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Abstract: The ovipositor of parasitic Hymenoptera is a specific organ for depositing eggs by piercing into
a host's body, serving as a valuable index for understanding the competition, cooperation, and multitrophic
cascades among co-occurring species. Here, we used light and scanning electron microscopy to gain the
morphological characteristics of one pollinating fig wasp Ceratosolen gravelyi and four species non-
pollinating fig wasp Philotrypesis dunia, Sycophaga cunia, Apocrypta sp., and Sycoscapter trifemmensis,
which are endosymbiosis with the fig syconia of Ficus semicordata. According to the wasp ovipositing fig
sequence and fig wall thickness, we explored the correlation between the ovipositor structure and diet of 5
wasps, as mentioned earlier. The results showed that the sclerotization degree of the ovipositor tip
gradually increased with the later-ovipositing sequence wasps. The pollinator C. gravelyi, laying eggs
inside, showed one ovipositor tooth and one campaniform sensillum at the surface of the ovipositor. Still,
four non-pollinators, depositing eggs outside, had more teeth and sensilla at the same location of ovipositor.
Furthermore, the number and diversity of ovipositor teeth and sensilla could increase from gall-makers to
parasitoids. There was a positive correlation between the length of ovipositor teeth and fig wall thickness.
Hierarchical cluster analysis using ovipositor traits mirrored the functional categories of fig wasp in F.
semicordata. The results will help understand the diet and coexistence in the fig wasp community.
Additionally, the detailed knowledge of ovipositor structure may predict the function categories of
parasites in other communities.
Key words: Ficus semicordata; fig wasp; ovipositor; functional morphology; diet
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A A SEE TR B 2 D ReREVE, R A BRI e (Kerdelhué ez al., 2000; Cook &
Rasplus, 2003). M, R/ NMERERBREELIES CORR) ML MEEhm BR (&),
MR IR A RBTIR E i H B BB GEMEE D, WEAM LSRR, TER T R IR
K% (Herre eral., 2008; Bronstein, 2015), [MIAEM&RNHE/MEN5E ST IX PP B R, ThfE
T ALFEIE S Gall-makers 77 f& 3 Inquilines 15 %7 4 34 Parasitoid =28, #Ak F X H5-16H 21 B 5H
FARFKIH FAEA (Cook & Rasplus, 2003; Chen et al., 2013). {HAAN—T7TH, TCRELEE
RARWCY = OF AL A FE AN, 3B SR AR RO B TR AE 7 BN B AR AR B K /e, X AN [A) A S AR A
ANIERS S AETEAEIA [ 2 5 8 B, I A ROy — A P ELMERE BRI A BRI A 18], R B AN R /)
W PRI RE IR AT 1L 75 0 S TR AT & B 2 O B S VR A, e AN TR B 2 BN )L O
J7aG, PRIRAL R, DAREARA N . FRIE Y 35 4+ (Compton & Hawkins, 1992; Ghara & Borges,

20100, AR AL HS A Hsmn 25 AR i A7 [ 25 (Naeem & Hawkins, 1994; Bonsall et al.,



2002), FREEIE/NEY SOEA RGBSR, MG IS RIS 78 4 HOBUMERE X 7= I A7 IR %
B, P SE AR IN ARG . TR /NG IR 7= GRAT R O 28 45 40 A7 B RE R D e, fo vE R
FAE R = 007 i, ALY M 2 B A AR 40 o AT e (Quicke et al., 1994; Elias et al.,
2018,

AN N R CIEIRT B e, AMERERIR, 4iKaeT i, AR A,
IS WA TEARANE . YOI, AR R I O T A AR, (EX AN R R
YRR, R OA BT VR, A I AR BN HER AL S (BSC4A%E, 2004; Compton
etal., 2009). {EAERCHIN 800 ZMAAH FF (Berg & Corner, 2005), HEFAM A H G MEEHIHE
ANEREVE , ELFEAE AR NGB AN R B MY /N % (Compton & Hawkins, 1992). Fi AT Mtk
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PG5 R Th e & N M U7 T (Compton & Hawkins, 1992; Sivinski & Aluja, 2003; Herre et al.,
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WA AR /N 7= R A AU BE AL R S . AU A BOURE KA, S5 A7 IS ARAER, RIT 1y T
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Fig. 1 The morphology and oviposition timing of the female of five fig wasps associated with Ficus semicordata
A, BF/NE: B, WIEMEM/NE; C, RiKEE/NE: D, 4IRS B, PSS/, B 2~E 3 [F. Note: A, C. gravelyi; B, P.
dunia; C, S. cunia; D, Apocrypta sp.; E, S. trifemmensis. Same to Fig.2 and Fig.3.
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Table 1 Quantitative metrics of ovipositor characteristics from the 5 fig wasps associated with Ficus semicordata

i Measurements D577 1% Metrics
H. V%0 Number of ovipositor teeth 11441 Counting method
V¥ 15 % Mean tooth height 1A /UL tooth height/Number of teeth
Wi 7E 55 R L CV of tooth height SD ki g1/ F-#4 1k %1 SD tooth height/Mean tooth height
“F-#J 145 ¥ Mean tooth distance 16 A B 28 /05 34-1 £ tooth distance/Number of teeth - 1
UiPEA 5% 2% CV of tooth distance D 15 #5/° 74414 #F SD tooth distance/Mean tooth distance
H G A K Relative length with teeth HiGK/EP= UK JE Length with teeth/Total ovipositor length
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project.org/web/packages/vegan/index.html) H5E /%, FH Adobe illustrator CS 2023 XJ 5 M 34T 4
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Table 2 Ovipositor characters of five fig wasps associated with Ficus semicordata

RHIETE YN TCAE RS /N EA 7N RN (UL et
Eigenvalue C. gravelyi P. dunia S. cunia Apocrypta sp. S. trifemmensis
ELEES 790.63 + 14.93 3565.79 £35.9 4478.16 £ 46.65 3459.12+ 54 8 929.54 + 260
Ovipositor length (N=43) (N=63) (N=40) (N=60) (N=60)
b= S | | | | |
Teeth of upper valve
TR
Teeth of lower valves 0 0 0 ! !
PSR 6=
Number of teeth ! 6 ? 10 13
FE A 3.72+0.19 1.79£0.73 0.93 +0.38 2.15+0.09 2.05+0.07
Mean tooth height (N=11) (N=35) (N=50) (N=63) (N=60)
CV of tooth height 0.22 0.44 0.32 0.41 0.28
ST 0 7.63+0.63 6.61 £0.08 10.43 +£0.59 9.12+0.55
Mean tooth distance (N=35) (N=50) (N=63) (N=60)
ViR AR e R A
CV of tooth distance 0 0.526 0-615 0.630 0.584
Ew*ﬁﬁk&i 0.008 0.016 0.015 0.032 0.015
Relative length with teeth
0,
BEALIRE (%) 0 64.89 70.66 78.26 79.12

Intensity of sclerotization

W CV=AER REG MEHANum. Note: CV = coefficient of variation; unit of measurement was pm.
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Fig. 2 Light microscopy image of ovipositor sclerotization of five fig wasps associated with Ficus semicordata
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Fig. 3 Scanning electron micrographs of ovipositor morphology of five fig wasps associated with Ficus semicordata
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Fig. 4 Correlation between length of ovipositor tooth area and wall thickness for five fig wasps associated with Ficus



semicordata
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il (BOS), FREREARRA, B i E W& 3.

2.2.1 HEJZKAS (Basiconic sensilla, BS)
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5-Av B)o MRABMEAIIEA USRS w177 DA R T, A HET AR A AW, o R RS 1 A
(BS-I) A12% (BS-ID. e, BS-IHEAK 0.78 £0.10 um, B S T VIR A9 BE, o H 3600 B
A 82 1) W A O R R AR (B 5-A); BS-ITK 0.64 + 0.11 pm, #EKS #8LF 5 VT 55,
BEAR T MR R, SRR, MR AT A (B 5-B) o BS-UXUL T4 B KA /1N i 7= G 25 11
U, BORA 3 A, 1 BS-TL 43 A 75 G0 SE BRI R AR /NI L A8 A /)N I R By B /) i 56
IRk A /N = OE A B, KR 13 NREE (R 3D, HLAZURES MK RE . 30 v R VIS B AR 16 545
N EYIRA BENZESE (P>0.05).

2.2.2 B E%s (Campaniform sensilla, CaS)

BRIRES T RIS 5 Fh, A EERI-V (CaS-1~V). A, CaS-IZRHEEE R, & 024+
0.03 um, FEFTE 0.60 £0.05 pm, FRMEDEIF LI, AT —MEE. FERMERN (B 50, WLTEH
AN RN RS N, BOEAEE N 2 (K 3); CaS-IIIISHENFLIOIR, & 0.42 £ 0.04 um, HEHT
% 0.55+0.06 pm, FGEJLF5MHEFT, MR, HAR R —0A — 200 (8 s-
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FESEK, AU T Hr KB /N = B 3 5 s DX S rh i AN B S A B (BT 5-H, % 3). SD-1Iiz
T— RIS, HARTE IR A R o B2 ) S EH s K 0.92 +£0.02 pm,  FEFFE 0.20 £ 0.03 pm,
MK I BT SD-IK . B im ey 24, LT O 4G /I e U 38 A RS R i (1 541,
*3).

2.2.4 WML (Slight surface depression, SSD)
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2.2.5 EHEZIEES (Coeloconic sensilla, CoS)

TRIGAEARROTE A HRAE, M REE T2 9 T (CoS-1D) AL (CoS-ID 2 F, Hr CoS-1 [ [M1F4
A — AR ISR AL, I RARUAR AR R, RIAH INIAVARE, 53 Ai T 00 SE AR /N RO 45 AR
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BEAE 1.93 +0.04 pm, 53 A FESFR BERE /NG Dy A5 /N6 5 SR ) rh i X 4 (&1 5-L, R 3D



K5 5 RIS IRT#A /Mg O o b 10 3 ZaR IR

Fig. 5 Ultramorphology of different sensillar types on the ovipositor of five fig wasps associated with Ficus semicordata
A, HERERESL: B, MBS C, HBEESL D, BRI E, BRI F, MUREKSIV: G, BHEEESEV: H, RS
I; 1, FRIERRERI; T, HWIMDIRERZS: K, WHEEKES L, BHEE S, Note: A, Basiconic sensilla I; B, Basiconic sensilla II; C,
Campaniform sensilla I; D, Campaniform sensillall; E, Campaniform sensilla III; F, Campaniform sensilla IV; G, Campaniform sensilla V; H,

Sensillum digitiformium I; I, Sensillum digitiformium II; J, Slight surface depression; K, Coeloconic sensilla I; L, Coeloconic sensilla II.
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Table 3 Types and distribution of sensilla on ovipositor of five symbiotic fig wasps in the Ficus semicordata

BN ICHE AR )i EOASEL N MR /N RN
KAy C. gravelyi P. dunia S. cunia Apocrypta sp. S. trifemmensis
Types e (A= HE (A" HE (DA e (A" i (A,
Number Site Number Site Number Site Number Site Number Site
BS-I - - - - - - 3 TOS - -
BS-II - - 1 BOS 2 PBOS 3 PBOS 2 PBOS
PBOS,
CaS-I 2 BOS - - - - 2 PBOS - -
CaS-1I 3 TOS 3 TOS - - - - - -
CaS-III - - 3 MOS 2 MOS - - 4 MOS
PTOS,
CaS-IV - - - - - - 3 MOS 2 TOS
PTOS, PTOS,
CaS-v . . . . . . 4 MOS ! MOS
MOS,
SD-I - - - - 3 PBOS - - - -

SD-II - - - - - - - . 2 BOS




SSD 1 PTOS ; ; ; ; 3 MOS,

PBOS
CoS-I - - 1 PBOS - - 3 MOS
CoS-II - - - - - - 2 MOS 2 MOS

Vi REERBAE AN NS SIRE RIS . TOS, il PTOS, s 1/3; MOS, Hif; PBOS, I3 1/3; BOS, . Note:
The abbreviated names of ovipositor sensilla and its site view result in the main texts. TOS, Terminal site of ovipositor; PTOS, Proximal terminal site

of ovipositor; MOS, Middle site of ovipositor; PBOS, Proximal basal site of ovipositor; BOS, Basal site of ovipositor
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Fig. 6 Clustering of ovipositor characters of five fig wasps associated with Ficus semicordata
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BT R IR AR AN IR A B 2 A, (B R EFAEF RIS L. RO
R, HLUT RTS8 AR IR SR U BTN (3% 2D, HED RS 37 O R A SRR B A
WAFEAGEZHMINE. Db, BRI E IR, RBEZWAR EARRE, 10 I
R Al 2 JSE 4% 2 W 6 /I e B SR 7 DI BT () (0 S J T B0, S e L A G 380k SR A0 7 O (R R/ e 5
FUA R () 7= 25 Lk o B A O S BLRE I R PR USRS [ A . RS S BT A
SN (Quicke et al., 1998; Kundanati & Gundiah, 2014). ARAEHRIFE /NG = G 28 1 K 5 55 5L AE
JEEEA K (BLCAEE, 2004), L ox Bl a5 A8 /N g 77 O I Fp B S8 5 1 5 K (Kerdelhué & Rasplus,
1996), {HTERGWE-FRA/INGREVE th, S = OR A% 10 & 14 X B G FA R SR BE IS )R 3 - (& 6-D), {H
5B 4 A B AT 7 01 R AF RS /NI 7 G 2R BE B R 158 3 A B IR K R N, RN R A
AR H d5 5 7 B 1 B B AR /NI 7= O AR RE R LW A5 DL L, X AT R T AE R O B R A L
A LA B % R R AL B R A 0. RUNSR IS NE I PR 385 (R 3, Bl 6-C), i
BEKE O 7= 76 R A 2 SRR3R/, T B B /N 06 1 7 B 2K 2 TT DAVRIS R SR 9 1 - PR
(RIS, E X X R A /DN W Pl i B (R TR 2, Ak 0 v 10 R S A /NI AR S 8 A /NI A it
KA /NG 25 A B R PR S (BSOS, 2004),

7T, SR L RV B S P ORI R R A T SN R T TR, W R AR
IR B R B (MG MR E 2, X Re G O S 5 R ML AR K 1 AR SR AL
A0, DT ASE SR P9 (0 Al R 5 S o 0 4% T 2 A5 U 0 52 A AR A T S SERE A 1 SR N 2 7). (Jansen-
Gonzélez et al., 2012; Jansen-Gonzalez et al., 2014). {ERT ANHIAFFLA, 33E 5 5= ON IR AL 4 /) e =
YRgE EAOCH — &S (Gharaeral,, 2011), (HAES /MR ™ G0 EIEOg3) 3 Fidkds, Hopf 1
P HAEA T (R 3). HIERLM IR /NG T ZME R T DHE AN R, XA ARk 2535
ok, X T RE L 7 O A 2R T AR SR i T IR s B AR R (Kellberg et al.
2005; IS, 2013). 7R 5 FOSHERFRA /NG, A K HIE NI L, X STE R BRI
ZEIERML (Gerling ef al., 1998; Yadav & Borges, 2017). EHHHL T, MR FE—Fh
22, AT A B A R S RIS PR OB SR A D RE, TR 04T 0 4% v R L 2 A e 7= B 4% i 8 2F N
PR R vk 2SN, R TR0 E O MEFE BOBAE (B0 4%, 2004; Yadav & Borges, 2017;
Elias et al., 2018). #WJRIEA AVEEE ™, CaS-1 111 AT GEJ& — Pl i J&K 52 2%, 1T B Bl il i 4 2
XA ORAL A, E AT R R A T B — AR SE RURRURR A, B B8 G AR i
A R REK R B2 R e ks CaSITIANIV 3= Z 4 F 7= R 2 (oK o, — MW A 2 IR

B K wkvz W E D) e (Brown & Anderson, 1998), Yadav and Borges (2017) & HLE Rts B HyiEE

=t



(aYay

H Sycophaga fusca M35 Apocrypta westwoodi 1= 5B 4 R ¥ AFE CO2 JE 32 4%, HEMIX LL/K AR TT
W EAT CO2 MR TN fE: CaS-V SRABLT A N~ O 4% R E AUk AS, F g CO ks

(Stange & Stowe, 1999), (HWATHRIE 2 —FALIIER S, 72 BRGII A= 90 2 18] AL B 2
—EMIEM (Kundanati & Gundiah, 2014). fRIZRIEWPEFARIE L, LMY PREEE, 0l
REAE A /N o SR BE T 8 00 1 SR N4 R RV o AR R, R i 14 B 52 4 A ) T I R FH T 42
PR ZRAE A R METE B AN [R] b A% /N e 1) A 2 18] F-4R0&E & (1) 72 B9 &5 (Niinemets & Reichstein,
2003; Yadav & Borges, 2017). FSHETR A0 H A N RER, 0 S N AR 95 R P i
L, T 38 AL A 3G S DT T R AR . AN, AHIE SR IR 2 R S I B SR I AR AE T
— MR BRSNS N, X AE — E AR AT e O g R 2 R ) A AN I R A T, Rl 2R
T EIX R FLAEY) KL (Berg & Corner, 2005), 2G2S I E0 3, 1 MDIR IS it & 3
Wi AR, AHOC T LD REib R WARIE (Spéanhoff er al., 2003).

TERMS /N R B R, AR VE SRR 5 77 ORI PP A G B VDA DG, 1X — S SR W IR 1
SEHFASRRFIR AL, A2 52 B AL S5 K 520 (Giacomini ef al., 2009; Ghara & Borges,
2010, IEUN 5 PSR HE /M OH SR AR K SR SRAE R (B 600 RPN BRI A5 B /N 3 /)
W BB SR — 3, B B [1) B i U0 E A /N W R R R K B AN SR O — 3, T A
(1) 52 25 A2 2 A NE R /NI RN DR B AR /NI SO — 5, AR B33 A 0 77 B9 248 1) 435 ) R M 2 SR A L o 7 A 58
MAER TR, MAZ KRG K E MRS (Belshaw et al., 2003; Ghara et al., 2011; Elias et al.,
2018), X 5Xf T — e R 0 A AR e i BT B AR A D e R R B It AT B2
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