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Abstract

Key words : Chiroptera, roost, echolocation call, acoustic monitoring, acoustic index

Bats are characterized by high species and ecological diversity. They also
provide several important ecosystem services, including pollination, seed dispersal,
and insect pest suppression. Since bats usually can react to anthropogenic
disturbances quickly and are sensitive to environmental changes, they have been
suggested as effective bio-indicators to environmental conditions. Therefore, to secure
bat diversity and the associated services to human wellbeing, it is necessary to
monitor the distribution and population dynamics of bat species. With diverse terrain,
climatic conditions and landscapes, the Taroko National Park supports rich
mountainous fauna and flora. However, our knowledge of species diversity and the
spatio-temporal variations of chiropteran fauna is still limited. To date, 25 species
belong to 16 genera of 5 families have been reported by the SWAN in 2016,
indicating a rich bat fauna in the park. Therefore, it is essential to develop adequate
survey tools to further investigate the dynamics of bat populations and communities.
In the present project, we aim to (1) continuously surveying bats for a more
comprehensive understanding of chiropteran species diversity and the spatio-temporal
patterns of the species distribution, (2) acquiring species trait data, (3) collecting and
understanding the echolocation call diversity, and (4) evaluating the potential of
acoustic technique and acoustic indices in estimating spationtemporal variation of bat
activities.

We surveyed bats along the eastern section of the Central High Way at low (<1100
m asl), medium (1100~2200 m asl), and high (> 2200 m asl) elevation ranges for four
seasons. Multiple techniques were used, including mist netting, harp trapping, bat
detectors, roost surveys, and interviewing local people, to maximize our understanding
of bat diversity. Three external traits and releasing calls were collected from captured
individuals. We also set up stationary bat detectors at 3 forest sites along the elevation
gradient and 2 roost sites to monitor bat activities for at least one week in each survey
season. Bat calls, call features, and 6 acoustic indices were extracted and measured
from the sound recordings automatically using R language-coded tools. In this year, we
recorded 18 bat species, including 8 species and 1 subspecies endemic to Taiwan. We
also got the first occurrence record of Harpiocephulus harpia, Tadarida insignis in the

low elevation region, the first record of Hipposideros armiger in the middle elevation

VIII



region, and records of two rare species, namely Plecotus taivanus and Barbasetella
darjelinensis in the park. Among all roosts surveyed, the NingAng Bridge tunnels were
the most important reproduction sites for H. armiger and Rhinolophus monoceros in
the park. Noteworthy, most our records of roosts of Pipistrellus montanus and Murina
puta were reported by national park staff and local people, suggesting the potential of
citizen science in gathering wildlife species occurrence information. We found the 19
selected call feathers are effectively in distinguishing calls from 13 species in our
collection. For acoustic monitoring, we found both call abundance and acoustic indices
varying among sites and seasons for all sampling sites. Based on the roost site data, call
abundance and values of the temporal entropy index had significant correlations with
the monthly counts of bat individuals inside the roosts. Our results show that acoustic
techniques are potentially effective in monitoring the diversity and abundance of bats

in Taroko National Park.
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FL s RAT G B IR E % (2015)HE ) TR 2 L R
# B £ (mm) WL(9 Bk (mm)

F 188 %) rF WX 2015 | AT WE2015| A3 £ 2015
L~ Hh§B)  55.6-61.0 54-64 195215 14325 111190  15-18
18 i f15(32)  35.7-41.2 36-41 3875 4585 310325  29-35
EE ZE T 10 45.8 46-51 14.0 17-18  165-19.2  16-19
£ 4 4350 35.0 31-36 5.0 438  11.3-156  12-15
EX L B L 0) 34.9-37.8 33-39 5.3-6.8 5-9 16.4-178  16-20
w5 B 5(3) 27.9-31.3 27-32 43-45 3255 198215  17-22
= 1515 (2) 33.1-33.4 31-37 5058 3468 181183  16-19
£ j R 1 45 (8) 35.2-37.7 33-38 3.55.5 3-5.3 20.0 22
jve B3 45 (15) 32.9-36.3 33-36 3045 2453  13.1-151  13-15
% 50 45 (4) 40.8-42.8 39-44 7595 5598 - 1217
£ 4 E 15 (5) 36.2-39.4 36-43 5565 5586  17.1-17.1  15-19
%1 #8205 (3) 44.0-48.1 44-49 113118 92148 19.7-20.9  19-21
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(kH2) 70.742.4 o 6 ; 6 92.9+9.6 . " 5 3 59.1+5.3 5 s
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() 65.4+5.6 | ; 6 0 5 . e 00 0 48.8+5.6 0 34.7+6.7
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(KHz) 70.3+2.4 5 6 07 p 9 5 9 09 g 55.564.9 | T 0T | 347447
2= W -
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NEF 1z
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iE 2.0+£5.4 0 6 g 5 20.9+6.0 | 15.0£6.5 g 49 6.4 8.945.6 2 17
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T :—;\: P N
AW | 144433 | 224265 469;6;1 2.1£0.5 | 2.8+0.6 | 2.2+0.6 | 2.8+1.0 | 1.8+0.8 | 4.0+1.6 | 5.2+2.3 | 2.7+1.1 | 3.6+1.1 | 5.2+1.1
Ji;[ _3 T 2702.1
242.6+8 | 5853+ 22241 | 37.344 | 10.6+8. | 18.2+1 | 32.8+1
60 305 4 + 6.9+2.4 | 9.9+4.0 | 7.1£3.4 | 11.0£7.0 | 5.7+4.7 75 73 ) 09 43
1644.6
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#E TR | 0.2+0.1 | 0.3+0.1 | 0.5+£0.3 | 0.3£0.1 | 0.1£0.0 | 0.1£0.0 | 0.1£0.1 | 0.2£0.1 | 0.2£0.1 | 0.1£0.1 | 0.2+0.1 | 0.1£0.0 | 0.2+0.2
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AP RHFL ERSEE LI TEFIEYIE o PR s G F R R
DF R bl 5 AL 16 25 BrhiE A (AT 0 SO E 2016) o FHiHR E
(Q016)%+ G B E Fikf7- £ & » £ 040D 5 124 fhthig » ¢ 5 15 BaTk
el o B0 F(20160) B At > AERD A X s S5 #1518 B Hhig
PR -RAEIMBPALE CAAR- EROFABHRLS T T KBHRP R
%?ia 7 X ¥ J 4§ (Harpiocephalus harpia)fe K I #54¢ & 2§ (Tadarida insignis) >

A R ATH T L8 E # 4§ (Hipposideros armiger terasensis) e #1 % & fr L
I; #8425 (Miniopterus fuliginosus)srdf i e g o 2 ¢ £ T F g7 &8 5 4
ek - Lo 2 BB AR R DERAL T ARAF DEEH A (BN
2000 2 T W4 % 2016) T AL B] A FRF oK £ R(GA4E 462 2 7).
His ppfafet Lenk > F 2 4§ (Barbastella darjelinensis) 3 4 ¢ £ B 4§ (Plecotus
taivanus) > ~HAFET 482 SE oA ERAB L 182285 od v F
FHE A TR 2 AL B g b el B G AR (G8FH £ 2015) 0 &
T B RRRSF e L R T R o

BEI04E £ (2016)2 & cnFddprt o A E R4S T & 2 L I 725 (Pipistrellus
abramus) ~ % % 735 (Pipistrellus taiwanensis) ~ 7 2. & B ¥§ (Myotis ruforniger) ~
=¥z BB 4§ (Myotis soror)fr& k & B i§ (Myotis frater) ~ ¥ """ X 1z 2§ (Eptesicus
serotinus horikawai) % = B 3 faenle 4% o F 5 f8 - ",% & A TIE Y AT RS AR
kR PR G S TR N s TR I P e ATk S(HD
4B 2016) » B2 AT g e T H B TLAE 000 i RIE b Bk e
B R AN Sy FO TR Tl R T g
o RAERABDIEALBEEL ERR o F RIS HREE P A EHA
BE o RITIREY A F RAoR EANRT 0 AL B B Al e el A R
HooiBE ST AR T 0 308 4 PGP S A AR RIS g
FARB (220 E G £ 2007 0 3 U8 2000) o blde o 2B E & £(2007) 4
B LR RS Faid b oo 3 E s -k &R g (Myotis laniger, % v "L &8 if
Myotis sp.1 » & & { I 1 Ruedietal. 2015) % &% & 3|48 H o fo o D] B
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F oo AwmAAT T A A HOE ZQ016) B E F 7IE S ok B E 2 A dken
Bl o AFFSL ARG T SARFRELS P AR
FoE ARIEVR

AFTHFRPM AL G MR DA LTRGBS
¥§ (Rhinolophus formosae) ~ 4 4| ¥+ # 4§ (Rhinolophus monoceros) ~ 4 I $8 32
8§ ~ % %9 ¢ J 2§ (Murina bicolor) ~ % % ¢ § 2§ (Murina puta) ~ '£3% ¢ J 4§
(Murina recondita)fe L 72§ (Pipistrellus montanus)% 8 & - fv3 £ & K &4p FF
(BHiads % 2016) > F 598 H8g>03 P PfI* Sl A Echi P B rug 524
RFHT > T30 4-10 % 2 B A’ * Zgirakds ) @ #@ii@?ﬁfﬁ LA I il
B R B E AR R RAP S 39 PesT R Y AR
FAERALIESF P BB X AP EREL PR HE R TR
PWAEAT(REMF 1 2T AT 2 H e TR AT b
FHR2 6k 12 BXF2%FF oD HEH g g £ 00d FF 24
AR A BET B 65 100% o A BRI E AR X 1R AL L £
FET TSI g 38 - FpFedr| 2 05 % 0] 05 A BATIE 1000 & - £ E H
WA LAY TR D EES fé‘_%'\%%?@*%?i%i}?%i??ﬁﬁ?ﬂ? » BT 3%
BATE LD AR AR R R OE L R s B

AERE BTl FIE R P A LR AR (BE Y ) AR 5 A TR
#E 4v§ (Pipistrellus spp., £ % 74528 L 7I5)R * SRR FrE B S £ T2

ZHEE)Z PR B MR R RIE S (L ST L g )i

SR E AR R AR AL oK % (2016)7 4 R FIF MG L 4R
PR SBORWGYE o Vs ABREIRYEF GKE FARE) &
FFRI SRR T AR R ES AR L L RETRITLETEF S B
2015) o 231048 % (2016)3 & FAL4p 10 > AE R S ek d B E gl
AR LR DR R BT R BRI R0
L2 AT B o B £ (2016)A AR 0 A E R § L amIGIE T R &
(R LL B Ao R647) LG § Rk Efe X A R W DT
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B 7 Flbaig %86 i r £ T 3 d)

MR- ~ AT R Y 19 BHRF PR B L E AR T

FHP () L4 g f;",ﬁ A
&
vl B-pF R (call duration) EF) 2= 3 MELSIE R
T 3947 5 (mean frequency) wa b | #=i5 (amplitude) e fiz 2
A B BT 0 E
B 3, 1% 7;:1 (star'1dard deviation) AR MEEF (MRt M SRR L
¢ = #AE 3 (median frequency) AT PR (iRt AT K Y ik
F HAE 5 (mode frequency) HARL RS |UdRbgAcEZ AR F Rk
# w4 5 (centroid frequency) AR MRS MIRtpAcEZAE S E o
3 4F T 39 5 (mean dominant P -
frequency) A R A it
B 4o 5 (start frequency) HAaR G RS | B PR AR R ek S A
244 F (end frequency) HAE Y MRS | B PR R R A
® 2EiF % (central frequency) HoakL RS | B R Y ghandk
% 1w & =4 % (peak frequency .
at 25% of duration) PR EE B ER UL B
PR % 3 w4 A% (peak frequency ,
at 75% of duration) PR BREE S mendon g
2% 1w A g (first quartile o sk A EAT2LY 1o
frequency) ST i R ks
B % 3w A =4EF (third quartile TR T BEphic ELF2L % 3
fiequency) _ ST i R ks
i & w4 = (interquartile frequency |, s s $1leArESiey 3 e
range) R L U sl E 1
#E % i fi (skewness) . s i B RS s 07 HAL
. "
#g 4% @ (kurtosi E L
Fd i (kurtosis) e | B AT phA o
- s )T L B :12:
#F % 4% & (spectral entropy) - ?;: B AR e T
p
- 2, I ”:-’_ :12:
#g & T FE R (spectral flatness) - ; %{ iR A S A T R
p
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WS 2017 # 5§ B RRS BlihiE 3 S ol H TR B E

=k

i# 11 seeWave fr soundecology @ B % %3+ 5 10T 6 B 5 dp e B AT se

B 3p ¥ (Acoustic complex index, ACI) ~ 2 4 #-3 45 #ic (Bioacoustic index, BI) ~

¥4 % R 14dp 3 (Acoustic diversity index, ADI) ~ -5 353 & 4p #ic(Acoustic

evenness index AEI) ~

3% e (spectral entropy, sh) £2 p# 2§

f 8 (temporal

entropy, th) (*4% %4 = 7 )R £ it B & S~ R gh(F 24 R ) fra 2 b (5
BR)GFER o 975 B MR AR B dpdcm o % 11 seewave £ i* e ffilter #

R K 20kHz T chEE o b E

eSS T

2R B DE

Rl i HER L Ap ity WG E A BH 25 it o
iR T AT R BRI LR AARE £ M

TEE ) hEig LA 53
¥-5 AF e R dp #c(Acoustic | 3 X B ¢ BRI I &1 hiifo > | Pieretti et al,
complex index, ACI) Fo it B SR B S F e B 2011
4 P B3 ;}%gt PEEAESA RS w2 %40 %k | Boelmanetal,
(Bioacoustic index, BI) ¥ i Bd EREZ AR Y kit % 2007
B4 7 tidpdi(Acoustic | 3HE AR R B R IR 5 Villanueva-
diversity index, ADI) Shannon's % #{4.4n # > 4 i ﬁ»— »;E Rivera et al.,

FLREF A E S R 2011

¥ 323 & 4 #(Acoustic

evenness index, AEI)

PEREEAESFIES AP MGG 5o
Gini 4pfic » kfg EHHH I LB b
AR SN

Villanueva-
Rivera et al.,
2011

#g & (spectral
entropy, sh)

B o & A e T oaiicie R

Sueur et al.,
2008

peF A 4§ 1 (temporal
entropy, th)

F it T PR fhe it iTAR R

Sueur et al.,
2008

R N -

41 5
k=)
e
R

Brg o B WS AT I FUREEDS F 805
%ng ’ fﬁaé’—@f’??”{%&*%

$- %37 18p 3
23240 B ¥

E] o I'l F w

» 11 SM4 Bat-FS g R B A w3t = B 5 #42F F2(M-% -k &
G4 A~ BTG AP R ANARKRE)FF
SRR F 3 s
LM RS TR R BT R e

LT Bkt Az Rk

g SR

3% 26 P )54 2674 BaS AL 0 B FL Y R
ioe bR Br e B 5 A i o 12 A & & 4 5 (principle

component analysis) 4 #7 19 B % #Ficie A @i 2% B > L5 T
CRA RSP R G S2.8%NBE (K- 4 A 44.9% - F S 4 A ph
272% F A S A 10.7%) ¢ 19 BES BEHY GBS 1w A

(first quantile frequency) & % — i = CECNPAY S SRS SR Ak
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P ERES e A SRR L RN AR I HRMEZREE - AT E B
T LAY o FE3 Y 18P ~3 8 20p -3 % 26 p EL b o g
FARL R B A FRE(B - ) RAL ",ﬁi ¥4 A4F e & 45 #c(acoustic
complexity index, ACI) *t 17 5 i -5 dp #cirip| £ B iz = BoL b+ P M %
EBz7) MMM AT R E (temporal entropy, th) frdz§ A L ¥
BER B o A el F LMt hs o F 2 > B3 eRdls )

Fadie® AR BB (R - o)

«ht T

1‘]‘&!‘2\—? o~ MR RFREEY - TS A6 B RS #Fjg‘:"%i&q AR R
cEF 1w & A (Q25) R L chdp Bl o e T L 78 L B «?'JEIEJBF&?
Pdo§ ot i o AART 2 A G IR AR B b i o B

T
et BEH IA% shE 9E BE
#(ACI) #(ADI) #(AED)  (BD) (sh) (th)

5 ¥R 0.00 -0.46 0.62 0.68 -0.67 -0.74
Q25 #H % 2 -0.05 -0.27 0.42 0.38 -0.33 -0.43
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350 Bat-like Sound Signal
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B oBLAF B LES kL TR EKERLL T o

FoFG 14p 3250 21 p) 82317 BékS A T yEd 29863 BF
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Ford AR RE Bz BASAEEET Y 89.8% N E(F - L AA
Bh 63.9% - L XA dh 189%  F o A XA dh 7.0%) 0 & 19 B HE Hpce
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