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COEVOLUTION BETWEEN TWO INTERNAL OVIPOSITING FIG WASPS AND
HOST FICUS CURTIPES

ZHANG F eng-Pingl’ 2, PENG Yan-Qiongl, and YANG Da-Rongl*

!Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223, China, and Graduate University of Chinese
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Abstract Aims Fig trees (Ficus) and their pollinating wasps (Chalcidoidea, Agaonidae) form a
highly obligated mutualism. In addition, Ficus species also host some non-pollinating fig wasps, most
of which oviposit from the outside of figs, and only a few have evolved fig-entry behavior. Ficus curti-
pes hosts an internal ovipositing non-ollinating fig wasp, Diaziella yangi, in Xishuangbanna, and it is
similar to the pollinating fig wasp (Eupristina sp.). Our objective was to investigate whether there was
coevolution between D. yangi and host F. curtipes in aspects of morphology, behavior and ecology.
Methods Head length and width of the fig wasps, along with length of the ovipositors and styles, were
measured using dissecting microscopy. In the field, the behavior of wasp’s entry in female floral phase
was observed, and the mating and emerging behavior in male floral phase were observed in the labora-
tory. Moreover, we recorded a number of foundress in the fig female floral phase, and counted the
number of wasps and seeds in the male floral phase.

Important findings The head shape (length:width) of female D. yangi was strongly correlated with
that of the female pollinator Fupristina sp., while there was no corresponding correlation in male head
shape. The style-length of figs was in the reach of Eupristina sp. and D. yangi. The emergence time for
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each Eupristina sp. from a gall was usually for 3—5 h, and the mating time lasted 17-19 min. The emer-
gence time for each D. yangi was usually for 18-20 min, and the mating time lasted 20-30 s. In nature,
almost 90% of figs at female floral phase averaged only one D. yangi and one Eupristina sp. In the

natural community, D. yangi has a significant negative effect on the pollinator, but a positive effect on
the number of viable seeds. Both internal ovipositing species entered fig in the same day of female flo-
ral phase and left the fig at the same time (figs’ male floral phase). Results suggested that D. yangi can
pollinate the figs, similar to the pollinator Eupristina sp. It has high degree of co-adaptation with the
host F. curtipes. This is possibly an example of evolving from parasitism to mutualism.
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FEW (Ficus) 55 HAL Ry W8 /NG R B T HL S B
Hu 2z TR) P ) A i Ay SRS B0 o AR RO /S
WAL By SRAGAT I BT, T /) e, 0 ZBAE K
RS2 (DU 1 BRobs SR ) WA 48 1 s SR R AR,
TOHEME M, HEILA(Galil er al., 1973; Jan-
zen, 1979; Wiebes, 1979; Bronstein, 1988; Comp-
ton, 1993; Weiblen, 2002). £k % ¥k 5 HA%
Ry M e — 0 — B SC AR, H AR Ry M ) i A
RS AL Ry o HAT R EW ] Ah: RS AT AT
WUl B 2 B N 0% O 3L A% By (Wiebes, 1979;
Michaloud et al., 1986; Compton et al., 1994,
Machado et al., 1996), B¢ —Fl#s /NG [A] B 4 P9
RS B4 8 (Michaloud et al., 1986; Compton et
al., 1994; Machado et al., 1996). & T H¥} /N i
DAAL, B IR N IE 27 A2 A — Lo e AL S Ak 7 O i) AL
IRAN = 2 SR P AIDAER o8 RS < ol 51 <
REKSLI A G MBI, HEfHRE % LR
HRATAT 25 AL, DI E AT A R R & . 7k
el NI h, o K 20 KOl 2 I SR A0 FH 7 B
AR 7O, A R B R AR R /N 0 — A
ANRIEN 00

4 MEAE TFTBOR, AN [R) el 25 A 14 R I A
AT AN AL 20 93 T B B A9 R 43 e e o AE A o, e |
il 24— IR H /N W 111 oK A% By (Hossaert-McKey et
al., 1994). 1M#s 5 BRE IR 45— T A2 40 )7 (Ost-
iole) 1 YE R5 A5 W RIAL Ky M /N i — LR ) — A
MWIE, 2k E AR By AN RN R AN )
P B# % (Ramirez, 1970; Galil & Neeman, 1977;
Janzen, 1979; Bronstein, 1987). R R HR. %
FOBLTE ¥ /N 06 A 8 MR Al e 8 BRI AR A ik N
R, Btt, A8 ok by i Sk R &S
KA R B AR R N A BERE AN . #EAN

R S5 1) 53— B i e AE AT R, AR R s/ i (1)
7 G A 5 o0 A SR ME A 1) A6 AT K B2 AH UL
REACOF ™ BUMELE 1 b7 N, 1RSSR AL B /) i
BEREIE N, LT O R R AR SR P R
FE 1) K B Al 06 20055 %% AH OC (Nefdt & Compton,
1996).

16 V5 X 40 Hb X 53 A 186 15 (Ficus  curti-
pes) BN, RILT — Mok AR N AR
&Ky /) i ¥ IGHS W <62 7N W6 (Diaziella  yangi),
BT R AL K B D Bl I A5 /N W (Eupristina
sp)—FERE N F B, X O LR U AR
;BRI B Y R R R] ) OC R PR TR AT
MWL AT N F R0 AE 22 R AE 7 T LE 3 ¢
TP bk AR S P B I /N e B Ay R 2 )
) )AL G 2R

1 MEFTGE

1.1 WA R

Bl 0 8 T4 8 (Ficus) oA, MEMERAR, 4
A7 T4 500~1 350 mityARAK Py SR ZEPHIT . A%
e R, P bEsRE. TEE; MR,
KA 5 T2 2 {50 ARG [, Wb i R 2t W3 i
ks, WXL, Seumatil, JEMRELIE;
B RO B AR, TC R, BRE MG TE, BT
HRA R R, LE.

gl mf #5 /N 4% (Eupristina sp) )8 T 3 H
(Hymenoptera) /) # j&t F} (Chalcidoidea) #5 /s 1§
Eupristina)&, &P 006800, MEME — 7Y, M
WEAT T, MR TC I, M N TR PN B

W RS 4 /N (Diaziella yangi)si g T I3
H /Mg R R4 /N&E R Diaziella)® . & J&van Noort
S (2006) KR ) —ANF Bl A EANBE R SR
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KANZERAEE R, M. Mg,
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FE 71N B S0 1 K B LUt DAy 2 17 A /N 0 Sk
TR AN ZF M R IR A IE R — AN R
b, DR MBI A I 0 0 A DM AR 4 /N i Sk 1 K
B8 I o SR F AR 30 (/N P AR i) AR R
(DT30S g =, o3 THYMEN
(120H, 20 emx15 cm), 3L [48 . BEHLPEEX
BB /I8 0 R B B 4 /N e e 37 1L, IfE 035
Mo, 78 H AR BORR B W 2 &) 2B 7 1 OLYMPUS-
SZX 124 WA T, F I sk RO &2 7 5 ol /) e
LA SE . A T AR R NI B SRR S 1
FE K B A T 55 50, [R] s 3000 5 1 8 ol )N e 1) 7= B
AR, ]I AR B A R R A0 o T A
S0 [RS8 5, RS HE AL Y PR IE3 02 41
HAHKE.
122 RN B e = e

UL IR /N e R AR 4 /DN B O N TR s
B, K E S 1~3 dN, gF 7 3kkBin:
M E 186N KE Y, 48 vk AEAE T AR 4 J i 1 1y DA
T MR P () 7 ol S e ) B
1.2.3 R AU E

SR B e /0N 0 R A G AR 45 /0 e T 0 N
e U 14 s SR R D e B 7 S A0 1) A S A R ]
A0 E, BWARAD) ok =, E T HARRMK

B3 2 7] 2B 77 I OLYMPUS-SZX 1 24K 4L i ik 8%
L5 FIIE S5 P /I e 7 O L AT TG R B T R AT R o
1.2.4  #/higficdk

FENS /N e B PR ) REAE J, A URR B A
PRI R, ISR ALADMAE N, b
AN E RPN, BB SRR B N I R AE T 70%
MR, 2 )5, SRR NI B, 2
TERMCE E s, [F 5 f N g RS, I
T
1.3 ¥t

Bk H ek % . LSD %2 & L.
Tamhane’s T2% 5 LU & FU R AH ¢ 40 BT 25 57k, 18
1 F SPSS 1304 A A B8 e K 78 1 o

2 HZRE5SH

2.1 Sl NGRS TR IR 4 /N i Sk T A
IFi) 1t A4

MR LA Bl /N i R A [ R A 4
7N 0 M 0 Sk (1)K B AR, (H B RS AR 4/ 0 1) Sk
B 55 (1= —13.42, df=36, p<0.001). 4l #7578 68 i e
1 3k KN T 0 IR & /N 1 Sk K (= -7.37,
df=34, p<0.001), Ifii ¥ [CHE B 4 /I 08 1) 3k o K T
Bl N 11 3k 58 (1= —20.40, df=34, p<0.001), #
BBl b e g 0 N RIS 7 O TR A TR A < /) e
1) S e P S 308 TR SR B A O, T A 0 1) Sk T S
HR AW WA R (1, E2).

R SHENERR KRB S MNESTESHEFHELRERE)

Table 1 Head feature of female and male of Eupristina sp. and Diaziella yangi (mean = SD)

[HES

¥ Female (n=37)

M Male  (n=35)

Species K b K/ IS i Ko/ %8
Length (mm) Width (mm) Length /width Length (mm) Width (mm) Length /width
Eifi 3
ttuﬂfﬁfj\@% 0.41+0.03 0.39+0.01 1.03+0.06 0.41+0.03 0.39+0.02 1.04+0.07
Eupristina sp.
IR /i 0.400.03 0.490.04 0.83£0.22 0.47+0.04 0.53£0.04 0.88+0.03

Diaziella yangi

2.2 WA /NI 0 N SR 7 O A B R /)
W= O AR JE 2 A () G R

BRI 5 Sk TR P D ME A A A K B AR AN [ 1
B (F3.405=424.21, p<0.001)F1A [ [ 15 5 2 0] #1547
B3 72 5 (Fao, 450=30.62, p<0.001). JLE ik, #
IR P 11 M A AT K AR A R 20 S A B A /N 0

FM ECHE I G /N 0 7 R 28 T e SIS IR LN o M
RWEET ML AE K E #(0.87 £ 0.33) mm
(mean + SD, n=500), Blir-#5 /N = DR g5 K E
(1.89 + 0.06) mm (mean + SD, n=37), ¥ KA 4
AN P B AR K (1,20 £ 0.08) mm (meant
SD, n=37), WK TR A A W MER AT KB, W
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Head length/width ratio in female Eupristina sp.
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Head length/width ratio in female Diaziella yangi

B A /IR A A R A /] e e K

TEAR 2 11 (¥ A R A

Fig. 1 Relationship between the head shapes of female

Diaziella yangi and Eupristina sp.
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Head length/width ratio in male Diaziella yangi
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Fig. 2 Relationship between the head shapes of male

Diaziella yangi and Eupristina sp.
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Fig. 3 Relationship between the ovipositor lengths of female
Diaziella yangi and Eupristina sp.

2.3 BB Y B R AIE

Bl I A e E 0 ] K 25 Y (Monoecy), #/N g
FER FR AR AR R — MR A . AR B R
HET£(246.18 £ 24.09)%(mean = SD, n=67), MEFE
(294.37 + 36.65)%(mean + SD, n=67), HE{E /L
FEMELE R 5 S 18 25/ I8 2 LE (Anthers/ovules
ratio, A/O ratio) 4 0.84 £ 0.10 (mean £ SD, n=67).
WE A SR SR A S I LA o, A R Sk T
BT T AT R At by RAE By WL g 1R BB 45 A 2K 1
£ (Syn-stigma), PRF 1AL A FARAR
2.4 RN BRSO

B P A R DAY 110 R R e AT O o e R
4R LA Y, 0 TR p B R, A N
i KRR < /) e ) 0 e 5 — FRE o 1 o B R
(R F A, BT A /) e 1) 1 e o W 2 v T IR
W4z /N (1=4.87, p<0.001).
2.5 UOE. RBECHAE BT A

B I /0 R A e 1 E £ 300 SR PR TR 4
PEAL 7 OO R SR, e B MEAE IFs RS,
o5 e AR i b, FIZeE R D RAT IF A
ik 1y AN T b R TS A SRR RS R AR
JE o — BRI E A 2 S IR R, A%k i /N 0 af
FH AR N B AN IR RS e, o 5 A2 In) A,
B SRR R BN N, R A R g, 18
MERTE RN, AT 2~5 min. i T
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AT ARE, P DAME AR A 5 A A A L AR,
I HLK 2 B ik BPS i MERE A0 8 . 0E ARk A
Ja, MEREARARX AT, MR ME . B
Ja, fETT AR TR AT, AN fih A1 e 4T AR AL, 2R
Ja, KON A R RS R Oy, OF S SRR, (E
B SR A AE 2 18] 54K B 5 3& (0 3 AL L, 7R JE JT
G BRI TR 220 min. B RSN AT
LR AT N

1.2 1

1.0 [
< 0.8
Y
g Eupristina sp.
2 0.6 oo .
s O Diaziella yangi
=
Et 0.4

0.2
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% Foundress number

P4 Bl bas SRR A R /N e LR N SRS 7 B 11
ARAE A /N 0 1 O 0
Fig. 4 Number of the foundresses of Eupristina sp. and Diaziella
vangi trapped in the fig cavity

LEHEAE T, TR R T R, T I A
NI L2 R E B HRIAL I I S T R Ak
BF AR N, R T L AL 2
(6], -4RAT) A A A0 AL FE e o M i 4k B R
PIAR H  P E  Ji,PH EL S A A T g S Y —
810, SRS e BN LT A 4 1) A8 T AR A N AR AL
W5 AT L, AL IR 1 7~19 min. M
W 2 1) JCAH B4 SR IS, RIS AR G A BT HE,

FATHIE . ACBCE WG, MEE SO AR S48 1 AL
Moy %, — Ry LS 2 RO AT IS, A d i

Fie fE e Sk B TR AT AL, AR T H A, it
FEFEIS3~5 ho MEREIE I 25 & (AL LL)S, JFRAE
R A TCAT, Bl i i b SR A IR A 1SR T SR,
FERTRE B AT %, B DU B /D i 0 R i A AT
I, AEH RS B T A B N B b, A ERETE
AT LR BAT EBEREEAC AT H o Ak b /i
TeAT Helel Ja, FHRT P2 SCHE B K, Ja a2 B H

BT BT, EFkbEHEDY B
Ko HMEMEAZACSE SR, WA AL, B 7w i
M e, MEgRHRAHED, BIFREFEm
Mg, LB e T N R, TR G
ARG .

HEN S 77 G ) A DR R <6 /) e Ay /) i
— R, AR AR MEAE A TE N B ON, K
FE B G /N 0 N () A A Bl /N e R A7 A . JE
W, AR N 0 F i AR RRT B 1, HERSEN
HEAN T, A7 BRI B/ el 457 B A0 i S B A
fEky /N E N, B 5 75 AR K /N HE N AL, Sk
i 2N ANER R, F s L I arHEdE, Sk
R WO E N, AN R AR T 2~3
min. BT KW /NG K TAE R N, BE
NAL T E, Bk Ve, s AR FAL, Dt
W5 R AT A 5t B I, R DA o A b ) W G
B G /N E N R 0 o HE N SR i B B KA B 4/
W, RIS ALK NEAAL AT R, FHREEM
FHNAL S ON, 7R AL AU, S R AT
FIFIL G, AR EATRAE R N g 2 M B4 AfE
Te 1, B DR AN G /) e i g, 350 N &% B 7 2
(R ORI A B0 S Sl b EAT AR I i o
P BTIF A A A, M T B i O SLAE F
A R A RE AL, T EH ORI AP AL,
BT AR A, RN IR, XA R KA
18~20 min. 56 H SR 1 — 30 23 A g 1 2R 9 IEAT,
RN B A A P SR TR B AT AS TS, AT
—IRKL 5 E20~30 s, AR AH I8 1) B i 2 1)
FURIAT b eBCB AT A, — 0 o0 M A 0 25 T
MR G A S o R 7E S N EAT I, — 28 qk
Wi Wl 2 RS PR LE PRBRE B, SRS 8 B A5 Ky /)N e I
B B AR H (B T 2 R . T
R 70 e 0 AJBE A PN JOE N SR s A 9% 1) B ) L A%
W/ BT DL AT B AR R A /D 0 B L s T A
P
2.6 ECHE IR G /N R A — 6 TR 48 1) S T

AT TGS AR, Bl S e O 4y
HAE1H, e W, SILE MR, £
SRR T Z M AL WS /N WAL B WK L RAG IR, #
TN TE R FR AR 2D o A B B 4 /0N W8 R B
ek b /g LR 25 AR AE ) — S RN I 2 AR R A
35%, M5 BQRE AR 4 /0N 0 o) 0 b A /N 0 )5 AR AR AT
W% 85 25 1) A7 5% 1 (7=0.87, p<0.001, n=60). 1T
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My TR B < /I 0 3k N RIS 7 B, DT 1 2R 1A ol

FHINER2),

w2 HEANREFIAIEER DEGREM S NMEN MR/ D EMBERENH FHENZ (TN E I RERE)
Table 2 Effects of Diaziella yangi on pollinators Eupristina sp. and seeds (mean + SD)

Bt e FTER (e R i T Fo 2o/ B
Model No. of female flowers No. of seeds No. of pollinators No. of Diaziella yangi
Tk i 281.26+42.39 5.54+8.53 108.46+22.01 0
Eupristina sp. (n=46)
R e UN S8 N Ay RN 240.61+50.51 10.00+13.80 10.52+5.17 80.69+21.25

Eupristina sp.+ Diaziella yangi (n=23)

3 4t

KB A AL NG HRAERE R AL 7= B0, H A 2D
B SR N R 9N, Wi Diaziella)& . 324 0
b, AR R EE N R BN AR AR Ry A i
Sycoecinae. SycophaginaeflOtitesellinae 3™ £}
(g — 2B F S, BT AT AE AR OB . <R T2 R
KHFIV..  Sycoecinae [’ /I 2 HE P Fy i [X 1)
LB, 53648, H ™ Diaziella F1Robertsia
Je AN 73 A - M2 428 ORI i [X (Boucek, 1988).
H il © &1 Diaziella J&AT 145, T4RUAR A0 HAH Hi X
AR AR A5 /N I RITIE N S I 77 B (R A% K /)N
WS AV B HREN, B 2 e AT E N R
FR P BRBREAS, EL AT M) s /I e A0 N SRS 7 B £
e hgy /N i FAT 25 By T A v 1 E N R (R T A
Tk, B AOeN, kB m, 9 H k% (Ramirez,
1974; Janzen, 1979). van NoortflCompton (1996)
WEST T 26 R 5 A P 25 2L 1) Agaoninae fll Sycoecinae
N, CEMTRERIIES SR E N DES LA
JETE RN o ASWFTCRIL, B IR B </ i — B
FEAE N R NI HE N Z J5 A HE N RGP B, W) RE S
FH T B0 A /) e O A L A A < /N i 1 Sk
PP D e R N R S AR R R kA Bl A
RN RN < SUBO RN NEEC YN 3 CRINI(F 7]
PR IR < /)~ e iE i R0 R K ST - 20064 3K,
AT A TR A < /N B8 8B4 TR, BP9 45 2R o,
PP e DL B A 1K) A DGR R < /) e e ) Sk
HOBAR RA A o B N L JEE ™ BR (1 JEAL M /)N e
AT 53 /)~ e e S V8 2 AR ) 8 [ o K 2 0 N R
JRE 7 B PR A A R ) e RE 0 30 I A 1) 0 N R I Y
—/NJR A, Flvan Noort FlCompton (1996)[1] £k 4t
—%

BEN IS 5 00 53— B AG 5 J2 56 0 7 O (R AE AT
KR, AR /NI I ™ O 48 4 R 5 3 2 MEAE (1 48

FERFEAHUCED, Be40 ON i 6 AT 7= S HELE 1)+ b5
B, OBE AR R AR R D g 2L RE E R B,
G 4% 110 A B IR SR P A6 A6 A 1 8 0 200 55 2% AH
5% (Nefdt & Compton, 1996). — L LAk, 55 Py i
16 B2 YR 11 93 e 32 3R £ 2% 3 1 9¢ 71 (Bronstein,
1988; West & Herre, 1994; Kathuria et al., 1995;
Kathuria, 1999). HARER KGN g CL 22 5L 95 305
WETE R T e B ) AL A O R, R/ e 55 R A
I I ] 3 5 B0 Je AR, P 2 T) AN W] 4 3 A7
FEAE O L R IR A 58 4 o A0 MEE RIARAS M, X
T 56 4 SEINUAL, DAk s i 5 A ) I A ] — A
B SR N o AR Z W IE A R IX T v S 1) 77
ST A AR T T ME A A6 R K IR B AR S (Janzen,
1979; Ganeshaiah et al., 1999)F1#5 /)N & F) F
AR MEAE S 58 (West & Herre, 1994; Nedft &
Compton, 1996; Jousselin & Kjellberg, 2001). % [
YRS < I WA R JE AT 2 P A et /) e I e 7 B0 25 1)
PG B AR A T B AR E LG I AR AT AR, AT T
LA S I PR RS AR N L W IR B
S /) WA W s 1 7 B 2 D S A A AT K B 1 [
v, AR EATRER S & 0 BATH 5 — R
ESIS

AR /N W8 R TR B <8 /N AT IE 5 2P A i
6 9l R IR 1) 22 AR K, 1 ERE A < /N e 2P A BT 5
FR) I T BEAT B A /N B R o 3P R 4 ) Ji T
Al RE A T IR B < /NI AR B BOR, 2 o N
PEAE B oK Ty Ah, A IR I 5 /N I T e A7 38, 75
M e A P I A e 2 TR AT VR AL T SR ISR, A%
W /N W e T, B A A <F G AR 4T AT R,
XU R NI R AT O S M RS K
(Greeff, 1999).

LB N AR W 5 /N 8 T ) il 1) L R R ¢
T R AR TR B M v B A L Y
(Co-adaptation): fi it 4% 75 Bl ¥ 7K S b 4 45 48
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HOR, ORUE T AL Ry M /N e 1) 00 S0 R A A

6 R T TBCIS T 5 A4 48 /I8 068 1 2P A L e IS S0) O 455
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