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The effect of rainfall and the degree of food availability on the timing of

parturition of Cynopterus sphinx in Xishuangbanna, China
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Abstract: Animal reproductive activities are constrained by trade-offs between different natural selection pressures and
their physiological limitations. Many abiotic factors including climate (temperature, photoperiod and rainfall) and abun-
dance of plant species affect the reproductive activities of bats. We studied the effect of rainfall and the degree of food a—
vailability on the parturition timing of Cynopterus sphinx by measuring food resource availability and conducting markingre—
capture on bats in Xishuangbanna. We found that average precipitation gradually increased from March to August
(19.82 -41.13 kg/m”) , and plant species fed on by bats increased (4 —9 species) at the same time. There was a sig—
nificant positive relationship between the number of captured sub-adult bats and the degree of food availbility (r =0.94,
P=0.01). Although having the capacity of polyestrous and parturition twice a year, most of them were monoestrous and
parturition once a year, which only occurred from March to May. The timing that sub-adults become volant and learn to
forage corresponds to the peak phase of fruit availability, which facilitates to improve survival fitness of sub-adults.
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A ( Wilson et al. , 2005) , SZiEE . 6 R
HERZIEEYHEEYZN (Jerrett, 1979 ; Racey,
1982; Cumming and Bemard, 1997; Racey and En-
twistle, 2000) , Wi 18 B 54T 0 B A B Y A2 S
(Racey and Entwistle, 2000) ., HA 09058 45 % %
B, b e DX % 5 T Bl A2 Tk B R ) e AR A —
U B S 1 B R 43 16 R 0 (Racey, 19825 Zortéa,
2003 ), AR b DX Wit 0 2 A 300 D0 2 I T e )
Wiy, PRy B T B R e B BT IR A AT AR R, G R
) e REAE 70 0 15 By ik A b BRI RN B A B4 A A7 0 S B
( Racey, 1982; Heideman, 1995, 2000; Cumming
1997, 2003; Mello et al |

and Bernard, Zortéa,

2004) .,

Y EGHAT AR ARE W I R B R AN, ik T
IEE & B B f 4 7k & A ( Heideman
et al. , 1988; Cumming and Bemard, 1997) . Ul
H S0y 0 %) T 5 I TR e, L 22 Dy B B 58 1 40
AW . PRI 0T A AN R S 2 A B B
fE & 77 oK Br K B9 BT B ( McLean and Speakman ,
1999), B 0% % B K 8 2 # J5 J1 ( Barclay,
1994) . [Fmf, Mg fesy ] AT | 4 & Ll 75 E
RS AP RERENREREA, FFmnE
KA K F1 (Kunz, 1973; Brown et al. , 1983
Koehler, 1991) , J& T 7 = Wit 08 7316 I AL AY BF
TR, R m g AR G R, RER R 2 00 v 0
b TR ZRIGHT— DA, (51488 > AT A
A Y I 8] 55 B B IR W I AH WIS (Cumming
and Bemard, 1997) .

PO BRI 3 R B o3 A X 2 —, A
AYBTFEIESE SRR X S M e R, X
Aeipiz i X AR B RGN SR B 25 E 2 A E
( B ¥, 2007 ; Tang et al. , 2007, 2008, 2012)
RIG ( Cynopterus sphinx) 1 hp iz # X AL o iR
(Aeshita et al. , 2006 ), LAK % 4 RS2y &
( Bhat, 1994; Balasingh et al. , 1995; & 5§ #%,
2007) o AT YT VU XA ML IX K B (9 BF 5 4R
TEABD) T+ 09 1% #& (J5 8, 2007; Tang et al.
2007, 2008, 2012, il A UL 5 T H A % s 0 H B
B S G HEBT B i 1B R I 43 A LA T R 4
E[EE AN B 22 R — B B b R A, SOk P A
Hbi (Bates and Harrison, 1997) ., 7F EJJE 2 5 # X |
R —4E BA PRI R - e, —k3 -4

5 — W 7 -8 H ( Krishna and Dominic, 1983;
Sandhu, 1984; Sandhu and Gopalakrishna, 1984 ) ,
SR 22 15 O T 74 R 44 b DX R s o B ] e 245 SR 3R 1
HL KR — AE R AT — RO A g e 0
( Aeshita et al. , 2006) , T 75 XL RGN K ME /) 43 i
B0 53 18 UK DU AR DGR ST AR IE

AW T 2013 4F 3 -8 HIETURURNE) & A X
PrAr DX o [ B2 B A A W el o9 AT, J8 e T Y 4
P | b R A A0 D A AR 455 1Y 7 AR ST T ]
RO ;SR VG LR A b, DX R 5 7 214 3 B ) U B
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el (3 v 1 1) 2 4 i e i P OURSL 40 428 Tk 1 T Ml
BB BB (db%h 21°55'36”, K4 101°15'56") ,
JB T AR b 2, S I AR T R R DR A IRl 2
L P S NTITR S Sy N B: L I o S = s Rt v B
EP=IX, iz TR F R, Ko 80% U LY
MERT L EAERZE (5-10 H), M52 (11 A B
A4 ) BERN LA A AR R R 20% (AL
2001 ; Zhu et al. , 2006) .,
1.2 W5k

s B RS (2005) & T R MR A MRS 90 25 40T
GEEER, S5 B AR RO FE A b Y 14 A A S K e
T AE PRI o0 A 3 FRATT e BUAS [] 2 4 K e X
Y, 3 H: XM (Ficus hispida) 156
( Morus macroura) , 4 H . X ¥EF/NE B A ( Mu-
sa acuminate) , 5 H. X m#, 6 H. KAk
( Syzygium fluviatile) FIEZE ( S. samarangense) , 7
A XM aMEss, 8 H . EEMEBAM (Psidium
guajava) , B2 W, B A8 W, B RK b
18: 00 W R 02: 00 i1k 7 A8 ¥ J& Fil #) ] 55 1
(R/Ph: 14 m x4 m) XF BCED b 8 2E 47 5 R0 41l 92
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KT 384 h, AR 30 min KA —K M, X 3R AA
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- ( ProScale LC =50, America, 5. 0.01 mm)
PR iR, SRAH FUitr KR (TESA - CAL 1P67
Switzerland, 5. 0.01 mm) W & 75 K. ik
14 R AR W J SIS 3 bR SR R TR R T, 6 G TR
s 5EFEELTREE, EE AT
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(Racey, 1988). Jr A i 3K 19 4> & >k H A5 & 2
(Porzana Ltd. , UK) HERIE, id®km'T, REHE
Hk

SCR IR AT R R A H B A Y R R R B
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(Kemp, 2012) FR45 5C 5% H 55 1993 — 2013 4F 3 -8
A4 AT ¥R & 5 E . RNCEP 19 048 ok I 2
5 [F [F K BB Wil sputy ( National Centers for Envi-
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Table 1  Reproductive dynamic of Cynopterus sphinx in rainy season ( March to August) in Xishuangbanna
" 3 A 4 H 5 H 6 H 7 H 8 H
% P ters
& % Parameters March April May J ne July August
JAK FE ) A dult percentage (% ) 88.9 100. 0 100. 0 100.0 41.2 20.0
WA AR H 5] Sub-adult percentage ( % ) 1.1 - - - 58.8 80. 0
HEPE 5 A HE B Female in adult (%) 75.0 75.0 68. 0 - 54.8 60.0
HEVE 5 U ) Male in adult (% ) 25.0 25.0 32.0 100.0 45.2 40.0
U LA o R e
i3 1$£5Z1$WV o 50.0 75.0 94. 1 - 21.7 33.3
Only lactation adult in adult female (% )
[m iy =N i i 1l
PR 2 e G B 1 o s o <o . i s
Only pregnancy adult in adult female (% )
I P 27 LA o R B e i i i i ‘ i
Both pregnancy and lactation adult in adult female (% ) ’
B 7R 28t S FLA B 81 M L s i i i o6 i
Neither pregnancy nor lactation adult in adult female (% ) ' ' o
R2 BENWAME RIFEBLEE (Mean £ SD)
Table 2 Morphological parameters comparision of Cynopterus sphinx in Xishuangbanna (Mean + SD)
RS BEAR Adult . A& Sub-adult
P P
Morphological parameters MM Female HE P Male I V£ Female HEPE Male
i K Forearm length (mm) 72.62 £2.32 (42) 72.40 £2.22 (33) 0.67 69.79 £1.66 (24) 69.29 £2.14 (52) 0.32
R Weight (g) 51.04 £8.05 (42) 47.24 +4.98 (33) 0.02 38.93+4.84 (24) 39.11 £3.31 (52) 0. 85

PERAEBXFEAR TAIRL R, M P<0.05 ANFAERE LR, o hREAREALE

The result of Independent-Samples Test was significant when P<0.05, the values in parentheses represent sample size

- M EAAR Sub-adult

T stk Adule
—@— HHYFJE Number of plant species
80 1 —O— HFHH%FiR Monthly mean percipitation — 80
£
E
=
2 I 60
—~ 60 - N
& : b
~ ! g o
g = w2 ¥
23 E = )
£5 4 - ——O §& | oK
B i m g m
K S £
g g
° 3
g z
—g 20 - L 20
z
0
0 | | T T T
3 4 5 6 7 8

H Month

Pl 1 VXA MUK 3 -8 F A R WA 4t (I RAK os UM ) £ 9 5% U5 T 2R A R K T A

Monthly mean percipitation (kg/m?)

Fig. 1  The number of captuered bats (sub-adult vs adult) , food abundance and precipitation from March to August in the Xishuangbanna region
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A A R R 1 48 SR T WSO R 1 B
FVH 52 30 4 B, RO it R B R AR — 4F 2 Ik 4l
S5, RETE 4ROy RUE R MR S B AN, RIS
TEA 6] 2= 45 4 O AN W] Fp 2R AR W 2R 52, Horb D7
HEEEYMIERZ N 13 F, 14 A &N 3
o (£3), SR HES (2005) BIBFIEER A L
B, RUARAERBEMEYEE T2, Mk Bl
HXFRE, ZNEXMX T Z 0 M ERB (Mora-
ceae) FItk4 WA (Myrtaceae) FHY,

2.4 ZuE RN TE] S R T IR R AR A R A O

SCE M, 3 -6 AAXAE 3 H i #E 3 1 K
BCR, AR, 7 -8 H A 2 Y b A
DI SRR Z, 50 60 HA 15 H o A SE TR 5
ZERFRW], YR SAY R RS RE R R

FIEMERXR (r=0.94, P=0.01) (K1),
2.5 QYRR T AT B S R A A DG

3-4 ALbFRE, WD, HEWNERNK
I, 5 —8 H KR & W] 3G I, 1 R B RN St A9 38
R HCE A ) Fh 2 S B S a3 Kk A e Bt
SR FR Y TR T RS RS W E A
(r=0.64,P=0.18),
2.6 BRS84S AR M Y0E A A S A B Y
5 55 B Wy B IR T AR AT AR YOG R

fdo R 2B IRE T 3 -5 Aibir %5, 15
R A A0 RS o i B ) 5 B R T AR A AR
A A (K1), BEIRTE AU B 5 R 2 g A=
fEAE A BEI, SRR M AR AR AR 5 R, AT AR
A 9 23

R3 AWRAMRRIEFEI -8 ANNEEWERME

Table 3  Feeding seasonality of Cynopterous sphinx on different plant species from March to August in Xishuangbanna

FH Y FIZE Plant species 3 H March

4 J April

5 J1 May 6 H June 7 H July 8 J1 August

Xt A& Ficus hispida +
R R F. racemosa +
#HHAR F. tinctoria _
JE WK F. callosa +
S it F Morus macroura +
INREFEE Musa acuminate -
WL F. annulata _
IKATERE Syzygium fluviatile -
N D Manikara zapota _
S % S. samarangense -
5 Mangifera indica _
%AW Psidium guajava _
MR Dimocampus longan -
R Neolamarckia cadamba -
21 & Jt Nephelium lappaceum -
5 K Litchi chinensis -
RS Sapium baccatum _
= WEE A S. oblatum _

I
I

+ o+ + + o+ + o+ o+ o+
I

a7 RAMHEBRE, -7 RRAWEDRE
‘ +’ indicating that plant was used, ‘ -’ indicating that plant wasn’t used

3 ik

WS RN, POBUR 40 M X R I 24— 4F IR 4
YR RE ST . RUE NS N Y MR ZE A R
BEUR AT AT L BE AN Y IABE , BEIEAT AL T
TR BB AN TR T B S B oA B R — AR R
KB B 4 I = % ( Krishna and Dominic,
1983; Sandhu, 1984; Sandhu and Gopalakrishna,

1984) , VORI R IR RAERES -5 A —RKIF
(50 e v 0, SR S0 4 R B — AR R A I, —
WH3-5H, =K A8 -9 H, TEAE A B4 ig
WA R, BRI R AR TR 2 R IR AT A 1 - 2
A H NPT i, AR 40 IE 22 ) AT AL R )
Y IR ] SRAF AR S A A, $R R g A
fEBEA R, TR AESE

R T R ) IR T AR AR AR, O B I 43
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i AL AY £ $E (Racey, 1982; Heideman, 1995,
2000; Cumming and Bernard, 1997; Zortéa, 2003 ;
Mello et al. , 2004 ) . V5 XhR 40 H X A7 78 B 5 (%) &
TR e WY, ) U T R A AR R U S A T A 0
WAV G o ROBREAS N Y S SR, — AR —
UC B I 0 7 0 v 0, D IR IL ) 7 4 2 2 B
TE R 05 68 DA 5 REFE 19 20 000 15 Sl bR AT, o BRI Y
W AT A Al i A R AR T S R B B W R R AR
B

Y ESHAT AR ARE W I R B R AN, ik T
i B:AR B 5 F RIS A B AU (Heideman et al. |
1988; Cumming and Bernard, 1997) ., W& b 4 {4
W7 4% B 18] 3558 ( McLean and Speakman, 1999 ) , It
Gb, ghiE s ) AT | RN E A R R SR T N
T ZRRIE K | a8 % A (Kunz, 1973; Brown
et al. , 1983; Koehler, 1991), &F g% 5 K ifi & If
I 5 R B 3% £ 5 71 (Barclay, 1994) . X T &y ifi
&, HWIN R T HRE, AT R RE B =,
T BE IR T] AR ATRE B 1 4 ¢ 2R ) &) U BE 15 i RO
B, TERA 208 R W BT IR 2 B B A B R Y[R
BF, 4650 2 5E T E AR E, 85 A S0 AFE
4 E  ( Cumming 1997 ;
2003) . ASCHYBETERIA, 18U BE g A 2 i 2 2
RN, R0 i 0] T4 o A B AR AR E S R, R
BRIgHE R T3 -5 HAr i, 4l e e
WS YRR s S, M TEARKER .

H T R ol A5 RO ) 9% i IR A T3 A
A R, EHLAN ) 2= R R A AR ) A 26 DL
T W) Y 285 2R AP e B 1728 S,k LAE AT BE AL
JIT AR AT SR FH R e W 1) A 0 A S RER B W B U5
RIS AL, B [) 25 5 1 ) % A 1% ek 2 X R R
OIURAT HBIREE AL, FRATTREAS UL 5 R i R
MEYRZES G RESE (2005) 5T 45 R AE
B, ARAERRIERETEYFEAZD, HEH
TeAEAL . IZARARBE NS A A LR 2 3 IX £ W) BE U
R AT AR A B X R SR AT N e R R )

ABESE T, AP B AT ARG R B 5 R A
RAEA W, WTREE M T —SEAE N/ R e B
B, WM B ( Beilschmiedia purpurascens) M
TAE (G ISR, 2005) , BUAT A9 B0 T REAR AN 1
REFRE PRI,

o, TSN AR B, BR T RSN, AT 27

and Bernard, Zortéa,

HRKERIE (Eonycteris spelaea) 43 5 FEA A H 1y
PAESE R . 4 AR 2 Hlidk, 5 H 4k 7 2k
s HMR A, 6 Hafigk s HUlti, 7 A1 R
SRR 6 LRk, 8 H Ak 1 T ifA [ i
B, R R A i A 2 R ] L R R 1
MAZS (RERBIE) o BRI X R
AL B N B S %,

RT3 B B0 5 SOk R s g R A W
FPEEECE B W T % (Jones et al. , 2009) , W lg i BE
M2 B PR E R WS R AR R T AR
(Medellin et al. , 2000), #5%R B& ( Rousettus le-
schenaulti) J& % Mo X B & LR F R 08 ) Fh 2K
(Aeshita et al. , 2006), SRIFEHFHEEHES (FF
RS, 2005) , [HFEAS IR SE 5 B BOK 2 2% W)
il T RE WG 75 12 DR ) B IR e TR, B
TR A A Z BV R, BORE B U TR
X5,

Bift . O 2o P U R S 2R i B S 2 Bt A S U
TERFHNBE A B A B AR AR B, Rl b R B
B W1 3h iy 9t 50 BT 2 5 K 1 /e B AN B i B R 45 T
(5 Bl [ s S e 2 e PG O R 4 At A 4 ol
A0S A AN B3 FAT T A 8 S AR B

SE WK
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