308_pv.pdf
https://www.dbpia.co.kr/Journal/articleDetail?nodeId=NODE10137404
https://www.dbpia.co.kr/Journal/articleDetail?nodeId=NODE10137404
https://www.dbpia.co.kr/Journal/articleDetail?nodeId=NODE10137404
https://doi.org/10.1111/mec.12542
https://doi.org/10.1111/mec.14734
https://doi.org/10.3389/fphys.2013.00164
https://doi.org/10.3389/fphys.2013.00164
https://www.jstor.org/stable/56370
https://www.jstor.org/stable/56370
https://www.jstor.org/stable/56370
https://doi.org/10.2307/1382633
https://doi.org/10.1007/978-1-4613-3421-7_7
https://doi.org/10.1007/978-1-4613-3421-7_7
https://doi.org/10.1007/978-1-4613-3421-7_7
https://doi.org/10.1126/science.1160854
https://doi.org/10.1126/science.1160854
https://doi.org/10.5635/ASED.2015.31.3.160
https://www.gbif.org/species/2432431
https://www.gbif.org/species/205787717
https://doi.org/10.1016/j.tree.2021.03.003
https://doi.org/10.1016/j.tree.2021.03.003
https://www.nibr.go.kr/aiibook/ecatalog5.jsp?Dir=557&catimage=&callmode=admin
https://www.nibr.go.kr/aiibook/ecatalog5.jsp?Dir=557&catimage=&callmode=admin
https://www.nibr.go.kr/aiibook/ecatalog5.jsp?Dir=557&catimage=&callmode=admin
https://doi.org/10.1002/ece3.8472
https://www.iucnredlist.org/species/136598/21996784
https://www.iucnredlist.org/species/14168/22057122
https://doi.org/10.11614/KSL.2014.47.1.041
https://doi.org/10.11614/KSL.2018.51.4.345
https://doi.org/10.11614/KSL.2018.51.4.345
https://doi.org/10.3161/150811012X654222
https://doi.org/10.3161/150811012X654222
https://press.princeton.edu/books/paperback/9780691023823/geographical-ecology
https://press.princeton.edu/books/paperback/9780691023823/geographical-ecology
https://doi.org/10.1093/database/baac055
https://www.jstor.org/stable/40801032
https://www.jstor.org/stable/40801032
https://www.jstor.org/stable/40801032
https://www.jstor.org/stable/40801032
https://species.nibr.go.kr/home/mainHome.do?cont_link=009&subMenu=009002&contCd=009002&ktsn=120000035337
https://species.nibr.go.kr/home/mainHome.do?cont_link=009&subMenu=009002&contCd=009002&ktsn=120000035337
https://species.nibr.go.kr/home/mainHome.do?cont_link=009&subMenu=009002&contCd=009002&ktsn=120000035337
https://doi.org/10.1098/rstb.1987.0030
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1111/mec.13386
https://doi.org/10.1016/S0169-5347(03)00185-X
https://doi.org/10.1126/science.185.4145.27
https://doi.org/10.1111/j.1463-6409.2006.00224.x
https://doi.org/10.3390/ani11123460
https://doi.org/10.3390/ani11123460
https://doi.org/10.1644/1383943
https://doi.org/10.1644/1383943
https://doi.org/10.7747/JFES.2016.32.4.377
https://doi.org/10.7747/JFES.2016.32.4.377

Joo et al, Journal of Ecology and Environment (2023)47:15 Page 9 of 9

PCR for DNA barcoding arthropod prey in bat faeces. Mol Ecol Re-  Zhang J. Species association analysis. 2016. https://cran.r-project.org/
sour. 2011;11(2):236-44. https://doi.org/10.1111/j.1755-0998.2010. web/packages/spaa/index.html. Accessed 15 Jul 2022.
02920.x.


https://doi.org/10.1111/j.1755-0998.2010.02920.x
https://doi.org/10.1111/j.1755-0998.2010.02920.x
https://cran.r-project.org/web/packages/spaa/index.html
https://cran.r-project.org/web/packages/spaa/index.html

