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[E] 75 R AL 7 35 349 Ay S R F) VR AR (R AR -4 ( FM-CM-FM) BURY 75, 431 5 51 Ay (82. 07 £0. 17) kHz 1 (84.41 £0.48) kHz, ZEf#
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Abstract; We studied on the diet, morphology, echolocation calls and foraging time in two species of sympatric horseshoe
bats, Rhinolophus sinicus and Rhinolophus affinis. Both R. sinicus and R. affinis are middle-sized horseshoe bats with the
forearm lengths of (51.25 £0.22) mm and (52.40 £0.37) mm, respectively. They both emitted long constant frequency
echolocation calls preceded and followed by brief frequency-modulated components (FM-CM-FM) when hanging. The peak
frequencies of their echolocation calls were (82.07 +0.17) kHz and (84.41 £0.48) kHz, respectively. Feces analysis
indicated that R. sinicus and R. affinis foraged on 9 genera and 7 genera of insects, respectively. Lepidiptera and
Coleoptera (total volume percentage > 90% ) dominated the diets of the two species, but significant difference exists
between volume percentage of Lepidiptera insects in the two species. No significant difference was found in prey size
(scaled by the body length of Coleoptera insects) selection. The trophic niche of R. sinicus and R. affinis was 2.38 and
2. 28, respectively, and the degree of trophic niche overlap was 0.91, so the trophic niche differentiation was not obvious.

High prey availability in the habitat might contribute to the coexistence of these two species of horseshoe bats. Moreover, no
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significant differentiation of sensory ecology and temporal niche was found. The significant differences of wing load and peak
frequency of the two species might result in the spatial niche differentiation in foraging microhabitat and promote their

coexistence.

Key Words: horseshoe bats; morphology; echolocation calls; diet; niche; coexistence

IR BRI AE — B Sh WA S R IT B AR AL B R B b i 27 ) BF
2 A R 20 A B R BB 6 B L A7 7T BB 5 28 A AR S LA A4k AR B A B AR R ) RS A 78 (semsory
ecology ) FIAME ™ B AR £ B6F 18] g A A 5612 1 Tk e A b B KR T BE 5 S R IR B A A R A
St A 44 S BB ( Myotis nattereri ) FI K H-Ug ( Plecotus auritus) i FIRE EBM AR SH K E
ZEWARIARN 1 F 476 19 /N3G 35 18 ( Rhinolophus hipposideros ) F13% 38 k38 ( Pipistrellus pipistrellus) B,
SR FHAS TR] ) 3 2 SRS ZE SR Rk Rl A e i & (H TR R A, Fh B 32 4 R BUT /N3 Sk I B E 1)
g

H SIS N IR B AR — A S R A A RE SR E A R T E A REMR R S
P KA B B AL R IR B9 3L A7 BV P #3898 (Neutral theory) M U Fh7E £ 45 ERARMDIAY, 78 22
W EIE AR SR B SEAE . IR B 2 R RS (Larus cachinnans Fil Lanes audouinii ) 7~ [ By 3 i A2 25
FLE S A EA 0.85 F10. 97 HAR H R RN EYRES T ASA S EEEN N, NI H &It
U R AR IR S BT RIS ) 6 RIS R E A S R EES, R T ENmE ™ ; R fi
#9725 3k 18 ( Rhinolophus affinis) 55 B¢ [ 3% 3k & ( Rhinolophus pearsoni) K)E I+ A 5 AKX 0. 69, (HA: 35
FER BRI IE T = B3t ™ o BT AR A A6 B ) AR 098 B, BV B A5 2% 2 B B8 A A 25 6r
g4k, 6 R B W TR L AT (R SRR AR R A

4855 35 48 ( Rhinolophus sinicus) 5 H 35S W TEZS | [81 75 <& (175 I 4548 BT FAH L. Sa REFSMAAE R —
BERE I T [F— L3R b, AR A S ST R A T B PR R RS . RIS I E RIRA
WHR T RS A b AR 2 Sk 88 5 rh 4G SR IE I B A U B S W R K/ IR R TR e e A rh B %
B FEEEMESHENE, B R 8 R E SR 25 8] S B A 2507, BRI 285 75 T A oL i) i 8 47 1 3
FEL L 378 2 FhEE K 08 B AR PP SR HE SRR
1 #R5HEE
1.1 W58 XA RN

2007 4E8 A3 11 A, E=FA BT E T E 7R (24°30'N, 102°20'E, ik 2064 m) FFREF /LT,
AR AR L8 F T B RE AR DS 100 m, 58 6 m, 5/ S m, W AGE A KL 400 H 435 L ig 250
Hepg3gs3kig, BAMAE B (< 50 R) B e B8 ( Myotis ricketti ) Fll =M B g ( Aselliscus stoliczkanus) , 243,
J& BRI WA IR S, B IR FE A, AE - XRUR 15°C  4EFE TR 700 ~ 1100 mm, 2007 4F[E £ 2
BHT 6 ~8 Ay, FME SR AAGREZHE A H SRR EA B B NREE SR AR, RHFh
A =L (Pinus yunnanensis) Bk (Jugtans regia) 55, JEN KA, A miE IR AL T RAF HOWE A B335
1.2 FE(EUER Bt

BH AW A A ROZEERAERRKTERES KRR GERSE, TR, T H &G ER O FHE MM
PR B IR 1 U MR , 2 A T A48 b g RAAse 1 HURiE . Krufia i 0] 28 YA 2508, 26 R T 5 26
A BESFREHAEITT o IRUE TR TR % e i A2 e 1 D B o 7R X 0 A A T A

BERLIE B H Bl 1 10 RZE0E A ZEME SR/ T 10 WIAYESS 1&) #4704, 2 BB 3E M A 70%
TS R 12h, W Whitaker (9255517, B2 P45 B B Rk (B RPN (L3R4, 102 Al 31%%)
B i AR E 3 o S B8 Jacobs S5 1 J7 VA 7E BAKEE T I B 78 AR B2 Hh R AR 1 B U B35 K 5 R K O 54 2
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0.02 mm) , f BT K A A EIE R, 0008 S o 5RAR 1 B ot B KB COREAA 31 0. 02 mm ) , R4
B9 75 R R AR
R FAZSCHT (Levins ) $8 %05 2 453K 48 198 I AL A1 5E % (food niche breadth ,FNB) :

FNB:l/gpf (1)

Horp, POy SsE IR0 7 56 « MOABYIE R E 2L, n SRR On( B ) B2
KA E BTG (niche overlap index,NOI) 7155 2 F4G kBRI EFREB N ERE

NOI =1 -(1/2)Y | Pj-Phl (2)
1=1

Hh, PR UREE YR A0 B 5 RS M RIATRE 43 1k R KT (H ) B8
1.3 JE2SI & A sk

WK ¥ Dietz 29775, AR RIBHIEORTE K E .2V RERKES5, 53 0.02 mm, K
i i ) R R R R 1B A R 5 (B e AR AR AR 4R L, I Y 3R AN (g HWREE I 3 IK) . 2B Norberg il Rayner [y
HEPERE R BB ERAKE R RAER KRR, AR TR EwWIE AR, 562
0.1g,

5 7 P ERMIAY U30( Ultra Sound Advice , UK) 3% #4875 5 Zb Y ( PUSP, Ultra Sound Advice, UK) 5 5%l
i iR SRS (HERR Z2 35 SR B ) B 75 I8, 22 5w RUIE X B g Sk 38, BERS 1 m 35, A I A TR BN T
YEiC . FH Batsound 3. 0( Pettersson Elektronik AB,Sweden) 23475 I, 23 =8N - 120 dB, S ihig
S0 Sk s S F 1 i o 6 PR 1] L BB SRR, HE 2 PGSk IR AR T o S 7 U i R [ A
H K
1.4 HEEHERFEERHE

H ¥ J5 72 W 8 1 Sh AT B e 1 AR 5 (R A R AL U30 i W A R B WL 7 o , L0004k B A SR
RO)H,BHEHE-IABEEEM(2 m x 2 m) A LED & ge#R T (FDT-LEDS8 ,25W , " AR fr 111 ) FI R, 24T (WS-
905C, 12W, " ZR i BH ) BRS04 LA B B, I FDRG M 4RTE Rt A\ Be s b BRI HE & 2 IefT 1R B o,
IR BB AT, 4 AR HCRME SR, BUIEREE Dy 3 ~4h, 554 i B BUHCHE AR 2R A0 FUE S S5
ER( BRSSP S B ERE . BRI S IR S R E R AT

K Margalef #8485 (d) iHHAF TR BB FEEE .

d=(S-1)/InN (3)

Ho,S AR HBKEITT(H) N A& HEREEE,

ki Simpson 8% (D) HH3E R B i B ZHE4E:

D=1_21(Pi)2 (4)

Ho PR HIFHIEE R RRBEA 2,0 HRBSEET(H) B
1.5 Wwlgdl £ e B &

T HEETER O AZ MR L CA RS, R IE1E M 5, 10 RS i 1], DU PE A W 8 0 4 8 LR
1600 i S BP R U AE T Ko RUREARI PRI 123K 51 A W 88 , 303 A 288 LB IR, LA A0 hy 88 40970 120 [0 BF 1], i ST
BRfimig O N . BA A® A EAREHE 2 ~3d,

1.6 SEitortr

F AR BRI GE iR BT 7E SPSS 14. 0 #4447, YE I ] Sigmaplot 10. 0 {4, Xt %4 #17 IEZ 7
Fi #6586 ( Kolmogorov-Smirnov test using Lilliefors adaptation) , Xt 2 #3§L M8 H) 4 Fh & H 2 (85338 H ( Lepi-
diptera) . ¥53# H ( Coleoptera) . i5## H ( Hymenoptera ) & ¥3# H ( Diptera) ) ##4T Mann-Whitney U 56 ( (3% &
FRED) ,EESE B B RSB IIE Y R/NEHT S HEA R TR (BEE R IES ) , B
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EMIKF 9 0.05, BREFAIVEEASH , S BRI AP 3IME + FRHEDR (Mean + SE) 3R
2 &R
2.1 JBABRE

SEMET 28 H(14 66, 14 @ Q)PHEFLRIES 13 (T 6 5,6 2 ) FHKEHAEESH HEH
SRR K (51.25 £0.22) mm,{AE (15.44 £0.19) g; 3L ERTE K (52.40 £0.37) mm, {5 (13.28 =
0.51) g,2 FMARENHEESSEIERE 1. 2 MELERITERK AE BR RELEVAREER, K
REMSPHITREZF (K1),

F1 LIRS RH LB
Table 1 Morphology parameters of Rhinolophus sinicus and Rhinolophus affinis

kK . o t v .
Morphology parameters R. sinicus(n = 28) R. affinis(n = 13)

Fi 4 Torearm length (mm) 51.25 + 0.22 52.40 + 0.37 2.628 39 0.012
{KE Weight(g) 15.44 + 0.19 13.28 + 0.51 -4.888 39 0.002
HK Ear length(mm) 20.49 + 0.16 19.68 + 0.35 -2.432 39 0.020
% I Length of third finger( mm) 77.19 = 1.60 82.78 + 0.67 1.951 39 0.058
3V Length of fifth finger(mm) 63.75 + 0.34 69.95 + 0.76 -4.963 39 0.000
4, Wing load(N/m?) 9.05 + 0.12 7.70 + 0.27 -5.161 39 0.000
B Aspect ratio 6.72 = 0.37 6.80 + 0.12 0.445 39 0.659
FISKJE I Tip length ratio 1.08 + 0.11 1.12 £ 0.25 1.782 39 0.082
FERMEFL L Tip area ratio 0.76 + 0.13 0.78 + 0.24 1.402 39 0.168
FIHEEL Tip shape ratio 2.54 +0.27 2.48 + 0.19 0.163 39 0.872

n R FEI - R RIERE S n is the number of bats measured

2.2 [EIFEEALAE R

2 3G Sk R B IR ZS T Y [0 75 i o 75 B 14 DAy ML B ) PR AR -[E AR - PR AR (FM-CM-FM) B S (& 1) 5% R
BA 1 ~2 B, REE EEAE PRS2 18,2 M KB B R TS I LI 2, AR ag Sk 0 A b 3 Sk R A U Y
WEEAT 0591k (82.07 £0.17) kHz F1(84.41 £0.48) kHz, ERIF 3514 (42.47 £1.09) % F1(38.93 £0.46) % ,
HEFRRSEOENR 2, PEEKESHHREFRENSHOIRBEER (R2) , “EBFRNEK DN
4.24 mm F14.11 mm,

150
4 —— A
Spectrogram FFT size 512, Hanning window -10 - Rhinolophus sinicus
.......... EP %%ﬂg
§ Rhinolophus affinis
-
§ 100 _
: g
g /—\ {'""""""""} 5
&= H z
e} L o
= I~
o o5
%- L B . B iad
w0 A4 S s 45 L i,
Rhinolophus sinicus Rhinolophus affinis
1 1 1 1 1 1 I
50 100 150 0 50 100 150 200

1] Time (ms) Fii# Frequency (kHz)

BL PR SR A S B P B B2 PR Skl 4 Sk 8 7 8 )l
Fig. 1 Spectragram of R. sinicus and R. affinis Fig. 2 Power spectra of R. sinicus and R. affinis
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2.3 fHEHE

2 Fh Sk 8 B R R I IE SRR . R 3 FTRAIA H, 8 AEN 11 Ay, 2 Fh 35Sk &4 & H Tk [a) ik
SRS, T 47 B [ B ) AR R . 4% A3 0y EL AR, PR 4k 8 5 P 2 Sk MR O A B HH TR IRI G A B A, (L 2
S WA 3 [5 Ef ] W

F2 AR LIRE % LR A B E AL RFE
Table 2 Call parameters of Rhinolophus sinicus and Rhinolophus affinis

FSH A o t v .
Call parameters R. sinicus(n = 63) R. affinis(n = 99)

U447 Peak frequency(kHz) 82.07 = 0.17 84.41 + 0.48 -13.509 160 0.000
1420} [E] Pulse duration(ms) 44.55 + 1.25 33.44 + 0.49 9.796 160 0.000
[E] b B[] Inter pulse interval (ms) 63.00 = 2.60 53.25 + 1.05 4.123 160 0.000
HEXIF Duty cycle(% ) 42.47 = 1.09 38.93 + 0.46 3.488 160 0.004

n RFTAHT R B Bk h%EX  n is the number of call pulses analyzed

F3 iR S %R R H TR E 05K B E
Table 3 Time of flying out and back of Rhinolophus sinicus and Rhinolophus affinis
FAEZG KR R, sinicus 3G 3LUE R, affinis

H ¥ Month

H K Out & [7] Back H 7% Out & [1] Back

8 A August(n = 6) 20:11 21:20 20:08 21:32
9 H September(n = 6) 19:56 21:32 19:59 21:40
10 A October(n = 7) 19:26 21:50 19:27 22:08
11 A November(n = 6) 18:34 22:20 18:26 22:34
n R H B REL  n is the number of sampling in a certain month

2.4 B

2.4.1 BYAER

AR SKIESH R 9 BRI, REMASEAH (44.81% ) MEHH (43.50% ) B & ; ok iE /a7 B
Bl FEMRBEAHE (52.92% ) MEHH (39.51%) . 2 FisgkEM Rl ERRMERE 2 HILER 4,1
HE 3 H (Orthoptera) {X7E 2 BiFEMEH H BT, P25 KB MR R B MCRE B H . 2 M35KEmassa g
RBMEHE A BEEZR(U = 552.00, df = 81, P = 0.036) , i & #H33 H 53 H ZA6H H # A
BT REER (K)o FEIGKIEMHE LR EFRESAIEE 50 2. 38 12.28, “FEFRESBM
HEENO0.91(5K4,H3),

R4 PEFLESPHLERMAN (KBRE L)

Table 4 Diet composition ( percentage of volume) of Rhinolophus sinicus and Rhinolophus affinis

ARk G P ]

YR

Diet composition R. sinicus(n = 530) R. affinis(n = 290 ) v ¥ P
%39 F Lepidiptera 44.81 = 0.32 52.92 + 0.30 552 80 0.036
53 H Coleoptera 46.50 + 0.31 39.51 + 0.27 609 80 0.122
<33 H Hymenoptera 4.95 + 0.62 2.81 +0.16 593 80 0.089
¥ B Diptera 2.45 £ 0.16 2.33 +0.10 624 80 0.161
FE3W H Trichoptera 0.35 + 0.46 0.33 + 0.09 — — —
[5]3# H Homoptera 0.72 + 0.20 1.59 + 0.09 — — —
Hi# H Orthoptera 0.003 + 0.00 0.004 + 0.00 - - —
2f4# H Hemiptera 0.36 = 0.49 - - - -
Jk3# H Neuroptera 0.02 + 0.85 — — — —
H &AL 5 B (FNB) food niche bredth 2.28 2.38 — — —
H: 250 HE & (NOI) niche overlap index 0.91

n HFEEREALL n is the number of feces samples
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2.4.2 FEHIR/N
o T L 2 RSk R A AR AR ol T R s
......... *%%ﬁ

SrECBGR (> 40% ) , HLIEME o 5 AR 1 H B 28 B He i Bt
IR OREE, BT A GBAE Al 1158 W) K/ AT $E &2
BV R AHTE ST LSS E R R R KA R 2 Fh A
KIS R R/, FEH 5 KR 5 h 3 3k 18 i 3%
EREA T 2 & T 28 AN 16 M35 H B BT
KB, WRAEHE H B BBy K (TL) 54K (BL) # [E
A5 (logTL = 1.118logBL -0.772, r = 0.861, P <
0.001, n = 117)HH R HiEK, Z5 R KW 2 Fhdg Lig
YR/ UEHE B R KREE) HEFETREE
(K 4),
2.4.3 ARPRBMFEE

TEAST MR B 18 1K, ILiEMHE] 18 HE 4 3754
K HEBRLZHABEAR ((50.17 £0.58) % ) FHE H
((18.61 £0.22)% ), A5+ B H Margalef H £ & &
FEHCH 3.99 £0.33, FEHH SRR ECH 0.69
0. 15, GBS B U £ 5 B SRR .
3 g

rhAE 3SR S A SRR LIS B B H B U
FEEY, X5 PAEX 3 K P w8 1 B s 45 R —
23] Aldridge F1 Rautenbach i 26 ¥ [5]3R5 7 [
B b AR R ST A T A5 HE 0L Y B 2R i B B A AR DL
YA o R4 RIE S P 4 K8 o T
WHBRMERE (> 4%) 27 B #E (U =552.
00, df =80, P = 0.036) M "] fE & 4= T &M 534k, 1H 2
KB EFRAESMNESERIE0.91, UL & X
YR E SRR, EFREDMIHFRE REW B4
o BFFRR TR B ) BT IR B AR 2 [R) 3 70 A i AR
EOA= 0= g1 0p e DL/ OB o 1] 1 B 3 i )
kIR S R IR KB E RSN ESEIX0.69,
{HA S 78 R B Y R (B 3R Margalef £ 3= & BE45
% 4.12,Simpson FL ZAEHEFEHCN 0. 79) &# T %
ML B R E R UE (B U Margalef
HEEERHCN 3.99 0. 33, Simpson H ZAEHEFEECH
0.69 +0. 15) 5546 T Fh4E45 K iE 5 Hh 3 kL g X & Y T IR

Rhinolophus affinis

30

20 -

HRE L
Percentage of volume (%)

1 | ! 1 ! 1 1 1 1 1
Tri Hom Hym Lep Col Dip Uni Ort Hem Neu

FEHFh K Prey category

B3 AR S RSk IR E R A SN ES
Fig. 3 Trophic niche overlap of Rhinolophus sinicus and Rhinolophus
affinis
Tri: 33 H ; Hom: [A]3# H ; Hym : 33 H ; Lep: 38 H ; Col . 53 H ;
Dip: X3# H ; Uni: K75 ; Ort: H3# H; Hem: 23 H ; Neu: jki# H
Tri; Trichoptera; Hom: Homoptera; Hym: Hymenoptera; Lep:
Lepidiptera; Col: Coleoptera; Dip: Diptera; Uni: Unidentified; Ort:

Orthoptera; Hem: Hemiptera; Neu: Neuroptera

(t=-0.039, df=42, P =0.969)

1 T

TP HIN Size of prey (mm)
=
T

L L
A5 SR rh 3 3k
Rhinolophus sinicus Rhinolophus affinis
g Ui Fh 2 Bat species

B4 PAZE SR 5 38 Sk R A 4 R/ (LA H B A
i)

Fig. 4 Size of prey (scaled by the body length of Coleoptera insects)
of Rhinolophus sinicus and Rhinolophus affinis

BB IR SE S N TR T — 3 B3EA7 . XTI R W BRI 5 5 BE R M 1Y T AL i), ) 2 S R WE IR A gt 2
3G Sk B O SEAEALBI AT AR T AR X BB — ST 95, B TR TR X B L i e TR R BB
FIFR AR, BT AR HERR — & &b 45 H B R 4L R ) 28 (L vl RS

BRSTIESL K R VI PR E A B IR TR BB S ECE SR A B AL oM b, TR B 13672 %, sk
R P B 5 R RT3 R BB 7= A 7R BB 1 61 7 5 e 3 Sk Mg |, T A6 3 3k B Y EE AR
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K(t = -2.432, df = 39, P = 0.020) (HEMEIIHTEER I BA R I 4245 Sk 1840 8 5 2 1975 Sh i Re g ™
KRR A (s A AR E R ) (% 3) o SRFR5MEABUE( Allotonic frequency hypothesis)
A7 PR S AT A R/ O R 2 R S R P R E B 2 R (1= - 17117, df =
160, P = 0.000) ,fH Jones 71 Barlow ik} 10 kHz ) AR 32 S8 A B0 2 FRRFLX S M o s ), e d
53K 08 5 P 4 Sk SRR B P B AR B B R Z RN (510 4. 24 Fd. 11)  FTA R LU —F /Y
BERA . SEAHT R 2 PSRRI R/ (LIRS H R BAKAR) MEBE TR EER (K 4) 2
P Sk 08 B HA MG 22 53 B S B — VB ARSI 2. EX B3 B A B RE B SR/ FR &
BT ik & ik — 5T

s e TR AR [ A e T S A R R ) o 2 A Sk 0 A T TR DK BOAA FD R  Ee
B AR 25 LM AN ., (B P 4 Sk 8 90 SRR IR (3R 4) , 3K AT RE 5 7 3 3K 0 O 9 £ B R B 4
K, WA iE 5 E MM REEB A XK.

05 257 Y R PRI A W 0 4 A B R PRV 42 3l sk 8 15 RE SR BR FM-CF-FML U7 (1] 1) &
BAEE JR A BT (W B P BB %) tP B o VR BT IT R W48 ) A 25 0 R R I AR B 41k B
TRHETE 25 SR AR U A2 5 Fh 4 3 b e 430 Sk 8 TR TR A VAR AR (% 2) L1
H A Sk AT R MR B E R T B A EE A A A I AT BT R T RER A T A A AR A
(9534k. 3G SRR AT R TR BE AR (R 1,8 2) B A AR S P ™ eI aeRE T
RS R L, BT LA 2 T35 3K 58 2 (8] A4 250 M B AR 5T i e o i) BEAR 2E T —F 9347

B REHREKIE S A IE N B B B R B ER WA RER A T 'Rk, BT #
B EREEACHERREEFLEEZR, H2 MELENERESARERER, HFRARENRME, &
B EE R RYTHRSA T RIS P A K R AR ] SE S E TR S T —F M. 2 M SR RRVE
HE SR ] ARSI T B . PR kIE S A IEh TREMEH M ER TSR T —ERET S
(] A 25 LA R S e, Xt AT REAR BE T — 3 B 3EAE . AR T, R LA T BE R 24 B R L IR AT Y
ZEREY BT LA BEAEAE — S AR ST B W R B R R AR, X TR — 2B B AN SIESE
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