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Abstract

Aims Conflicts of interest can be seen in the mutualism between fig trees and their species-specific fig wasp
pollinators, where tree reproduction depends on pollen-carrying wasps whereas wasp fitness depends only on the
latter. The factors that influence the balance of seed and fig wasp production are still debated. We have found
flowers with three different shaped stigmas in the monoecious fig tree Ficus altissima at Xishuangbanna, China,
and our objectives were to investigate whether these differences are related to the production of either seeds or fig
wasps.

Methods Flowers with different stigmal shapes were identified and counted using a dissecting microscope. We
measured the style lengths associated with each stigma type and also the ovipositor length of the fig wasps Eu-
pristina altissima and Eupristina sp. that attempt to lay their eggs down the styles. We identified the fate of flow-
ers with each type of stigma using ovule differences after wasp entry and their style lengths.

Important findings Based on their shape, we refer to the three types of stigma as globular, hook-like and
torch-like. They accounted for 54.00%, 36.93% and 9.07% of the total female flowers, respectively. The style
lengths of flowers with globular stigmas were significantly shorter than the others, but 85.73% and 96.01% of the
styles were shorter than the lengths of the ovipositors of E. altissima and Eupristina sp., respectively. Most of
their eggs were laid in short styled flowers, with globular stigmas (60.64%), whereas most of the seeds were pro-
duced by flowers with long styles and hook-like or torch-like stigmas. Flowers producing seeds therefore tend to
have a different shaped stigma to those that produce wasps, and stigma shape reflects specialization for either
male (pollen-carrying wasp) or female reproductive function. Consequently, it may be one of the factors that in-
fluence the balance between fig and fig wasp reproduction in F. altissima.
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LRI AR PN YDA R T AN B S AR A 1T
ILEAEAE— AL, JE A TSR e AR ) —Fif
AR, HARUT L MESRAT — & M AEAF R 28
(Herre et al., 1999). {HJ&, H RS, E0ME
() [A) W), 38 A7 A 4G % i 1) R 25 4 58 (Thompson,
1982, 1994), MM (Ficus spp.)AIHE /Mg (Agaonidae)
2 8] A7 AE A X PP R 25 b 98 (Nefdt & Compton,
1996). 4t 5 A Kk 7502 Fh(Berg, 1989), A HftifE
[FIAK 5 MERE AR 2 4, 7 ERE [FIRR R SR, Ak
T /INUEAE RS AL R (1) [RTIN, AR B ™ EEAE T 7
W, KPR R T, B MELE 2 RS KB AT,
S WAL WU /N 0 BT B AR (Weib-
len et al., 1995). FERARIIE/MEIRAT T HRbl 2,
RS /N ORISR 3RAS T BT R, — %
AHE A, A1 (Ramirez, 1970; Kjellberg et al.,
1987; Compton, 1993; Weiblen, 2002). {HE[I{f &iX
P v B AL AR I W, AT SRAF A SR 26
I SE, DR AR S oA TR HE AR 5 e A PR, T — 2
P ANV, A = A R L A S WA N I L RPN € 5
G [F) AN T TE G A7 1A ME AL TR IR S 1 )
FUTE A A B MEAE () R fris ? 31X AN in)
Bl — B Lok 2 3] TR £ 4% F 10 5 7 (Bronstein,
1988; West & Herre, 1994; Kathuria et al., 1995;
Anstett et al., 1996; Nefdt & Compton, 1996; Anstett,
2001; Yu et al., 2004).

W 3 (UL RN Ry, A e AR AT G T 2 A
R fris . {EMERE RIRRIRS RN, 183 AR AR R
ANFIMELE, FEACAEMESE, Rk i NG 25 2 = 51
B B, DR HAEAE A 55 A 0 A /N i ™ B 25 1)
KEEAHVLHEC . X TAEAE B I MESE, BT /T
PRSI AEAEANREBIIL 17, PIAN RER ™ BN .
WA B I MEAE RE R BI4E R, K2R K E 1k
¥ (Nefdt & Compton, 1996; Anstett, 2001). ZX 1],
ORISR, AEAT B T AN BE BRI R A /NI 1
FEOE, DRA RO AT K B AR AL Ry B /N e ] LU
H /) Y5 [#l Y (Bronstein, 1988; Compton & Nefdt,
1990; Kathuria et al., 1995; Nefdt & Compton, 1996).
A — PR A R R U, %R UEA K 2
o METE A7 AR AT BELAG 7 B U2 4) UK & )R,
P EUNEASRER I IXHR 7> /IME(Verkerke, 1989; West
& Herre,1994), {EHE, FF¥cAH FHALIUEHE DI R N
A J R B AR 8CE L RER & A AL
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WETE o AT —FPRERERE AR R BRSO FIE U, B A
h R R /N IR B (R A 2, S EUE A RER
T I MEfE(Nefdt & Compton, 1996), {H&XAME
TCVERRRE AT 2 9 KNG NS RN I, 1R
T EAE K B AN (Anstett ef al., 1996 ).

B LA, FER R - /I8 e 0 B 1 i IX A 1) /L
AR DR MR, Jousselinds(2004) 1A
H: ATREAEANFG BT, P IR - /N 0 S0 -1l
(VDRI 2R & AN —FE I T8 I 6) E R [ AR AS B . max-
imalfILEE, I AR R AR A K R R 8 i 2 BRAH G,
1M HACAEAT AT S R, K40 i fe T LA &%
A AT SR AL A /N 7 B 25 )4 N R 1 UL A A
Zhang 55 (2009) X BE M #5(F. curtipes) kit Sk TE 245 s
NP AT A DGR AR T T I, AR AR 1)
FESk BEBLAY, SERAR AT 0 BE T R e, T T A 4,
Fs 7N U T O A Sk PR 3 R 8 o 4 N BN 88 7 B, 16
P NI 0 i 4 N\ 7 OF 8 N AR A SRS SR K
FESLRE TR, AR T Hp b /I g = B 1 3 W T
g B Mk 2Bz e 16, WA/
WAL BRI T, e RRARAE e B ] e RE
) 55 #5 AR Ko AL oy s /)N 68 1) %53 (Jousselin et al.,
2004), AATE Ak, [F—Riisk, HAEA KR
259y, AMSKESRIE—3. R, f£RE(F. al-
tissima) R SR N, 04 G K Sk B A% 1328 A e,
AHIFFEHERTIX 3T 3K & S (MR (1) T 2 I T
TEJEFTAIETT, &5 TN 0F TR O A (R AR A B8 )
M N B PRI S M

1 XIG R

WE SR HAL T 25 B 48 78 XU 44 JH & FE )
RS, FEHLCT IR 20600 m, A% A T2,
W2, TZEN3HEISH, WEN6HH10
H, ZnZEN1AREE2H, FRBKENL 557
mm, H79%-82% [ B = K AR, 415
FHXTRESE R186%, A F-35 i H21.4-22.6 C, Hrh
VA A Aoy, SF¥ESE1L2 C, 4 HER, 1
KR 4335 C (Yang et al., 2000; Wang et al.,
2005; RAEFIZLHE, 2005).

2 MRFTTE

2.1 FREMHR
Rk, MERE R RR, S SRS JE M5 I & (subgen.



Urostigma) 38 8K 2 (sect. Conosyceae) 1] [ A 11
NI, mEEAR40 mPL -, BASAERIE AT
A RARELS:, Sk M A A A300 m®s 2y
A1 F- MY B ¥ (Corner, 1965), A=K T #uiy My Ak,
AP REAE T A B S R, VR A SRk
PRy o BB RN RIS R 2, N AER
Z P, (AW A R0 1 m W AR R 1 D i
(Eupristina altissima)f&¥; 52K JG TE P 1, BN &
FEI A, 7RSI b, JLAEFER RN o —Ffh
W Eupristina sp. Q&% K TR DIRE, 28 o0 1 O
o, RS AR AN A AR BB R
DRI, W0 S SR /N e TR BRI, 590 0 P o 6, 65
i
22 MARAE
221 SEERELTSNE

MELEAT S TR AT RE 23 0B B8 - s /) e B0 R 458
Ty R RE MR, FRATTR AR NI E N E T 3 (b 5 A e 2
FEIB0 R S S5 8 AR AT SR, DA SR N 145 H
P INIEAT SRAE VA A A NEAE I AR 3 . 71
T3 25 B RAR T 10N MEAE AR SR, [ sk
WEMH . AR i HAREAREITA R A R
BMBI(OLYMPUS SZX12) FHEATMLEL, fifi s #1k
TEARERL ., FRIRIE I, AR SLTER N E
Peih, MR R s N, R TR B s b

LB
222 ST AREEBE LR EERIFNEHKTE
HKE
TEFE R WIEE N BELE I 38 LR B 2R, /b
WEATYIRAFIG IS, S R R, 15 BERAE15A
R, 25 RERAE2IANR, RIS s, IR R,
R RS0y Waty, RO BENLPRIET-102 /M E, T
T A L, HFE T OLMPUSHARL 2 5ss ~id
SERF AR AT SRR, At By e B /e PR ol sk i L
IR I B R AL AR AR K . s, Ml T
PIREA 36N ST 103 2 MELE (AT Sk TR A0 48
FEK R
223 B/EFIIRKENE
PR, SR AR A SO (R R /DN e 2P A i) )
FER104S, R EETFHMAEN120H, 20 cm x
15 cm), b3 AR HEE, RFRBHLPRE 10 2 AL R/
W, YEOLMPUSHALIE fEE ~, DA R 5 /) i

IR FFRI 3 MR DA MILSHIFE 1305

FRER A . FHIFRFEI T, 10 I, f
BEALHEE 10 MW /N, I H 7 B s K
224 HRNEFEBNEMFFHBERNEERE
HKE

WETE 7 15 JE e AR ST HE I B LRI, A2
LRy 8 B A I /N 77 B IS T8 A, N
THEAFMR G BA GEHIE R . iGN
PSR HY 577 O J5 12K, (RIS 00BE R st e
SRR /N o B RIEAE T N SR B, X S
TERf JoF B A, JF i 2 B N . AR
ARIXAN IR S, BRI i 12 R R M SR8, &
RA%E5y, RO BENLEN 71025 /M e, B TR B
B FHRIE T N RO TN E, dsESLBIR, JF
FEDROR M A R, L& T 942816, AHLL
Z N, RE MM T s e R R E — B
6] J5 A REHER oK, BATTRA TES T UUNM 110
FER6AS, EML B T H A T, 8 T 5
PRBEI, AR HE A2 EER TR T,
T AT Sk S A e ke DL 2840, HAR A
B2, FRATAEERAETIREHE. ERFH
Bl METE, A R PEE20%5, B AU BB R,
FHIHIOR D AT B
23 RS

K HISPSS 1305 (0 R 7 58 B 4 vt L
B3 MERE T o7 LRI, SR, PR i 71 24
LA 32K S Ml A 2 TR e AT K P 1) 22 S i, BB
B ESN TE R 2 BB T, BT ER
5, BATR A R 2 5 22 3 # B () Tamhane’s T2
Pio M LUEIIAT S ARITE AT K SEAEAN [FIA (] ) 22
7, UK B A M AEAT K RV B b7
(AT K 5 22 S i, SR FH TR 2 ST A A A 56 7 %
(RAENIZE, 2008).

3 HERMoth

3.1 SRR KRR

FERRER N, BETERI RS AZ — AN, e
LTI KESE (T, 2B 3FANE AR — o
SEEREIRES, IR, o —
TR — A HPIRI S B RSk, P 23l PR3 2 AT
SO BRAE Sk BT SR A5 B AT Sk (B 1)
32 Z=MEBMRMIERREEHEKE

FEPIRRIAE R S B Se vt IO MES e, B RUAT: Sk e
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TERT T I E R A, Bt 50%; UGS R R Sk
RIMELE, P 7 BE 2R 2937%; JOERU SKMERE T 1 EE
IR, 2919%, [Rl—H Sk (R A [T ]
HEHHEER B (F=10.77,df=2, p<0.05) (K2).
3.3 =FEBIETT R EIEYFE

FE R P, BRI Sk (¥ R B AT S A
FE, 20715 80% (A ERAU K Sk MEAE AL A K B /N 0.8 mmy;
T KCHE A Sk R AT K R IR, FEEE A AE
0.5-1.2 mmZ 1], £550%. ML N, 254 RH:k
MR AEAE K A K, AR S LR, XA #E0.4-2.3
mm 1], HH160%53 A 1E0.5-1.3 mmP . 7E3FFAE
SRTGAR BIMERR T, PRI B S A 1 o 25 B TR A
SKMEAE, TEAEH R 2424 (1.09 + 0.02) mm (mean +

FRAY KR

BT

Globular Torch-like Hook-like

B s RN 3RO R AT K e .
Fig. 1 Female flowers with three different shaped stigmas in
Ficus altissima.
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Fig. 2 Percentage of female flowers with three different shaped
stigmas.
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SD, n = 407), LU KIERIAS AL, ~F3epK
JE°4(0.99 £ 0.04) mm (mean + SD, n = 95), {efEK
J5 S5 R 1 A BRI S, AR PR 4(0.83 =
0.02) mm (mean =+ SD, n = 600). BRIEAF:SLMELE [)7E
FEAC RS 5 35 R0 T2 ) AT S AR A6 A (p < 0.001)FH
KIERIMEAEAERE (p < 0.05), {HJCHERUFE K6 RS
B RIRE SR lE e K MBI R EEZR@ =
0.09)0 ALK IAEAT K FEAE I REFER E 35 S EAH
ABLFR o0 A R, (R TR RS B0 R AL PR A A K B A
AN [ 1) 22 S Wl 2 Rk RAE 3k £ = —5.19, p < 0.001;
TRRIFE L ¢ = —2.19, p < 0.05; KIRKEL: ¢ =
~1.13, p = 0.26) (K3 A, 3B). i 0 25 5L Py 90
ANEIRI P OB RE, 85 B WA R R /N I TR 7 O 2%
K A1.3-2.3 mm, 3 4(1.93 £ 0.02) mm (mean
+ SD, n = 100), Hci 1f7 90 as K g, 7E1.7-
23 mm [, “F¥)4(2.17 £ 0.01) mm (mean + SD,
n = 100). M= B4 RE AL AT BE (1 VLI ¢ &
B, PN 1) 77 51 2 L 85% (1) ME K 18 kT 38
e, BRI AT T DAE ik 4 80 2 (AR A = B 1 s
(KE3C).

TESERR I A A R0, PSS AL N S R /N e
BRI 80% I HEAEF 5, 1 = E AR AR
90.4-1.1 mmFHELE 1 55 = BN (EI3D), FIH 12
FIACATMESL, IXH o MELE T, 4760.64% 1) HEFE & K
RURESK, 36.17% M MEAR 2 25 B AT 3K, 3.19%I1E{E
JEKIERIAT Sk o 3X W Rk AT SRS S H ok
BIEAL R /NI R 7 1) o T LA BB D 1 (1)
1, CANRIAEFEKELE0.9-2.0 mmiuH A, ELHk
LA NEETEA A K B K (e = 2741, p <
0.001) (KI3E). tH T-Re e nl 1B B, 3k O %40
HURGIE, ToVEHEm HIEES, (A NACHE K FE n] HEN,
JOIE TR S RS B AT S AR R T RER BN
Bl

4 g

TEMERERIRR T, CANEARAE I MEfE - T
FEA R R /N, K ARAT T T T R 1 (Nefdt
& Compton, 1996; Anstett, 2001), FA T ks
KN Rg T, WARE T AR R . BN
U 1R) 77 O s RE k7 mT DA FH 40K 22 B e, R
EATIIER T R R AR AT L 5, TR E
B (P METE AR AT A, METE AT BEEAS /N b A
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Fig. 3 The comparison among the style length of female flowers with three different shaped stigmas (A, B), wasp ovipositor lengths
(C), style length of female flowers that develop into galls (D) and seeds (E).

), AR A B, 1 IR A L W2 A5, WA R UR S EA SR TR A &
ANEB o B T A A BE X R - /N e 0 1 5% FET- 5 52 M (Jousselin et al., 2004; Zhang et al.,
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2009), HHARE T KK 58 1 £ B2 25 0 B A Sk B
PR /N = BN DA AR AT A IR 52, 1T AN AT S T
A ZFEVELL K e AT AT B AT oK ) MEAE 1) B0 2 e ik
ATIRANIIFIT o AR SO — RARIE T — PR B (1) MEAE A
3R LTER, I HANE A L TR H A AR 11
FEARCERIASR] 1 SRR A, JFUE WA Sk 1 A8 Sl 2
B HE Fi5~ BETE AL A /g B ) T Bz —

P8 MR UL, AEATRHE R A, #RN A
B AR S, BATT o A R s A R 1 3
FAESIBAR, BLA T AR AT RS, B A AW
2 EROENE S tetn, FARREMETE, FESRPIRZ
AR ERAL, IXMATE SRR, AR TR LA 3k
A BR A, i ELR R A AR AT AR A T O g T8
b, PRI T e I g2 -3 K /INE T D )
ML, TAVRINBEEE AN, AEREHIN T 7 N2
Bl /N0 ik B, T IX IS N FEAT Sk B AR AT BRI AE
A, GETH /N O IRIEAE S R, 1E AR X R A
FE BREUFT: Sk R HEAE A /N OF (RO 2 B v, ol
B 77 O METE BB 60.64%, MAEFETEA BE, BRE
FESNAZ @A T/ R ), PR i AT Sk 1)
WEASAL B, RIS D) BIA T by o MBAR, &
A36.17% 14 7 OIS 2 25 P AT Sk, %Rk
B ORI 7 2R RE S Bl A 1R E A6 A B T XA
BL, 5 /0N 08 75 o e 381K Sk 1 356 38 (15 A AT AHEE (1)
— i), 77 GO AT DANAT Sk (R BE S Ay, I AE AR
YU 7= T-F b5t (Zhang et al., 2009) . 48R, 5 ER AR 3k
IMETEAR L, X SRR AT S LA /Nl mT DL e 37 7= B
PR S, T HAGAE 4R, AR 7= O ds il
DRI, AR ™ ORI L I S BRI e B A
HIE A 3.19% I METE A2 KIE AT Sk, ANHER AR X R
X HE /N = B AR AR, R 28 A SR B IR,
B A2 A /I e i A S Tt o, O AV ™ B 4,
R O s T ok BN R SR AT, W AT AR R A,
I K IERIAT S IR MEAE A B FEAT UL, mT RedE /D
(1) 77 RS AR AR BIIA AN T J o TASH]TH5 /N
FEONRIELE, 18 LA R T AL R R, KB T
MKIERFE LB B, MR ITAVRCKR, Rell
IAER R SKBE RR, B me Ly, SR
T Sk DR A TR AT BEA A, 25 2 4 M 3 4%y 4 4k
e, I AR TS IR R AT Sk BB A% B9 AT Sk K i
N, N AZ AR AR 32k, BAEAN . FRATTE
ok 0 e E A (R AR AT R B AR B, SRl IR A
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A EFRRACAEREMEAE . PR LIRSS
038 W AL, RT e B IR - D B B 0 [ £ P
e,

fEwRE b, BRABUAESHESE . 2 B B AT SR MEAE AN
JOERUAT SR MEE T o R L2930 92 54.00% 36.93%
H19.07%. HIRANFIR LA R K/ mi s e feqe
REROACE, T #E R ARG, (B[R R ) 7]
—RE SRR R MY B B AR AR AL, B3 A Sk
AL HELE AARALLR) 20 Al 5 sUHTBE AN R -, 31X
YOI RS L3RR S 8 A B MEAE T g C 4 RRUE 23
Ao LEMERERIRR RS SRR, 8 R AT ML 2
SHAR R RN, TARAEAEMELE SRSl & R 1, [
PHRTHED: 4n SRR AL I R AE AT EAEA QAT i 10 e
P BT Th RE (1 48 L HMEPE AR B8 /NI AR A 1)
MEPE A RE), BT T 1) KM T RS ey 2 A
ARG A K MEVE ST DI RE, U i M A M 1 0
DhRERIZr L J LT 2 AHAR 1, BRtE, TR TE S B
AR S, BRI D RERY % Sl e 5 A R T 2 A - 0
R LA T )AL .

FEMERERIRR FIRE AR TR, R]— AR P R ST b
T, SCETARE NG, MELE BT URAE ST RT3 R /N 1%
ZIREERE I ? SERTHIBEIT, S 7 ik
PPN « AN TR BBOR B AT AN AT B A,
{EL 3K SR 5 38 Y A AR G [ 25 WHE A % Y AE S0 b
TR /NI 2 T8] 1) 43 BC 7] @ (Bronstein, 1988; Ka-
thuria et al., 1995; Anstett et al., 1996; Nefdt &
Compton, 1996; Anstett, 2001). FRATFIWFITEE R K
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2 55 3 Y MEAE B P AE ST AT A ST R g
[0 IE e AEIXFPAT SR A (0 70 A AE RS B o ) S 75
HAEwmE, PLRAE LA AL 4, A7)
ATt B0,

Bift BR A AT EAEG0970439) W BRE . A

AR A B 7 17 2R S0 40 36 Ao TR AR 89

8, B,

SE 30k
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