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Antennal sensilla and ecological adaptations of female
symbiotic fig wasps in Ficus semicordata
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Abstract [Objectives] Sensing chemical cues from the environment is critical to the multispecies interactions and
ecological guilds of fig wasps. The antennae, a significant sensory organ of fig wasps, have morphological adaptations that
reflect the evolutionary pressure on this species for accurate host recognition and reproduction. This study aims to investigate
the morphological diversity and ecological adaptation of different sensilla on the antennae of female fig wasps associated with
Ficus semicordata, which hosts fig wasp colonies based on the private channel of only known case of pollination mutualism.
[Methods] The antennae and associated sensilla of five fig wasp species were observed by scanning electron microscopy and
the sensilla type, ultramorphology, abundance and distribution of each species were compared. The correlation between the
MPS surface area ratio and amounts of volatiles released during fig development was also analyzed. [Results] The antenna
of each wasp are geniculate, consisting of a scape, a pedicel, and a flagellum that differs in the number of flagellomeres. A
significant difference between pollinating and non-pollinating fig wasps is that the latter have a spine-like expansion from the

first flagellomere and sensilla obscurum on the dorsal surface of the pedicel. Ten morphological types of antennal sensilla,
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including sensilla trichodea, three types of sensilla chaetica, two types of sensilla basiconica, sensilla basiconic capitate peg,
sensilla coeloconica, multiporous placoid sensilla and sensilla obscurum, were identified and described in the five species. Of
the identified sensilla, sensilla coeloconica and sensilla obscurum occur only on the antennae of pollinating fig wasps, whereas
sensilla trichodea and sensilla chaetica type 1 were both more abundant and found on the antennae of all five species. Sensilla
basiconica and sensilla basiconic capitate peg occurr most often on the upper-middle part of the flagellum. Multiporous
placoid sensilla show a circular arrangement and are distributed exclusively on the funicle and clava of the antennae.
Furthermore, the sensory index tended to be lower in species in which oviposition occurred later. There is a significant positive
correlation between the sensory index and amounts of volatile compounds released during fig development. [Conclusion]
The antennae and sensilla of fig wasps display morphological adaptations related to host identification and the detection of

volatile compounds, particularly thickening and lengthening of multiparous placoid sensilla for trapping volatile odors. These

results further understanding of the role of chemical mediation in promoting the stability of fig wasp colonies.

Key words Ficus semicordata; fig wasp community; female wasp; antennal sensilla; evolutionary adaptation; multiparous

placoid sensilla; sensory index
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Fig. 1 Female ovipositing sequence and behavior across the syconium development phases in Ficus semicordata
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A-E. The number labelled on the photo shows female oviposition sequence and behavior in Ficus semicordata. The white
arrow shows the pollinating behavior in fig cavity of Ceratosolen gravelyi passing through the ostiole.
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Fig. 2 The antennae morphology of female of five symbiotic fig wasps in Ficus semicordata

A TR/ B GRES /N C. ACIE AR /N s DL LRI/ NE; B DhIRE /DS Rd: BT Scr AR
Pe: 475 An: 55 Fu: 55 Cl: B9 FEIGSMHE. HLHIR=100 pm,
A. Ceratosolen gravelyi; B. Apocrypta sp.; C. Philotrypesis dunia; D. Sycophaga cunia; E. Sycoscapter trifemmensis.
Rd: Radicula; Sc: Scape; Pe:Pedicel; An: Anellus; Fu: Funicle; Cl: Clava.
The same acronyms for following figures. Scale bar =100 um.
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Table 1 The mean length of female antennae of five symbiotic fig wasps in the Ficus semicordata

YiFh Species 177 Scape FH45 Pedicel #EY5 Flagellum A4 Total length
BE/ N Ceratosolen gravelyi 182.91+0.86b 94.98+0.24a 466.52+2.28b 737.69£1.97b
AR AE RS /N Philotrypesis dunia 266.006.17b 77.01£3.51b 494.45+3 47b 835.25:9.63b
i/ N Apocrypta sp. 277.13+6.08a 81.79+1.76a 549.5:£0.56b 912.88+1.53b
P FEAE /N Sycophaga cunia 248.49+7.96b 98.58+1.31a 734.84+4.03a 1 087.57+10.34a
Th#¥E /N Sycoscapter trifemmensis 223.08+24.04b 89.25+0.77a 637.52+8.63b 951.12+18.65b

TR R EIE = bR, Rl — VB S b A A F)/NG T RER R 28 Nemenyi 25 OB W35 2557 (P<0.05). T
Data are mean+SE, and followed by different lowercase letters in the same column indicate significantly different by the
post-hoc Nemenyi’stest ( P<0.05) . The same below.

B3 sMBEFRNMNEREBRBRSENH
Fig. 3 Sensilla and distribution of different types on the female antennae of five symbiotic
fig wasps in the Ficus semicordata

A, HiREFE /NSRS 5 B. ﬁw\m%m%- C. BEME/NERET; D, SSA/INEES 5-6 HE1Y; E. PRBAA/ NIRRT s F. (il
GO AE RS AR/ N R YT U . SE: BT SE; ST: BILMEEAS; Sch-1, Sch-2, Sch-3 7% 3 KL Sco: HHLELAS; SO:
FHEL S s MPS: ZALBUR IS ; SBCP: AHEEFLIORIEAS ; F ISR R I 198 TR S MR . HHIR=20 pm,
A. The scape of Apocrypta sp.; B. The scape of Ceratosolen gravelyi; C. The pedicel of Ceratosolen gravelyi; D. The fifth
and sixth flagellomere of Ceratosolen gravelyi; E. The apical segment of clava of Sycoscapter trifemmensis; F. The apical
segment of clava of Philotrypesis dunia. SE: Spine-like expansion from the first flagellum; ST: Sensilla trichodea; Sch-1,
Sch-2, Sch-3 display the three types of sensilla chaetica; Sco: Sensilla coeloconica; SO: Sensilla obscurum; MPS:
Multiporous placoid sensilla; SBCP: Sensilla basiconic capitate peg; The letter F followed the number indicate the
subsegment on the flagellum. The same acronyms for following figures. Scale bar = 20 pm.
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B4 5FHGEFHENMNEMAEREBRBOBRILE

Fig. 4 Ultramorphology of different sensilla types on the female antennae of five symbiotic
fig wasps in the Ficus semicordata

A. BIRBASAHIEEGS 1; B, ZALBUB G R EMAL; C. MBS 35 D. HORRAS 2 ipoLiERm;
E. fEEER; F. BILERS; G FIEEES; H-J. /s 2L oS RERER i Tmr . U 1 0 T3 5
K. AP L EHEEAS . HHIR=2 pm,
A.The morphology of sensilla trichodea and sensilla basiconica 1; B. Many pores on the surface of multiparous placoid
sensilla; C. Sensilla chaetica 3; D. The smooth surface of sensilla basiconica 2; E. Sensilla chaetica 1; F. Sensilla trichodea;
G. Sensilla chaetica 2; H-J. The views from the lateral and ventral as well as apical site of sensilla basiconic capitate peg on

the flagellum of Sycoscapter trifemmensis, Apocrypta sp. and Philotrypesis dunia, respectively;
K. Sensilla obscurum; L. Sensilla coeloconica. Scale bar =2 um.
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R2 STHOHEFHENMNMEMA LEERLRBORKELR
Table 2 Mean length of different sensilla types on the female antennae of five
symbiotic fig wasps in the Ficus semicordata

Yrkh BV HIBEEE 1 HDRERER 1 DRSS 3 ZLBUBERE MR AL SRS

Species ST SB-1 Sch-1 Sch-3 MPS SBCP
ot YN S 25.13+0.80bc  21.68+0.84a - 5.76+0.12bc  41.14+0.82b 2.54+0.48a
Ceratosolen gravelyi
AL 22 5 45 /)N i 19.07+0.55¢  10.62+0.54b  40.88+0.68a 6.65+0.24ab  46.08+1.33a 2.34+0.39a
Philotrypesis dunia
BT VAN 5 31.6740.57a  21.95+0.57a  40.88+£1.08a 5.09+£0.21c  47.51+1.62a 3.05+0.22a
Apocrypta sp.
EOR Ll YN 30.00+0.77a  22.68+0.64a  31.05+£0.60b 7.73+£0.35a  45.05+0.75ab 3.17+0.18a
Sycophaga cunia
ISE Y VAN S 28.00+0.57ab 22.62+0.56a  32.14+0.42b 7.48+0.31a  42.79+1.02ab 2.78+0.14a

Sycoscapter trifemmensis

ST: BILEGS; SB: HEIEEAN; Sch: MIEEGEE; MPS: ZALHUEEAR; SBCP: HEEIFLIOREL: .
ST: Sensilla trichodea; SB: Sensilla basiconica; Sch: Sensilla chaetica; MPS: Multiporous placoid sensilla; SBCP: Sensilla

basiconic capitate peg.

BRI/ ERRKE (17.3320.25) um B KT
(A A 4 5 A% /N i (16.48+0.33 ) pm ( *=4.56,
P=0.0327),
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TN R AR YT ST AT REAL , S iy
Hodn (| 3. A; B 4. C), BiKBHA/NER
PSR /NS K B B K FHE 3 Fb
(4’=40.52, P<0.000 1) (£ 2).

224 AL F B EF ( Multiporous placoid
sensilla, MPS ) U7, BT 15 Mk
FM, WEGAREAS, w2y B, R
fi K EWMfL (K 3: D-F; & 4. B), fLEERH
(17.00£2.00 ) >/pum*, MPS ¥ FE7ET 5 Fks

/NEE |, MRS/ (47.51+1.62) pm, &
P/ dE (41.14+0.82 ) um, A[RIFHZEIEIA H
R KEZES (4=15.54, P=0.0037) (%£2),
225 BH#EEILRIKZESF ( Sensilla basiconic
capitate peg, SBCP) JSMEME%E, T —
AR RIS MR N, e BB A T MR B, 5 L
TRITAET, DIEATEE 2-3 M50 b 0 i i A
HER (K 3: E). 5 Flfiié s 4701,
mEEREEN (£ 2), HEILRIBRFFR A
FETEART (Bl 4: H-T),

2.2.6 PEH#HF E=E ( Sensilla coeloconica,
Sco)  FRHEARAL T —A W B NS N, #E
RIUEEE , K (0.59£0.02) pum, AP
iy, A3 T a e IR T A R, 2
YR (1#13: B; Kl 4: L),

227 FHEFESE ( Sensilla obscurum, SO) SO
SMEAL—AHEIR, HERR A m el , SFR T
— MR MY, s ss Z A (4.
K)o 28K (16.65£0.34 ) pm, FEFBTE ( 3.12+
0.10 ) pm, I T AL R/ N AR 1Y 5 1
BEHCR, AR ) fl R (&1 3: C)s

23 RBEES. FESEMME

TE 5 FfEReE il I, 2 REEHER . HPDE
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K BERSFEHA IR (B 3: B, E; Kl 4: H-J;
# 3). Bilin, RIS, HAE iR
NI BT /N R A A /N I v L 5% I I
K, FMHEIREIA G, 2B A AR i R L
GEARIBEES (& 4: H); T7E S A /N A e 4
JE A /NI R LSS KON IH ., T DA AR /N i
g, ARILT SR AR K, BRI
Bk (F4: 1), 7—Jr, MHERFL s R
— R —HO T (FRTRRA ) AL 1A, /R
SUE 24, R 4NN, AT 182 %
Wb, R . B ESECR R+ =, M
wE/NER L, R ZTHE 4 /g
(£*=13.50, P=0.009 1), & 1 BEREN
FhbfZem (3. E, F), &480E LA AN
(=9.74, P=0.05 ). LIRS 1 f=ERE AR,

MEAE 0= B A IR AE AR NI B i 22 3R 51 194
A, TR AE I AR 7= 0 () DA B PR /NI 54 4,
H B 7 GRES ) S f5 , SR B A5 A I e 1)
R (£7=10.39, P=0.016 ). Ff%HE TRz FI
HEL IRE UG LR s /N fl s I, W] RE Sk
AT R RURN RIS N KR . ZAMIE IR
fi £ BT A e BH IR Z AR, BRI B HE
H, LLssts/ NEBUR i % | dRIE P /N R R I D
{H - Fh 18] 1Y 22 FLAROE 8 o 28 1w AL A B
R (=897, P=0.062) (K 4), H4h, Zfk
R bR AR, R ZALHOE s B3R 1w AR 5
TREBZ L, 5 SR L R W
FITEA T (7=0.77, P=0.0007 ), 680 Bet:
B A /NI 22308 3k 22 F LA SR 5 48 T A i fif
DABE SRR (25 35 E5),

R3 SHBEFRMEMEMA FEXBRENELENE

Table 3 Abundance of different sensilla types on the female antennae of five symbiotic fig wasps in the Ficus semicordata

RS et
Sensilla types

BN

Ceratosolen gravelyi

WAL M e
Philotrypesis
dunia

Phite /) o
Sycoscapter
trifemmensis

EOAN RN

Apocrypta sp.  Sycophaga cunia

B

Sensilla trichodea
HETE B 1

Sensilla basiconica-1
HETR B8 2

Sensilla basiconica-2
FTE B 1

Sensilla chaetica-1
TR B 2

Sensilla chaetica-2
PP

Sensilla chaetica-3
R s

Sensilla obscurum
Js A TR

Sensilla coeloconica 40+0
EZ N Tl

Multiporous placoid 110+1 89+1
sensilla

54543 128+1

11+0 9+0

20=+1 10£0

- 194+1

- 100

14+0 19+1

41+1 -

KT L 28R B
Sensilla basiconic 8+0 440
capitate peg

584

787+1
Total number

46143

79+1 317+2 464=+1

9+0 8+0 8+0

114+1 94+1 54+1

21+0 - -

15+0 17+0 2240

78+1 95+2 94+2

8+0 9+0 8+0

323+1 540+4 649+2
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F4 SHBBEFENMNEEERARESARBERNERER (pm*)

Table 4 Total surface area of antennae and multiparous placoid sensilla from the female of five symbiotic fig wasps (um®)

Prfh fi e PR 1T AR

Total surface area of antennae

Species

BT Z AU
Flagellum MPS

BAR/INE Ceratosolen gravelyi
IMUCHE NG A% /N Philotrypesis dunia
HENERE/INE Apocrypta sp.

hi R BHHE/N%  Sycophaga cunia
THEEHA/NIE Sycoscapter trifemmensis

125 843.52 + 1 625.23
120 824.14 + 8 221.26
121 612.43 + 4 471.40
163 569.43 +£191.14

155 478.99 +£2 301.79

59 717.88 £954.48 36 661.11 + 819.89

70 476.47 £4452.27 28 140.59 + 1 823.27

73461.50+1110.62 29 542.31 +876.17
114 337.59 + 743.99 35372.03+1129.20
100 146.14 £1350.32 27 464.59 + 3 402.90

0.8

y=0.188x+0.261
R*=0.597

g
o

<o
~

LI RS LR AR
MPS surface area ratio
o
o

0 0.5 1.0 1.5 2.0

BARAE R YRR (ng/h)
Volatile amounts of individual fig (ng/h)

B 5 5 FIGEEFAE /N I & FLARS Rk 2R
LEREREBRIERYBHERNX R
Fig.5 Correlation on the MPS surface area ratio
and volatile amounts of the different stage
figs of Ficus semicordata

3 he

LA B R R R S M T E B AR T

MR Z2 S, OB i AR 52 i Ak R 0 FDE 28
I, R ) ) R ] B o D A AR e B R
( Ware and Compton, 1992; Keil, 1997; van

Baaren et al., 2007; ZE5%05%, 2014; ddn%s,
2015; Elgar et al., 2018 ), RIGEIIEE . 2040
FMFLAERFIE , H2 RO AR AL M A /N i R
i A Ry s /DN W6 f o SRR %) PR S 235 ) LA R s SR
ALHEE (Li et al., 2009, 2014 ; Souza et al., 2015;
Sutton et al., 2018 ), FFAGEFH5/ Mgy 7 2
10 RS AL, ALy IRIBREEL CO, 3 26
ifel%ss (Keil, 1997; Yadav and Borges, 2017;
Elgar et al., 2018 ), EILEEAR . FIIE B8 Al A #E
B BES o BRI HILARIER A, B0 1 B IR IR Ff
WSS 1 AR, Flae A PRI g2 sifEH
DI S /N B 7 SR T QAT I A 41 R v s % )2

AR A 2 SRR R I 5 5 R S 3 Ao A T 1o
Y AATOPNE T RER L DR Rt 2 OIS N & /e, i S S
b £ 57 B AR Z B Dy RE( Keil, 1997 ; Elgar
et al., 2018), FHRTEM R A/ NE, HH
23 FH ik £ To0sg el o R D, Sl A 2 T 5 R HETE
JEAS 1 ] BE Sy RS il 3 R, HonT R — Rk
o E T O SRR T AR A A M B SR R A
ST UM BTEA T HFIKT R (Souza e al., 2015 );
JEHEIE A 2 RIE BN R AL , (B BB S
i, B ABR, SO RNE ERYIEAT
7B B MU Li et al., 2009; Yang et al. , 2018 ),
HEW N —FP 58 45 H , REAE X I IR B B AR R AR
AIARE ST o X T 2B A, J&as R mal il
R AL, &—MIRseies, JfF A B s e
TEWTHSE — P BEHOBRLRE, WHE SR FIEY)
PR WA REUT)EFNEE ) (Barlin and Vinson,
1981; Basibuyuk and Quicke, 1999; Ochieng
etal., 2000 ). T FEHE AR UAE B4/ B fih
fi EWEEE], HizRde RIS, 5xms
TR/ N 11 ) TR IR 3 B 2L (Li
et al., 2009), S fETE TR/ NG B T
( Ghara et al., 2011; Yadav and Borges, 2017 ),
T4 2R P AR A B Y I CO, R
(Sutton et al., 2018), Z5ELRFE/INEE (1) R
1ok, HREDZ I R s & — MR EL CO,
JEA , RESS (AR AR/ Nk SR I o) SR Y AR A T
JI¥7 ( Yadav and Borges, 2017 ),

T 75 E B B A WE R IERTE , #4571
B R BRI A B A R 2 5 R O =
FRERAT N . BEVE DIRESE AR N AE R FLE WA
LN A /I W ik 7 8050 07 A L0 P i S R YT
AL (B 2: A, B 3: C), FIFHEZ
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Pt By 1k ARSI (Li e al., 2009;

d %, 2015; Yangeral., 2018), MMiR4h=5H
(AR AL R /N i AN HL A S RE (R A (L 1

B-E) ( @i, 2015; Yangetal, 2018), %5
5 X IR /N6 fi £y JIT L2 3] %) 285 SR AT — 3

IR F WA EFE WAL E (Souza
etal., 2015 ), XHLERAE TR R SR T O/
W Z5U0F B B AR SR HEA TR0, Rl R AR 530 11
B BErE | AR R MR, il R R A
11 R BRAR G B BIE . mih A A PR A 1 5
PR SLRER M, AR T RS FAR . XA
hispida ( #5fh%, 2015). KJA¥E F auriculata
(Yang et al., 2018 ) S&ZHMIRE/ N L) S H &
RPN (Lieral., 2009, 2014 ), Hfilffs
T A RS 1, HURERR A . B HE
HIE S HA #EPE (van Noort and Compton,

1996 ); ik i R —FLE 35, SR
M B SR E VSR & B AT RAH , 157 5P A
JPREIG RSN, il I T B A R
S5 JIE B IR () TR 1, DA T8 w45 A
BT, PRl TR R RS,
FLAR I S R 70 L SRR AR, (H ARG IR
H, HaE ARG, BEERRAT , WREmE
ISR BB 55 L , 3 AR A5 25 [R] A6 10172 B A L
T /NI A 1 3280/, BRI R £
Oy TR 55—, R DB AHEAR /N ]
A & B YIRS R SR ( Proffit et al., 2007,

2008; Chen efal., 2009; Borges, 2016), ZFL
M e MO RS Bt i B8 1) o R, 76
A IR Ak h A & LB /EA (Barlin and
Vinson, 1981; Basibuyuk and Quicke, 1999 ),

T R E S B RCRUBANRE 1, Z AL
WA (/MR ), KEEEM (K )
H1ay (5l 55 B8 A 7 DL S Ware
and Compton, 1992; Z=22E%%E, 2014 ), T
HEVERR Uraba lugens fil M 38K SR B 05
BB (Johnson et al., 2017 )o A HT%
FLA S LT AR, sFR O BHE 2, 24Dl
AL 17 SIS /N X B B MR SR L
SRR ST, 5 HR FH 8 SR 2 W tE A TAH G 1
SYHT, AT DA G A Y A A A I AT OGO R

(P=0.0007) (El: 5), tT 2SR L
T AR TR, THRE RS rY e T8
B R AT 0 1 Z AL EUE , B T3F
H IR B FE %X ( Ovigeny index ) (Jervis et al.,
2001 ), FIREX T2 A e A A 1 S K HH OGS
AHERIIRE, Fenl i S B 22 A e 2Rt
TN, NG —RhRE T A, i AR L
B, NOZ R B M AR, I s
YR % 0 %4 ( Cook and Rasplus, 2003 ; Ghara and
Borges, 2010 ), [A]Hs PUMEAEIHFA SR PN RS 1) M
B AT R i R 3 5 305 AR R | X BRI R
PR AU, Z2LARIE s ) a3 A i 4
il 45 5 T B, oot B4R 5 BB RE T I
PSR BRI, BeAh, 15 BRI 5 % 4T A
AEAEAE RO T IS0 2 B T A2 2 11 (4 OBPs.,
CSPs, NPC2s ) 5 1 (4 ORs ., IRs, SNMPs )
XK F 2 A G, L, T —20 i FH Lk
LRI S & AU AR 2 AR 0 SERE ST, B
A ) T B B AR /N 0 SO BT 5 TR 2 I R &R
GBI SR
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