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Abstract: Ficus (Moraceae) and their species — specific pollinator wasps ( Agaonidae) form a remarkable plant-in-
sect obligate mutualism, and non-pollinators are the exploiters of the mutualism. The negative impact of exploiters on the
reciprocal mutualists might disrupt the reciprocal mutualism in the process of evolution, but how the exploiters could coex-
ist with the reciprocal mutualsits is not still clear. In this study, the diet of the five species of non-pollinators and relation-
ship among fig wasps were analyzed on Ficus racemosa L. in Xishuangbanna from Dec. 2003 to Apr. 2004. In a con-
trolled experiment pollinators and each species of non-pollinators oviposited and counts of wasps and seeds in mature figs
were conducted. The results indicated that only Platyneura testacea Motschulsky and Platyneura mayri Rasplus are gall-
makers, which can induce the ovaries into galls; Apocrypta sp., Apocrypta westwoodi Grandi and Platyneura agraensis
Joseph are the parasitoids. The gall-makers and the parasitoids of pollinators have negative impacts on pollinators, but the
impacts are not significant because of the influence of the ants and parasitoids of gall-makers. Additionally, the experiment
excluding non-pollinators oviposition showed that the number of offspring of pollinators and seeds were not significantly dif-
ferent with the natural fruits. Moreover, the analysis on the natural population structure of fig wasps revealed that the polli-
nators are the dominant species. So in the natural condition, the abundance of gall-makers and parasitoids of pollinators
are below the level needed to exclude pollinators, and thus they have a relatively weak impact on the stability of fig-polli-
nator mutualism and can coexist with the mutualism.
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ol ) L ) S A i R AR ELAE A B A P
82 b e Xt B £ BB 95 Sk 4R B XU SE S B —
FAHEAER T (Boucher, 1985; Bronstein, 1994;
Yu, 2001), EfEHREBRGEF)ZFHE (Bron-
stein, 2001), F.FIIEA: MR Py R4 IR 25 SR
FURGIEFRERTE . RERSEEBNILAR
GRS R BRS, HXTH A REBE LM E R,
HitgEMw, ENRAESNEEE, HmahE
283w AT HERR LA & (Jazen, 1979; Bronstein,
20015 Yu, 2001). X+, HAERKATREFH
RIFE T anfar 48 LMREE, BUAR 1 LAY Bk
B — A~ F .0 [ 8 (Darwin, 1859; Boucher, 1985;
Dugatkin, 1997),

AR — A%k NS A R R EATZ M B & E
LT —MMEZ%E (Jazen, 1979; Chen et al, 1996;
Herre, 1999; Weiblen, 2002; Yang et al, 2001; Cook
& Rasplus, 2003; Wang et al, 2005a, b)., 7E K%
750 FAE B 1 (Berg, 1989), B} T 4 H Bl Sb
(Michaloud et al, 1996), BMEMEEEE LS —H
ek N HARRY . BR TER /N, TERNEF
HEMREIEGR/ N, GEEEE (gall maker) I
WEEE (parasitoid) (Bronstein, 1991; Hawkins &
Compton, 1992; West & Herre, 1994; Cook & Power,
19965 Yu, 2001). —RiHEHf & ZEA AT 30 Fir
BAEL ¥ /N (Compton & Hawkins, 1992)., FLi#A
MIBFIR R, 18/ A ET A R 1 X S
~ {5/ NERGH TN (Compton et al, 1994;
West & Herre, 1994; West et al, 1996; Kerdelhué et
al, 2000): EELE SIH/ NETTRMETETTIR, B
e/ N BT UFF A A A (S R
W, TR m BRI EEE. A, R4
LR RHFE Y S EEARIETMRE & RE
BH—FHIT R KL 2 FHBNEEER
FUA#EWE (Jazen, 1979; Kerdelhué & Rasplus, 1996;
Kerdelhué et al, 2000)7

B RE R JuE B B A T S Ry
HHMYMEEAXZMEFHEE (Qin, 1987;
Qin & Wang, 2001), R, 5% BEMBR L
P 80 /N R B R AR S F T REHE R B Tt
— RN - e/ NER G S /N AR
Pl -

1 #B5FE

1.1 WRMA

IR IRE =B A AN MBI BB €
M, TRURMALTALS 21°417 ~ 22°41'N, KR4 99°
55' ~101°50'E, HiAbPHFTIARRIALS . #R 550 ~
680 m, ZHXKSER AT EHMHE, WEH
6H~10A, TEH 11 A~BE5H, FHE
21.4C, ®R¥WH (1A) WiR11.2C, &HE/A 4
H) BE 335 C, 2FEMFEKE 1 557.0 mm,
79% ~ 82% WIETNBRETETE, FYMIEE
86% . HIRMAEG A AL LR, BHERX
HARBZ—,

1.2 WR#E

RRM (Ficus racemosa ) MEHER|BR, RFR#
(Moraceae) P48 (Ficus) BRIV E (Subgenus
Sycomorus ) WIERITAR, —MHE 4~25 m, —HRH
—EA[FER 4~ 6 K. MBRETEERNBRER L,
REA, ETURY, RRBSEHER, HRH
RARMWARZE, WERE, ERPH 283 1A
A&, ARARRIE 4R, AERNKEKBETR
B, KGMEFRA (Yang et al, 2001), FEH
TR AR SR IE RS , TEFRRD G R
RH., AN ILHEBES KR,

BIRWEH Ceratosolen fusciceps & — ¥}, C.
Susciceps L R AEE T AF A RRBHMLEHER,
BATER T EBEE - EHLEA RS, B M ER/D
¥, &F 5 MAEG R/ 1 RE 98 AT A RS R
o EATERKHEE/NETF (Sycophaginae) Ji
¥5/\eJ8 (Platyneura) W) P. testacea . P. mayri.
P. agraensis LA B L5 /N W FL (Sycoryctinae )
GEMERE /TR (Apocrypta) B Apocrypta sp. Fl A.
westwoodi » X 5 FHAEFEH) /N 35 A A S 10K 7= BR 2%
BARNT=E, S5 ACOHE S T A% 4 /| e e e
JERTEREE LT O AR R, FREE
RIBERT=I8, T — A AEEE,

Platyneura JBB)/NEFIN N REIEBEE (Zhang et
al, 2003; Zhen 2004); T Apocrypta JB )/ HIA
R 7 Ceratosolen JBAE ¥ /| e il — Lo JE A4 /)~ 8 F) 41
FHH4 & (Ulenberg, 1985; Ulenberg & van Pelt,
1985), fH Kerdelhué et al (2000) W@ E FIANE
fITREEE,
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1.3 |RFE

HATTF 2003 4F 12 4—2004 4 4 F#AT T i
LH, FRERET BRBBWR, EFREHTH
HIRI4E S 120 7 HHLPRI4R (15 em x 20 cm),
1.3.1 Al N sty o8 T RuEdR e s
SRR, XPE R AR R/ B BEST T M ST ST
¥eo BN P. testacea BST7ON, 1 H7EEF SRS
R RERD, LS WEAEENR, B
(L HA /NS FEAE XS R F 0, 534h, RT RN
Bt %, Apocrypta sp. B/ HEMES A. westwoodi
X3, SO BRI T R A i, R TR
B RE = A BT R IR T T B i o

TERE RN B R L A, AIRMREE/DR,
By IE/NEETESXSE R B0, HARE 4~6 PR, It
ET I5MME. BX 15 MREPH=H, —HK
P. mayri, —H{ P. agraensis, —H i Apocrypta
sp. T A. westwoodi, FHHHPEREBELE 1,

AR /[N 1) 7 BB 0= BT R, A A/
SEETRCHE AR (] R R B 5 /N 1 2 O B K UK A
P. testacea, Apocrypta sp., P. mayri, A. west-
woodi, P. agraensis, R/ 0 BRLAFEEE 1
Hit, BRI Apocrypta sp. 1 A. westwoodi WJ— 2
FPEEiEE 3 5, HAMBIA ) HE 1 . s
HREE, REEHBHZ AR T H % O S
RAFESLEE, FTHER, FRERRMA S RN
He AP RIS, DR 30 ~ 50 kMM
R IR 4 . FIH /N 1 A B e 2 BT
EANRIERT, HERE. UWEERRE—&
¥, At iESPER, BT, RE L
.

Epng Ire g Elie: G yaeS i N
WA %E, W RE, HFAFLR R/ N
PHEHIR . Frea R/ N O, I BERREE,
RIGHITPIAR, FIOTHR, @O East,

BT /N R T AR R SRR, 2R
FREEKMEBTER -BRAN/NEE TEHR
75 % WERE R/ MR IRTE, BUFRE . SFiH & RAN
L2 I R E 6 8

1.3.2 feRp ety R AR &k /Xt
ek NERIEE RSN B A I, AT k)
RO ST RS S . TEAR RN R IEZFRRHIR, AN
WNEMRNR, B LARER/METEIX SR P76, &
AMRBSE—N/NE, HET 20 MM45, BHWRE
T ERBGHR, FTITRLE, ihtm/h g AR,
FFAHEEE, SEANESES/INRE. YREELE
ANEFAEE /=GR, KL SRR R, [FER
(8] — 387G 1 407 4 B A %o B SR B R4 3 ) SR 5
VEEER, RIGWEE. W TR B, ST RNETE
B/ NEERBRMTRETR, MTREY
Xf BROR A FRAS B AT ¢ RS

1.3.3 HANBERMREMLEE HTH0AH
RABOLUT R RN/ NE R B A B g 6
#, IR SR Ea ARpR . B T T A
ARFIA & S T E B 3 RSB AE T A KA
THRBESABEER E, REARAHLLE™HBEE
THEEORRR, ARSERERE, HEWHELR
FCHAR N, & ERTERE/NE, HRER
45 HARBRBE R, Hit RN SR NERMM T
HIFR, RIS UEIT Pearson AR

2 FREHSH

2.1 defEM/NE R RIS

TEAUH P. testacea TEHIHI—HAE BT, BA
BB, HA 14 MER (HTREN S6%) %
BB EUE P. mayr 7250 AIHE B B AL
HEINKERBMBR (HLHRMN 5%), &
MAETL P. agraensis F1 Apocrypta & 7|\ B ZEL b B
BHEBEAEEMBERER (£1),

R 1 BFIEE8 I ST BT = A ) E MM AN SR

Tab. 1 Mean number of the galls and wasp offspring per fruit controlling non-pollinators to oviposit respectively

NS B N3 AR HEA R SRR
Species No. of galls (mean+ SD) No. of wasps (mean+ SD) Sample of mature fruits Sample of total fruits
P. testacea 248 .8+64.3 220.5+62.8 14 25
P. mayri 57.7+33.6 39.9+24.9 9 20
P. agraensis 0 0 0 15
Apocrypta sp. + A. westwoodi 0 0 0 21
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x5 FrAEfE /N, (L P. testacea T P.
mayri HERIBL T 55 B VRIS T R B AU TE, RYIEA]
REME ., P. agraensis Fl Apocrypta RPN /NEAR
RERI T 5 A B RUEAE, ENTATRER UM FARH
EREE AR
2.2 fEMYNERIESLLS

TERG B AR A% 13 /)N G A% 49 /N 88 VA A S 5 R i

Wk, HWER SALREM 14 MTRE,
Xof FRARBUEE i A R B RE R/ NEX RN E
7%, s, R/ NEEREMM FRRA B E
o, BHEDERSEENEE R2). BFHIE
¥/ NEFEER R R P B B E N L, WHEER
HEEEE P. testacea I P. mayri =R E T #
MR FSE, MMM TEENSE.

®2 FBEEHIMEFBHTRRAENBRREEROLR
Tab. 2 Comparison between variables from the treated fruits only oviposited by pollinators and

from the natural condition

F B Variable AEFEFE R Treated fruit %t BEHS 5 Natural fruit # R Difference
(mean + SD) (mean + SD) (1)

342 Diameter of fruit 2.91+0.15 2.81+0.16 -1.872
#E#% Foundress 11.87+9.43 8.64+3.97 -1.213
L Gall 2 444,87 +368.21 3 503.43 £384.20 7.576*"
163 /1N S5 R Offspring of pollinators 2 359.97 +360.85 2627.57 £288.15 1.901
FF Seed 1 604.47 +452.84 1794.64 +404.42 0.627
A Sample 15 14
** P<0.01.

2.3 REQ/NERELN

X HIRRER 45 MHER KN 6 F/NERBR KR
THRB . EH/NERT S Bl , h T77.2%; HiK
& P. mayri 7.7%, P. agraensis 6.8%, A. west-
woodi 6.7%; P. testacea 1 Apocrypta sp. ELB|%
%, 53500 1.0%H 0.6% . JHIERAE 5 Mk
BN SR/ NE RIS TERR R TR E, HAEE/N
MREE R, JEER/ DML GRS, /LT
EH A,

B RSR AR b/ BOR b T B AR DG 4 A 3
Bl: P. agraensis S51&¥/NEEMR B ETEMER . Apoc-
rypta sp. 5 P. testacea B EIFMRK; A. westwoodi
5P. mayr B BFEME; HA/NEFTRZH KA
KUHARE (B 1. Wi, SRS 58 FHK
BEEMX (B 1),

3 it it

AR, ERREHERNFEN S FIEE
/N, P testacea L P. mayri RIEEE, #
WSTHE T B R B BEAL, N1 TEm /=
5P, JFRERT LB ROV R IIE; Apocrypta sp.. A.
westwoodi F1 P. agraensis W ANBEM T W FHE AT
BREE (1),

R, EERBAET, —SBAER /N

MBI REERFNATE 4 Mg, P
testacea . P. mayri. Apocrypta sp. 1 A. westwood-
io [HEEAMIHAL P. testacea 1 P. mayri J& i B
&, W4 M NEZHGEEEFERR, BT
FATINA, Apocrypta sp. & P. testacea HIBLFF 4
#, A. westwoodi WRIHEWRI B4 P . testacea M P .
mayrio SR B W1 T B %, Apocrypta sp. M A.
westwoodi ANRERIM F 5 & & MEIE (£ 1), Hit
ENMRGEFERLET KEFHRE, HIK, B Apoc-
rypta sp. REWESE P. testacea WEEIEIRR,
HREHBEK, MARE; B A. westwoodi KE
KBNS H P. mayri WEEIE—#, HELEMR
50, BUGREEA K, WA Apocrypta B/ E IR
BT BB A K & & Platyneura BN, B =,
RNBEME R ZB, Apocrypta sp. 5 P.
testacea ‘B E LMK, A. westwoodi 5 P. mayri
BEIEMX (B 1), UL P. testacea 1 P. mayri
5| Apocrypta JBHY 2 /N, XTHEIEMEEHY
o 85, W=BRIBFXE, Apocrypta sp. ¥ P.
testacea Z JG TR, A. westwoodi TE P. testacea Fl
P. mayri ZJG720R, Apocrypta sp. Ml A. westwoodi
B FE/NE, X5 Ulenberg (1985). Ulenberg &
van Pelt (1985). Kerdelhué & Rasplus (1996) HIHF
FKEEHR—B0; B R Kerdelhué et al (2000 ) & F |
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C. fusciceps r - + Sceds
v.. '~ /
N \"\ +0 3
AN S o ! B

7\ -~ ¥/ S

N el 3

: . L

{ \./‘3‘ I.' \..\
Apocrypra sp. ‘\. K ~p agraensis

o\. .'/
N, 4
.\ /‘

A. westwoodi

— T REM 20 (Potential effect on)

— e TTHEMILEF A K- Z (Potential parasitism on)
———— HEMNTES X £ (Potential competition on)

Bl 1 R 6 Fhv/NE R T2 [ AR K

Fig. 1 Correlation among six species fig wasps and their relationships with the seeds

in F. racemosa

Pearson Correlation Analysis: n =45, NS. P>0.05, ~

SHTINA Apocrypta BH/NETRERGEEE, B2
UGB TR IR AR (West et
al, 1996), i A<BF5T WL Apocrypta J& B/NEEA
BE 3 F 5= 487K, 53 4P Kerdelhué & Rasplus
(1996) M3 E/NETET 8™ IR YA =00,

MEUE P. agraensis FEHIE, EARERIE T
PR, FEWRRUMF IR EEESRE
RUMFEE . (BR, BEEFERTLAEHRE
/N B AR F A B B 15835 (Compton et al,
1991; Compton & van Noort, 1992), i H 7€ b 5
BRI B BERR (seed fig) L, BB ELAEER
/N (Compton et al, 1994; Weiblen et al, 2001),
b, B AL/ NEABERDERZ P, agraen-
sis, AP IIARME (RGE/700), H S8/ ER
BEFEMX (B 1), HERELS Hh /&
tl, FrLAERXRIEH/NERIUFFAE

X R AN BOEE R G T R, R XHEH
ERBFA R, X SURMBIASE (Comp-
ton et al, 1994; West & Herre, 1994; West et al,
1996; Kerdelhué et al, 2000) RMj4&H ., Kb HE
B SR/ NENTARR GMEERE, WREf1AT

P <0.05, " P<0.0l.

TR/ INEET= O, 2R 1 Ry /| e e O 2 B TR ) )
A, mRENEEMARE, &TaxHEH
NER FEEAT R AR, ARTERREMT, B
XHER/NER RER WA R E (F1), XAk
T RE (WU AEE MIGEEE) W (Y,
2001). Yu (2001) iAJh, HRmEEE - UFHEE
FIVE TR TFRRE , TUFF AR5 S BE R ) 5 8 0 R R
BB, FEEE SRS IR/ NE, West et
al (1996) CAIEM GHlFAEE SHFFIEMRX
B, IFAENERNRREN. EARRD,
Apocrypta sp. Fl A. westwoodi 53 5 P. testacea
M P. mayri BEIFAEX, ULBH Apocrypta JB/NEEXT
P. testacea F1P. mayri IFFBEERAMBIER, X
AIREREEEE P. testacea Fl P. mayri AEET S HE
BREEH/ NEMIRRNZ —. B —FTHE, TERRAER
LIESFEFZHH (Yang et al, 2003), #H0TE
1l /)N 8 1) T A0 A £ BB 08 {5 L 48 % 7 90 B [
(Yang, unpublished data), M1 KR R BERE,
e /MM FEERPEM (Compton &
Robertson, 1988), ## I Jak 55 JE 1% 4 /)N 8 XF 5 #3 /)
e FIAE I S R 0
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FFHPEL K BL Apocrypta sp. BTN =
5§15 A. westwoodi BLARMETEH/NEEF=8], HES
b/ NER AR BE (B 1), TREHAEFE
et/ N, T ELZ I FP RE S5 16 B0 BAE8 / NE (54
HAE RP R E, HIAHE B/ NEFIF TR
M B] RE R [E)4EM 44 /)N (Bronstein, 1991), P. a-
graensis VE J 15 13 /)N B 400 3% A 8 X5 M7 /N e b B
A, (HE 5%/ R 8 AU E
KRR PIE MR BRRIFIEE (West et al, 1996)
mE, RA/NERE DR, JEEH/NERT & L
AN, AEBNELE TR A AL, S, HEBEEK R
A, JEER/INE R T TR XTAL /N RE ER Rk
NERE R TFRERRAEREEW (R2),
BHEAKRGT, EWMERFEXRRTNERT,
AL/ NN RE G R By N R i, WA
MR LA BERW, HEENTRER - S8/
BARGIREENEEATR, 6B 5HILE,

AR RIS IAN, &FEESR, BE
BEYMHAMBREZFIERIPERETEMER
(Krebs 1978; Nason et al, 1998; Thornton et al,

1996; Harrison 2003), B, TTH K HLE IR FH #
WK DIEERIZEH (Primack, 1998), R0, ##
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