P PR 2017, 25(2): 163 ~ 170
Journal of Tropical and Subtropical Botany

W R E AR R AR mE R T REER
S-S

A2, Z25 TET

(1. PR B BOR O 5 TR R B S =, T ERRE G R R, M 510650; 2. EARFABERY:, JEAT 100049)

WE: NI R KL i R 2R, DA M X 5 A5 AR T8 (Ficus hirta Vahl) 5 545 H7 7Is b JTORE 65 /N 0
(Valasia javana Mayr) AR EL, SR ARUSUE 55 4 Bl ORI AT 9T . S5 R, SN (IR /NI TE VA Bl 2517 3 B R A 8
1h, AEFERHEII AN 20T 22 S M e 1) () T B AR BE AN ), S SO A i AR R R A AR A, m M e 1) ) T 2 Ao A o e
PR ZEThE, AR R (0 A ARG R I LR RE M AN R, ARy T3R8 IE 5 b AT B0l . 3 4h, Aok /e MEAE S HEAE 17 9 1Y)
P2 ORI I () — M, 298 15 hy AERHg TARE T BBRNHEF NI R BN ZR 582, TRNAK, BFAE, X
TR NI H 7 3L 0t DX 2 AR 1) B SR

B KNS WA JLAR R, MELE

doi: 10.11926/jtsb.3667

Influence Factors on Offspring Reproduction of Pollinator in a Highly
Species-specific Mutualism of Ficus

. .12 1 e
DENG Xiao-xia“, WU Lan-fen', YU Hui
(1. Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou

510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The interaction between pollinating fig wasps (Agaonidae) and their host fig trees (Ficus, Moraceae) is
a striking example of an obligate pollination mutualism. The effect factors on number and sex ratio of offspring
wasps were studied by using F. hirta Vahl-waps (Valasia javana Mayr) system. The results showed that the
community of fig wasps offspring had significant changes in different seasons. The number of pollinator offspring
changed caused by non-pollinating fig wasps and foundress interference derived from season. The foundress
interference increased sex ratio of offspring fig wasps significantly, but non-pollinating fig wasps had no effect on
sex ratio. In addition, the survival time of pollinating wasps at female phase was about 15 h and the development
time of pollinating wasps had significant difference between dry and wet seasons, which was long in dry season
and short in wet season. Therefore, it was suggested that the pollinators of Ficus hirta had evolved the
reproductive strategies to adapt seasonal change in Guangzhou.

Key words: Ficus hirta; Fig wasp; Mutualism; Sex ratio

PR G JE (Ficus LOREVIRSAR, SETIRE AR M R PRATHERE e bk A 22, #E S0 B2
(Urticales)5& Fl(Moraceae), 4xtttFL44 750 #l2, & h—p WMEEFIRZ AR, #hid L2, B,

oA H #A: 2016-08-25 BZHM: 2016-10-29

EEWE: ) RE HAFRA ST R H (S2013020012814) 5

This work was supported by Key Project of Natural Science Fundation in Guangdong Province (Grant No. S2013020012814).
PER TR RBAMIR(1990~), 2o, DU, WA, BT My EY % . E-mail: 904316196@qq.com

* JE{E/E# Corresponding author. E-mail: yuhui@scib.ac.cn



164 P A P i

25 %

HERE . KM SRR R —NMERF P, i
TR e ME HERR > B, ZORMER, IR, HE
WRAE T A HEAE AT AE S I MESE, 7= A= TEn AR B
PR, Tek H YRRy N A . DRI, AR
FER /NI 2 B bR S AR IEYE D BE IO D) 26, T
WEARAE P AOCE KA R ETE, R R, bR
P HEEThBE T R P, K2 Mo R —
FERR R /N ALK, [FIIHRR A AE R # /) e 4
HEEAT S B3 B, TN B 2 (AT B X Fh
H R H B RPN BRI . AR AR R i
FITE BB BRI SE AR AR SR (iR - 3L A R 4t), & H
B AN AL K B 5 A TE s A R) R LA 56 H b
BRSO, DR R RA A AR /N 2 A3 o s
R4 1 THLE OC 2R ORI T b A] o [) aEA 1 22
FHRIE Y, bR/ IN ELAT I S (R U A5, B2 1)
SP B XS e, T AR SRS 190 K B A
A AU, St A N O IT AR SR
18 35 4 FHAG (O B AR RO U T S vk E AR
G SRR AR T SR A2 NN A S R R
/NI S FL i PO 2 B R 0 R LA O DU R 2
B, BE A RSSO AR S5 4 0 BE I I, 14 bE B3R AE W T
B, T HBGR I AREE, ML mE, 4 1 R
e BT, M RO RN H T, R
#3554+ 312 (Local mate competition, LMC) Tl 54X,
KB 1 RN b SR w1, mTRER LMC (1
T 2 F2 T AN [R] 0 7= B e e ) B 8E N SR, (H SRR
TR AT B SE R e, HAh, fEER A, #
BB T FAAER M NS, LW 2 FhAEE A /N
A, ANFEFEAL R N R D O U AN [E], 2]
FA RIS B I METE BT, P RE 23 52 M AR /I g 1Y) i
BRitk EE O8],

T A SR, BRACHEREE . 3k R A SR A%
K1 /N BT A K M /N AR 2 Stk B 2 P AR 5
migt o b SRR I A R B TG X, AR [F
FATH RIS 2 R KR, ERT A SE T AR/
RSB A B BB T R SRR 3 o MERFE S AR A
B RS- IR 1R B, 2 TR, DR,
AW FAERT AN TAESEA b, DL 20 X O ke
W5 (Ficus hirta Vahl)N#PEL, SR B 2R i 5 4%
B RIS A 25 5 107V, B LR LA ) 7
(1) AE¥n 5 /N e 76 MELE S AE 7 N I A3 ) TR 2
K? (2) B/NEET BFERRERA DR EZ A,
B2 83?2 3) BRIRET, AEZETE /R

Vi B A G DA BRI ? 3 EUX AR 1 SR
MREE? (4) O 1 3t — 2 R LMC ) TI00 25 2R i A
R R, e A o e 1, W 7 B AXE B (10 )
Z BT TR IR A RE R, D FRA T 7T
FaA - Hi N i A AR E LRI SR O, I B 2
T H A AE Y B B SR S

1 BRI %

L1 BTl s Bkt

W T4 AL T o R 2 e e g R A el (113921
E, 23°11' N), F[EWE/2 1623.6~1899.8 mm,
BRI 21.8°C, iR tHIE 7-8 H, 1 A&
&1, 10-3 AT, 4-9 JIRIRZE.

LM (Ficus hirta Vahl) AR EHE B TG E R
WV J& (subg. Ficus)TEY), Wik, FRLIET, Hf
HNEFEEELTARKENBRIIERF, 1£F W
THER L, RN ITAE 8, BERBUNEAR, 24
TG BRI, )2 AT T B B e
i X P12 RS AR R R T MR RI 4 A-B-C-
D-E #1# MEIEFA AL B C R D 3t 4 A,
MEAE PP 30 AR R /N e TR ERE (D 1), R A
A. B. CHIE 2%,

FE AT o R e 4 A el BT XA
(113°20" E, 23°11' N), #ric 34 FREEM (FEA 75
Al~A34), FEMAGIEWIL RERTAATBRE S /ML
W, —ERE EZBINTI. Feh B AL T X
P(113°21" E, 23°10' N), #5icd 25 BRAERT (FEA T 5
B1~B25), I AL RIS AR e AL R 25— A
ANEREOARR, DR R BB R, 2 BT
2D BFEHBAIEEZ) 1000 m, H[AIBE & PSR,
R FAF A

FE T M 73 A DXL B0 & — 1A Hy 3 v /s
1% Bl (Agaonidae) #4 /)N 1% V. £} (Agaoninae) B JTUEE #%
/W& (Valasia javana Mayr)?® . WERE 7Y JHE I S 45
o, MERKZN 2 mm, B3, 68 8T MR
0, Joil, PRI L MERERE /I o BRAE RIS, FERH M
HIEELEFF WG SA7 A 3 TRk, Bkt R
/] Philotrypesis josephi Balakrishnan. 52 &[]
Sycoscapter hirticola Balakrishnan F1 S, simplex
Mayr?o I EE R A A e (M e 1) FL K 7= B 28, B2
TEAE A I A e BEACEMELE T 55 N 7= O, A4 A
Fekahas /N BT A S RS -



24

XS/INRAE: K i L L ML LR AR A M A by e T AU AR A TR 165

1.2 Hi

TEAE PP 3 A% K 0k 7= B0 R 773 B [ W 8% %k
BT A WAMERE BT I HELE 15, 5 B 2D IR
9:120 H, 10 cmx* 8 em)J5ffi 2 k4K H, FEMEe)7
BN B HIMEIE I G R bR AS, b a i | it
BN, JOsRATE], 4 1 RARNEEENTE R, 6t
B EYOMER. WAL T NIF R, 58
NESFAS DT H ) SR HG S [ s = 3E AT — K
8. FJTRAESER A D RO AR SRR EN B R
PSS JE B A el AR, B R AL 2 L
W, MRS T MR . NI a5
B /N T AP MR AR TS ), R MR BIEATE)
IRGE. fil R AR PRI R, 2508 15 min W
IR, HEAARIEIT, iR g3k
21 SR AR ETE T N I AR A7 ]

BRERERE L 1210H, BAX
4 5~20 A RLKGHENHETE IR HETE /T o SANET 26
T 2o AS rhas Al 5286 5, A/ Ng B ARPIME, Ui
IR NI, FE AN B I RN, BT, R
EERREH KB/, FREMTE MR AT
HHETE R B, FEt 107 MR R/ NE TN
TO%IPAS R ORAE, S MRIEIT AL, 3818 34 A4
G AR I O HERE R AT 73 AN ARAE M i JL A7 1 A
A

ANLSEERE  BRFEE, 167N R
BEERCN 1.7 R B ke ki e 18 7 = o,
AT RIRITERERS BT, 5t 2 Mk &
i, FrH R E BIMELE IR 40 51 A8 Fp kAT s e
I HUCFR, EEAET R, A
WESEAE 1 MEFF, 7K E BIEELE I IE g,
WML TR B 5E 40 BRI R I 1E iR,
ALK I FITAERERR, TFAAE R U A% by e gk 47
DT . EE T NI, 3ENMELE AL N B0
BN AW S50 A HE T R PR b i, A [R] B
T e R B T e Ab 3

g 1] < 2 R S = VG B Y R o] R I
— AN YR SRR e P B LR 2 BRI 5]
TP AL, Lk FARBEANTE P, X it wg e
P AT T« R, il H . REE EY W
88, ALCFEIE AR R, H BRI
K, DS —ER AR R A, FLE PR O [
SEOG R, FRCSRCRAE H . IR IR N, £
AFA W RE, FITFET, AR RE RN,

FRAEMRRIEE N LR RN ETE P rPMERE I iR . gk
(K1 INEE TN T0% TR AR 1, 58 PRI B 33k
3 36 DMMELE P OB -

BB EEEA AR N PRREE R L [R5
TR, KERSHEIEFRIAE, WP 1 Mg
FEFPRERLZEI 1 e A B R 1E Frd 1 Akl
HEREN, GHtiEIEroH S M, iCxitigH
VLR 1 AR R (KoK IR Lt NI TR], 4k 1
RE= | EE S N RS M ACE I W </ el g o]
PLEEH 1 RMERE LRI B AREN, [RIFEICSR/ME IR
IR L NI TE], SRR 4 it g fE & EINAE, 2
gebk, HREMR /NP K, ERZ RS
ALK AL T KA, FLE AR O [ 500 =, ek
MHEM. JEeEAbE 5 bt A, LIRS 5
ANEETEF (K -

PETHMEREE  EREAT A A R e 2
I, MRS R BRI . BRI () [ B
IR, SEGE 2 Afekie Db dr g, Bt
TEF7 R ST R 1 R o [ RE I SR e I ]
PR R RS, MR dREE RS
MELA R, HRR/MEP I K, EFRD L
LKL KA, FLBE WA A RIS ae ==, JHd R
MHM. Jastib B 5 E iRt d —F, L3RG 6
NHERE Y BB -

1.3 BT

v drsbdid A SPSS 13.0 B Aufs
FPSEE. S EERHIE B2 @I Excel 344
FFE 58 . R IR 2 7 2 43 M7 2 (One-Way
ANOVA) 7351l 53§ H SR IS 8 56 A0 428 i) Jise e X 56
MVEHR, W2 7 22 SR IR — 20 R /N B 22
F(LSD)iE#AT 2 WL, ANiph 2 I K H Tamhane’s
T2 8% Dunnett’s T3 &5 /55347 2 E M7, FHRMER
H Pearson HEAT 0 #T. iREGEHE I KR ANIME £45
R

2 SR

2.1 fRRuEdE s A ARSI ]

KRHFFRT 21 RAK MEsEAE METE BB T P 1%
Fo A7 B RGBS #EAT SR, Rl HEARIBE T
IFIA) (R 1) AR R MEREAE HETE P N AR TS I TR] DN 5.87 ~
18.13 h, ¥ N(14.57+£1.40) h, BRI, LR IEELL



166 P A P i

H25%

R BRI R N A7 I 18]

Table 1 Survival time of pollinating wasps in male figs

i HENIA] SET IS (] eanaii| ETRS HE I BETI ] Fi I ]
No. Entry time Death time Survival hours No. Entry time Death time Survival hours
1 10:11 22:45 12.57 12 10:54 1:00 14.27
2 10:13 0:30 14.28 13 10:25 1:15 14.50
3 10:27 2:15 15.83 14 10:32 4:45 18.00
4 10:25 2:00 15.58 15 10:45 3:16 16.50
5 10:31 16:19 5.87 16 10:53 3:45 16.87
6 10:43 1:30 14.98 17 10:32 0:45 13.85
7 10:44 1:30 14.97 18 10:38 0:48 13.90
8 10:54 4:00 17.47 19 10:45 3:45 16.83
9 11:05 4:00 17.37 20 10:46 2:15 15.17
10 11:10 4:45 18.12 21 10:55 0:47 13.62
11 10:38 0:15 13.53
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Table 2 Distribution of wasps in male figs in different seasons

g RBIR %, 1 E AT R g S B AL
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TR SR8 B B(r=0.420, P<0.01). &k ignfEig
(r=0.384, P<0.01)FfERigifEig(= 0.254, P<0.01)
BIRREEMIRR, HEEMETHES KR (=
—0.007, P=0.940); A:-AEH14% 5150 MElE (r=—0.215,
P<0.05). SERHEEG=—0.195, P<0.05)LL &AL
M (r=—0.244, P<0.05)¥ 2 EEHMMHFRKR, HY
FERI I LB AH e (r=—0.052, P=0.592).

e HETE B ek liqigidicd e
- n Number of female ~ Number of pollinating Number of pollinating A+B B/A (%) Number of non-
Season .
flower female wasps (A) male wasps (B) pollinating wasps
%7 Spring 26 1038.3 = 367.6a 238.8 £ 186.1a 88.51+93.9a 3273 +£219.2a 248 £21.5a 14.9 £29.9a
HZ Summer 33 693.4 +349.4b 130.5 £ 153.1a 30.6 £30.6b 161.1 £176.1b 259+ 194a 50.8 £ 65.1b
Kz Autumn 20 691.5 +291.6b 61.1 £51.1b 354 +479a 96.5 +51.3b 27.8 +33.6a 52.0 £ 61.8a
XZ& Winter 28 779.5 +£325.3a 137.2 £ 106.2a 25.6 £24.9b 162.8 +126.4b 17.8 £13.3a 58.5 £ 69.9b
“F¥) Mean 26.8 799.4 +361.5 145.6 + 148.9 443 +59.8 189.8 +178.8 23.8£22.0 44.3 +60.9

[F1 5B J5 AN [F] () = BER R 2 7 i 3 (P<0.05)

Data followed different letters indicate significant differences at 0.05 level.
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Bt 2 Hgms, SN TR e S B R 25 22
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RN, ETE A S B TE 35 2 R (P<0.05),
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Table 3 Distribution of offspring wasps in male figs in controlled experiment

3l HRULEr . fpER tem o PEEL

Groups Female wasps Male wasps Total Sex ratio (%)

i# 1 K% One foundress 6 197+45.5a 91.2+58.3a 288.2+70.6a 30.3+15.7b

Jola) k@it 2 Hig Two foundresses with interval 27 113.8+124.3b 57.1+33.1a 171.0+137.7b 49.9+35.5a
£ 18] bRk 2 Hi% Two foundresses without interval 5 197.2+29.6a 73.2£30.7a 270.4+34.0a 26.7£9.6b

[ 5 J5 AN R ) < BE R 22 5 (2. 35 (P < 0.05)

Data followed different letters indicate significant differences at 0.05 level.

HHSH R 2 Hig, BRIk gt
TELE 3 22 7#:(P<0.05).

3 e

FEREIEH A 2 e, RIS
(R FAAT SO R HIIX o AR /N 1Y) 5 i — PR AR
B, TEAEFF SR L AR 1~2 dP MA/NigsE
H YRR AT RE R B A KR MBI EE R, A Redk 2
EIERIBRSLAE TR, AR AR A . 72 BRI IR AT
REDRUR AL 4 ST VH A RS A g, 1T 5 B SERR
73 LA AN R AR B i 4 o, ELMh 1a) 22 7 BOK
WHE I 7] ok B i AR (Ficus  curtipes Corner) Fll 58 A%
(Ficus racemosa LYfER ALKy« 77 BRI IS 8] 40301 9
3~5 h®VF1 4~9 WO, A S5 bk XS W T4 (Ficus semi-
cordata Buch.-Ham. ex J. E. Sm.) AR H-#54£ 87 /)N i
el RO A1 20 990 3R 5~27 WU 15 h (%
1) MERE S REELE 7 N HE NI A Ry e 2 [A) B A A7
TERF 554, AT Re AL M i e 18 7 R N A7 I
(B B — L SRR 2 —

MNERIRE . P S SRADCRG E + %
PIRIR AR, Hbg O ARG E A S nT (R AL P )

/NP4, A AN DB iR H B O HETE SR R,

RS RE NEFR AT 1~2 d AL, Ml R ke £ K
A& (F. virens var. sublanceolata)BFHE45R 1~3 X,
W NTEIAED, R ke 1~3 AR, TR
FBURINA TR GRS, KA EHRKIAIT 130 d,
R E N R 455, 208 80 dU%, WEME TR
W5 (Ficus hispida L. £)% R, sk Ad
5~6 R, FEIREIRMI ST 156~182 d A HETE K
1 AMHAR, TFET R R 28~35 d RIAT5ER 1 4
AR 7 DX AR AR AR AR 2R (K P38 K
BIEA 70 d, BELATE 40 d, MAETFERTHR
BRECA 140 d, RKFHE 170 d, BT, ML

e ) 7 I 1) B 22 SR 3 (R 2). WO, ARABRAID
R RERZ RS /N (1) R B AR, BLS A
RGTK

TN EAEI R R SRR AL E LK
KRR, DRI R Y, M/NE A dr IR A
REHEEVIRR, K, /NG 7 i
KB SIREGR T 30°0)R, M/INEE AL
REAEIN 1 d i, TAEUIRBUIR(Q20°C 224 I REAHT
3. d ZE AN RN I A I TR, L B[R]
WIE, GATFEREZNEN. RIER 2 fhE
R B THED, 2 3 R ZR R I S Rt
FEFP 77 G (VI TR) KM A — SR [ & Zx (12 - 48 2
), SRR FRIA BT A AR R AR R M g i D,
Bpig 2 [T, ShFHER AR, BRHEAF IS 8] 5E
K, AefekrgiE L, ARTFHEEZH TR K
b, HERER SRS, g R .
Kl f) 2 5 B g W I 8] K20 R A L 2
(6-8 ), VLI B 2RI 5T o & A% by WE b fe %2
INZ AN, KKBEAR T BREE RAF G I e, 7
YN [A) B 2 4k, BRigE 2 18] AT IR, AFT
TACE R IR ST, (RTINS A0 A 5 o
FFEERZ MAMERE, AN TR B R
P FIBCR D o KRN AN 2 P ) B
BNy BRI A 2, SMIREEA &, R
AR, BRI, SXPIZR IR A R i RN A A R e Kty AN
S eI

FEFE I G i ulia h, HOREE 1 A 4L A4 (8] b
Bt 2 RS R R 257, W ERIR
&, FNBRESRHESETRELZ 1R, 5TE
SPGB I BoE B HCN 1.7 RIS R EY & 1.
Tl ke 2 AL A O AU AT I B A
TARAA L LU S TR Rt 2 R A7 AE i 2% 2
F#(P<0.05), 1M — % [T AR rE i A i 22 57 20 A
B3, VLB (8] 1) T PO AAN S AU A I



168 P A P i

25 %

W RO o 8 BUPE TG BR AR — BOA A SRR AL
Hic 38 4+ (LMC) M 5% 2E TR 22 5 BU/INME S5 A R
(100 L A5 Pt B e 250 e PR 3G IR 38 0, 4 BRI LA 2,
ML T BEALAC RIS (7 O g i e 9 HBLE), M
HEELRE Rz 10 110, TR 2 Hg T
PAGRTIENELL Y 49.9%, 15t I 7~ A CMEREE L 51 A1
M FRENLAZ B (MR L), L TR S 1
R AN [ bk 2 g i g ik Le(p<
0.05). AN SRALN W BEHL ™ O IR 1, 2H 18] ) A5 A e
P E R AL EE, Bk, RATENZX RS
BRI O B FP A 5%, T BLAR AT BE & A0 1) T 5 7 fe
PEOP . 2 BRI RE 2, 257 BN A BRIG BUE 4R
I, SRR NI R 1ML BRI S A8 R 1), B
TR PE N, BRI R R I I, A/
B F)FPemag, 18 AT e S BORR/INE R — 5y
I EL AR A3 S AR U0 JE s 1k T Y, RERs IR 4
(IR AL Ry e LRI I 5 . (R, RO
A AR e P 7 B A o AU ) 58 P PR B

AL NI L 2 Jm B AR B D T A
e HcE, MARMAET R, — BRI
XA - BRIE A R G iRm0 AR
RIS AR K RTINS I AR 8™ IR )
JRAAGTUR Al fe 2 AL ki, AR MEIEBEUR, (LR
W T ELAORUL e AR AE T AR AE o R IR B R
A A 1 R R T SRR, ARkt
FEAEA 2 B F R i 1) K, TR AL A i 1)
TAAE IS AR s S, 5 24ttt
TERI U I H AR A K 2 0 M - 3 AR R &5 R —
o W, AEApid it AR IEREIN S AL Ny i
REPAE R IH U AT LA () 5701 5 0
We ? F 9% 75 S5 (£ T 70 ME A [R] PR 1) B 1) — Fh 3
&Ky /N X - 0 BRI SR A RGN, A
Walkerella sp.2= %5l #5545 K 165 /)N e 1 B8 B = AR 5
i, AR AR R TR BRI, AR
oill 22 GEAG I (R AEAT A /)N 08 o) -0 R L AR R R
SR 5 AT REIE AN — Ao DRI, X EAR R i () gt —
AT, AT AR AE I A /) g L A A AL ) ) B
HA HE R L

SR
[11 BERG C. Classification and distribution of Ficus [J]. Experientia, 1989,
45(7): 605-611. doi: 10.1007/BF01975677.

[2] COOK J M, WEST S A. Figs and fig wasps [J]. Curr Biol, 2005,

15(24): R978-R980. doi: 10.1016/j.cub.2005.11.057.
[

[o%)
=

CORNER E J H. Check-list of Ficus in Asia and Australasia with keys

to identification [J]. Gard Bull, Singapore, 1965, 21: 1-186.

[4] YU H, ZHAO N X, CHEN Y Z, et al. Pollination biology in a
dioecious fig (Ficus hirta) [J]. Acta Sci Nat Univ Sunyatseni, 2004(S2):
268-271.

TE, B, BRI, R, SR R R w0
1K AR ARRHER), 2004(1F] 2) : 268271,

[5] FRANK S A. Ecological and evolutionary dynamics of fig com-
munities [J]. Experientia, 1989, 45(7): 674-680. doi: 10.1007/BF01
975684.

[6] WEIBLEN G D. How to be a fig wasp [J]. Annu Rev Entomol, 2002,
47(1): 299-330. doi: 10.1146/annurev.ento.47.091201.145213.

[7] COOK J M, RASPLUS J Y. Mutualists with attitude: Coevolving fig
wasps and figs [J]. Trends Ecol Evol, 2003, 18(5): 241-248. doi: 10.
1016/S0169-5347(03)00062-4.

[8] WEIBLEN G D. Phylogenetic relationships of functionally dioecious
Ficus (Moraceae) based on ribosomal DNA sequences and morphology
[J]. Amer J Bot, 2000, 87(9): 1342—1357. doi: 10.2307/2656726.

[91 XIAOJH, YUE Z, JIALY, et al. Obligate mutualism within a host
drives the extreme specialization of a fig wasp genome [J]. Genome
Biol, 2013, 14(12): R141. doi: 10.1186/gb-2013-14-12-r141.

[10] HERRE E A. Sex ratio adjustment in fig wasps [J]. Science, 1985,
228(4701): 896-898. doi: 10.1126/science.228.4701.896.

[11] HERRE E A, WEST S A, COOK J M, et al. Fig-associated wasps:
Pollinators and parasites, sex-ratio adjustment and male polymorphism,
population structure and its consequences [M]// CHOE J C, CRESPI B
C. The Evolution of Mating Systems in Insects and Arachnids.
Cambridge: Cambridge University Press, 1997: 226-239.

[12] HAMILTON W D. Wingless s and fighting males in fig wasps and
other in sects [M]// BLUM M S, BLUM N A. Sexual Selection and
Reproductive Competition in Insects. London: Academic Press, 1979:
167-220.

[13] FRANK S A. Hierarchical selection theory and sex ratios: II. On
applying the theory, and a test with fig wasps [J]. Evolution, 1985,
39(5): 949-964. doi: 10.2307/2408727.

[14] KINOSHITA M, KASUYA E, YAHARA T. More highly female-biased
sex ratio in the fig wasp, Blastophaga nipponica Grandi (Agaonidae)
[J]. Res Popul Ecol, 1998, 40(2): 239-242. doi: 10.1007/BF02763409.

[15] PENG Y Q, YANG D R, DUAN Z B, et al. Reproductive components

of Ficus hispida and its pollinator [J]. Acta Ecol Sin, 2005, 29(5):

793-798. doi: 10.17521/cjpe.2005.0105.

IR, BROR, BUERR, 5. RIS A AR B AR TS



24

XS/INRAE: K i L L ML LR AR A M A by e T AU AR A TR 169

SEEE ] MWAESFR, 2005, 29(5): 793-798. doi: 10.17521/
¢jpe.2005.0105.

[16] GREEFF J M, Compton S G. Sequential oviposition and optimal sex
ratios in pollinating fig wasps [J]. Ecol Entomol, 1996, 21(3): 300-302.
doi: 10.1111/5.1365-2311.1996.tb01248 x.

[17] PEREIRA R A S, DO PRADO A P. Non-pollinating wasps distort the
sex ratio of pollinating fig wasps [J]. Oikos, 2005, 110(3): 613-619.
doi: 10.1111/.0030-1299.2005.13234.x.

[18] YAN X, PENG Y Q, YANG D R. Spatial distribution patterns of three

fig wasps on Ficus semicordata: How non-pollinators affect pollinator’s

sex ratio [J]. Acta Ecol Sin, 2012, 32(2): 99-103. doi: 10.1016/j.chnaes.

2012.02.003.

[19] ZHANG Y, YANG D R, CHEN H H, et al. Effects of seasonal changes
on the growth and reproduction in Ficus racemosa and pollianting fig
wasp mutualism system [J]. Guihaia, 2015, 35(4): 500-506. doi: 10.
11931/guihaia.gxzw201405011.

KR, MIRZR, BRROK, 4. AR B R AR - N B AR IEAE R
GUER S BN [J]. T PEEY, 2015, 35(4): 500-506. doi: 10.
11931/guihaia.gxzw201405011.

[20] YANG D R, WANG R W, SONG Q S, et al. Rule of seasonal changes
of the Ceratosolen sp. in the tropical rainforest of Xishuangbanna,
China [J]. For Res, 2000, 13(5): 477-484. doi: 10.3321/j.issn:1001—
1498.2000.05.004.

MR, EHik, RGN, 2. FEXURN T IR AR Mgy
PEASACIUAE (7). ARALREEBEST, 2000, 13(5): 477-484. doi: 10.3321/
j-ssn:1001-1498.2000.05.004.

[211 YU H, ZHAO N X, CHEN Y Z, et al. Phenology and reproductive
strategy of a common fig in Guangzhou [J]. Bot Stud, 2006, 47(4):
435-441.

[22] ZHANG X S, WU Z Y. Flora Reipublicae Popularis Sinicae, Tomus
23(1) [M]. Beijing: Science Press, 1998: 160—162.

ST, RACE. ThERE, 523 BF 1M M) deat Bl
HRRAL, 1998: 160-162.

[23] YU H, ZHAO N X, CHEN Y Z, et al. A study of symbioses between
Ficus hirta and Blastophaga (B.) javana [J]. Guihaia, 2003, 23(6):
573-576. doi: 10.3969/j.issn.1000-3142.2003.06.020.

BLOREI, BRIGAT, &5 MR- TCERE /N AR TR R BT AT
[J]. 7 FEHEA, 2003, 23(6): 573-576. doi: 10.3969/j.issn.1000-3142.
2003.06.020.

[24] GALIL J, EISIKOWITCH D. On the pollination ecology of Ficus
sycomorus in East Africa [J]. Ecology, 1968, 49(2): 259-269. doi: 10.
2307/1934454.

[25] YU H, ZHAO N X, CHEN Y Z, et al. Male and female reproductive

success in the dioecious fig, Ficus hirta Vahl. in Guangdong Province,
China: Implications for the relative stability of dioecy and monoecy [J].
Symbiosis, 2008, 45(1/2/3): 121-127.

[26] BRONSTEIN J L, PATEL A. Causes and consequences of within-tree
phenological patterns in the florida strangling fig, Ficus Aurea
(Moraceae) [J]. Amer J Bot, 1992, 79(1): 41-48. doi: 10.2307/2445195.

[27] JANZEN D H. How to be a fig [J]. Ann Rev Ecol Syst, 1979, 10(1):
13-51. doi: 10.1146/annurev.es.10.110179.000305.

[28] WARE A B, COMPTON S G. Dispersal of adult female fig wasps: 1.
Arrivals and departures [J]. Entomol Exp Appl, 1994, 73(3): 221-229.
doi: 10.1111/1.1570-7458.1994.tb01859 x.

[29] HOU T 'Y, ZHAO Y, PENG Y Q, et al. Behavior and the time of being
active of internal ovipositing fig wasps in female floral phase [J]. Chin
Bull Entomol, 2009, 46(2): 280-283. doi: 10.3969/j.issn.0452-8255.
2009.02.019.

Az, BER, IR, 55, METRIIAR MGt KR R AT R
ZhwtE) [ B HUEIR, 2009, 46(2): 280-283. doi: 10.3969/j.issn.
0452-8255.2009.02.019.

[30] WANG Q Y, YANG D R, PENG Y Q. Pollination behaviour and
propagation of pollinator wasps on Ficus semicordata in Xishuang-
banna, China [J]. Acta Entomol Sin, 2003, 46(1): 27-34. doi: 10.3321/
ji8sn:0454-6296.2003.01.006.

ERKHE, BRI, MR VU R GIRG R AR AR BT A 4T
(1. B 2=k, 2003, 46(1): 27-34. doi: 10.3321/.issn:0454-6296.
2003.01.006.

[31] YANG D R, ZHAO T Z, WANG R W, et al. Study on pollination
ecology of fig wasp (Ceratosolen sp.) in the tropical rainforest of
Xishuangbanna, China [J]. Zool Res, 2001, 22(2): 125-130. doi: 10.
3321/j.issn:0254-5853.2001.02.008.

BRER, R, Ea, 5. PSRN R AR TR RS g
BHAERY [J]. SEEREE, 2001, 22(2): 125-130. doi: 10.3321/j.issn:
0254-5853.2001.02.008.

[32] TIAN E W. Co-phylogeography of symbiotic insects of Ficus hirta and
cryptic speciation of fig wasps (Blastophaga spp.) [D]. Beijing:
Univsite of Chinese Academy of Sciences, 2014: 1-155.

B, LA (Ficus hirta) 3628 B BP0 R) 2% 25 30 21 27 RRE /)N 1
(Blastophaga spp.)F@TERIER [D]. dbnt: i ERIBE RS, 2014
1-155.

[33] LIU L. The reproduction ecology of Ficus virens var. sublanceolata
[D]. Fuzhou: Fujian Normal University, 2010: 1-78.

XFE. KM HE A A DAL [D]. KM R IHIE K, 2010:
1-78.

[34] DUNN D W, YU D W, RIDLEY J, et al. Longevity, early emergence



B AR R T %25 %

and body size in a pollinating fig wasp-implications for stability in a
fig-pollinator mutualism [J]. J Anim Ecol, 2008, 77(5): 927-935. doi:

10.1111/j.1365-2656.2008.01416.x.

[35] SUN B F, WANG R W, HU Z. Ovipositing pattern of the fig wasps and

its effect on the offspring sex ratio [J]. Zool Res, 2009, 30(5): 559-564.
doi: 10.3724/SP.J.1141.2009.05559.

INER, ERGR, BE. FENER IR R R AR B s
[7]. SEEIE, 2009, 30(5): 559-564. doi: 10.3724/SP.J.1141.2009.
05559.

[38] KERDELHUE C, RASPLUS J Y. Non-pollinating afrotropical fig

wasps affect the fig-pollinator mutulism in Ficus within the subgenus

Sycomorus [J]. Oikos, 1996, 75(1): 3—14. doi: 10.2307/3546315.

[39] BRONSTEIN J L. The nonpollinating wasp fauna of Ficus pertusa:

Exploitation of a mutualism? [J]. Oikos, 1991, 61(2): 175-186. doi: 10.

2307/3545335.

[40] WEST S A, HERRE E A. The ecology of the New World fig-

parasitizing wasps Idarnes and implications for the evolution of the

fig-pollinator mutualism [J]. Proc Roy Soc B, 1994, 258(1351): 67-72.

[36] HERRE E A. Optimality, plasticity and selective regime in fig wasp sex doi: 10.1098/rspb.1994.0143.

ratios [J]. Nature, 1987, 329(6140): 627—629. doi: 10.1038/329627a0. [411 WANG Z J, ZHANG F P, PENG Y Q, et al. Reproductive strategy and

[37] YANG D R, PENG Y Q, WANG Q Y, et al. The structure of insect impact on the fig-pollinator mutualism of one non-pollinating fig wasp

communities and the ecological characteristics of the functional groups
in syconia of three trees fig species in Xishuangbanna, China [J]. Acta
Ecol Sin, 2003, 23(9): 1798-1806.

BRoR, sZHBBE, ERKHE, 5. B A AR =Rt g e Sk R R v
gk 5D [T]AE 4R, 2003, 23(9): 1798-1806.

species [J]. Biodiv Sci, 2009, 17(2): 168-173. doi: 10.3724/SP.J.1003.
2009.08341.

TR, SRR, MHE, . AR AR /N I BT RS
SR - ORISR RG], AEMIZ FEME, 2009, 17(2): 168
173. doi: 10.3724/SP.J.1003.2009.08341.





