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Abstract

Echolocation acoustic signature identification is an ideal non-invasive field survey method for chiropteran diversity. Located

in the far easternmost region of the Xinjiang Uyghur Autonomous Region where covers one sixth of China’s land territory,

Komul city includes a variety of landscapes, including typical mountains, plateaus, plains, and the Gobi Desert, which is home

to a number of terrestrial animals. By gathering bat echo sound waves between July and September 2022 and during April

2023, we investigated bat species diversity in Komul, Xinjiang, China. As a result, we identified a total of 24 species of bats

belonging to two families and ten genera, of which Myotis is the dominant genus with seven species, followed by Pipistrellus

with four species, and both Eptesicus and Nyctalus come after with three species. 16 of these species are novel to Xinjiang.

The altitudinal distribution of these species is 500m to 2200m above sea level, and their horizontal distribution includes most

of the surveyed region, e.g., Barkol Kazakh Autonomous County, Arturk County, and Ivirghul District. From a conservation

perspective, three species (Miniopterus schreibersii、Myotis capaccinii and Nyctalus lasiopterus) and two species (Barbastella

barbatellus and Myotis dasycneme) are listed as “vulnerable” and “near threatened” in the IUCN Red List of Threatened

Species, respectively. Rest of which are of least concern. Our findings provide a valuable reference for future ecological, genetic,

and conservational studies of bats in China, especially in Xinjiang.
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Abstract: Echolocation acoustic signature identification is an ideal non-invasive field survey method for
chiropteran diversity. Located in the far easternmost region of the Xinjiang Uyghur Autonomous Region
where covers one sixth of China’s land territory, Komul city includes a variety of landscapes, including typical
mountains, plateaus, plains, and the Gobi Desert, which is home to a number of terrestrial animals. By
gathering bat echo sound waves between July and September 2022 and during April 2023, we investigated bat
species diversity in Komul, Xinjiang, China. As a result, we identified a total of 24 species of bats belonging to
two families and ten genera, of which Myotis is the dominant genus with seven species, followed by Pipistrellus
with four species, and both Eptesicus and Nyctalus come after with three species. 16 of these species are
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novel to Xinjiang. The altitudinal distribution of these species is 500m to 2200m above sea level, and their
horizontal distribution includes most of the surveyed region, e.g., Barkol Kazakh Autonomous County, Arturk
County, and Ivirghul District. From a conservation perspective, three species (Miniopterus schreibersii
、Myotis capaccinii andNyctalus lasiopterus ) and two species (Barbastella barbatellus and Myotis dasycneme
) are listed as ”vulnerable” and ”near threatened” in the IUCN Red List of Threatened Species, respectively.
Rest of which are of least concern. Our findings provide a valuable reference for future ecological, genetic,
and conservational studies of bats in China, especially in Xinjiang.

Key words: Chiroptera; Acoustic parameters; Species identification; Regional distribution; Xinjiang of
China

1 INTRODUCTION

Chiroptera (bats) are one of the most successfully evolved taxa in all of mammalian evolution. With over
1400 species, they are the second largest order of mammals after rodents, and are found throughout the
world, with the exception of the poles (Solari & Baker, 2007; Wilson & Mittermeier, 2019). They carry
many naturally occurring epidemic diseases as well as a variety of newly emerging infectious pathogens.
More than 200 different virus species have been found in bats to date (Moratelli & Calisher, 2015; Wu et
al., 2016). Chiroptera is one of the most sophisticated eating mammal orders, mostly feeding on insects,
while certain species have been known to consume fruits, pollen, or nectar. A few species suck animal
blood (Calisher et al., 2006). Bats promote the succession of tropical forests and hasten the recovery of
degraded regions, such as abandoned pastures (Galindo-González et al., 2000; Muscarella & Fleming, 2007),
by acting as mobility agents for the seeds and pollen of hundreds of species (Wang & Smith, 2002; Kunz
et al., 2011). From the standpoint of more immediate human welfare, bats play a crucial role in agriculture
by functioning as biological agents for the suppression of important agricultural pests, minimizing plant
damage, and increasing crop yields (Maine & Boyles, 2015; Taylor et al., 2017; Aguiar et al., 2021). Shortly,
bats provide vital ecosystem services in the form of insect pest consumption, plant pollination, and seed
dispersal, making them essential to the health of global ecosystems.

Bats have been on Earth for more than 50 million years (Teeling et al., 2005). Based on their morphology,
genomes, and other characteristics, bats are further divided into two suborders: Yang bat suborder (Yan-
gochiroptera) and Yin bat suborder (Yinpterochiroptera). The Yin bat suborder primarily uses vision to
navigate, whilst the Yang bat suborder has significantly impaired vision and a sophisticated auditory system
to adapt to the requirement to gather information about the surrounding environment by echolocation, hence
the name echolocation bats (Bruns & Schmieszek, 1980; Griffin, 1974; Ulanovsky & Moss, 2008; Sulser et al.,
2022). There are many different types of echolocation bats, which can be broadly divided into three groups
based on the frequency composition patterns and characteristics of the echolocation acoustic signals they
emit (Bruns & Schmieszek, 1980; Neuweiler, 2003; Jones & Teeling, 2006; Altringham, 1996; Smotherman
et al., 2016): frequency modulated (FM) bats, whose vocal signals are downward sweeping FMs; constant
frequency-frequency modulation (CF-FM) bats, whose vocal signals start with a very short FM component
followed by a longer CF component; click bats, which have the ability to use echolocation and normally
create a broadband (up to 80 kHz) sound signal for a brief period of time (40–50 µs) (Brewton et al., 2018).
The CF component of the CF-FM bat echolocation signal primarily analyzes velocity-related data, whereas
the FM component primarily analyzes distance and target detail data (Schnitzler & Denzinger, 2011; Kober
& Schnitzler, 1990).

To identify bats, researchers often combine morphological characteristics with molecular techniques (Ab-
duriyim et al., 2022), but sample collection is frequently challenging and capturing bats in the field can
be harmful to them. Species identification and species diversity monitoring based on echolocation sound
waves using acoustic sampling and machine learning are excellent techniques for bat conservation since the
echolocation sound waves of bats are species-specific (Mac Aodha et al., 2018). Thus, it is possible to identify
the species of bats in a given location by capturing their acoustic waves with an expert ultrasound recorder,
evaluating them using acoustic spectroscopy, and doing so without disturbing the bats. The echolocation
sound spectra of various bat species differ significantly according to species, and more than 80% of bat
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species can be correctly identified using echolocation sound waves (Papadatou et al., 2008; Russo & Jones,
2006; Sun et al., 2006).

With more than 140 recognized species, China has one of the highest bat species diversity rates in the
world (Jiang et al., 2020). Although there are many different species of bats in the wild, more than half
of them are currently experiencing rapid population declines (Frick et al., 2019), with bat numbers in
China decreasing by 50% in just 20 years (Zhao, 2020). Bats are primarily threatened by habitat loss and
degradation (Clarke et al., 2005; Andrews, 2018), pesticide usage (Liu et al., 2018; Heiker et al., 2018; Hu
et al., 2016), anomalous global temperature change (Welbergen et al., 2008; Jones et al., 2009), and the
effects of urbanized light and noise (Stone et al., 2015; Song et al., 2019; Jiang et al., 2019). Bat surveys
and taxonomic studies have become more important as a result of the focus on ecological protection and
enhancement of the ecological environment, as well as global climate change, more frequent human activities,
and the introduction of significant human-animal epidemics. Understanding the background resources of bats
will allow us to not only finish revising the previous classification system and possibly find new distributions,
new record species, or new species, but also to provide crucial taxonomic support for future ecological
conservation and restoration, the development and utilization of biological resources, and the prevention and
control of significant epidemics.

13 species of bats have been recorded in Xinjiang Uyghur Autonomous Region (Xinjiang), belonging to 1
family and 8 genera (Huang et al., 2007; Jiang, 2015; Zhang, 2021), the largest region/province in China.
The 13 bat species are derived from these three references (Huang et al., 2007; Jiang, 2015; Zhang, 2021),
but they vary in age, by author, and with different results. Bat diversity in Xinjiang needs to be studied
urgently. However, most of them lack of evidence of distribution (Abduriyim et al., 2022) and more locations
unstudied. In addition, little is known about their chances of surviving and the dangers they are exposed
to (Feijó et al., 2019). In order to provide a foundation for the conservation and management of bats in
Xinjiang, particularly in Komul city, we employed the Song Meter SM4 bio-acoustic recorder to study the
species and distribution of bats in Komul, Xinjiang.

2 MATERIALS AND METHODS

2.1 Study area profile

Located in the eastern part of Xinjiang, Komul is traversed by the eastern Tianshan Mountains and at the
91°06’—96deg23’E,40deg52’—45deg05’N (Fig. 1). It covers 142,100 square kilometers in total. With 100–
250 mm of rainfall in the north, 30–50 mm in the south, and 500–600 mm in the Tianshan Mountains, Komul
has a representative continental arid climate. However, because of the effect of the Tianshan Mountains, the
climate varies significantly from north to south. There are numerous wild creatures, like the Capra sibirica ,
Gazella subgutturosa ,Panthera uncia , and Ursus arctos (Wang et al., 2023; Abduriyim, Nabi, Halik, 2018;
Abduriyim, Zibibulla, Eli, et al., 2018), as well as birds like Milvus migrans , Podoces hendersoni , and
Aquila chrysaetos , that call Komul home, but there are no reports of bats.

2.2 Echolocation recording

The survey was conducted in July-September 2022 and April 2023 in Komul, including Ivirghul District
(YZQ), Barkol Kazakh Autonomous County (BLK) and Arturk County (YW). The bat surveys were con-
ducted in two broad ways, active recording and passive recording. Active recording — a method of recording
echolocation calls whereby the researcher actively orients the bat detector to follow bats as long as possible
in real time; this method generally results in higher quality pulses and longer call sequences than passive
recording. Passive recording – bat echolocation sampling from a spatially fixed recorder, in contrast to ac-
tive recording. Our survey was conducted using both methods simultaneously. Firstly, we conducted treks
in different habitats (urban, farmland, lakes, etc.), and when bats were encountered, echolocations were
recorded using a Song Meter SM4 bioacoustic recorder (supporting sampling rates of 8000 ˜ 96000 Hz). The
microphone was tied to a stick about 5 m away and headphones could be connected to monitor the real-time
audio while recording, getting as close as possible to the bat to record its sound waves. The next step is to
place the Song Meter SM4 bioacoustic recorder in the area where the bats are likely to be found according

3
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to their habits, set its GPS and the time to start and end recording (based on sunrise and sunset times),
and place the microphone as high as possible to ensure the quality of the recorded sound waves.

2.3 Data analysis

Kaleidoscope Pro can be used to analyze recordings of bat calls for the purpose of automatic species iden-
tification. Verified recordings of bat calls are used as the foundation for Classifier Libraries in Kaleidoscope
Pro. Classifier Libraries contain multiple individual Species Classifiers. Species identification works by com-
paring recordings of bat calls to a known Species Classifier. To ensure greater accuracy, adjust the Classifier
Threshold Menu to +1 (Conservative) and select the Classifier Library ”Bats of Europe 5.4.0”. Use the
default parameters for the remaining settings. We will be using Maximum-Likelihood Estimate (MLE), a
statistical method that estimates the parameters of a model. In our case, MLE will help us determine the
presence or probable absence of species at a specific location and time by using a classification matrix. Local
bat presence was determined by MLE and P-values (Britzke et al., 2002).

3 Results

In total, we collected 78.859 GB of data, consisting of 15,893 recording files. The software analysis identified
a total of 3853 recordings as a species. out of which 2780 were unidentified and 9260 were noise. Our
results revealed the presence of 24 bat species belonging to ten genera and two families (Table 1). These
genera included Barbastella (1 species), Eptesicus (3), Hypsugo (1), Miniopterus(1), Myotis (7), Nyctalus
(3), Pipistrellus (4),Plecotus (2), Tadarida (1) and Vespertilio (1).

Table 1 also presents the acoustic parameters of 24 bat species, indicating that the maximum frequency
(Fmax) is 96.695 +- 6.619 kHz and the minimum frequency (Fmin) is 14.103 +- 0.412 kHz. The duration of
sound waves ranges from the longest at 13.106 +- 3.261 ms to the shortest at only 2.462 +- 0.258 ms. With
the exception of Miniopterus schreibersii and P. nathusii , the Qual values are less than 10%, indicating
that the collected bat sound waves are of high quality and can be used for further analysis.

Table 1 Acoustic parameters of bats identified in Komul city, Xinjiang Uyghur Autonomous Region, China

Species Fc (kHz) Sc (Octaves per Second) Dur (ms) Fmax (kHz) Fmin (kHz) Fmean (kHz) Fk (kHz) Qual(%)

Vespertilionidae
Barbastella barbastellus 39.197±4.070 64.579±33.0249 2.877±0.397 44.441±5.281 37.292±3.285 40.590±4.220 42.020±5.527 0.59
Eptesicus isabellinus 24.467±0.793 21.597±13.145 5.691±3.351 27.536±1.147 23.379±1.458 25.049±0.594 25.056±0.815 5.41
E. nilssonii 29.748±0.809 17.959±2.532 12.405±0.582 39.180±4.177 29.165±0.580 31.774±0.794 32.157±0.685 5.20
E. serotinus 26.538±0.474 54.345±8.732 5.907±0.341 56.360±2.758 26.287±0.304 33.384±0.996 28.582±0.982 9.05
Hypsugo savii 31.332±1.231 38.946±27.734 9.471±3.857 40.350±5.595 30.862±0.982 33.008±2.210 32.691±1.164 7.77
Miniopterus schreibersii 51.534±1.050 27.016±19.235 3.890±0.495 66.186±.9104 51.371±0.103 54.394±1.222 53.369±2.048 10.10
Myotis alcathoe 49.142±2.928 244.437±30.441 2.462±0.258 76.815±6.467 44.148±1.184 57.236±1.494 61.085±3.110 5.81
M. brandtii 48.472±5.286 248.370±53.723 3.530±0.269 96.695±6.619 40.470±2.799 60.850±1.951 58.397±5.532 8.15
M. capaccinii 48.051±1.763 163.847 ±39.106 3.235±0.626 69.751±8.056 42.205±1.857 53.434±3.238 56.106±3.376 6.90
M. dasycneme 34.970±2.237 54.454±29.886 7.544±2.667 58.588±14.387 32.669±1.714 40.224±3.150 38.334±3.249 7.64
M. daubentonii 44.313±5.643 157.741 ±57.243 3.586±0.382 74.732±6.135 37.726±1.786 51.110±1.777 50.056±5.829 8.90
M. emarginatus 46.977±1.067 209.364 ±30.639 3.225±0.359 81.060±4.544 42.411±1.806 57.349±1.586 59.115±2.076 2.44
M. mystacinus 45.943±2.172 294.690 ±33.806 2.537±0.425 77.055±7.324 40.297±1.324 54.338±3.025 56.349±4.380 1.57
Nyctalus lasiopterus 17.766±1.121 8.873±5.565 13.185±6.898 21.515±4.199 17.669±1.063 18.775±1.776 18.362±1.561 2.14
N. leisleri 23.394±0.761 10.513±6.125 8.549±2.486 25.004±1.458 23.099±0.893 23.867±0.952 23.960±0.888 2.00
N. noctula 18.833±0.544 9.377±4.450 13.106±3.261 20.873±1.390 18.419±0.625 19.358±0.806 19.273±0.556 4.41
Pipistrellus kuhlii 36.982±1.039 12.876±13.240 8.260±2.247 40.446±4.434 36.465±0.820 38.086±1.833 38.484±0.366 9.16
P. nathusii 38.027±0.940 21.234±10.273 6.864±0.616 43.397±2.761 37.531±0.505 39.416±0.817 39.990±1.114 11.38
P. pipistrellus 45.602±0.900 17.830±13.844 5.749±1.225 52.585±5.911 45.286±1.306 46.886±0.674 47.306±1.100 4.79
P. pygmaeus 54.252±0.843 13.196±6.441 4.924±0.800 64.742±5.523 54.105±0.841 55.848±1.257 55.573±0.955 7.02
Plecotus auritus 18.711±2.949 99.802±16.058 6.103±1.110 36.706±7.218 17.917±3.109 23.434±3.874 20.764±2.629 4.25
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Species Fc (kHz) Sc (Octaves per Second) Dur (ms) Fmax (kHz) Fmin (kHz) Fmean (kHz) Fk (kHz) Qual(%)

P. austriacus 23.957±2.082 130.498 ±76.078 3.357±0.588 38.487±3.759 21.766±1.485 26.967±1.867 26.305±3.254 4.49
Vespertilio murinus 25.523±0.353 25.164±6.551 8.106±0.567 39.822±2.676 25.401±0.340 28.462±0.774 27.046±0.769 3.61
Molossidae
Tadarida teniotis 14.205±0.372 15.604±16.074 4.135±1.595 15.135±1.106 14.103±0.412 14.389±0.533 14.390±0.484 1.33

Note Fc: Average characteristic frequency (kHz) - the body of the call is the portion of the call consisting
of the flattest slope where the characteristic frequency is typically the frequency at the latest part of the
call body; Sc: Average characteristic slope (Octaves per Second), This is the slope of the body of the call,
Positive values correspond to decreasing frequency while negative values correspond to increasing frequency;
Dur: Duration of the call; Fmax: Maximum frequency detected in the call (kHz); Fmin: Minimum frequency
detected in the call (kHz); Fk: Frequency at the beginning of the call body(kHz); Qual: Average call quality
(%), A measure of the smoothness of the call where smaller values indicate a smoother call.

The distribution of bats varied among the regions studied. BLK had the lowest number of species with
only 18, while YZQ and YW had the highest number with 24 species each (Table 2). In terms of horizontal
distribution, BLK had the highest latitude, followed by YW, and YZQ had the lowest latitude. Regarding
vertical distribution, the average elevation of BLK and YW was similar, while YZQ had a lower average
elevation. The altitude distribution of various bat species varied. With the exception of M. capaccinii and
M. dasycneme , the other five species of Myotis had an altitude range exceeding 1000 m, indicating a broad
altitude distribution. Among the species studied,Barbastella barbastellus , Hypsugo savii , andVespertilio
murinus had the largest altitude distribution range. With the exception of P. pipistrellus and P. pygmaeus ,
the other two bat species were widely dispersed; Eptesicus andNyctalus bats had a limited altitude distribu-
tion. Tadarida teniotis and Miniopterus schreibersii have comparable elevation distributions but not much
of a range; Within the genus Plecotus ,Plecotus bats have a very different distribution of altitude. While P.
auritus has a smaller altitude distribution, P. austriacus has an altitude range of more than 1000 m.

Table 2 Horizontal and vertical distribution of bats in Komul city, Xinjiang Uyghur Autonomous Region,
China

Species Distributions Distributions Distributions Elevation IUCN

IZQ BLK YW
Barbastella barbastellus * * 727-2153 NT
Eptesicus isabellinus * * * 532-1586 LC
E. nilssonii * * * 879-1338 LC
E. serotinus * * * 532-1338 LC
Hypsugo savii * * * 532-2153 LC
Miniopterus schreibersii * * 532-1586 VU
Myotis alcathoe * * * 532-2153 DD
M. brandtii * * * 532-2153 LC
M. capaccinii * * * 532-1338 VU
M. dasycneme * * * 1345-2153 NT
M. daubentonii * * * 532-2153 LC
M. emarginatus * * 564-2153 LC
M. mystacinus * * * 532-2153 LC
Nyctalus lasiopterus * * 532-1338 VU
N. leisleri * * * 532-1338 LC
N. noctula * * * 532-1345 LC
Pipistrellus kuhlii * * * 532-2153 LC
P. nathusii * * * 532-2153 LC
P. pipistrellus * * * 532-1338 LC
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Species Distributions Distributions Distributions Elevation IUCN

P. pygmaeus * * 681-1651 LC
Plecotus auritus * * * 532-1338 LC
P. austriacus * * * 692-2153 LC
Tadarida teniotis * * 707-1338 LC
Vespertilio murinus * * * 532-2153 LC

Notes: * Indicate existence

The number of recordings identifying the same bat species ranged from one to 1338 out of the 3853 total
recordings. The presence of bats in the area was investigated using the Maximum-Likelihood Estimate
and P-value, and the findings revealed that all bat populations, with the exception of B. barbastellus , M.
dasycneme , M. emarginatus , and M. mystacinus , were less than 0.1 (Table 3).

Remarkably, the echolocation call structure and frequency of each bat species found in Komul may be used
to distinguish one species from another, which is useful for acoustic identification and monitoring.

Table 3 The number of bats identified and the P-Value test

Species Correct identification of quantity Correct identification of quantity Presence P-value

Barbastella barbastellus Barbastella barbastellus 1 1.0000000
Eptesicus isabellinus Eptesicus isabellinus 7 0.0065978
E. nilssonii E. nilssonii 26 0.0000000
E. serotinus E. serotinus 16 0.0000000
Hypsugo savii Hypsugo savii 148 0.0000000
Miniopterus schreibersii Miniopterus schreibersii 4 0.0713141
Myotis alcathoe Myotis alcathoe 36 0.0000000
M. brandtii M. brandtii 43 0.0000142
M. capaccinii M. capaccinii 159 0.0000000
M. dasycneme M. dasycneme 12 1.0000000
M. daubentonii M. daubentonii 762 0.0000000
M. emarginatus M. emarginatus 5 1.0000000
M. mystacinus M. mystacinus 3 1.0000000
Nyctalus lasiopterus Nyctalus lasiopterus 15 0.0000001
N. leisleri N. leisleri 25 0.0000043
N. noctula N. noctula 84 0.0000000
Pipistrellus kuhlii Pipistrellus kuhlii 1037 0.0000000
P. nathusii P. nathusii 1338 0.0000000
P. pipistrellus P. pipistrellus 86 0.0000000
P. pygmaeus P. pygmaeus 17 0.0000000
Plecotus auritus Plecotus auritus 5 0.0814827
P. austriacus P. austriacus 5 0.0011133
Tadarida teniotis Tadarida teniotis 15 0.0000000
Vespertilio murinus Vespertilio murinus 4 0.7985771

4 Discussion

Our survey’s findings indicate that Komul has a wide variety of bat species, with a potential distribution
of 24 bat species. The Classifier Libraries in Kaleidoscope Pro are built on verified recordings of bat calls.
Multiple distinct Species Classifiers can be found in Classifier Libraries: Bat call recordings are compared to
a database of known species classifiers to determine the species. There haven’t been any prior bat surveys

6
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in Komul, and there is a dearth of acoustic data on bats in Xinjiang, China as well. Because the European
bat database in Kaleidoscope Pro contains the vast majority of the known bats in Xinjiang, it was used for
machine species identification of bats (Huang et al., 2007; Jiang, 2015; Zhang, 2021).

24 species of bats have been identified (Table 1), including 8 species recorded in Xinjiang, except B. leu-
comelas、 E. gobiensis、 M. blythii、 M. nipalensis and M. petax (Huang et al., 2007; Jiang, 2015; Zhang,
2021). The European bat database lacks acoustic data for these five species, so they have not been identified,
but they may exist in Komul. Although M. brandtii and P. auritus are not distributed in Xinjiang, they
are distributed in Gansu and Inner Mongolia (Jiang, 2015), and Komul borders Gansu and Inner Mongolia,
and bats have strong flight ability, so their distribution is also very possible. 2780 unidentified recordings
also indicate that above five species are likely distributed in Komul. Our results implied that the bat species
diversity in Xinjiang possibly underestimated (Jiang, 2015) and it needs further investigation.

The Cicadellidae, Carabidae, Pyralidae, and Pieridae are some examples of the insects that the Vespertil-
ionidae family of bats primarily consumes (Liang & Yang, 1985). A variety of crops, including grapes, Hami
melons, jujube, and other crops, are grown in Komul, a famous hometown of melons and fruits in China.
It is also a sizable area for raising other livestock, such as camels, sheep, and cattle. It has a large grazing
area and is watered by the snow-melting-water from the Tianshan Mountains. Additionally, this leads to an
abundance and diversity of mosquito species. The 24 bat species that were surveyed (Table 2) therefore fit
the local natural context.

The area of Komul with the least number of bats is BLK (Table 2). The species variety of bats in local
environments was mostly influenced by habitat types, according to previous studies, which revealed that
the species richness pattern of bats declined with increasing latitude (Willig & Selcer, 1989). Since altitude
gradients represent significant environmental changes over comparatively small geographic distances, they are
especially helpful for examining patterns of biodiversity and their potential structural mechanisms (Korner,
2007). The species diversity of bats decreases with increasing height, Low altitudes are generally distributed
in a rich manner (Cisneros et al., 2014; Martins et al., 2015). The distribution of bats is significantly impacted
negatively by the low temperature environment in the high altitude area and the relatively isolated habitat
type it has produced. The high altitude region also has a dearth of caves and other habitats, which further
limits the ability of bats to survive there. But even though it’s higher than YZQ, the variety of bats in
YW is comparable (Table 2). It might be as a result of the river’s lack of ice and the abundance of water
resources in YW. The abundance of species is firstly influenced by water resources, and until elevation, the
abundance of species does not further diminish. Second, YW has a good local habitat and is surrounded by
mountains, both of which are key factors in determining the species richness of an area.

Among all the identified echolocation acoustic files, Pipistrellus kuhlii and P. nathusii had the most, with
1037 and 1338 respectively. Barbastella barbastellus has only one bat (Table 3), which indicates that the
number of bats in Komul city varies greatly, which can also be seen from its protection level (Table 2). The
value of P-value can judge its existence in Komul City (Britzke et al., 2002).

However, there are several issues with the bat detector. The identification accuracy of bat sound waves
collected with bat detectors depends on a number of factors. For instance: Background noise and clutter
can obfuscate the contour of a bat call that has been recorded. The simultaneous calling of several bats of
the same species or similar species can lead to incorrect identification. The degree of identification accuracy
can be significantly influenced by the distance between the bat and the microphone: This is so because call
shape is what allows for identification. Depending on the distance or other amplitude changes, the call shape
that is recorded may differ from the call that the bat actually makes; This may occur if the bat call’s various
frequency components are produced at various amplitudes. False positive and false negative identifications
are to be anticipated. Bats use echolocation to navigate and hunt, thus they can adjust their sounds in the
moment to suit their needs (such as catching insects or avoiding collisions) (Schnitzler et al., 2003; Lin et al.,
2014). Additionally, different bat species have extremely diverse call repertoires (Mac Aodha et al., 2018),
and it can be challenging to distinguish some of a species’ calls from those of other bat species.
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The P-Value of the 24 bat species varies greatly, with some being 0 and some reaching 1 (Table 3). These
differences indicate the possibility of these bats existing in Komul City. All analysis tools must use a
maximum-likelihood estimator approach rather than relying solely on a single sequence to identify the species
present at the site because species identifications are never 100% accurate. P-values from the post-hoc
maximum-likelihood estimator will be utilized to choose the acceptance levels for the identification decision
(Britzke et al., 2002). The P-value is not perfect, despite being arguably the strongest statistical instrument
we have at our disposal. A large P-value does not imply absence. Simply put, it indicates that there
is insufficient statistical proof of presence. Furthermore, a low P-value does not prove the presence of
something; it merely indicates that the data cannot support the null hypothesis of absence. A low P-value
could indicate that a different hypothesis is more likely. Perhaps that is presence. However, it’s also possible
that the classification error matrix didn’t fit the data well.

Despite being a thorough examination of Komul’s bat population, this study had a number of limitations that
should be considered when analyzing the findings. First of all, our survey did not do secondary confirmation
using morphological and genetic methods. Instead, we employed biological recorders to capture the echo
sound waves of bats and software to identify bat species. Second, only the echo acoustic waves produced when
bats were moving were collected for this investigation since the acoustic properties of bats vary depending
on the state of locomotion (Schnitzler et al., 2003; Lin et al., 2014). Although bat acoustics vary depending
on the species, it is possible that some bat species are not widespread. We can further identify the species
of bats by monitoring them in various locomotor phases, capturing their echo acoustic waves, assessing
their physical traits, and using fog net capture to recreate bat circumstances in the wild through an indoor
environment.
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Feijó, A.; Wang, Y.Q.; Sun, J.; Li, F.H.; Wen, Z.X.; Ge, D.Y.; Xia, L.; Yang, Q.S. (2019). Research trends
on bats in China: a twenty-first century review. Mammalian Biology , 98, 163-172.

Frick, W.F.; Kingston, T.; Flanders, J. (2019). A review of the major threats and challenges to global bat
conservation. Annals of the New York Academy of Sciences.
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Figure captions

Fig.1. The map of the study area showing the surveyed points.

Conflicts of Interest

The authors declare no conflict of interest.

Author contributions

S.A. conceived and designed the study; P.D., W.G., R.W., and S.A. did the fieldwork and data collection;
P.D. and W.G. conducted data analysis; P.D. and S.A. discussed, wrote, and edited the manuscript, W.G.
and R.W. took part in drafting. All authors approved the final version of this manuscript.

Acknowledgments

We thank Saypulla Suba in Forest and Grassland Bureau of Hami City for his help in field sampling. We
would also like to thank the rest of our colleagues who worked with us during the investigation. This study
was funded by a National Natural Science Foundation of China (No:32260328) and Hami City 2022 Central
Forestry Reform and Development fund (State key wildlife protection subsidy) project (HRDX(2022)-02).

Data Accessibility Statement

The raw data analysed in this paper have been deposited into the Dryad data repository (DOI
https://doi.org/10.5061/dryad.vhhmgqp02).

Funding

This study was funded by a National Natural Science Foundation of China (No:32260328) and Hami City 2022
Central Forestry Reform and Development fund (State key wildlife protection subsidy) project (HRDX(2022)-
02).

ORCID

Pei-Pei Dong https://orcid.org/0009-0007-2494-4048

Shamshidin Abduriyim https://orcid.org/0000-0002-7038-077X

11



P
os

te
d

on
10

M
ay

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
68

37
46

38
.8

48
59

97
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

12


