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Cave use strategies of five sympatric bat species in summer and winter
ZHANG Yuqi, CHANG Cheng, ZHU Wenming, ZHANG Shouwei, LI Xuanchi, ZHANG Mingyu, LU

Guanjun, XU Zhenwen’
(School of Geographical Sciences, Changchun Normal University, Changchun 130032, China)

Abstract: Caves are important habitats for bats, often serving as breeding sites, hibernacula, and temporary nocturnal
roosts for a wide range of species. Cave utilization studies are thus key to bat conservation. From June to August 2023
and from December 2023 to February of the following year, we conducted bat species and population surveys in Gu cave
in Shanmen Town, Siping City, Jilin Province, to explore the cave utilization strategies of five sympatric bat species.
Daytime observations revealed that Rhinolophus nippon roosted in Gu cave during summer, and one Myotis ikonnikovi
roosted in the cave on July 15th only. Cluster size of R. nippon decreased and then increased overall from June to Au-
gust. We recorded two instances of R. nippon mothers holding their young in July. Echolocation of four species of FM
bats (Hypsugo alaschanicus, Pipistrellus abramus, Vespertilio sinensis, and Myotis ikonnikovi) was recorded during the
summer by night time acoustic sampling. Kruskal-Wallis test and Bonferroni multiple comparisons analysis showed that
the number of echolocation pulses of P. abramus, V. sinensis, and M. ikonnikovi did not differ significantly between
summer months, and that of H. alaschanicus differed significantly between July and August. During the nine sampling
occasions in summer, the average peak emergence period of R. nippon ranged from 15 min to 60. 56 min after sunset,

and the average end time of emergence was (60. 56 = 5. 27) min after sunset. Pipistrellus abramus and M. ikonnikovi ap-
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peared at the peak of the activity of R. nippon on one occasion and five occasions, respectively, and H. alaschanicus

and V. sinensis appeared after the peak of the activity of R. nippon, which suggests that the four species only temporari-

ly roosted at night in the cave. No echolocation pulses from the five bat species were recorded during the winter. The re-

sults suggest that the Gu cave is used as a summer breeding site by R. nippon and as a temporary roosting site at night

for the other four species of bats, and is not utilized in winter. The results of this study reveal the cave utilization strate-

gies of the five sympatric bat species and provide a reference for subsequent bat habitat conservation and management.

Key words: Bats; Habitat utilization; Breeding grounds; Night-roosting; Habitat protection

WG S, L Ay Wi g 4 A L DR A Y 3
(Twente, 1955; Hazard et al. , 2023). 5 3B b &
FEZH B2 78 A T BB ) 42 52 i) Wit 8 400 o 22 4
P (Safitri et al. , 2020). HRiER LA E L, FREEE
MELAZERR R AT, DA T 52 M W 5 7 R AR SR 4
TR . M4k KOs 37 1 TG B4 07 T Y D RE
(Kunz et al. , 2011; Kasso et al. , 2013; Deleva et al. ,
2023) I 7H IR LU ) 2 2= 2 MR R 2 2
ShE M, ] 2 2 Fh e O A ] I I R 3
SRy AR AT B AL 06 B B A S BR BE (Deleva er
al.,2023). Nk, JFREE U AR 7R AT 5T~
W i OR P A ) e B RSN A, A B T AR TR
R S b A 4P 545 B (Safitri ef al. | 2020).

CAMTIEUESS, 52 PR M JUig x5 2
S R, o, B 0 R R R
PR PR 2, T it 38 R 8 A e S Bt T )
) BAE bR CRIAT, 2014), Webb %5 (1996) % FH,
795 45 A v T AR BE 8 AR AT AR e 28 e 2K
R, AT RARFEARAE HEAAE ,  E T 52 = b 0 Y
AP # (Kunz, 1982) AHXT ¢ 9 I B2 £ £ H i il
ADRERTHFE IR RS, AR TR IR R F
A WA 1) A4 K % & (Funakoshi et al. , 2009).
W, B O S i S ek R R X A e HL AR E
B EEAE A Z5E M (Speakman et al. , 1991),

I8 A Wt 14 K 22 O £ HUBE (Bhalla et al. , 2023;
Abdullah et al. , 2024), FHAER ] CAT FO £ 11 10]
THFER IR AE AL, DOk o5 48 2 1) o Fof A . b o8
A5 B A9 % UL 4T 4 (Anthony et al. , 1981; Bar-
clay, 1982; Lewis, 1994; Jaberg and Blant, 2003). &
1B 14 s Fof A 2, 1 A B 4 i U A 0 A T Ak
W Y5 (Barclay, 1982; Kunz, 1982; Kunz et al.
2003; Funakoshi and Maeda, 2003), 5 25 i £ b 45
AT 4 T P0G S, e AT B T R AT B R T A R 1 R
FFAS (X5, 2014) [AIS, Il 479 S b REA sl
R O TN R ASORIREE , fRa HoAe

R (K5 W EE (Kunz, 1982), R, &
V) o G, e £ R MRV S AE 1% 1) T A T 4
B E & R S A (Geluso et al. , 2018), H
FRIRW A BN R G, 45 9
g A1) FH A B2 Z5 5 W (Furman and Ozgiil, 2002) #1
A 2SR M (Briggler and Prather, 2003), #£5% Ui %
AN TR 25745 %o LU B R AR B, B8 = B W 8 X 3]
7R FH 7 T AR AR G BIF 9 AN S Rl B, i ) b
SRR B T .

R T RS O IR R R e, R ST 4
F )OS AR () 7 2 R AR, T MRS 0o
T LU Ay ] 2 e 0 ] o YR i TN AR g R
ZABRRITAREEN , DT 1 1) BLAEAH 50 m (F 75 IR
ABRIETY), 5417 m, 1.6 ~3.5m A%, &
— A~ 23 () R A /N A AR T B IR (BRI
1994), FATHIRTHIRI A AT R0, LA RA& T
W ACHIR, T 52 2 i e G L IR R — 25 A
AWFFE BB ELRE =7, B (1) BRI 2 H ] b i
FE I NG BUAR 5 (2) 48 715 B 2= 23 1) s 8 1 FF
WEECIRBL 5 (3) R 52 Wi A& 25 TG il s 2% IR 1) ol A A%
1 R &*
1.1 WG H S HEAL

R AL T A PUE T LT (dE 4 420
59'31", ZR£:124°30'22", ¥EHk 302 m), HiAMKIL
Fr B by 2, FEVGAC P R IX (B 1A), X
BWOMRAFRIE B RX, P, RNE TR
K, HERREZW, XFELEKED (BRI
&, 2017) A IAFERO (K 1B), WA —4
T ) LR P B SN, B R Sk B I A A
AE, A AR D (E1C), W R A bk
Mo, MORAMEARMN, LR BAS . XA
SRR N EE, Hre ey 362 F, 48
93 %} (=Pr, 2011),



2 TR BT AT T ) Bl g 8 0] 7 ) P S 195

m
R
Tiedong District
M COEEE
SipingCity  Jilin Provin

B A BRI ERE. A B E . B FWH: C: A E: D AR S 1 T Bk Sk i

Fig. 1 Location and environmental characteristics of Gu Cave. A: Geographical location of Gu Cave; B: The main entrance of cave; C: The side en-

trance of cave; D: Rhinolophus nippon roosting in the cave
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Fig. 2 Variation of the average number of Rhinolophus nippon inhab-
iting in Gu Cave every month in summer and winter. No significant
difference between the same letters, different letters represent signifi-

cant differences
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Fig. 3 Changes in the number of adults and juveniles of Rhinolophus

nippon in Gu Cave in summer
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Table I Number of echolocation pulse sequences of 4 bats in Gu Cave in summer (mean + SD)

i [T A b B

e
SWT J6 )j }JI:] AS A ¢ Total number of
pecies une uy ugus echolocation pulses
[SEE PN 457.33 +195. 0 49. 67 + 47.93° 576.33 +375. 09" 3250
Hypsugo alaschanicus (264 ~ 654) (21~105) (343 ~1009)
IREAR 88.00+ 61.79° 54.00 + 61.29° 20.67 +3.21° 488
Pipistrellus abramus (41 ~158) (3~122) (17 ~23)
IR 77 Wi 116. 33 + 54. 6° 51.33+66. 53° 256. 00 + 228. 42° 1271
Vespertilio sinensis (79~179) (2~127) (73~512)
[N ER 13.67 + 15. 53° 8.00+9. 64° 16. 00 + 16. 09 "3
Mpyotis ikonnikovi (1~31) (1~19) (1~33)

AP EHUEZE AL E, ARFRAREREEE

No significant difference between the same letters in the same row, different letters represent significant differences in the same row
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Fig. 5 Changes in the number of echolocation sound waves varies of 5 species of bats in summer. A: Rhinolophus nippon; B: Hypsugo alaschani-

®2 AEAMBERNEBE

cus; C: Vespertilio sinensis; D: Pipistrellus abramus; E: Myotis ikonnikovi
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Table 2 Variation of temperature and humidity in Gu Cave in different months (mean + SD)

A AR IR P iR R A R AR T S R I
. e \ I ‘ TR
45 Month Mean minimum Mean maximum Mean Mean minimum Mean maximum Medial humidity/%
temperature/°C temperature/°C temperature/°C humidity/% humidity/% yivo
6 /1 June 13.52+2.62° 20. 54 £ 4. 05° 14.98 £2.41° 36.34£5.43" 98.24 £ 2. 46" 77.47 £ 4. 83"
7H July 17.41+0.96° 23.49+1.52° 18.99 +1.25° 64.94+7.15° 99.39+1.57° 81.63 + 14.25°
8 A August 17.92+0. 81° 24.47+1.77° 20. 16+ 1. 08" 97.54+9.53° 99.47+1. 18" 93.56+23. 14"
12 J] December -7.52+5.69° 2.41+£4.57° -2.92+5.93¢ 35.59+6. 86° 68.49 +15.71° 50. 67 + 14. 23¢
1 H January —6. 64 +3.32¢ 2.7+1.96% -1.97+6.6° 46.52 +3.93° 76.94 £5.23° 61.73+21.51°
2} Fabruary -9.44+5, 534 4.64+1.40% -4.8+9,. 96 34.66£5.05° 91. 08 + 4. 94¢ 62. 87 +39. 89°
F 1754.58 1780.27 1851. 06 416. 77 541.90 566. 78
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

AFEABEME AR EZRAEE, ARTHARER RS

No significant difference between the same letters in the same column, different letters represent significant differences in the same column
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Fig. 6 Correlation matrix among microclimate, number of bats, and level of bat activity in Gu cave in summer. minTem: Mean minimum tempera-

ture; meanTem: Mean temperature; maxTem: Mean maximum temperature; minHum: Mean minimum humidity; meanHum: Mean humidity;

maxHum: Mean maximum humidity
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WARFIR I, HAREKEY T HREN, 430m
I AT — FE B A AR K SRR R IR, R W B 4D 7S

7 S A 5 B R W iR E 2 L 2 e P S
B BT IR AR IR, R Th Bk 5 Sk i AR Y 5 2
BHE M

R T WA SAE M, I TR TR e A L A
Sb AT —AEEMEN, RIEN LR (Zu-
kal et al. , 2017), ZHRAT A J2 i G A Zo A FE PR AN
T R 3 L P AL, R A T R R R 4 IR
PNl B 358 A 1 T I A s o A T B G A R
(Briggler and Prather, 2003). Ransome (1968) fJf 5¥
R, BT € PG b A Ak A S I A BRI B 4
RETE T °CAiAn, XA B TR MRFLAR P it £ e £ 1T
FEHRE s O —WHSE A A, DEkag kI TE 7 ~
8 CCHUMMR A MRS A2 (Ransome, 1971), AHf
G, AR R IAETR 7O A IR Y U, T RE
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P R AU 7 P R R B R A, 2 R AR fk
BN, 6 A U B A HR A S M (Briggler and
Prather, 2003), H i i i FLE /N, AR RE A 1Y
T 7 e B e R, A& 2P 3 A MK S
(9. 44 +£5.53) °C, MELIORAT T AEFRR T P 25 B
I A BRI BE L AT I D 2 4 Sk i R R 5 Ut TR A
AR

i R A 2 TR AR R B LU AR T A v, AR S
e Ho 78 J¢ R 7K 30 H B i (Webb et al. ,1995).
7K e AU SR R AR B (Twente, 1955; Dwyer,
1968), AUHEEIMETHAFE, BRI A7 5.
AR BT AN T R A W 0 i 55 B (R 2
FRAF, 2021), AR 1) E DR T 0 A 5 T 0T TR
(Ben-Hamo et al. , 2013), 't W5 18 5 1€ £F 5 1 K IR
(Entwistle e al. , 1997) i i B 45 A AT 7R A A HIR
M (F 254, 2021), Ransome (1971) &4 & 3,
— I 2 3k 0 TE 76% B R TR T % 22 A& IR
10 d K%M, Paolo Hl Stefano (2013) ANy, Hh4ksg
Sk W 7 A% IR S 8] 35 % 7 At S b LA R T 2 8 14 0
& . Winter 55 (2020) % B w7 Hi X 25 42k 2 3k g
G 2, 1 11 4 ZRAF VR B 7E 86% ~ 93% 2 [H] . SR,
ABFFE XA KD, ST, &R
WHRIR BB, PR 34. 66%, TR
{2 58. 42%. [AIAT, 4R <R 5 30 i /MR
o K ETE A VK, XE LUOR E B 0 B S AR 7
Kaye I, 22 TR I A5 AN G Bk 44
LI R AL ERAR 0 A R T
3.2 7RI W o o AP

TR B] I Fs A6 2 M AT 5 4 B 1 1 i sh ) 7E 7% ()
TEPEA S b ) S W, X TR AE Sh YRR R A B AR
BRYGE M ZE XHEE (Barclay, 1982). T F BF5TiE
SE, BTRIEAREE . ARARE L AR Ty b i A IG RR
M 7 1A T) At 00 ) 47 4 20 AR D i B A 2 b ) £ 7
R o BT 38 AR 38R 2 25 H B 2 1 K AEMR (Fukui
etal. ,2015), 7 (Fukui et al. , 2015; Funakoshi et
al. , 2022) FIHF 4% (Chung et al. , 2009) 7F Jy 7 a] Ifi
A A S b 5 A S PR 3 3 i R FH ) ) A 05 Yk 1 1
Y (3 & B 22) (Funakoshi ef al. , 2009), LA
2B 7 & BIG B AR B AR AR (Liu et al.
2019); 7R J7 W W O 4 A7 B2 R I B2 B (Luo et al.
2017; Zou et al. , 2024) s8¢ IHE K (& AR HE) Jin
etal.,2012), HEEWCOHAE Y 2 [A] 0 A 52 B FE 04 )

7C (Sun et al. , 2020); A FC BRCER 0 25 B4 2R AL R
BB A g it B0 8 M (Kim et al. , 2014), iR A
FORESGUE, WA BROH A A B W e PR L R E E
A7 Jik v bl T EL A B S 0 A R S T A T
W % B AT FE R AR (GBS, 2016; Wang et al.
2022; Zou et al. , 2022). ASBIFGE 75 24 W I 152 48 TE 1K
(i) g S 1) 5 g [l 75 o A 0, PR, X Eb
B 2 S I R Al g 0 R DA S 0 [0 7 A ik i
DL B ASTR) [0 75 5 A5 75 3% Jok oo 0 0 SRR ], w2 H)
A2 () 1 R AP L P W R AR 2 . AR R SR 45 2R 5 Fukui
45 (2015) Ml Liu %¢ (2019) B9 AF 95 —%0, £ KR
PR LA 18] A) IR A R s B AT B 37 r o e, AR
TF G825 B3 3 — 25 UE S 2R 7 i i A A7 1 B 05 A,
K1) 7 A Ay s s A6 S
3.3 H RUmIREcR S0 5 i R g

W2 F N, Wi A R ST S 3
AIREH Z MR A, Wik e i . R
WL ABEIR | AR . B B IR S
%% (Arlettaz et al., 2000; Bontadina et al., 2000;
Zahn et al. , 2007; Van der Meij et al. , 2015), Dahal
45 (2024) TEWF ST JE A IR 1 S R A 28 A 1) i i
W B, TS e R T R e B R T
P X i i 0 A M O AT PR A R . Wegiel
25 (2021) AESE, G M TR e R R W 0 (4 R 3h
o BATEFSNEA LB, D8R4k IR 50m b 2
IR P R A AT T O 2L, PR IR A B AN T BB
R4 S I A DD I R R 2 —

NS TP S 5 Wi g 08 A A7 ) BB 2 —
5 Z0 18 N T ™ 5 e i R LR A S . B
FACHR, 36 (IR0 P A 1% i 0 25 ) BT -4
HT M S 37 T (Speakman et al. , 1991; Ho and Lee,
2003) AN LI 2 KA THEFA: () I
M A R, TH2—4H . 7H 12—14 H AN,
Z NAE R A S T840 % Bl IRATETH 15 H
P4 I A v 2 B T R O R AR AR S, Ml
AL R AR . (2) 7T H 15 BRI 2%
FER, FEREBSIR 7C29 200 m ANG W ZETF %0 A7, e
TR 2 ~3h, S RIRE LR A2d,
KA —HFFEE T 4do AN THEHEZ AT G2 30 R
PSR S0 s AT (Luo eral. ,2012), T3
7 1R P kA Sk i S AR D 1 O — A A
8 H 445 < 0w AR B, [RIEE 7 H T AR
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