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Abstract: Bats of Taiwan, comprising 38 species in total, are biogeographically unique (11 endemic species and 16 endemic subspecies),
taxonomically diverse (six families), and play crucial ecosystem roles as seed dispersers or insect suppressors. Many of these bat species
were, nevertheless, scientifically described from or newly recorded in Taiwan during the last 20 years, rendering limited knowledge
hitherto gained regarding their fundamental ecology and population statuses. To aid ecological research and thus benefit conservation of
Taiwan’s bat diversity, we constructed illustrated field keys to all 38 species.
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INTRODUCTION

Bat diversity in Taiwan is impressive since the island
covers only around 36,000km?, but harbours 38 species
(Wu 2007; Cheng et al. 2017b), which is more than twice
the species richness in the United Kingdom. Taiwan’s
rich bat diversity is also characterized by high endemism,
with 11 species found exclusively in this area and another
six representing geographically unique races. Situated
between the Palearctic and the Indomalayan realms,
Taiwan has received fauna and flora that incurred
following several routes from nearby mainland regions
(He et al. 2018). Indeed, Taiwan bat fauna include
genera with predominantly Palearctic distributions (e.g.,
Plecotus, Barbastella), and also shares genera with the
Indochinese (e.g., Kerivoula, Harpiola) and the Sunda
Shelf (e.g., Pteropus) bioregions of Indomalaya. While
a few species such as the Ryukyu Flying Fox (Pteropus
dasymallus) probably dispersed along the islands of
the Philippine Arc and the Ryukyu Arc, the others
presumably immigrated via the exposed continental
shelf during the Pleistocene glacial drops in sea level
(Li et al. 2006; Kuo et al. 2014). For the latter group,
reformation of the Taiwan Strait during the interglacials
blocked former genetic exchanges between Taiwan and
the continent, and thus promoted endemism in Taiwan
through allopatric divergence (Kuo et al. 2015).

Six of the Old World’s 12 bat families (including the
recently recognized family Rhinonycteridae) are recorded
in  Taiwan, namely Pteropodidae, Hipposideridae,
Rhinolophidae, = Molossidae, Miniopteridae, and
Vespertilionidae. Taiwanese vespertilionids contribute
three quarters (29 species) of the total richness, whereas
only one to three species represent each of the other
five families. Within Vespertilionidae, Vespertilioninae is
the largest subfamily (13 species, nine genera), followed
by Myotinae (nine species, two genera), Murininae (six
species, three genera) and Kerivoulinae (one species,
one genus). Myotis represents the most speciose genus
of all, with eight species in total, followed by Murina
(four species) and Pipistrellus (four species). The other
genera are only recorded by one or two species each
(Cheng et al. 2017b).

Bats are ecologically and economically significant
for many natural and human-dominated habitats (Maas
et al. 2015). The Formosan Flying Fox feeds mostly on
small fruits of native tree species and plays a crucial role
in forest regeneration on small islands of Taiwan (Chen
et al. 2017). On the main island, except for few records
of the flying fox, the bat fauna is exclusively composed of
insectivorous species that provide services of insect pest
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suppression in agricultural systems and help to maintain
forest ecosystem stability through consumption of
arthropods. Nevertheless, the diversity of bats and
the associated ecosystem functions are threatened by
increasing urbanization and agriculture as well as roost
disturbance (Cheng et al. 2017b). Nine species are
considered threatened or Near Threatened, and another
13 as Data Deficient by either the IUCN Red List (IUCN
2017) or the nation (Cheng et al. 2017a), or with statuses
not yet assessed (Table 1).

Despite ongoing conservation assessments, our
understanding of the natural history and distribution of
most of the bat species in Taiwan as well as understanding
the threats to their survival are still limited. Largely the
knowledge about Taiwanese bats is restricted to some
of the most common species and the protected species.
The poor understanding of most bat species is partially
due to the fact that many of them have come to be known
only in the last 20 years. Lin et al. (1997) described 22
species in the first edition of “Bats of Taiwan”. Since then,
eight new species from genera Thainycteris, Harpiola,
Kerivoula, Murina, and Myotis have been described
(Csorba & Lee 1999; Kuo et al. 2006, 2009, 2017; Ruedi et
al. 2015), and three Pipistrellus species were reported in
Wu'’s (2007) thesis as putative new species to be formally
described. In addition, new range extensions have been
made for species of Cynopterus, Hypsugo, Myotis, and
Rousettus on Taiwan’s main island and/or in its nearby
islets (see Cheng et al. 2017b for these new records;
Myotis pilosus was recorded by the Bat Association of
Taiwan in February 2018). The dramatic increase in the
number of bat species of Taiwan warrants the need of an
effective tool for species identification, especially for the
multi-species vespertilionid genera Murina, Myotis, and
Pipistrellus. Here, we present the first bilingual (English
and Chinese) illustrated keys to the 38 Taiwanese bat
species. Our goal is to provide a user-friendly tool for
inexperienced researchers to identify species in the field
without sacrificing animals. Such a tool is fundamental
and vital for the further development of ecological
research and conservation carrying capacity in Taiwan.

METHODS

We followed Cheng et al. (2017b) for the
nomenclature except that we assigned Taiwan’s serotine
bat to Eptesicus pachyomus horikawai instead of E.
serotinus horikawai based on Juste et als (2013) study
and the generic name of Thainycteris torquatus (instead
of Arielulus, following Wilson & Mittermeier 2019). For
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Table 1. List of the 38 bat species in Taiwan with their endemism, IUCN Red List status (IUCN 2017) and local conservation status (Cheng et al.
2017a). Abbreviations: ES—endemic species | ESS—endemic subspecies | DD—Data Deficient | LC—Least Concern | NT—Near Threatened |

VU—Vulnerable | NCR—Nationally Critical | NEN—Nationally Endangered | NVU—Nationally Vulnerable | n/a—not available.

Family Species Endemism IUCN status Status in Taiwan
Cynopterus sphinx * LC
Pteropodidae Pteropus dasymallus formosus ESS VU NCR
Rousettus leschenaultii * LC
Coelops frithii formosanus ESS LC NVU
Hipposideridae
Hipposideros armiger terasensis ESS LC LC
Rhinolophus formosae ES NT
Rhinolophidae
Rhinolophus monoceros ES LC
Miniopteridae Miniopterus fuliginosus LC
Molossidae Tadarida insignis NT
Vespertilionidae
Kerivoulinae Kerivoula furva n/a
Harpiocephalus harpia LC DD
Harpiola isodon DD
Murina bicolor ES LC
Murininae
Murina gracilis ES LC
Murina puta ES NT
Murina recondita ES LC
Mlyotis fimbriatus taiwanensis ESS LC
Myotis formosus flavus ESS LC NVU
Myotis frater DD
Myotis laniger LC
Myotinae Myotis pilosus * NT n/a
Mlyotis rufoniger n/a
Myotis secundus ES LC
Mlyotis soror ES n/a DD
Submyotodon latirostris ES LC
Thainycteris torquatus ES LC
Barbastella darjelingensis n/a
Eptesicus pachyomus horikawai ESS n/a
Hypsugo pulveratus LC DD
Nyctalus plancyi velutinus LC
Pipistrellus abramus LC
Vespertilioninae Pipistrellus sp. 1 n/a
Pipistrellus sp. 2 n/a
Pipistrellus sp. 3 n/a n/a
Plecotus taivanus ES NT
Scotophilus kuhlii LC
Scotophilus cf. heathii * LC
Vespertilio sinensis LC NEN

1 Only recorded from Kinmen Island | 2 Only recorded from Green Island

Journal of Threatened Taxa | www.threatenedtaxa.org | 11 May 2020 | 12(6): 15675-15710

15677

o



wr

Illustrated keys to Taiwan bats

the three putative new species of Pipistrellus reported
in Wu (2007), we referred to them as Pipistrellus sp. 1,
Pipistrellus sp. 2 and Pipistrellus sp. 3.

Measurements and descriptions were taken from
captured individuals in the field (from >60 localities
across whole Taiwan), from specimens deposited at the
Zoological Museum of the National Taiwan University
(Taipei, Taiwan), the National Museum of Natural
Science (Taichung, Taiwan), and from literature (Kuo
et al. 2006, 2009, 2017; Huang et al. 2008; Ruedi et
al. 2015). For species rarely recorded in Taiwan, data
from additional conspecific samples from the continent
(Francis 2008; Kruskop 2013; Smith & Xie 2013) were also
used to avoid underestimation of intraspecific variation.
Measurements were taken only from adults in order to
control the age effect. Six external measurements were
used: forearm length (FA), from the end of the elbow
to the end of the wrist with the wing folded; hind foot
length (HF), from the base of calcar to the tip of the toe,
excluding the claw; penis length (PL), the whole length
of the penis excluding the short proximal portion that
is perpendicular to the rest; tibia length (TIB), from the
knee joint to the ankle; weight (W), body mass of the live
bat; (see Appendix 1 for measuring of FA, PL and TIB).
Since our data are collected by different researchers and
sources, all measurements in this paper are rounded to
the first decimal place to minimize authors’ biases.

RESULTS

Herein we provided lllustrated keys to all 38 bat
species in Taiwan, serving to aid researchers easily and
accurately identifying these bats in the field. An English
version of the identification keys is given below, whereas
a Chinese version is provided as a supplementary
material (Appendix 2).

Picture credits

All pictures are credited to the authors (JCCH, YYH, and
HCK, see details below), except the following items are
used with permission from the original photographers.
Image 2 of Pteropus dasymallus formosus courtesy of
Han-Chun Lee. Image 44 of Vespertilio sinensis courtesy
of Yu-Cheng Chang, and Image 45 of Hypsugo pulveratus
courtesy of Ching-Fong Lin.

JCCH—Appendix 1 right-bottom panel, Image 1,
Images 3-6, Image 9, Images 12-16, Image 19, Image 21,
Images 24-26, Images 28-31, Images 33-40, Images 46—
47, Image 49, Images 52-54, Image 56, Image 58, Image
59, Image 61, Images 66—67, Image 69, Image 71, Image
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73, Image 75, Image 78, Images 88-94 | HCK—Appendix
1 top panel, Image 10, Image 22, Image 27, Image 32,
Images 41-43, Image 55, Image 57, Image 60, Images
62—63, Image 65, Image 68, Image 72, Image 74, Images
76-77, Images 79-87, Image 95 | YYH—Appendix 1 left-
bottom panel, Images 7-8, Image 11, Images 17-18,
Image 20, Image 23, Image 48, Images 50-51, Image 64,
Image 70.
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I. Keys to species other than Murinines and Myotines
1a Face fox-like (Images 1, 3, 5); ear simple, antitragus and tragus both absent (Image 5) ....ccccooeunee 2 (Pteropodidae)
1b Face not fox-like; ear with antitragus (Image 13: yellow arrow) and/or tragus (Image 22: yellow arrow) ................. 4

2a FA >130mm; ear only slightly larger than the eye in area (Image 1); fur dark brown, with light yellowish or cream
collar in some adults (IMAZE 2) icrcieeirecree ettt et es e s s e s Pteropus dasymallus formosus
2b FA <100mm; ear at least 3 times larger than the eye in area (IMageSs 4, 5) .o.cvvivereirerrireeeeeee e e seaseenenees 3

3a Adults ear edge and fingers whitish, hence contrast to the rest of the ear pinna and wing membrane (Image 3),
but no such contrast in juveniles (Image 4); fur brown, reddish-brown or light brown in adults (Image 3), and
light gray in juveniles (Image 4); FA 65=78 MM .ccriiioieirneereire s e esee s sseesenene Cynopterus sphinx
3b Ear and wing unicolor (Images 5, 6); fur brown, grayish-brown or light gray (Image 5); FA 75—100 mm ......ccccccuvverennnnee
.................................................................................................................................................................... Rousettus leschenaultii

4a Distal half of the tail protruding from the interfemoral membrane (Image 7); upper lip wrinkled (Image 8); ear

with both tragus and antitragus, the tragus is on the inner side of the antitragus; FA 53—65 MM .......ccccoceveveeeveeerineenenn
.................................................................................................................................................. Tadarida insignis (Molossidae)

5a Nose specialized with leaf-like and/or horn-like structure (noseleaf, Images 11, 12); ear with well-developed

antitragus but no tragus (€.8., IMage 13: YEIIOW GrTOW) ....c.cccivieieiieeeieerce ettt ev e ssa e e ea st b e e nsasessssa e aesebeesssesssssenanes 6
5b Nose without leaf-like and horn-like structure; ear with tragus (e.g., Image 22: yellow arrow), antitragus absent,
INCONSPICUOUS  OF  WEII-ABVEIOPEU ...ttt ettt s sttt e s ete et e e s e sen e et st eaeesaresensnneeen 9

6a Noseleaf with a horn-like projection at its middle part (posterior to the nostrils) (Image 11: yellow arrow); the
posterior part of noseleaf more-or-less triangle shaped (Image 14: yellow arrow) ................ 7 (Rhinolophidae)
6b Noseleaf without horn-like structure; the posterior part of noseleaf blunt (Image 12: yellow arrow) .......c.cccceeeveenenne
............................................................................................................................................................................ 8 (Hipposideridae)

7a FA 54-63 mm; fur dark grayish-brown or dark gray; noseleaf with two lateral lappets around nostrils (Image 13:
CYAN AITOW) 1tiueeeieeesteteeeseseseseseeeesseseseseseseseseeensreesssessansesesessseansessssesesanssssessrsssnsesssesssessnsesnsesnsessensnsesnsnsens Rhinolophus formosae
7b FA 35-41 mm; fur light grayish-brown, yellowish-brown or orange brown; no lappets on noseleaf (Image 14) .........
.................................................................................................................................................................. Rhinolophus monoceros

8a FA 87-100 mm; ear pinna pointed at the tip (Image 15); 3-4 leaflets at each side of the anterior part of
noseleaf (Image 12: cyan arrow); tail obvious (Image 16) .....cccovvveeccreeecneeesreen. Hipposideros armiger terasensis
8b FA 36—-43mm; ear pinna rounded at the tip (Image 17); no leaflets; tail greatly reduced, not visible (Image 18) .........
............................................................................................................................................................... Coelops frithii formosanus

9a The 3" finger has a distal phalanx (right yellow bracket) about three times as long as the proximal phalanx (left
yellow bracket) (Image 19); the tip of ear (when fully extended) is subequal to the top of head (Image 20) ...............
..................................................................................................................................... Miniopterus fuliginosus (Miniopteridae)
9b The 3" finger has a distal phalanx (right yellow bracket) no more than 1.5 times longer than the proximal phalanx
(left yellow bracket) (Image 21); the tip of ear (when fully extended) is obviously higher than the top of head (Image
22) ettt ettt eaa e e a et et ea e s s eaeaes e e a bt eae et eRe AR es b e AeseReeeR e eae Rt e Rt e eRte e be e naeeaeeenseaeansaeenneensaeananes 10 (Vespertilionidae)

10a Ears particularly large and connected to each other by a flap of skin above the head (Images 23, 24) ... 11

10b Ears not particularly large, do not connect to each other (€.g., IMAZE 22) .c.c.veviceeveiieiiieceeetee e 12
11a Ear length at least 3 times longer than the width (IMage 23) .....cccvceeieeeerece et Plecotus taivanus
11b Earlength at most 1.5 times longer than the width (IMage 24) .......ccvvevivereeeeieeenere e Barbastella darjelingensis

12a Nostrils elongated like tubes (Image 25); the dorsal part of interfemoral membrane obviously hairy (Image 26)
......................................................................................................................................................................... Murininae (Keys 1I)
12b Nostrils normal, not tube-like (Image 27); interfemoral membrane inconspicuously hairy (Image 28) .. 13

13a Tragus bends at middle, its tip points towards sNout (IMage 29) .......ceeeveeereeireeerriie e s snea s 14 (Scotophilus)
13b Tragus does not significantly bend, its tip points towards the top of head (IMage 30) ....ccccovveeeeireserreeree e 15
14a W 17-26 g, FA 44-55 mm; ventral part light brown or brown (Image 31) ....c.cceceeivriveceviierinee e Scotophilus kuhlii
14b W 37-46 g, FA 54-69 mm; ventral part yellowish brown (Image 32) ......cccceeveveeiveescrievnee e Scotophilus cf. heathii

15a Ear funnel-shaped, without any obvious transverse ridge on pinna (Image 33); ear pinna edge dark brown, strongly
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contrasting to the pale-colored tragus (IMABE 34) ..ciiriiiiiiieeiie ettt ses s Kerivoula furva
15b Ear not funnel-shaped, with several transverse ridges on pinna (Image 35); no color contrast between ear pinna
edge  and tragus (IMABES 35738) .iicrrrrerietiiesirireeeire et et esesesee s es e ses st et et eae s tee et et e et ereeen e st et st eae s e een et es s ene 16

16a Antitragus present (Image 37: yellow arrow); tragus intermediate in length and blunt at tip (Image 35) or short and

Broad (IMABE 37) ettt et res e et sen e et a et anennene 17 (partial Vespertilioninae)
16b Antitragus absent or inconspicuous (Image 38); tragus long, more or less pointed at tip (Images36, 38) .......ccceueuue.
..................................................................................................................................................................... Myotinae (Keys Ill)
D70 FA SADMIM <ottt ettt et ettt et et eaeeaeeaeeuesheeaeebeeeeseese see s e ee e eseb e a4 Se sEe see eea eaesenRen b es es s ek £ s £ s st et eae et eneeneebeebenee nee 18
L1710 FA SBT7IMIM ettt ettt ettt e s es ettt ae s e ses et et et s ses e ees £ ee e 2 et e s et a2t e e s e eentee e s sesea ses e een s es et neser sen e e e eseseenen nen et et et enenen 21

18a Some dorsal hairs and those on the chest have white, gold or bronze tips; fur on the bases of ears and neck

bright yellow (IMages 39, 40) ottt sss e st es et esesae s sesesensenesnns Thainycteris torquatus
18b Hairs unicolor throughout the back or some dorsal hairs frosted/bronze-tipped depending on species;
N0 Yellow COllar  (IMAZES 43, AA) ettt ettt st et e s e e e e besaaeete e s et aas b st sea st et e aen s e ene 19
19a Tragus length longer than the width, its tip blunt (Image 41) ...cccoceeveveeeeneireeeeeeenes Eptesicus pachyomus horikawai

19b Tragus length shorter than the width, its tip broadened (IMAgE 42) ......cceeeeeiieriireerree e s ees 20

20a Fur uniformly burgundy brown or dark reddish-brown (Image 43); 5" digit (metacarpal + phalanges) only slightly

longer than the 3™ and 4™ MEtaCcarPals ...t Nyctalus plancyi velutinus
20b Fur brown with bronze tips in dorsal hairs or dark brown with frosted tips in dorsal hairs (Image 44); 5" digit
much longer than the 3™ and 4™ METaCarPals .....cceciveereiineeeieeeee ettt e ees e st s s s b sen e Vespertilio sinensis

21a Face dark brown colored (Image 45); the calcar lobe weakly developed, with the transverse supported cartilage

(the keel) also weakly developed or absent (Image 46); FA 32=37MM ..ccccoorvrreriennerenireeennne Hypsugo pulveratus
21b Face dark flesh (Image 47) or flesh (Image 49) colored; the calcar lobe well-developed, with a marked keel
(IMAGE 48: BIACK @ITOW) ..ttt sttt sttt et bt seb b et b ses i ettt s eseae ettt b e st enn e sene s 22 (Pipistrellus)

22a Fur gray, grayish or yellowish-brown, often varying through the body (Image 49); individual hairs on the chest
tricolor, having a grayish dark base contributing 50—-80 % of the total length, followed by gray and then grayish-brown or
yellowish-brown at the tip (Image 51); penis more or less slender (Image 53), PL >9.5 mm ............. Pipistrellus abramus
22b Fur uniformly dark brown, brown or reddish-brown (Images 47, 50) individual hairs on the chest bicolored,
having a dark base contributing approximately 85-90% of the total length and brown at the tip (Image 52); penis

broaden at tip, hence club-shaped (Image 54, 55), PL <8.1 MM ..cccioiiiiriiiiiiiiiiiie ettt eaaene e s ev e eve s aae s 23
230 VAL e et e ekt et s ettt et neA b 444t eh s 2t e heeR bt e he A bt 2Rt ebeeen bt ek sea ekt e b ee s bt eae et en et ene et nen 24
23D FEMAIE ottt s et Pipistrellus sp. (not distinguishable by external morphology)
24a The distal, broadened part of the penis about the same length as its stalk part (Image 54) .......... Pipistrellus sp. 2

. 25

24b The distal, broadened part of the penis about twice as long as its stalk part (Images 55) ....

25a The penis broadened part and a short segment of the stalk connected to it have the margin covered with long

and dense hairs (IMAZE 55) .iicrreciieriieieiie et e st etesete e st ase et aes e s e ssessase s ssesassesetessasasesessssssesssesssesesssesssassenanes Pipistrellus sp. 3
25b The penis broadened part and a short segment of the stalk connected to it have the margin covered with short
and sparse hairs (picture Not available) ..o e Pipistrellus sp. 1

Il. Keys to species of Murininae
la FA >44mm; fur grayish-red (Images 56, 57); claws dark, distinctively darker than thumbs and toes (Image 58) ......
................................................................................................................................................................... Harpiocephalus  harpia
1b FA <42mm; claws brown, light brown, yellowish-brown or pale, same colored as or slightly paler than thumbs
AN 105 (IMABE  59) oottt ettt et st a e et tes b s e e ses e b es et et sae R e be et e Rt A e At aae At eaesessaeeea s et aeseae s aasennbnenn 2

2a Male TIB 16.1-19.2 mm, female TIB 16.6=19.2 MM .ottt e et st es s ses s ses s st ss s snssnesaeene 3
2b Male TIB 12.9-15.2 mm, femMale TIB 13.6=15.5 MM .cviviriiriiriceieeiceice ettt et ete e e e teaaesaess s sesaes s s s sassaseseesesbeebeetesresaesnenan 4

3a Male FA 37.2-40.5 mm, female FA 40.3-41.6 mm; dorsal fur brown, ventral fur yellow, cream, or white, hence
strongly bicolored (Image 60); the 1% upper premolar is substantially lower than the 2" upper premolar (Image
B2) ettt ettt bt e b e es et e ebe et b e aeaeas At e eha b st a s e e Aeheas eea e b st eheeabaseea s e e bt ebeaeae e s aaserabeseanabasenanesene Murina  bicolor
3b Male FA 31.7-36.1 mm, female FA 33.8-38.6 mm; dorsal fur brown or grayish-brown, ventral fur light brown
or light gray, hence only slight contrast in coloration (Image 61); the 1% upper premolar is only slightly lower than
the 2" upper premolar (IMABE B3) ittt e ses e e e b s s et ss s b st ess e e s s saaas Murina puta
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4a Male FA 30.3-32.7 mm, female FA 32.2-36.5 mm; the upper incisors, canine, and premolars are similar in height
(Image 64); ventral fur is only slightly lighter than dorsal fur (Image 66); dorsal fur dark brown, dressed with long,
shiny golden hairs throughout the back (IMage B68) ... Harpiola isodon
4b Male FA <30.5mm, female FA <32.5mm; the upper canine is obviously higher than upper incisors and the 1%
upper premolar (Image 65); ventral fur white or light gray tipped, and strongly contrasts with dorsal fur (Images
67, 70, 71); dorsal fur light brown or yellowish-brown, with shiny long hairs scattered throughout the back or
restricted to the head and upper back (IMages 69, 72, 73) .ottt et st aes e e as b er e ene 5

5a Long dorsal hairs with shiny golden tips throughout the back (Images 70, 72); distributed at elevations of 1,000—

2001 1 TN Murina gracilis
5b Long dorsal hairs with inconspicuous golden or reddish bronze tips, only those on the head and upper back tipped
with bright sheen (Images 69, 73); distributed at elevations up to 2200M ......cccceevveevivreereereiesveennnns Murina recondita

111. Keys to species of Myotinae
1a Fur yellow or orange; wing membrane bicolored, with areas surrounding arms, fingers, tail and body contrastingly

vellow or orange, otherwise black (IMABE  74) oottt st st seaa e s as s bese e b saesnssae s 2
1b Fur gray or brown; wing membrane unicolored (IMAGE 75) ..c.c.crurireieueeeiire ittt sttt ettt ebs st ses bt s es et ses e 3
2a Fur light yellow or light brownish-yellow (Image 74); ear and nostril unicolored (Image 76) ....... Myotis formosus flavus
2b Fur brownish-orange or reddish; ear and nostril openings edged with black (Image 77) .............. Myotis rufoniger
32 FA >50MM; HF 15718 MM ctitiiitieeiirieieet et ettt sen e e ee et et s sessesesesesaseses e esssnsssesssanesenene Mlyotis pilosus (Image 78)
31 FA SASMIM; HEF SIBIMIM oottt ettt et sete e e e ebeetesteesssessessessessessessessessasaassaseassasebeebeebe st st seesae s ssensessessasessesbessesees 4

4a Wing attached to side of foot, near the ankle (Image 79), or the base of toe, with the membrane largely narrowed
NEAr the fOOt (IMAZE  81) oottt ses e et ses e ses s et et eseseseresensee e s sesasenese e s s ereeenseseseseserennsarenensns 5
4b Wing attached to the base of toe without narrowing (IMage 80) .......ccccceieeeeieririee ettt e s 6

5a Wing attached to side of foot (Image 79); the narrow part of hind foot claws is about half of the total length (Image
82); ear tip round (Image 84); penis broad at tip, mushroom-like (Image 86) ................ Myotis fimbriatus taiwanensis
5b Wing attached to the base of toe, with the membrane largely narrowed near the foot (Image 81); the narrow
region of the hind foot claws is 70-75 % of the total length (Image 83); ear tip pointed (Image 85); penis slender at

TP (IM@EE 87) ettt ettt ettt et ek bt seh bt es s eb bt e ha e eh €2 h e st bt e bt e n b e bt ekt een bbbt e en s Myotis laniger
62 FA 31.4-38.8 MM; TIB SLOMIM .ttt ettt et e e e e bbb ee s s st eaeeae b ebe sbe she sbe sa sa st et e ennas 7
60 FA 38.0—42.6 MM, TIB SLOMIM cueiiitiiietecteete e eteeteeettetaettere e e e eteetestestestesae stesaesae e e sssssasessessessessessessessessessesanseaseesensereereebesteseeseesee 8

7a TIB 14.6-19.0 mm; skin dark, dorsal fur dark, scattered with silver-tipped slightly shiny hairs (Image 88), or, in
some cases, skin dark brown, dorsal fur brown (Image 90), with yellowish-bronze-tipped shiny hairs; dorsal hairs
nearly uniform in 1ength (IMAZE 92) .oieieorieeeceee ettt r et seab e s ee et et eaesean e e nseens Myotis secundus
7b TIB 12-14.6 mm; skin brown, dorsal fur dark brown, with long hairs yellowish-brown-tipped, but not shiny
(Image 89) or, in some cases, skin dark gray, dorsal fur grayish-brown with long hairs light gray-tipped (Image 91);

Huang et al.

dorsal long hairs curled and those on the lower back obviously longer (Image 93) .................. Submyotodon latirostris

8a TIB 50-55 % Of FA ..ot

8b TIB 41-48 % of FA
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Images 1-10. 1-2—Pteropus dasymallus formosus | 3—Cynopterus sphinx (adult) | 4—Cynopterus sphinx (juvenile) | 5-6—Rousettus
leschenaultii | 7-8—Tadarida insignis | 9—Kerivoula furva | 10—Eptesicus pachyomus horikawai. © Joe Chun-Chia Huang (1, 3-6, 9), Han-
Chun Lee (2), Ying-Yi Ho (7-8) & Hao-Chih Kuo (10).
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Images 11-18. 11, 14—Rhinolophus monoceros | 12, 15-16—Hipposideros armiger terasensis | 13—Rhinolophus formosae | 17-18—Coelops
frithii formosanus. © Ying-Yi Ho (11, 17-18) & Joe Chun-Chia Huang (12-16).
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Huang et al.

Images 19-28. 19-20—Miniopterus fuliginosus | 21—Pipistrellus abramus | 22—Epitescus pachyomus horikawai | 23—Plecotus taivanus
| 24—Barbastella darjelingensis | 25—Murina recondita | 26—Murina puta | 27—Scotophilus kuhlii | 28—Mlyotis frater. © Joe Chun-Chia
Huang (19, 21, 24-26, 28), Ying-Yi Ho (20, 23) & Hao-Chih Kuo (22, 27).
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Images 29-38. 29, 31—Scotophilus kuhlii | 30—Murina puta | 32—Scotophilus cf. heathii | 33—-34—Kerivoula furva | 35— Pipistrellus abramus
| 36—Mlyotis secundus | 37— Vespertilio sinensis | 38—Mlyotis rufoniger. © Joe Chun-Chia Huang (29-31, 33-38) & Hao-Chih Kuo (32).
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Images 39-48. 39-40—Thainycteris torquatus | 41—Eptesicus pachyomus horikawai | 42-43—Nyctalus plancyi velutinus | 44—Vespertilio
sinensis | 45-46—Hypsugo pulveratus | 47—Pipistrellus sp. 2 | 48—Pipistrellus abramus. © Joe Chun-Chia Huang (39-40, 46-47), Hao-Chih
Kuo (41-43), Yu-Cheng Chang (44), Ching-Fong Lin (45) & Ying-Yi Ho (48).
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Images 49-55. 49, 51, 53—Pipistrellus abramus | 50, 52, 54—Pipistrellus sp. 2 | 55—Pipistrellus sp. 3. © Joe Chun-Chia Huang (49—52-54),
Ying-Yi Ho (50-51) & Hao-Chih Kuo (55).
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Images 56-65. 56-58—Harpiocephalus harpia | 59, 61, 63—Murina puta | 60, 62—Murina bicolor | 64—Harpiola isodon | 65—Murina
recondita. © Joe Chun-Chia Huang (56, 58-59, 61), Hao-Chih Kuo (57, 60, 62-63, 65) & Ying-Yi Ho (64).
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Images 66-73. 66, 68 —Harpiola isodon | 67, 69, 71, 73—Murina recondita | 70, 72—Murina gracilis. © Joe Chun-Chia Huang (66-67, 69, 71,
73), Hao-Chih Kuo (68, 72) & Ying-Yi Ho (70).
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Images 74-81. 74, 76—Myotis formosus flavus | 75, 81—Myotis laniger | 77—Myotis rufoniger | 78—Mlyotis pilosus | 79—Myotis fimbriatus
taiwanensis | 80—Mlyotis frater. © Hao-Chih Kuo (74, 76-77, 79-81) & Joe Chun-Chia Huang (75, 78).
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Images 82-87. 82, 84, 86—Mlyotis fimbriatus taiwanensis | 83, 85, 87—Mlyotis laniger. © Hao-Chih Kuo (82-87).
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Images 88-95. 88, 90, 92—Mlyotis secundus | 89, 91, 93—Submyotodon latirostris | 94—Mlyotis frater | 95—Mlyotis soror. © Joe Chun-Chia
Huang (88-94) & Hao-Chih Kuo (95).
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Appendix 1. Measuring of forearm length (top), tibia length (bottom left), and penis length (bottom right). © Hao-Chih Kuo (top), Ying-Yi Ho
(bottom left) & Joe Chun-Chia Huang (bottom right).
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Appendix 2. Keys to bats in Taiwan (Chinese version): 2SR 1274 EiGZ=EF

la Hﬁ%ﬁ#—*ﬂ%ﬂ%)ﬂ\ (1 3 5) ; H%&%ﬁﬁ s KE—@%%DHBE ( 5) ....................................... 2 (9’[&@5*4)
1 BRERLUL : FUME (13 > SEAT) - HBk (H22 0 SR BB e 4

2a pIER >130mm » ErREEEEIRREEIEA (B @ REORG0 > BoEEHENERRENAEE (E

D) e ESENITIE (Pteropus dasymallus formosus)
2b FIEE < 100mm » ERHFEBIEERENEIIT =AZ50 LA (JB[4 ~ 5) crovrererrereer 3

3a BESHRUBGHER T E AN 00 > BHBRMEFEEC SRS (B3) - SRS (B4) 5 Bl

RREOMEE - NINFEERAIEE (B3) - 4088 (juvenile) BEUEIK ([E4) : AIER 65-78 mm «oeeeeeees
...................................................................................................... Eﬂgﬁ%% (Cynopterus sphinx) 1
3b HAEE—BH - EiSH IR OMIHRE SR ([ES5-6)  BOEE - RBOEIRE ([E)S) @ ATERTS -
TO0) M wvrrreerrrrree e e e e e e e ettt e ﬁ%ﬁ% (ROUSEI‘[’US Ieschenault‘ii) 2

dabEEE R (E7) © DEAAEEHE (B - HIRAHIRAME (HERINERET)  iER
53— (55 [ -eeeeeeeereneeeeeeee e e et e e e HULEERELE (Tadarida insignis) (EERIERD)
4b R RIERZE BRI » B A — B2 U BERERED ([B1O ~ 10) «vveeerervmeemememmeenieenie et 5

Sa SERGEIEEE - BERRNI(BOZSEMIE (S5 [B11 - 12)  FRHEBR - ABkSE (WE 13 HOFE)

............................................................................................................................................. 6

Sb SLEEEHIEL K ELEEF SRRSO | A EEE (B2 - SEHTTE) o R - RIS 9
6a hEHE (BILELY) HEFRZSE (B1] SE5E)  EREARESAY (814 SommE) oo
.............................................................................................................................. 7 (Eﬁ?%ﬁ%*}b
6b E‘j%%xﬁ-%gﬁ%ﬁ ; L%%j{?&%ﬁ%\ﬂ%ﬂk (12 s %@L%EE) ....................................... 8 (ﬁ%@%%*)

Ta  HIER  54-63 mm: BEEUMECEEIIKE  SETRIGERHISE —ERE (B3 FEOEH)

%/éjqﬁﬁgéﬁg (Rhinolophusformosae)
Tb %%%35 -41 mm ﬁ‘%é/iﬁq%% N %@ﬁ@}%@ ; Z:g_%ﬁ (14) ...................................................
............................................................................................. %/%/J\E%%QE (Rhino/ophus monoceros)

8a AIEFR87-100 mm: HRIEMmHHIR (B15) @ TREMMAEA -4RMAEE (B2 HEFE) - BEH

21 (16) B P )= a1} (Hipposideros armiger terasensis)
8b ATER36-43 mm: HAEJEWEGGR  (E17)  MSEREEEESSE  REEL  MOAEEE (1E18)
e ERSERARER T LR ( Coelops frithii formosanus)

9a F=FEHVEAEE CEHEERESR) 20 REIEE (EMFEETY) /B3GR (E19) B ((WER) TEmA

g B T = R AR (7 BB AR BATE ([B20) -ooovevemeeeemmmmeeeeeeeee SRanfENE (Miniopterus fuliginosus) (FEA1EF})
Ob FB=AEAVE IEE (CEMFEETR) REASRNSE—fEECEAREESR 156 (E21) 5 B ((REk) T8
VEHHREES FATETE ([B22)  wveovevereosereesesesseseseseseesessst et ettt et 10 (4EEFH
100 BV A » FEATEEATETET AT ([B23 + 24) w+orereerererrererseensesens ettt 11
10b BN » FHEFTAEE R (HI22) wvrveeresreesreeseessesetasese sttt ettt 12

" HArERM B AL
? HAESkE AL
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11a Hgé//l\%ﬁgél\jﬁ% (23) ...................................................... %’/%%Hﬁ% (Plecotus taivanus)
11b H%;ﬁﬁ@ﬂ%ﬁgls{g (24) .......................................... ED@%H@E (Barbastella darjelingensis) 3
12a %%L@%%@éﬁk (25) ; H&LFEEJHE:,%:EEHEE%E%%E% (26) .........................................................
................................................................................................ E‘:;ﬂ%ﬁﬁ[’ (%ﬁﬂ*ﬁﬁﬁ%wﬁﬁi\?ﬁ)
12b %?L;F%Hﬁ (27) ; Hﬁﬁﬂﬁﬁﬁﬁﬁ/ﬂ?%gg%%%% (28) ............................................................ 13
13a Hg{i[ﬁgg‘%ﬁ@ s ]Eﬂ%gﬂ@%gﬁ (29) .................................................................................... 14
13b Hg{gﬁﬁﬂﬂﬁ%ﬁﬁﬁjﬂ s ]ggﬁ“ﬁg’:ﬂH%IEgﬁ”% (30) .............................................................................. 15
14a BEEELT - 26 g HIER44 - 55 mm 5 FEET B ESEEEHEE ([BI31) e [SEEE (Scotophilus kuhlii)
14b BEEE3T - 46 g FIEFES4 - 69 mm; MEEPE O ([E32) orrorrrrreee: KT (Scotophilus cf. heathii)
152 EiR=hik - St gHais (E33)  ERhgna - BUREHBRIPRIEEEL (B34) e
.................................................................................................................. 2R (Kerivoula furva)
15b BEER Bk o REA S EREmSEREE (E35)  BEREHRB M (B35 -38) e 16
16a HAEMER ([E37 > SOFTE)  HRAAEEEE - TEGE (B35) BCRE (B37) -
..................................................................................................................... 17 (@ﬁﬁ%ﬁﬁh(ggﬁ)
16b H%ﬁ@ﬂgﬁ (38) ; H%*a%ﬁga% s ]Eﬂﬁéfﬁ;{j( (36 S BB) e
................................................................................................... %Hﬁ%ﬁﬁ[‘ (ﬁﬁﬂﬁ??%@%ﬂﬁﬁé\?ﬁ)
17a ﬁ%§>4omm ..................................................................................................................... 18
17b ﬁ’%%<37mm ..................................................................................................................... 21
18a B HR AN A T B AR R 1 ~ et SR EETAEITAWRINETE (B39 - 40) -
......................................................................................................... = SANE (Thainycteris torquatus)
1 8bSHEN R I £ HA% )7 B B R REEAEAT - MR R ARy ST B E B0y B 8K 278 1 B i 0 S ik
% (43 ~ 44) ........................................................................................................................ 19
192 HERRARNH ~ THIGEGNT AR A (B41) -eereeeemreeeeeen ) I ECEREE  (Eptesicus pachyomus horikawai)
19b Hﬂi’%j{ﬁ@% s ]Eﬂ%gﬁ/ﬁji (42) .......................................................................................... 20
20a8H - fyElEs B B R LG M - BERINMIIEIZ BROEE ([H43) ) FHIE (B2 FHEEE)ERE
M%EQ%ETEE@%@% ..................................................................... Q:}JZU_JQE (Nyctalus plancyi velutinus)
20b8H ~ HgEE ey BB e Bkt - SHESAIRES S0 B8R 0 BB i ([Bl44) © BRIEHEEN SR
%ETEEUE’% .......................................................................................... ;E%QE (Vespern'lio sinensis)
2la MBETEZRERE G ([E45) 5 RIEESMAIREMREAZER AR - B8 DRI R BN ERER ([Bl40) 5 R & 32- 37
I R TR LR L TP m{kéﬁ_ (Hypsugo pulveratus)
21b BB RZRERE A ([E47) sAt ([E49) 5 RIEESMARRHIRER, RRCEEIR - B AR SORrOs BHR (TERE
;:Lg) (48 s @%%EE) ................................................................................................ 22 (%@E%)

3 OHIEE (2017) {6 FHAYER 5 B EENE Fy HL 88 ¥ Barbastella leucomelas 53 {& 4 Eastern Barbastelle.” Fl32 » A R0 By IERZ fciE B RIZEER B.
darjelingensis. > #3444 Indian Barbastelle#E {7 S5 By il &
¢ HEHERFTHELH
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22a Rk~ KEOEEGD > TOEEEORME  ([E49) ) WEEEE =0 > HAMLIS0 - 80 EEIKR

o R RImER R I EORE . (E51) ;5 FEEREEMR (B53) » R >9.5mm «oooveererrrreeeeeeees
...................................................................................................... BHEHZZUE (Pipistrellus abramus)
22b BEEEE - WESAEE > B — (E47 - 50) 5 R E » FAAMAI00% EmEERE S > KmEH
@%%@ (52) Bé??{;f{ﬁ%ﬂﬁﬁgﬂ j( (.54 55) s ‘F@Z & QL IMM rrrrrree e 23
D3 N +e e 24
23b .ﬂm .......................................................................................... %@Eﬁ%#@*ﬁ (ﬂ/iﬁé&ﬁéﬂ@%”)
24b FEEOREHRY KPR B (AR ) HVRELLGIZT M1 11 ([B54) woeeereveeeersmeneeeens LIZRIE (Pipistrellus sp. 2)
244 B;ﬁ??z;fggxﬂ ﬁﬁ;ﬁi;ﬁgqggttguz&jﬁb 2:1 (55) .................................................................. 25
25a PRy KRESG MBI ARG R R (B55) oo R iEYIE (Pipistrellus sp. 3)
25b PEFERY KPR B4 S BLENN AR B RLMIRER ([ ) <-veeeeeerereeeeemeeeeeeeeeees BRESRUG (Pipistrellus sp. 1)

B RIERHR R

la FIE& >44mm BGEURIK - FERE LERATE (56 ~ 57) 5 JIEGE - BIRTLIfE MBS % ([ES8)

................................................................................................ %E = %QE (Harplocephalus harp,a)
1b ATEFR <42mm © JTUBE - 5515 - SERE & - BUSHSTIMBL RIS (B50) oo 2
2a AE%HH§{516.1*19.2mm’@EH@UH&E‘% 16 .6 = 19,2 MU #rrrrrrrrerrneensernseenseaieeattiiteait ettt 3
2b L}ﬁmﬁﬁﬂW«E]?“g_ 152 mm QEH@I] g% 136 — 155 [IN] # s v s e v s e s e oes et stuettetaettastietaiattettottttaontans 4

3a NEATER37.2-40.5 mm BH4E40.3-41.6 mm; PEETEE - mEOERE GO 0 BEHEHO (FRM) 2R

gﬁ (.60) LEDE%IHUEI %ékﬁfﬁﬁﬁ/\%‘ZHUEi‘f (.62) ................................. %Hﬁ%;‘?—%} (Murina b,co/or)
3b AMERTERSL.7-36.1 mm > BHE 33.8-38.6 mm » EHEEHEAR) » FEMEEEIGEE - IEE RGO
fé (.61) ; L?ﬁ%lﬁﬂﬁ?{%%{&ﬁé%ZﬁﬂE@ (.63) .....................................................................
%/P‘%E‘%’%@E (Murmaputa)

ANEATE 30,3 - 32.7 nm > RRE 32.2-36.5 mm; _ESAFTE - REFRATHGESMESS (EHo4)  IEEBEOH
jbﬁﬁffﬁ TI{ERE (B66) @ HEFEE  FARE  FBRTESOIIBDUE ([B68) -
......................................................................................................... ég%i@m (Harpiola isodon)
4b NHEATER < 30.5 mmo BHE <32.5mm; EEHREIEEEIPIETIEIATHE (E65)  mHREHC 2RI
([&67 ~ 70 ~ 71) 5 FEhL R fethsxs=G 0 - BFBUENREAMN £ BRRIARIE L EFE (69 ~ 72

N D T T L P R PP PP PR PP PEPPEPRPPRPLR 5
Sa F}ﬁﬁéi@ﬂqg%g&ﬁﬁ/\ﬁﬁz{.dbﬁg (.70 72) /!fﬁﬁﬁlooo 3000/\E .............................................
............................................................................................................ ﬁﬁﬁé%% (Murina ng,'[,'s )
5b BB GEOEALHEPIRDEERNS - HARMRS RN E5E (B69 ~ 73) 5 R =2200 0 R oo
...................................................................................................... [g%ﬁﬁ%%@% ( Murina recondita )

EHAE R R R

la BEEfEE RSO > 58 TR - THEUERBLESEE - HEREOREE (ET74) o 2
b EIREGHE § BAREER L ([BT5) «everveereerreemsrmmmemee sttt 3

15696 Journal of Threatened Taxa | www.threatenedtaxa.org | 11 May 2020 | 12(6): 15675-15710



e
-

Illustrated keys to Taiwan bats Huang et al.
2b BEREEORE S (E74) 5 Hik -~ SFUEGAERE (E76) - bl HAE (Myotis formosus flavus)
2a %*ﬁé ; H%%D;%?%Léé%ié (77) ................................................ ﬁ%%‘uﬂ@g (Myoﬁs rufoniger)
32 BIEFE > S0mm 5 BHIHE 15— 18 M rweeervereerrreemmreemmneenineenineans K EHIE (Myotis pilosus) 5 ([&78)
3b HIEEE < SOMM 5 TAHIHE <1 BMM -wrrerrereeererememeeee e 4
4a RBETLMBENSETHIBUE (B79)  SNSETIIBESBIKE © TTRBTTHIBLE (881 s 5
4b Eﬁ@?ﬁ%ﬂ?ﬁﬁé%ﬂﬁi%%ﬁ s H;R%:UE]‘[JL&% (80) ........................................................................ 6

Sa FEBENMENEATIEE (B79) @ RETERE S S RAT—F (E82)  HARTHWES ([E84) : i

Té[{%%;ﬁﬂﬁ"ﬁﬁiﬂ?j(i%ﬂk (86) %/%“%H@%H@E (Myot‘isﬁmbriatus taiwanensis)

5b BERESEATRIERAE B AE  ([B181) » 1R BE A Bl AR (. © BBl R & R 70 - 75% ([E183)
s BRI ([E85) 5 HEMERRSORIRIERY R » 2 EFIR ([B87) «revvereereeeeees HEF/KEEE IS (Myotis laniger)
6a BTEEE 31.4-38.8 MM FAFREE <L QUM -+-vvvveereeneennnnnnnnnmmmmntnniittitit bbbt 7
6b FIEFE> 38.0-42.6 mm; FAITEEE SO QMM reerrrrenrrnenneeneene ettt ettt ettt 8

Ta BIRER14.6-19.0 mm: FZRE5E - BrER - AOEImIRE CISHHOLRE B (ERS) © DE(EAGE » &

e ([E90) » A dm i S EE Y BE52 5 RS RBEIIER([B]02)  crvvrerrrrrrrrrrer
................................................................................................... F‘KE&%HE (Myons Secundus)

7o HIEER12.0-14.6 mm; KEHE - HEFEGE (ERY) - RERm=GEH  VEEELEREE  FEIK
B ERRMERAE (BO]) ; SEETRIEMEE » TR IEEEIE ([B93) v
.......................................................................................... EIWEELE (Submyotodon latirostris)

82 FIBEIE By B 150 — 550 v rrerrrrrerrrnnesemmneeeiine it EREEIE (Myotis frater) ([E94)

8b FAIIRE By TR HA] — 48 +++rrrvverrerrrrrssrmmnnsriiiiiiii s 4TRRELEME (Myotis soror) ([E95)

CEEMEATH
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