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A preliminary study on hibernating ecological characteristics of seven bat species

in tunnels of an artificial canal in Jiyuan, Henan Province
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Abstract: Every January from 2017 to 2020, the investigation of the hibernating ecological characteristics of bats in tunnels
of the artificial canal of Budaigou Reservoir in Shaoyuan Town, Jiyuan City, Henan Province, was operated. Seven bat
species, which belong to 5 genera in 2 families, were found hibernating in the tunnels, including Rhinolophus
Sferrumequinum , R. pusillus, Myotis laniger, Murina leucogaster, Mu. aurata, Plecotus ognevi, and Barbastella leucomelas.
The dominant species was R. ferrumequinum ( about 52%—73% hibernators ) , followed by R. pusillus ( about 19%—
37%) , and M. laniger (about 5%—=8% ). While other bat species were less than 3%. The total number of hibernating bats
showed an increasing trend over years, but it was still less than that reported earlier. And there were 42 tunnels with bats
hibernating in every year, and the number of hibernators in each tunnel varied annually. The tunnel length was the major

effector on the selection of hibernacula, based on the multiple linear regression analysis (adjusted R*=0.208, P=0.001).

E&WH : HRARF I EIUH (31870354,31922050)
YrRs B #3:2021-03-20; R FA B #5:2022-02-13
# W IRAER Corresponding author.E-mail ; jiangtl730@ nenu.edu.cn

http ://www.ecologica.cn



2606 JAE = 492 %

The study revealed that bats had different hibernating roost—points in each tunnel, and about 4/5 bats hibernated in the
deeper section of tunnels (> 30 m) , where the environment was warmer and relatively stable, which was affirmed that more
than 95% of individuals hibernated in tunnels with length > 60 m. Bats had different hibernating patterns, for example,
most individuals hibernated in solitary ( >90% ), while the others aggregated in clusters. The different hibernating roost-
points and patterns might facilitate the optimization of hibernation cost. In addition, there was a significant positive
correlation between roost-point temperatures and body temperatures ( R* = 0.98, P < 0.001), and the roost-point
temperatures required for hibernation had intraspecific and interspecific differences. The above results provided a scientific

basis for the protection of bat populations and management of hibernacula in China.
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Fig.1 Characteristics of the tunnels in the artificial canal
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Y FE R AT RE Wi (4B 5] USB BRI 54X HE173 SRS+ 0.5 °C , AHIXHE RS + 3% ) , 45 6 h 3RHL—
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WIS AN S ST, PR K AR A s — 3 2 BE 5 8 7 A (L 2) , 056 45 3k 8 B 19 5 4 4 ok 0w
( Rhinolophus ferrumequinum ) F1I/N3GSL U8 (R, pusillus ) , B U5 Bk 69 1B 55 K SR8 ( Myotis laniger) | [ 1845 B Ig
(Murina leucogaster ) . 4 & 5 W8 ( Mu. aurata) . ¥ [ K B8 ( Plecotus ognevi ) F1. I 58 H- 4% ( Barbastella
leucomelas) .

A MR S g A RS D AR R IS B 2017 4F 774 H 3112020 4F 1092 H (18 3) o SEk4g Sk ia%ica b 4t
P2 52%—T3%) , 2017 AEHCi iR, A7 407 2, BAER 3 765 H o /NG Sk R BRI T BBk A Sk i (2
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2 BRE P ZERAVIRIE A

Fig.2 The hibernating bat species in tunnels
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5%—8% , HAYWI AR MU L BB 3% , Horb 2018

ERKE R K EE, 2020 SER AR SE LT, RS b WG FEERE W D
o e s X o . ‘ WM EAE m ARk R

BRA Sk IR BCR R AE G N A, AW AR AR X 4 AR 3 1R PY-IT IS T

Ab T3 D SR A 1000

2.2 SN I A IR T R R Y SR AR - by
2017—2020 4 1 [ia] 355 A7 s 88 4 B 79 o 1 AL A7 42
AN, 25 B T8 A MR Bt B30 R AR PR AR, RRAE Tk 3k
I AR 7K BUER IR 7R 3K 42 AR L7 24978 43 A i
63.19%—78.7% /NG Sk B A IR T €58 Bl , HoAs 414
FEARAE C58 Ja MR . o ZorgtE [l a4 &
PR ) BRI B KA G FH R KR PR

750

500

A WRAME B

Number of hibernating bats/ =

250

TR L 1 5 A& MRBCE A M A B3 (P #7> 0.05) 0 07 2018 2019 2020
g 3K 5 A MO 5 2 IEA D (P=0.001) B 45 oy Soar
[ 53 BT 3RAS B de FE AR B A AR B T BR G K X — 3R B3 2017—2020 [ 4 SRR IS R IR KB B R T4

7S] F(F . =11.76, Adjusted R?>=0.208 ,P=0.001), 2% Fig.3 Changes in the numbers of hibernating individuals of each
HH R K 2 5 i Wi 8 4 B A7 T B B 1) - BEBRBE [F -, at species in the years 2017—2020

F1 RNEFRFHEZRFEHEZNTH 2 TLED A5
Table 1 The multiple linear regression analysis of the effect of environmental factors on the number of hibernating bats

ES iz

Coefficient Standard error ! P
it Constant -27.242 81.583 -0.334 0.740
%38 <)% Length of tunnel 0.116 0.033 3.517 0.001
S5 Mean height -13.214 21.200 -0.623 0.537
SE34K I Mean depth of water 39.927 44.441 0.898 0.375
S RGE Mean wind speed -18.481 15.807 -1.169 0.250
Y578 Average sound intensity 1.076 1.149 0.937 0.356
457K 3 Mean water temperature -1.495 3.684 -0.406 0.687
SEAFRBEYLEE Mean ambient temperature 1.276 3.984 0.320 0.751

BEAh AR A [ 7, AR AT F AR A IR A A IR, L AN C41 BRIE BRI 112 20 m b —A> Sh 4k 44
SLESERAE AR 058 F%IE PRI 11 100—110 m AbAG #3100 H /NG Sk g Al
2.3 Rl LERR T PN O A AR B AR =

I E 45 R A A AP e 25 R 22 590 R < 60 m AOREGE T (5 BRaE A E0 449% ) KR AREOR K B
IR 5% (F2) , 3T 95% M MERAIRTF R E> 60 m (IRKIE, 2/ 3/4 WUlE AR AR TKJE g 200 m
BB (o R BB 36% ) , R R A €S8 BRIE (K2 770 m) J145 /0 1/5 MUAIRAMA (PI4E A 197
Hy o eAh SR TRIA AR LA SRR 11 < 30 m AbiEAT A HR A A AR AR S BB 20% (2 2) 464
13.5%—22.9% 1) Eh 8k 35 3L 08 1.6%—4.5% 1) /NG S 08 24.7%—36.8% AL R /K BE-IE MA ; 25 4/5 By ARk
PEAERE TE TR AL A4

3 KW, W5 HE 1 2 A8 SRS IR AL T A A0 AR S FR B 2R AL BRI, ARG R 2 BUAE B
A N TR Ak (AL R e A S R RS IR 1 30 m ABAH Y | 3k B X I b 2 A R R B R, R B
PE R, B0 PR BE A X B8 ELAS R 1 B T R AL 7 A R 5 Sl K 14 1 Ay A HRAT A5

BlE AR R FER, 48 RZEAR (> 90% ) LI ( solitary ) 7 A HEFT 4R, (B A 7 REM L
(huddling) , FLUME R AY— A~ Eh 8k 3G Sk I SR AR BRI A5 1 43 HAMAR, R AN IR E AT AR A, 56 3k 58
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ol 88— e T AR, TG ) R A Sk R T BB A0 AR | SRR 1) B Ak 3 Sk M LA f 20 B T /N4 Sk i —
FREAN Jre T 3L 50 32 A i 7 o 5 — R M P 0 B £ o g 2 ) B AR MG 28 38 O P BRI 3 B A 4K 0
— PR W DX AC IR T 5 D 2 56y S 118 AR A HIR

®2 DEEERE(<60m) ATBALUKERRA< 30 m 4 2R iRIE B2 5]

Table 2 The numbers and proportions of hibernating bats in short tunnels (length<60 m), artificial masonry and the positions within 30 m

from tunnel entrance over years

FAF A IR 8 i/ R LR/ %

LTS LTSS The numbers and proportions /% of hibernating bats over years

Bat species Roosting-points 017 018 019 2020

AT W TR % B 774 954 952 1092

All bats JER%IE (KJE < 60 m) 17(2.2%) 22(2.3%) 16(1.7%) 47(4.3%)
N L)AL LB R < 30 m 124(16.0%)  125(13.1%)  174(18.3%)  216(19.8%)

s kg S A % T 407 638 703 765

R. ferrumequinum JEREIE (KE < 60 m) 7(1.7%) 12(1.9%) 7(1.0%) 40(5.2%)
NTHIA AL B < 30 m 78(19.2%) 86(13.5%) 141(20.1%)  175(22.9%)

INE K 0 TR % B 291 219 182 247

R. pusillus JEREE (KE < 60 m) 0(0%) 0(0%) 0(0%) 0(0%)
NTHIAT AL F BRI < 30 m 13(4.5%) 9(4.1%) 3(1.6%) 7(2.8%)

HEmK BE IS TR & E 52 77 49 68

M. laniger JE%IE (KJE< 60 m) 3(5.8%) 4(5.2%) 8(16.3%) 5(7.4%)
N T 4k DL BER 1 < 30 m 17(32.7%) 19(24.7%) 18(36.7%) 25(36.8%)

®3 HEBEROARMEMNEEMBEMNEEREERAH

Table 3 The values and coefficient of variation of ambient temperature and relative humidity in different positions from tunnel entrance

=% T b

s Om 30 m 70 m 130 m 160 m A . @JE&\
Parameters Artificial masonry
¥ Ambient temperature /°C 3.4+1.0 5.8+0.7 5.8+0.3 9.7+0.2 10.0+0.2 6.0+0.5

AR5 ZHL Coefficient of variation 0.296 0.115 0.051 0.025 0.021 0.084

FXTHESE Relative humidity /% 81.9+8.1 75.5+7.6 82.1£5.4 93.8+3.2 99.3+1.5 60.1+5.3

A5 5 22U Coefficient of variation 0.100 0.100 0.065 0.034 0.015 0.087

2.4 A SR 55 A IR e R A U

PG 5 L 5 W R T =2 1) S B IE ARG (R = 0.98,P < 0.001) (&1 4) , 22 WG 53 ETHERZ A T i i 44
M, ZHR 2R EEAAE-0.5 CE 0.2 CHEFEIN(88.7%) , KZY 64.1% i) b i AR AR T4 2 iR

FEYA 1T < 30 m DA SN TR A b A< IR A IR EE ((8.2+1.6) °C,n=183), b AKX T B 8 TR A W o5 L J3E
((9.6£1.3) C,n=671) (P <0.001), AFEYFW SRR AR, DAL ((9.2¢1.4) C,n=658) Fifg
FAZK IR ((8.8+1.1) C,n=60) ZETLBFELZEF(P > 0.05),2 9 °C,{HIY 5 ZEM T /N3 S 08 8 6
((11.220.8) C,n=126) (P #J< 0.001), FiR&E5FR, Wi 4 R P77 UM SR AU A B 22 54
FLAT ) 22 4

3.1 AR 2 KB

2017—2020 AEH1a] 17 mg 44 e IR i AR FAE N T3 KR MRS A 2 B 5 8 7 Fhimim Py fh 4 iR, Horh 5k
3 S MR 7 A LA, ELBAES N, SLA A A A B 0 Ah T8 sk sk A . AR TR A R B, H e K
WA EF AN AR It 2 B0 T 4IRS Fh B A B4 > 1) 3 nT i PR AR R IR 3 s 2R — , e A Rl R
TN R YR A IR HEROK A — R LR AR R RIS 1, 55 = BRI N BRI A G  FUK
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PNEAT AR, DT 3 AR50 o 84 I Ay 15 400, (EL 3 A o i —
A

AR IR I IR A R AR KO e O T
1000 H {HATBA /T 2005 4E 2 A %", e
HS 1 DX (1) — S A vt FE & = HF R B M 3R I b (i

H
~ S
w (=)

&3 Body temperature/°C
W
=}

2007 4R VKR H B {EAE, 2009 45 Ay M i 4 38 = 1 0 50 m;;;m 10.0 125
gkﬁz[ 19] ) ) ﬂ@ﬁ%%ﬁ‘]ﬁ&%@%l@gﬂﬁ%ﬂﬂ&ﬁﬁ& ROOSt-pointl{emperature/"C
ARA[20] > T AN PN VIR I

AL LSRR AR A PR S TR 5 AR H4 SRBEKESHESRES ANXR

AR e RS B — A EZE I, B T2 pigd4 The correlaion between body and  roost-point
2006—2016 4F 3 7] £ AR b 5 R 100, | [k T8 PR 15 15 5 46 40 temperatures of hibernating bats
SRELAE | v TR e B A ey A A T A 3T DGR
3.2 BRIEK T RE R U IR VA MR BT ) B R 2R

TEANFESME LT — BT 50T, 5 KR D i@ st TR A — 1y 77 D AHREEIE (B AUA 42 A RE 18 B4R
PIA Wi e A IR, LA R 0 A HIR W R KRt 7E 4 AR ) SR AN [R] 1 DRI B 2 1) F 2 35 P 5 2 57 1T R 2 52 T R 4%
IS PR BE . — ORI e s i e 26 A IR 3 BT 1) T2 S PR 520 AR, 254 2 5 S0 b P 3 L
M IREE R T B, S AR RS2 1 2 A% . U, fof 2% “ New Dutch Waterline” [ 10 b 87 1 PN 358 25 8] /N A Bet i
235 V1) B4 50 Yo A AR i 8 K50 0 ) B ) 7 L ISR TR N B T KT

T 5 ) W 8 2 IR o 1 S 43 ) BRI PRI vl AU o G 55 4 IR i 8 50 o B 38 A AR OG BRI R T
AR FRE By 25 [ MK, BEA R/ W A e 1B (%) 5 4, 55400 B 22 A Wl s 46 IR () i o T e | JHCle
FERRA (U C41, IR EEYE IR 3.4—10.0 °C) , iRl mig KI5 A B 2E BUIRAS  7E 7] — B% 18 P9 e 5538 B EE A X
SR A T ACHIR ) S T AR A PR O 8 A MR A T 3 50190 B o 22 T R 2 DRI, o o — B 2 B 3 5 v 1) b
VA o5, T AT R0k G R, 1T 5 | 7K 2% T T R X 22 4 TR T e T 225 ) R /N ) o 3 v B KR, T BN & 5
M 2 AR A7 FT e 5 ) R BE DR 28, LT LA | s PR SR 58 02 0, 97 T 4 0] LA 32 436 F A=A A R R 1) Ay 4 A
(U153 A B AR AR XA S AR AN RIS MR i <30T T /K PR P A B 45 g 3 110 7 5 75 1 2 S5 6 A MR 140 52 i)
YERIATREELG,  FR TR AR T N AR AEAE — 8 AT EE R B2, Wi it P AR A1 1 B A LR 2k 43 T B IR BEE IX B &
I, PRI T7TT T 18] S~ 259 7 U AR 387 P58 0L T A 2 I 5 5 i) 381 1 P 4% HIRG g A 450 o
3.3 AN[E AT AL B AR 7 =T R AR T AR AL fE

BB IE P B 2% BRAVG  67 BER AN [A] 18 DR 43 Wi i A B T AH X IR 2 EL AR A 1 B T TR A (BRI
F>30 m) , AR PEERAR I X IR, FEAR XTI 2 PR 5E T A BIR, AT 2 48 0K W 8 B AR R e B 1], I 384 n g 4t
THAEY RSP ISR T M A A —SERIF g A B, B 5 5 45 22 100 W 1 T 1] T T 18 B35 4 IR, 1 A s
B /L A AR DU ) A B2 v DX 38 22 2 33k Aol 0 s BB T {4 e A A7 145 56, ST AR AT A s ] AR A A (i
T BRI AR 1 AU, D AR O ML 23 2 ) 20 L 5 BB p R BT 0 AR S A R L B A A 3 S s
FE 7 2 B A R I ELRS GE A B v A B i B 1) B B FHRICR T e S i Y

b BT AR AR T 3 4 R 22 B0 2 AT 1) 3 X RE A R AT R e £ RN — S T 85 B AL 1Y
IR LS AN (B AR ™, R R AR AT BB A A ] 7 12k AR MR AT 4 IR 14 P Al (AR REALRE , LE
LKA S W SR FH 3 R 28 B A, Wi R e D S 3 PR B AR O RO A BE N AR, /D 1) i e R SR A T &
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%, 1207 3R] b 2 R AE AN IR SR TR, $2 5 JR ) PR B R B, B AR Y R 5 R UK A I 28 250 B B B 0%
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