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Diet segregation of fig wasps and the stability of fig—fig wasp mutualism
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Abstract: In the fig—fig wasp reciprocal mutualism, understanding mechanisms of coexistence between
pollinating wasps and non-pollinating wasps is an important and relevant topic. Niche partitioning has widely
been considered as the most important mechanism in the coexistence of pollinating and non-pollinating
wasps. In this study, we experimentally examined the diet of five species of non-pollinators and the
relationship among fig wasps in Ficus racemosa in Xishuangbanna, southern China, from Dec. 2006 to Jun.
2007. Platyneura testacea and P. mayri are gall-makers, but oviposit sequentially, utilizing different female
flowers at different developmental stages; Apocrypta sp., A. westwoodi and P. agraensis are parasitoids of P.
testacea, P. mayri and Ceratosolen fusciceps respectively, presenting species-specific relationships with the
hosted species. Species correlation coefficients differed greatly among seasons and conditions, suggesting
that the use of correlation analysis to deduce or identify relationships between species in previous studies
may be of limited value. Pollinators were the dominant species at our study sites. In these conditions,
non-pollinating wasps exist at relatively low population density, and therefore may have a weak impact on
the stability of the mutualism, potentially enabling the non-pollinating wasps coexist with the mutualism
between figs and fig wasps.
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RETE TR R I o] A7 R R AR A A W ST
TR — o BRABRBON N, BBIEAFAET
1) 2 5 9 Ho A — WA/ oA e - A0 A i A B g
Ja W, K &) Bl AT BL 3L A7 (Gause, 1934; Hard-
in, 1960; Whittaker, 1965; Connell, 1978; Wilson,
1990; Chesson, 1991). AL/ BIN K & B IL
A7 141 3 Al (Tilman, 1982), ‘& 2 22 3K ILAE A 5 1 53
ANy i AN S L B 1R N A (TR =R e
FE RS AE S5 L P (Gause, 19345 #M ¥k,
1992). REHBWAERHZNN, e
AL R SRR ), PR T A sh s LA
ATE AR A (FMF K, 1992; Molles, 2002).

FER L AR Ry b /i — R e — B EL A
R R4 (Galil et al., 1970; Ramirez, 1970; Jazen,
1979; Wiebes, 1979; Berg, 1989; LhJdi#k%:, 1997;
Weiblen, 2002). Bk &4 H5 /M, RERRE B 14 2R
RIERARASE S DAL Iy AN S Sy o v M e Ra N UE | 2
FER NEFNR 238 30F0 LA - (Compton & Hawkins,
1992). U %2 A AR /NIRRT S A o £ — L
I R G v S ALAE 1 24T R II W FU R E T A 2
(B4R, 2001; 15 Ka4%, 2003; 5KOGHIAE, 2003;
Wang et al., 2005). £ ¥ thg H il & HoAb Ay i )
BEARRRN T SRR, R P mh A 474 2
(RSN o 27 AEAERE R B R EAL R /N AR 4t L M
W43 b i P (gall-maker) Bl 25 AE /MG (LR L A5 A2
7 (parasitoid) 1 & J& #5 (inquiline)) (Bronstein, 1991;
Hawkins & Compton, 1992; West & Herre, 1994;
Kerdelhué et al., 2000). £5# 2% [ERFIAE R 1T E
ARy /N UG ) B P A AL AR AT B T T R AR A —
B /NI 2R 8 & RN e L AR (B (B 1 = A
2005).

AT GUE 3 2R RS 25 Tl /)3 g 0847 0 57 T80 0
P 2B 5 TG A5 T VA0S A R /I e ) B R
AR T E A E BT TS, WA TA] R AR
BT sSSERRERE, 70 B Bk o0 0 R —H
NE RGN FIEYERE R G As e e EIAERL,
WX — R G A& M NE R SRR RS, )
TR ARAE 5 A2 A 27 v W e i e A S 67 16 A R S B
FAFRIHLHIA A LA R X

1 #MR57H%

1.1 xRS

WIFFURE M 1 AE 2 7 48 V5 U 49 M 8 il B ) &
B, HUHLATE R 21°41'-22°36'N, 99°56'-101°25'E,
4 550-680 mo A ok iy 2= KU S, RT o8
T, WEMZE RS, THENGFER3HRISH,
W= MEEE 6 HEI0H, %5 2= BRI H 2
WHE2H . SENRLERE, E 8RN
21.4°C, 1 HAREAE, AP 11.2°C, 45118
i, ATV HRIE33.5C. 8RR E1,557.0
mm, FEEPLEWT, HHEES6% . FRMALY A
PO ARIL R, W R SR — (=
2. 2005).
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A M5 (Ficus racemosa) /& 5 BH J& 1 = K Fv
AR, WERERIRR, — M sn4—25 m, J2 0 YHHGHE i Ak
(B AN A EVERURAN, BB
KZREE, 2000), —Fn] 45461k, H:RFIH2-34
ARG, BRI ATREUT4A H, 0 K R A<
W IR R FRRGL KRR AE, 2001), [A]—Fask R
DA FRTE AL R R AL BRI TR 20, AN TR 1193 S e T
W MEAE AL TRIAEI . A SRR 2T (Galil &
Eisikowitch, 1968).
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SR, Gort B &AM IR e AT Z A
MHKR,

1.3.1  JEfR#/) R B9 XL A SR IE

DRI Ok 25 2B W 3 O 25 AN Re AR A7, FRATTIE %
PR B /N 88 HE AT b ST O R S B B A e B
AR A, DUfE e o A AR . WA e R
SEORE R, T B A R T T RO I
T AR/ I, TR B e 9 A A7 7 22 o — Pl /N i
RI2F = mAAAE, Hathard.

W W2 1) B sk JEF 12007 H 28 248 3T £48,
HETI50M R fERLR TR o &M AL fy
/NI Gy AT BRST RO S0 o JROIE IR R R b, R
AT A 28 TR AL 50 TG H 0 1 PR A SR (] S 5
=, BT R, FHWCE R B H R /N g Rl 2R
R0, BERINES B0 R, BER20 K, e e



55 6 1) PNER S B /NE B TR S R —R g R iR e Tk 527

Rl RBRRBARNEMERHEVZFHE

Table 1 The species of fig wasps in Ficus racemosa and their biological characteristics

Fh AR 7 BNERAE 7 G I Sk SRR B BB
Species Ecotype Oviposition Developing phase of syconium on oviposition
Mi/NEI R Agaonidae
Ceratosolen fusciceps {&HK3 /& Pollinator RAF=B Inside WEAEH] Female phase
K5 /Mg Rl Sycophaginae
Platyneura testacea JefL K /ME Non-pollinator RAM=HE Outside ACHTH] Prefemale phase
P. mayri JefL K /ME Non-pollinator RAM=HH Outside AEHTHI A (B {E ] Prefemale to interfloral phase
P. agraensis AEfEH3/NE Non-pollinator AL F=G8 Outside [B4£1 Interfloral phase
LEFEAR/NEEEL Sycoryctinae
Apocrypta sp. JefL /N Non-pollinator RAH7HN Outside 10 Prefemale phase
A. westwoodi JefL K /N Non-pollinator RAH7H Outside [A]4€3 Interfloral phase
e LAPIREERMBARE N BkEdRT  FEE

IO 7 Y TR SR SR ) T S SR N AT e A )
Ao HRSIRE BGARE, KT AR EE N
[ 5250 =, ik AN B SRPIGERR AR . 1)
P S 9 BT IS N TR R I DL B
132 FEHMFTEHERRK

MY ROl S G 45 FL K, Platyneura testaceaf!l
P. mayrily i3, Apocrypta sp.. A. westwoodiFIP.
agraensis i 77 AL/ O T AT AR R R T, K
IEAT 7 PPN A5 TR0 S5

A R 27 AR e AT 5 303 SR AP AR, MR A
AoH e AR M, TATHApocrypta sp.. A
westwoodi 1P, agraensis ) il 5 14 45 /Mg pz 3 w5
WATH G e, HH GRS, AR
B AR N AT T AR AL

W W &5 1R Bk 12007 H 4R 2048 T 248,
HET270M K. fERL R T H R & FAs
WEE (1) 7= B IBE 7 0 7= B9 R 2506 4% K3 /N i Ceratosolen
fusciceps, P. testacea fllP. mayri 3 Ff /)& 7y 5 5
Apocrypta sp., A. westwoodifiIP. agraensisit47 ¥
5 RO, TR IS RE A AR AR R N R R 203K,
fEky /N BRI 3 3k, AL A R30S, d)E
FE AR E IR T . RS K
LN T O 2 E N B A i S A R A
M/ F R AE R B A8 A, AR M SR & e AR
WEAAAE S e L3 30 I AT R R L A7 1)
PR i/ INEEARZ DL TR] () 532 M), 568 A P A /DN e ) e R T
(1) /N E oy R T Gt
1.3.3 #BEP. agraensisz & /NERINT £ H D

T8 I b SEBG 45 R BRATT R ILP. agraensis H
A 548 Ky /N e 2 5 TR0 I, R A A AP
agraensis/G R IIAFLE, X EWIP. agraensis(i 417 25
AN NE . P. agraensisxf 1445 /M AR I R fiE
AMWANRE: — e TR NE e
H OANRE AR, 5 5 Ae ALk /NG (R B N
PUR & IR €, T 50 UE e SR 4 /N g
FULAT A I B AT AR R N A B
AT T R I SEES

(D)2 ALK NEA TN N R AR IR 1)
AR AL, AR RS R TG — “ 587, 4%
i A TR IE A8 B8 1 BT B, 2 I s i T i [
S, W K AR AL iR AL, ek S N K 1)
FER e BRI e . B0 AE, IRH R B
EIL AR, FT e,

Q)2 ARy NEARE B RS0 2 T, F R
(10 73 F B AL R /N ) 7 B s S AR S TR

T R 2 3k b H () /) B S AN A AR A
RES7 BN, K AL B S (1) P ALAL K /N 55— A IE A
W /N A3 I EAT T80, TR I e SR BN T 3k, A
HIJTH20M R, e fa EfE Ea M. MRSk
BRI, KR RIS AT R SR =, 4t
THEAN S LR T4

B AL PR (AL /Mgt 5P, agraensisZl A Ui »
5 R 3 A A AR Ry 16 AR Ry /N g 520 P
agraensis4l 5, B AR 3 HUARRE T ON (R A4R K /N
20 1P, agraensissZl %, RRALB204N R, e )E
OB LA, RS H N, K 4R
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Kelvl, W55 2 1 Rl VR Y S R A5 P, agraensis i
X, HhiEP. agraensis 51K /NEHI K R
134 BARPBEROKWEFLIE &A1 48
KM

AIFFCRE b BE L% L 1OFk SR AR I AE R b, R
£ T ARIZ L1324 H AR b H & %k 50 TG
RREC TR 25 S i B A E AN < LW RO 44
i, PN B RN SN Ak, P
A T SRR SRR A M P AR AR B AR G R IR
N2 TR R AH DG I o 1 P L5 TSl 2R v /N e T 1)
AR MK F Pearson Al G20 #fr, HARKAER SR rh /g
NN FRIAH SR A SR FH i AH 5 A o
1.35 HIERISHFNALIE

A SCIIECHR 53 H R AT FE AN t-tests BRI 2R
Z=5T(ANOVA). Mann-Whitney U tests. Pearson
SIS ARG AT A5 735, WL HISPSS 13.0
AR SEB . S0 rh R A 32 22 o v
Excel AL T 56 o

2 #ZR

2.1 JEfRRNMERIRMERE

X S A AR K /N AT TR B ST TS S G & R AR
B, 70 R A 25 A SR AEAE R N g, P,
testaceaflIP. mayriBEM 7 I BT kB K
WAL, I RE AT S SEAE B AT HoAt /NG ) 21 T Bt
B, BRI N AR NE R, RV
TR i 3982 2 . Apocrypta & (1) 9 Fih /) i Rl P,
agraensis AN BESHALHIBLT J5 K B AR, K]
HEAT ML TR0 IR RS AT R B R h A v, e
WM B IE A, e R f 2T A
AT

HE— 208 PR P 2 A TR S0 ) 4 R B, A
westwoodi A5 5P, mayriZi &S N K RN A
HJEAAEALE, TMiApocrypta sp. 25 5P. testaceaZ]
BB S N A S AFAE LS AR, P. agraensis AT
TEIR T C. fusciceps(PHE R N A BERK B G (K2).

HRA & 445 5 N A. westwoodiFIP. testacealt 17
ZENGI, FATAT LLA 2 A, westwoodiS&:P. mayrif) 4
2452 Apocrypta sp. JEP. testacealI %k, &
M5 % R0 — KR, SR NgEHA
TEEEM L EX R . P. agraensis A 7618 T &8/
WEETRIRS TN A RE R B G, (R AN /NG RE = A2

*2 FHNESEE/MEASKUIEN FREOLXEER
Table 2  The adult wasp development in manipulative
experiments in which parasitoid species are introduced across
different gall makers respectively

Ceratosolen  Platyneura  Platyneura

fusciceps testacea mayri
Apocrypta westwoodi - - +
Apocrypta sp. — + _
Platyneura agraensis + _ _

+ AU - SR
+, Offspring present; —, Offspring absent

NS AR, AR BB ARSI AR BT, A AT )
HA LI IFA REfi £ P. agraensis e ik &K /N
[ AR K GERT R R B I, BRI BRAT T e 2
FER /N (U727 A 3 BT SR o

X ALK /I8 W AN TR K FIAS R 7 B Ak 23 250 (1)
RO 45 TR B AR /N I A AR I, R
B AL i - R SR AR OE 11,500-2,6001; 11124
AT IR R I, RN A A R A R T
wEZ WM —MERRASAFTF). wEA TR mFh
0L, Moy T B AR AR W e (F=18.846,
t=16.539, P<<0.001). 44LHp /Mg [F 5 77 BRIy, KA
FT P A A E e SR AR R OE 4E1,200-1,800; 1774
EANRE ORI, A8 R A A A 7 A (B A
Z ARG 6N, WML T B
AL B3 2 7 (F=26.949, t=24.856, P<<0.001)(#*
3). P, 23 b FEAL R /NI B T AN e AL K B
ANBEFZ BRI B 1R, BATTRT ALK /Nl ok 3 A 1)
AR FESRHEAT T IR SE 5

b BRI R AR /N i P, agraensis i 2H £ g g
g K, AN ER ALK /Mg 5P, agraensis4l
B TR (1) A B R I, (RS AR R /N e
HP. agraensis)sAQAF7E; 1IANRE™ OI K A&k /Mg
P. agraensis ZH &5 50 1K) BT A7 R 2R ) EB A R T
(7= A2, AR 8 AR H N I8 G AR AE, P
agraensis i B . B UL AT W, BT AEEE S B XP
agraensisK B WA M, T ALK /NI s AR A7 A )
J&P. agraensis & B 1 B4 A, PR o] DL 2 P.
agraensis;& &by Mg AT AR . Al TATTRT
TE RS oM /NG 2 TR IR R AN TR .
22 BRRBNEREREMON

XF HARRAE (1 1324 #i AL N 6 /) e i ) 2R
geit, g RWE2R. 78 BRRERBAR T, Bk
ANBEFIT | B e e, R980.89%, SHRFARAL K INE T



5 6 3]

VIR NGB PE M SRR Mg R SRE N 529

R3  TEIAIBRY NG =4 BOFPF AN TR EL

Table 3 Number of seeds and galls of the mature fruits under different treatments of introduced foundresses

bosEd FEA WIEHL Fhr 2
Treatments N Galls (mean + SD) Seeds (mean + SD)
IE % /NE Natural foundresses 20 1,541.25+276.51° 2,095.20+565.53*
AN eky /Mg Foundresses without pollen 20 1,562.95+220.70* 0.35+1.02°
AREF~BH/NE Foundresses that cannot oviposit 20 0.40+1.23° 1,996.25+202.42°

FFI N AR RER R A1 B2 255 Different letters in the same column indicate significant difference at P = 0.05 level

F4 AIHERRARFEDERE. THE. IDBERPFERSHFTEZHMEXRE

Table 4 The correlation coefficient of the parasitoids and their hosts in the control and natural mature fruits in different seasons

(fog-cool. dry-hot and rainy)

H AR KAERS I Natural mature fruits

N o g -
Control fruits (n = 30) ERss TR s
Fog-cool (n =36) Dry-hot (n=51) Rainy (n =45)
P. agraensis vs. C. fusciceps —0.265™ 0.536" 0.489” —0.291™
A. westwoodi vs. P. mayri —-0.591" 0.344" -0.375" 0.007™
Apocrypta sp. vs. P. testacea -0.197™ 0.183™ -0.392" -0.104"™

" P>0.05; * P<0.05; ** P<0.01

AT Platyneura testacea

Prefemale phase . T,
' Pay.
- ar&”ﬁfqm T
Qw,.';“é' Apocrypia sp.
L
'
/S _-===F. mayri
50 i - jtj:ﬁﬁ;);‘_ ) f'i‘
Ceratosolen fusciceps comp! /
Female phase LS t'-?;%,‘s
N
N & &
6‘53\\%% f'/&'g
N /
2N A. westwoodi
(o A\

Interfloral phase P. agraensis

Bl BRRBIRERASHNEZEREEXR
Fig. 1 The relationships among all the fig wasps in the
syconiums of Ficus racemosa

EEBIAR /N, X8 WIS N R L, R4 /i
X RGN, A K N TR A .
PRSI0 v P A5 T R A AR SR AR IR
HRAAAE 2T AR OQ FR IR /N2 TR) PRI A 56 23 A 4 SR 4
Pi7se fEARAEAF AR RN =2 /Mg, a7 ARl 5
AT TR R AH G PR A T80 R DL AN R =15 11 AR
AR R Ar s 22 e, X EE SN % /g
R Z DR KRR WITE U SRR T A=
WP. mayri5A. westwoodifl A, 755 i Z=FIT
IR RN E D IEAR G . X2 i T 77 ORI P.
may ri 4 71 0 R AT TR T 25 I = R 2,

80.89%

@ 4. westwoodi W Apocrypta sp.

O C. fusciceps

B P. testacea B P. mayri P. agraensis

E2 BAREMNERBRAMNMNEHEESL
Fig. 2 The proportions (%) of six wasp species in mature
fruits of Ficus racemosa

TE R Ja AR A R, XA A A R N TRIP. mayri 5
R, A, westwoodi () 77 A4F Msb T H AR, Rtk
B, MAEZHEBRN R RS, P. mayriff
HERIR, TR R IEA DG, P38 Z ) ) % R E R
THH AP, mayrift 5E .
3 g
31 IREYMIERARBENERM

H R0 R B A A K /N e B P R E 9T 32
RERELEATR = ORI P B T2 DL R & /N
FLRFAE, WAL AR R Y A /N g, I % Fol
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R /NI LS T R HURE 22 /0 SR U RS /N W )
(8] ¢ &, HE W B ] (7 /E B 5 X (Bronstein, 1991;
West & Herre, 1994; Cook & Power, 1996; Kerdelhué
& Rasplus, 1996; West et al., 1996; Kerdelhué et al.,
2000; Weiblen et al., 2001; Weiblen & Bush, 2002),
TR /)N ) o ] O 2R 2 52 FAI5E DT 3% 1) 6 W 17 5%,
PRIt o 8 4RI A5 2 ) B MG R I AN AT . JRATT
T P S B P 7 9 DR % Al ) e g AT L ST TR
I PR 20 5 TR0 S 3R 8 T A Bl AR AT By N 1 B
PERIUE SRR 75 2R 50 R o IXRI T VRS 4 NI |) 4
7 NHRe st e, HLEE e S ml A, R e A
PRI 5 Fbs N I R A — & R R X,
by BAJE X 22 Tl B e 20 B R A % v % A B e v 1
HARME R TR A I T TT iR AR
/NI TEAT R AL 8 A0 A5 2 Ky /I8 068 £ 7 B R Ay
3 TF, AT LA ST bR 5 L8P kg AR SEAL Ry /NI 1)
ey /N B RS2 ATy /N 2 JURHUL A7 A2 3, i B
ALK INEAL R F ™ R AT o B A o RIS
NENNRN, HTEATERZIRIR K R,
32 HXARMESTHMBEXRLHERMYE
X SR/ IAR DG 2 BT R WY, AR TR] 1) 2 A2 i A
BT AAEAN R 2= AR 54 T 23 W AN [R] 1)
FHOCZH . DT, 3L A 0 I () AH 56 R B8R HE
Wy A R AH LR BB R AN AT AR, XA Re R 2%
SCHR R S AH [R] 40 Ao A S A R] OG B ) 2 i A
(Wang et al., 2008).
FELARTIRIE I, SR 3AE 1 /N 2 18] (R ) b
FRER LTS 3 1o 73 A FG B ] A 5% 28 B0
ol #fE P 17 >k (Bronstein, 1991; West et al., 1996;
Kerdelhué et al., 2000; Weiblen et al., 2001). 4R,
WA ] R AH 5C 2R HAT e BE A 1 AR A it BB,
TR BIEIE AR KR, PRI R R A
AIREHHBLIEA DG, SR OC B ANAH 5K (Holling, 1973;
May, 1981; Hassell et al., 1991; Wang et al., 2008). H
T O AR BT REAS B 1) % (Wang et al,
2008), P FATAN BE W47 FH OC R W IE FORHE KT )
BRI B PO R o UNEF A2 38 RT3 S B AH DG L5 oy A
/NI ORI AN R A B VIR R . B 5 AR
A LT EMEEE LS A RE ST AR, BRANER
ANTEAR KRR 122 1 %5 BT 28 BAX T
AR AR RN, B AT I BN A AR
25 T Ty 78R, P AR R I IEAH SR 1

% FHCE D AR BRI 2, T R
FHR 4S5 5
33 tMERRMESMMME
AR, 705 R RN T A SHEL
A /N A e B PR AR S AL A Aok S IR X — HUR) 3L
RGPS TS WAE R RSO —A
B SRy, TEAE—HE /N R GRS R 2 +F
EEFERAEH . ARR N R B AT AT
PR RAS LR 2%, ML IAIAE AR S 4 sl 37 AE R R,
REMEAH B2, XAE ST YRR — N IK
S, NIk D T AEA R /NS B —AE R /N R 4
F& 5 Yk 1Y 32 W (Bronstein, 1988; Compton &
Robertson, 1988; Cushman et al., 1998; Schatz &
Hossaert-Mckey, 2003; Schatz et al., 2006). H R K4E
(R S P 25 P NSRRI T 25 A DR T X —
Mo TEIXSERT LN, AR R /INIG (1) A H5 R o 4t
P, T oA S b AL oy )N e A A4 E A G A /D,
A HIR A B TIRE, KA E= Apocrypta sp. )
FERZ, HCHA. westwoodi, X PRh /Mg 2 &
BN, FP6E T ARIR S, BT R AR EMEE
LSS A REE L ILRNEE, T HAAN T RESE A AT
PR, XA UL R RS R TR I S IS .
THEFH BT ARG EE Y RARN, EFANEX
La i bR N TR B K o B AR T AR R,
IR AERFAE — MR, 8> T XA /i
(PTe 4. s 5o A e AR RERR E I, 2
A2 B B T P (R R R, AN RS S
PEFFBRAL R /NI . WestZ5(1996) L2 UE ] 24 %5 AL
BILPF F ARG, AR I E AR R (. DAL,
TEFFAERRMERT, AEMp MEAGEfE & BAL 0
AN R FAHAT 0 AR B A AT I s, )
S —ARy Mg R i RN, WEES 2
KA. R R H T, Apocrypta & /s g %) P.
testacea FlP.mayri ¥ 25 A= 75 O 1 £ P 4 3 1) [A]
i XFP. testacea FIP. mayriff) Rl EREAT T BRI, ik
DT RV, BRI AR NI e, BT
TS Z B Ry /N 2 BT IR B, MR — AR
&Koy 7N 0 PR A 45 DL SR R Ao~ 1R T e 31— 5
(R IETHAE A, T IFEZ — BRI R R g5
Wi/ SR 3 AR 5200 . Apocrypta& /Mg I IX
ey AEAE A REIE 2 HIE P, testacea AIP. mayri
ANRETEFHFBRAL NG SR Rl 22—



5 6 3]

PNER S B /NE B TR S R —R g R iR e Tk 531

S 30k

Berg CC (1989) Classification and distribution of Ficus.
Experientia, 45, 605-611.

Bronstein JL (1988) Predators of fig wasps. Biotropica, 20,
215-219.

Bronstein JL (1991) The non-pollinating wasp fauna of Ficus
pertusa: exploitation of a mutualism? Oikos, 61, 175-186.

Chesson P (1991) A need for niches? Trends in Ecology &
Evolution, 6, 26-28.

Compton SG, Hawkins BA (1992) Determinants of species
richness in southern African fig wasp assemblages.
Oecologia, 91, 68-74.

Compton SG, Robertson HG (1988) Complex interactions
between mutualisms: ants tending homopterans protect fig
seeds and pollinators. Ecology, 69, 1302—-1305.

Connell JH (1978) Diversity in tropical rain forest and coral
reefs. Science, 199, 1302-1309.

Cook JM, Power SA (1996) Effect of within-tree flowering
asynchrony on the dynamics of seed and wasp production
in an Australian fig species. Journal of Biogeography, 23,
487-493.

Cushman GH, Compton SG, Zachariades C, Ware AB, Nefdt
RJC, Rashbrook VK (1998) Geographic and taxonomic
distribution of a positive interaction: ant-tended
homopterans indirectly benefit figs across southern Africa.
Oecologia, 116, 373-380.

Galil J, Dulberger R, Rosen D (1970) The effect of Sycophaga
sycomori L. on the structure and development of the
syconia in Ficus sycomorus L. New Phytologist, 69,
103-111.

Galil J, Eisikowitch D (1968) On the pollination ecology of
Ficus sycomorus in east Africa. Ecology, 49, 259-269.
Gause GF (1934) The Struggle for Existence. Williams and

Wilkins, London.

Hardin JW (1960) Studies in the Hippocastanaceae. V. Species
of the Old World. Brittonia, 12, 26-38.

Hassell MP, Comins HN, May RM (1991) Spatial structure and
chaos in insect population dynamics. Nature, 353,
255-258.

Hawkins BA, Compton SG (1992) African fig wasp
communities: undersaturation and latitudinal gradients in
species richness. Journal of Animal Ecology, 61, 361-372.

Holling CS (1973) Resilience and stability of ecological
systems. Annual Review of Ecology and Systematics, 4,
1-23.

Jazen DH (1979) How to be a fig? Annual Review of Ecology
and Systematics, 10, 13-51.

Kerdelhué¢ C, Rasplus JY (1996) The evolution of dioecy
among Ficus (Moraceae): an alternative hypothesis
involving nonpollinating fig wasp pressure on the
fig—pollinator mutualism. Oikos, 77, 163—166.

Kerdelhué C, Rossi JP, Rasplus JY (2000) Comparative
community ecology studies on Old World figs and fig
wasps. Ecology, 81, 2832-2849.

Ma WL (54F%), Chen Y (M:J5), Li HQ (=7 K) (1997) A

summarize of the study on fig trees and its pollinators.
Acta Ecologica Sinica (4742 #k), 17, 209-215. (in
Chinese with English abstract)

May RM (1981) Theoretical Ecology: Principles and
Applications. Blackwell Scientific Publishers, Oxford,
UK.

Molles MC (2002) Ecology: Concepts and Applications.
McGraw-Hill Companies, Boston.

Ramirez BW (1970) Host specificity of fig wasps (Agaonidae).
Evolution, 24, 680—-691.

Schatz B, Hossaert-Mckey M (2003) Interactions of the ant
Crematogaster scutellaris with the fig-fig wasp
mutualism. Ecological Entomology, 28, 359-368.

Schatz B, Profift M, Rakhi BV, Borges RM, Hossaert-Mckey
M (2006) Complex interactions on fig trees: ants capturing
parasitic wasps as possible indirect mutualists of the
fig—fig wasp interaction. Oikos, 113, 344-352.

Sun RY (#Mi¥K) (1992) Fundamentals of Animal Ecology (3
P45 ). Beijing Normal University Publishing
House, Beijing. (in Chinese)

Tilman D (1982) Resource Competition and Community
Structure. Princeton University Press, Princeton.

Wang RW, Shi L, Ai SM, Zheng Q (2008) Trade-off between
the reciprocal mutualists: local resource availability
oriented interaction in fig/fig wasp mutualism. Journal of
Animal Ecology, 77, 616-623.

Wang RW, Yang CY, Zhao GF, Yang JX (2005)
Fragmentation effects diversity of wasp community and its
impact on fig/fig wasp interaction in Ficus racemosa.
Journal of Integrative Plant Biology, 47, 144-152.

Weiblen GD (2002) How to be fig wasp? Annual Review of
Entomology, 47, 299-330.

Weiblen GD, Bush GL (2002) Speciation in fig pollinators and
parasites. Molecular Ecology, 11, 1573-1578.

Weiblen GD, Yu DW, West SA (2001) Pollination and
parasitism in functionally dioecious figs. Proceedings of
the Royal Society of London B, Biological Sciences, 268,
651-659.

West SA, Herre EA (1994) The ecology of the New World fig
parasitizing wasps Idarens and the implications for the
evolution of the fig—pollinator mutualism. Proceedings of
the Royal Society of London B, Biological Sciences, 258,
67-72.

West SA, Herre EA, Windsor DM, Green PRS (1996) The
ecology and evolution of the New World non-pollinating
fig wasp communities. Journal of Biogeography, 23,
447-458.

Whittaker RH (1965) Dominance and diversity in land plant
communities. Science, 147, 250-260.

Wiebes JT (1979) Co-evolution of figs and their insect
pollinators. Annual Review of Ecology and Systematics,
10, 1-12.

Wilson JB (1990) Mechanisms of species coexistence: twelve
explanations for Hutchinson’s ‘Paradox of the Plankton’:
evidence from New Zealand plant communities. New



532 W 2 kM

Biodiversity Science

16 %

Zealand Journal of Ecology, 13, 17-42.

Yang CY (#/%.z), Wang RW (L), Zhao GF (R 1),
Yang DR (#°K%¢) (2005) Diet of non-pollinating wasps
and their impact on the stability of fig—pollinator wasp
mutualism. Zoological Research (zh#) 2% W 57), 26,
379-385. (in Chinese with English abstract)

Yang DR (#°K5%), Peng YQ (3 Hi¥r), Zhang GM (5Kt 1),
Song QS (KJA7R), Gu HY (4Hifg#E), Wang QY (EFkH)
(2003) Structure and biodiversity of insect community on
syconia fruits of Ficus racemosa in the tropical rainforest
of Xishuangbanna, China. Chinese Journal of Applied
Ecology (M fHA=Z224R), 14, 1710-1714. (in Chinese
with English abstract)

Yang DR (#°K%¢), Wang RW (i), Song QS (RE7R),
Zhang GM (5KJ6HH) (2000) Rule of seasonal changes of
the Ceratosolen sp. in the tropical rainforest of
Xishuangbanna, China. Forest Research (#fMVFE}2EHF5Y),

13, 477-484. (in Chinese with English abstract)

Yang DR (#°K%#), Zhao TZ (&KLJH), Wang RW (i),
Zhang GM (5K 1), Song QS (%RJA78) (2001) Study on
pollination ecology of fig wasp (Ceratosolen sp.) in the
tropical rainforest of Xishuangbanna, China. Zoological
Research (Z#124H157), 22, 125-130. (in Chinese with
English abstract)

Zhang GM (5K )¢6H), Yang DR (# K3€), Xu L (#%%%), Peng
YQ (#EZifi¥i), Lu Y (J5##) (2003) The study on the
relationships of the species fig wasps in the figs of Ficus
racemosa in Xishuangbanna. Chinese Journal of Ecology
(AEA2EHRE), 22(4), 20-26. (in Chinese with English
abstract)

Zhao TZ (B2 J#]), Yang DR (%K 2%8), Xu JH (F44%) (2001)
The role and comprehensive value of fig trees in tropical
rainforest of Xishuangbanna. Forest Research (#fMkE}2~
f97), 14, 441-445. (in Chinese with English abstract)

GUiESZ: X4 ST H3CA)



