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WE AR Z I T o AENREJE Ficus spp I YA B 0L, M0 NMERMATESMUZ REKE
fR5F1E (phylogenetic conservatism) (R, 11 H A S ERFERE . A ORI B 7 BT EOR, X
K AR R (R LA /NG Platyscapa quadraticeps FIREFEREHERHE /NI Blastophaga sp. (¥ fi #8283
17T Hi . 458 W, Blastophaga sp. A P. quadraticeps WIfih 5K 518 791.94 + 3.04 um £ 672.83 +5.22
pm, 5. HAlMA RRORE M, AT R W R SRR, S R ENR,
HE RIS R R T AL, PRI NG A L3 A IRER R (BB). BAURAS (TS).
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7 J5RR% . o CHS-IIAN BCPS-IMY AE4E T Blastophaga sp. filifi« MPS HIILEIAE P quadraticeps fili /i L5 Ny
ZRE. PERIRE /NGB RUR AN 2 SRR R e %, N T 50%. 2 FLBURY IR AR TE T AN A £

PEBIARR, JETWREERS. SRR, BRSNS KB R E 2, (HRBATE
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Abstract: The surface of insect antennae is densely covered with various types of sensillae. The
morphology, function, quantity, and arrangement of these sensillae reflect the evolutionary history
and the ongoing selection on the antennae as signal-receiving organs. In the specialized pollinating
insects of Ficus species, the antenna morphology of is constrained by phylogenetic conservatism
but also shaped by host traits. In this study, we used scanning electron microscopy to compare the
antennal sensillae and morphology of pollinating fig wasps from different genera: Platyscapa
quadraticeps from Ficus religiosa and Blastophaga sp. from Ficus ischnopoda. The total antenna
length of Blastophaga sp. and P. quadraticeps was 791.94 + 3.04 um and 672.83 + 5.22 um,
respectively, with a significant difference. Both antennae were geniculate, consisting of the scape,
pedicel, and flagellum. The scape was triconical, the pedicel was elliptical, and the flagellum was
composed of the hook-shaped apical projection, a funicle, and a clava. On the antennae of both
wasps, seven types of sensilla were identified: Bohm's bristles (BB), trichodea sensilla (TS),
obscura sensilla (OS), chaetica sensilla (CHS), basiconic capitate peg sensilla (BCPS), basiconica
sensilla (BS), and multiporous placoid sensilla (MPS). Among these, TS and MPS were the most
abundant, representing over 50% of the sensillae. MPS are olfactory sensillae, and they covered
the largest surface area of the antennae of both wasp species. In summary, although there were
significant differences in antenna length between the two species of pollinating fig wasps, their
overall morphology was similar. Both species possessed specialized structures such as the
hook-shaped apical projection and basiconic sensillae. The modified third antennal segment is
used by the wasp to lift the apical bracts of the fig and facilitate the wasp’s entry into the fig cavity.
This modified third antennal segment is a synapomorphy of Agaonidae. For both species,
olfactory sensilla were the most numerous sensilla and covered. Clearly, odor perception is the
primary function of fig wasp antennae. The comparison of antenna morphology between these two
distantly related species supports the hypothesis of stabilizing selection, and hence phylogenetic
conservatism on antenna morphology.
Key words: Antenna; sensillum; pollinating fig wasp; scanning electron microscopy; olfactory
sensilla

fi o B ) R B A, R D R B0 e R S A S 2 T ) A SR R S R S T
ERBEEE. R, BRESEP KIEELZ/EN (Wechsler and Bhandawat, 2023). AN[A]ZE
A ks B R B D Re, BIELFEAE (Chemo sensilla, CS). ML/ 2 (Mechano
sensilla, MS). IEIZE /S (Thermo-hygro sensilla, T-HS). CO»/8&#s (ZEBREFSE, 2023).
ANTR I 2 e ST L Ak A TS 4% 57, T 22 S SR B A My 8 Ak &8 g DA% fi A JER B RIS B L TS
Ko UL L HAT U AN R, Sk 7 HAT Dy BB S B Es B P AR i BEAL T 73 N A

(Elgar et al., 2018).

TR /NGRS SHE IR Ficus LT m LR R - B 4 BRI AR R (nursery
pollinating mutualisms) (Dufay and Anstett, 2003), SEXT A BAKAE, Sh—An]. (LR
/N JE I H Hymenoptera /Mg S FL Chalcidoidea #5/MgFL Agaonidae, AT P4 A 4K i

E



FEREHEAT BT, HAT A AR S SRR E AT D9 RHIE (Zhang er al., 2021). ¥ @MY HA M
FeIEE S EFF (Syconium) Z5H, BRRHER, MREMW S /NMEHAERZHT. MDY
MMEE, WREBERREE EEENBERZ PRI OERF/EHEE) B, FEETT
Ui R S B P 3] PR IX AR R R T — AN R [, BRI (Ostiole) (Moe et al., 2012).
SRR AR /NG R MRS, FEMELE T ™2 00 . ORI AL 28 e ORIl M /g A T
SRR 22 HN TR) R A3 SR v 58 1o SPIAK IS IR /N i s S 5 A7 Ak K S SR, SEROB B 7 B 3
FER /NG T 4R0B 35 T B R b, AR AN e A H At R 0 I A 30 5 A 1) 0 0 BT A SR B TR
E T SR AR /NG, T A2 DA R SORAE R 51 A% S 5 o B TR NG T3 el e
TR bR TS B AR O0 L ALK S ORI A AR BB R A, 17 44 R SR R A R )
AR BB ZF A A E RIAM S (Proffit et al., 2008). &y /INEEFEJE AR S = 5P 1) 5k
Pt 5 B I Ay VR AME SR B 00 B — i R, A A EAT IR EER, T HoTRe
RAFAE /NG ARG RIAT N DIEE (Kjellberg et al., 2005) .

P /I (P i A7 25 AT B RS R R AL (PR AR, FEZEBFELLT 728 (Yangeral., 2018; X
FESE, 2021): P IKEE (Bohm bristles, BB). EM/#&#s (Trichodea sensilla, TS). fAHER
J&#% (Obscura sensilla, OS). H| /& #% (Chaetica sensilla, CHS ) #4ERY 7LRJEK#s (Basiconic
capitate peg sensila, BCPS). #EZI/& 2% (Basiconica sensilla, BS). LA 2 fLik Y &K 2%

(Multiporous placoid sensilla, MPS). #5/INig i £ B (28 8 F SRR HOR &I 4, IF H
TR S T AV =D R Bl . R R A PRI 22 IR, HURFTIR I R & s
A B AL 53— D E R HONRAE RIS AL B AT Big sl i 05 8 FL 2 p ke
fiuk P A 2 S T R A R B R BN g LI D) A A 2 BRI B IS (Ando et al., 2019).

FER AT 23 A MERERI PR (Monoecious) FIThaE M MELE 4% (Diecious). MERERIFRAGH — %
Fe R RITRAR, T R B 5 AL M 2 TR ANy, T A S AR A AR B8 AR TG AE AR T, ARk
B PR B AN o A8 K0 4 IO B 1Y) 22 5 1T e 2 3 BOAS [ R A 2 3 TRURE X 5 28 5 A () ) f
LS. FIEW Ficus religiosa FA¥EMS Ficus ischnopoda F&] 12 53 A T P8 XU W 49 1 P Pl A%
o FHE R EM VB Subgen. Urostigma, WEHEFRIVE, MR EREKIE, HAZ 15mm, R£E
MG . 3R CIE R JE Subgen. Ficus, WEMERHE, MRERBEE, HAEZ 8 mm,
RRM AL B — F . EATT ALK ¥5 /N & 53 53 O Platyscapa quadraticeps 1
Blastophaga sp.. 4, WFis/NgEREARE, SAAAREET NN LM, Hidf
e BA EARR R ? AR R 27 EASRE R IE R ? B Tk i /N e ) 27
TR S AT AL, AV EA TR ZE R D), T RBUES
AR o ASHIT 5T R F 414 R T DR AR L 5 3 SR R S TR A K /) e O fh K
IR B A, BRI IR 1 22 e AN TR SR (R D RE, D a2 1) H AR PR S B g it ik
file AR AR /N Al Ff AR (R ELBUR S 22090, A BT B [ B 7 2R B 0 35 - #a /)
WAL Pl A X, itk — P4 R L B SEAE R G S E L] DA M 2 A S R it
fRR VIR .



I MRS
1.1 HmRE

AT B AR AR B b ERL B 78 SR g s e K 8 13 X (21°56'N, 101°15°E,
MR 580 m). TG, TERFAMUM S EIAL T RUKE Y D ] CHEAE D EER R A AEA IAR R
2R (120 B) WEMA, BRI RIS ER/NE AR, CHERE, HE
TRAFTE 75% L TEH, HTBUE T 4°CokFahFFH
12 FHEBHENE

FE S48 W IEIS (Yang et al., 2018): KHARAFIF IMEMEAE b /NGB . I
10%[f A4 BEER K Bk 3 Wk, 7R AEE T HE Al A A S AMAE T PBS 20l (pH7.2)
v PR S BB BE A (SKI1200H, EHgDUERHAAX SR A R A R 160 60 s. REHFEME T
2.5% R [ E W, AE 4°C M RAE 4 h AP ORZEREAEABEDERINIER : afEtt: ff
FEATE SEM 1 B S TR B B AR FR AL AP IR e P s b3 s S itk 220 IR R I S5 1
FEA B AT A & Jm 7 P R T s o etk R nT DL 5 21 1) LB F S IR S L IR 45
AL, ARG d IR IR FETEAS AT AR R ATE I ARG 2 AR WA 46 72 DA
FARFF AN A . B E I RE S ON PBS 2Bl (pH7.2) HHiEyk 3 IR, 2 e sk
TFHIRE AR TN (50%- 75%- 80%. 90%-. 95%Z.HE) BEATIZEHMIAK, AR 10 min, 7E
ToK ZEEH K 20 min, BeJETE LR RSB 15 min. SERMKIE, FEMZ Coa i Ft AT
#A (K850, QuorumTech. Ltd. UK, Austria) T/&J5, THAMEMEE (XTL-165-VT, LG
RBOEF R A BR AT TGl . i CRIRAF A 1l M B ES B A IS O, IR
T JETH AN TR 3 AN 75 [ 5 A U3 FU R ) LR AR & BT B RS o SRS, TERE R
BB TIRFEEAC (Q150R S, Quorum Tech. Ltd. UK, Ashford, Kent, England, UK) ik
ITEE 2 IR, X 90°, 180°. 270°. 360° 4 AN FEXMIPE 1 UK, K 8 min, PRUFEFHREHEE
AR BERR R B — B P 4 e S F A T A (EVO LS10, Carl Zeiss Microscopy
Ltd., Cambridge CB1 3js, United Kingdom) #AT W& . HfHEE N 10Kv. R T JERA]
REMIEASL R, TR /NEIM 6 SkAME.
1.3 BEEEa3

AT, XGRS A S0, RIBERSIIES. 2. RIEZATHEAL.
FEE T K AHE T fish A 2R T R N 7 SUEERHIEEAT (Ware and Compton, 1992; Elgar et al.,
2018; Yangeral., 2018). AXHMAMESNAEESE R 1),
1.4 HIESH

{8 F§ Adobe Photoshop CC2023 £ BRrHATE T 5t 7% it , 7+ A Image J(Schneider et al.,2012)
52 ik £ R %% RIS EAE , R & 55T 2 LR AL &SR (T AR (Ware and Compton,
1992), X ful fy FBER A K o B8 A ELBCR FHBIOT REA ¢ /056 . i TG B AT & IE &0 A1,
P56 R F 4 24 Mann-Whitney U test #EAT 535 2 R VE 0 4. BT 20T 37E R4.3.3 dE4T (R
Core Team, 2024).
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Table 1 The abbreviations involved in this experiment are explained as follows

PGS PEL AR A&

Rd Radicula Ay

Sc Scape [EREl

Pe Pedicel AT

An Anellus FAT

Ho Hook-shaped apical projection BHHER

Ap Apical process Y

Fu Funicle E8t)

Cl Clava pr=mrl

Fl Flagellum ]
fui-fug 1-4 Funicle 12 4 2
cli-cly 1-4 Clava 1 &4 %Y
Fi-Fii 1-11 Flagellomeres 1 & 11

BB Béhm bristles WIKEEE

TS Trichodea sensilla R

CHS Chaetica sensilla B A

BCPS Basiconica capitate peg sensilla FeHE T L RR A

BS Basiconica sensilla HERY AR

0S Obscura sensilla FAHEDRY KR
MPS-E Elongated multiporous placoid sensilla SEAHE 22 FLAR Y B 5%

e AVHEE SRR —3. Note: The abbreviations in the full text were consistent with this table.

2 HBREDH
2.1 FRFMER /)RR A BRI BI EL I
PR AL R /N A 350 2 ROHR, FHA YT (Scape, Sc) 1871 (Pedicel,, Pe)- #f75 (Fagellum,

FD =050 A L 1D o RS K /N PR 19 38 52 = HE AR, AR5 5 Sk i i 4% 17 (Radiculad,
Rd) HHHE. T 5WEREA PR AL, BBOEA, HA T RERMA SN, W
W —HB5> . Blastophaga sp T IR B AR Z I EAE S 1 P, quadraticeps WG -
RET AR, AN T AT U 5% B BE T 5001 2 5 — 19 (A AR o S5 2 fuh A e R 20,
S PG R A /NN E 22 B R I 43 20 A S B 374, HH 1T ANEE/NTTZ S . $ETS 40
N = —3R15 (Anellus, An). & 17 (Funicle, Fu) #:75 (Clava, CD) (] 1). 7E P. quadraticeps
filfg EIRAAERE SIS (Ani+Ana+Ans) T Bl HICIEK 5841 (Apical process, Ap)

(K 1-a2). Blastophaga sp.filiffi I An 43 ML =/NT5 (Ani. Anz. Anz). TismsR4l H R
BIER AT (B 1-b2) 0 PYMAL R A /N 06 i £ (100 0815 350 23 3 MBS — BT 6 [l e B i
Ko P quadraticeps H15 1~4 EATINEAIK . 5 5~7 RITHME R BT N8 8~11 #E/N15H4



B AT (] 1-al. a2). Blastophaga sp SR &4 /N 2 [MAMEZ A K, (HIES 9~11
/N 0 2 T PR B R R T R S T (] 1-b2)

a1 40 N ] a2 Flagellum(F1)

Dorsal Platyscapa q Ventral

Scape(Sc)

Radiculad(Rd) S —
: I_Funicle(Fu) Clava(CI)
Ang+An,+An,

F+F,+F; 100pm

. Funicle(Fu)

Ventral Clava(Cl)

T -

i

cl, , C o,
F8 F10 F11 .
i

Flagellum(FI)

Radiculad(Rd)

1 SEFTAR RIS (0 b /I 000 M e i A AT 5
Fig. 1 Antennal morphology of Blastophaga sp. and Platyscapa quadraticeps

TE: BRI RN Al IS TR Cal) FIBETEIOE Ca2); SEAERE He MR/ M 25 T (b1 FBETETAL (b2);
Rd, #¥7%; Sc, #iT; Pe, #Fi; An, ;5 Fu, 7 Cl, #75; Fl, #i¥5; FI~F11, 1~11 #iEA5;
Ho, HHZ:; Ap, RHl; HIR=100 um; EIH4EE 5K 1 fR¥F—E. Note: P. quadraticeps dorsal view (al)
and ventral view (a2); Blastophaga sp. dorsal view (b1) and ventral view (b2); Rd, Radiculad; Sc, Scape; Pe,
Pedicel; An, Anellus; Fu, Funicle; Cl, Clava; Fl, Fagellum; F1-F11, Fagellomere segment 1 to Fagellomere
segment 11; Ho, Hook-shaped apical projection; Ap, Apical proess; Scale bar= 100 pm; The abbreviations in
the figure were consistent with Table 1.

Blastophaga sp. M1 P. quadraticeps FIfili /i K53 1049 791.94 + 3.04 um F1 672.83 + 5.22 um,
e A AR 25 (1=19.73, df=10, P<0.01). BRAEFKJE 4L (+=1.60, df=10, P>0.05),
LA il £ 25 ST B K B TR) 8 LA 03 2 7 (B 2-2) - P quadraticeps Wil ff1 56 4 ¥ /N5 (=11.79,
df=10, P<<0.01). % 5 #i/h4 (=19.19, df=10, P<<0.01). % 6 ¥/ (=15.74, df=10,
P<0.01) F1%5 7 $i/N45 (=4.89, df=10, P<<0.01) LAKFETY (+=7.37, df=10, P<<0.01)
i) %% 5 A0 Eb Blastophaga sp W 8. 9% , P. quadraticeps Wi AR T (+=-20.90, df=10, P<<0.01).
AT (+=-4.66, df=10, P<<0.01)- 5 8 #f/N 1 (t=-6.69, df=10, P<<0.01). £ 9 #F/N47 (=-20.60,
df=10, P<<0.01). %5 10 #f/NTF (t=-11.77, df=10, P<<0.01) FI%5 11 #F/N5 (+=-6.89, df=10,
P<<0.01) % EY 53 9% T Blastophaga sp. (P<0.01) ([& 2-b).,
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fithff1 %5 B Antennal segments

B2 SRR AN SRR AR A A /) e s e f 2519 O BE AN 98 S5
Fig.2 Comparison of the antennal segments length and width between Blastophaga sp. and Platyscapa
quadraticeps
TE: o) BEMATTRORE (b) ST SRAVHSIREA IR EATLLE; NS, P>0.05; **, P
<0.01; ***, P<<0.001; FrnfEon PHME + dRfEiRzE; BIh4i5 5% 1 fRHF—5. Note: (a) The length
of each antennal segment; (b) The width of each antennal segment; The comparison was conducted using an
independent samples t-test; NS, P>0.05; **, P<<0.01; ***, P<<0.001; Columns and bars represented mean

+ standard error; The abbreviations in the figure were consistent with Table 1.
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PR A N ) A BRI T 7 28 12 PR . BRI ERAE TR A RHIE 2 1A A B
5, SRR FL B IS 25 (R 1), X PIRL R #5 /) i 5k
SRR AT HCR I EL R A S kA B oAt R .

2.2.1 B KETE (Bohm bristles, BB)

W IREZ TR [ E 73 A1 T P RIS B A /NG A Ff 0 L TS SR IR R AL L T SR IR
[ CPHIE] 1-aly b1y c; PSR 1D ZEERAMEAIR, BAAEH. 2NIER, BELsi5 il
RIS — € MR, TR BR G IESL, HAEmA— S LI T — AN ETE R MAE N (B
2-a. b). P. quadraticeps ] BB KJEN 7.7 £0.46 um. F5% 4 1.27 £ 0.04 um, Blastophaga
sp.[] BB KN 6.43 £ 0.32 um. T %N 1.34 £ 0.04 um. P. quadraticeps filifi I BB [ &
.3 & T Blastophaga sp. (t=—2.274, df=22, P<<0.05), & E1EMIA/NEZ BT & Z R

(t=1.429, df=22, P=0.167). filiffi I BB (W%, P. quadraticeps B2 % =1 Blastophaga sp.
(U=1, P<<0.01) (FHE 1),
222 EBHELE (Trichodea sensilla, TS)

BRUR S A1 T A /N f B BRGNP B R Al o) Iz BRI
TS fE Blastophaga sp.fill fi LU E AT HECER 2, DOATTAE 4 i wHcER D> £ P
quadraticeps filiff] b R B R AT T, ¥ EAEERD (R 1 K 3-a~e) o BHLIEKES
SMEEARAK . REBAOIR, KIEAEM A oA 6r B RIAN ], IR A BIOR P B song 1
Bl (B 4-g)o IS M IEELIT4A Mo FOB WAL 40 . A e ilic o N M, Rk
L. HEA Z FNm VR NI E— B it (M 2-ev Do filfg ARSI ER TS
KEEAE . P. quadraticeps 15 ETT E 1) TS K FEA 26.95 + 1.03 um. 55 4 1.24 +0.03 pm,
I B E N 9.9+£0.54 pm. TEJEN 1.11 £ 0.06 pm, Blastophaga spAiTi+ #F _FH TS
KA 1171 £ 0.55 pm. FEE A 1.21 £0.03 pm, #F4_EAIKE RN 2531 £1.05 pm. T E N
1.25+0.04 pmo #R7T #5 _E TS WK E P. quadraticeps 2.3 =1 Blastophaga sp. (t=—13.10,
df=18, P<<0.01), 9DEEAEMFE/ NG [MJCRE 2T (=-0.82, df=18, P=0.43). #f%5 L TS
WK ¥ Blastophaga sp A% 23 T P. quadraticeps (t=13.07, df=18, P<<0.01), T E7EMIA
NEZETEEZER (5191, df=18, P=0.07). BLERARTEF PR /NG M e b
L3 ik (Blastophaga sp. N 67.2%- P. quadraticeps 74 31%) (& 4), Blastophaga sp.fil f
LR E TS 2i&E 5.3 &1 P quadraticeps (U=36, P<<0.01) (£ 1; K 3).

223 MHERYERES (Obscura sensilla, OS)

FAHE Y RS 7 P A AR Ry ¥ /N s A b S ] 5 20 A AR O T PRI 1-a24 b2, dD. Utk
SRS RHER, R JCAL B R T 1) VA R MK A A 22 v B, o g 5 ) SRS (5 AUk R S
BB, FEIBIEAN— MR T N E & LA TR TR S 1, H AR AL MR EGAR S i il
ARV s AEAMERIE &S PR L R i /N e 2 1A BE T 22 5% 2 P. quadbraticeps 1] OS #H Eb
Blastophaga sp =55 555 « AR SR g 0 5 (Bl 2-c. d): P. quadraticeps 1) OS
KN 10.98 £ 0.13 um. 56 Z N 1.9 £ 0.04 um, Blastophaga sp.[f] OS KJE A 17.09 £ 0.36 pm.
Bi PN 1.78 £0.05 um. Blastophaga sp.fil fi L1 OS KJE & E & T P. quadraticeps (t=16.01,



df=38, P<<0.01), TJEAEMIME/DEZ AR EZER (=2.01, df=38, P=0.05). f£¥ & L,
PR /Mg Z MR EEZS (U=14, P=0.57) (MiF 1; E3).
224 fAYEES (Chaetica sensilla, CHS)

| B ER) CHS-I{E Blastophaga sp. fili fi FAN A T35, 1E P. quadraticeps fil i b5
MW B 3B, BERE, AT Em (R 1-al, bl. b2: R D. MRS
WA, RRRPR, BARNIE . R4, RIEDGHE AL, FEERAL T — WT 5 A b ) [ 7% [
Il R R, CPRERIE R —E kA (W 2-g. b IRIESNEZ 5] 73 ik
R. P.quadraticeps ] CHS-IKE N 2.41 £0.63 pm. F&/% 5 0.79 £ 0.13 um, Blastophaga sp.
ff) CHS-TK: o 2.09 + 0.27 um. % JF A 0.42 £0.17 pum. CHS-I{X 534 T Blastophaga sp. 5
TR T a, HAUE —AS, SMEREEE, M CHS-TE AR, KN 2.09 £0.27 pm.
TN 0.42+£0.17 pm (P 1-c; K 1). P. quadraticeps filiff 11 CHS-1f¥) %8 & 2.3 i T
Blastophaga sp. (t=—6.97, df=30, P<<0.01), K EEAE AR /N 2 7] 6 835 22 7 (=-1.86, df=30,
P=0.08). P. quadraticeps filiffi b fi B CHS-1##& &3 & T Blastophaga sp. (U=0, P<<0.01)

(& 1; 3.
225 FHERIF AT (Basiconic capitate peg sensila, BCPS)

o HE 7Y 7L 58 B A (1) BCPS-ITEfi /3 /3 AT 1 B A B Xl . Blastophaga sp. '] BCPS-14y
MTH S B2 1M/ RIEMM AL, B 1A, R— BBV,
GLEMAR LKL ;s P quadraticeps 1) BCPS-170 41 125 8 2255 11 #i/NT (BHE 3-by e; [t
Kl 4-b; 43 1); BCPS-IUX 34T Blastophaga sp filt 56 2 ¥ET5MIEE 3 615 1 I8 &AL B
=GR N, REHN, HEHN4~6 D (HE 4-a; HER Do BRI EO MRS, B
ARHAIE g H LR Al 2 T B R . B AL, RIMEAM AL . KHE A0 6 B RSN AT
SIS (BB 4-c. dv D: BCPS-DAF ML R R /INEHS A LAY, B FB v IAr T —
ANE T FITUTRE 1A LS5 R B2 T AT — B 1) S T ) 2 v S ) Y S s 5 — A
R, REAET HYAL RN VGRS EATETG &S, AME ARG, BTl
FIZRTH, ANBAE PR R NG b A e B2 5 (M 4-c. d). BCPS-IIK K ALK,
B R S A R IOARE, DmstE, TRV, BAL A, R AT R R ORE AL,
KPERN 7.72£0.85 ym. FEEH 2.79 £ 0.26 um (Kt & 4-a. f. h). Blastophaga sp. ) BCPS-I
KFE N 3.79 +£0.05 pm. 55 E A 2.20 £ 0.08 um, P. quadraticeps ] BCPS-T{: & 24 3.29 + 0.05 um.
Wi N 2.13 £ 0.06 um. Blastophaga sp.fil /i - BCPS-1f1 K & &3 & T P. quadraticeps(1=7.08,
df=18, P<<0.01), TEFELEMIE NG WA B3 % 5 (+=0.69, df=18, P=0.50). Blastophaga
sp.fili /1 _E T H. BCPS-TA1 BCPS-IL &5 5. 3% & T P. quadraticeps (U=36, P<0.01) ([ 1;
Kl 3.

2.2.6 HEAYKES (Basiconica sensilla, BS)

HERY RIS TE P PR A N il fy By AL B H 22 R AE Blastophaga sp filf b RAFAET
3 EET ARy, HAUE 1S, T P quadraticeps il fi FAFAE T35 5 AIEE 6 ¥/IN15 (1 A OU) 1H g
LG HA 1A, URAES 4 AR 4 4> (BB 3-c. dv e; & 4-a. b: 3R Do
TR A i T AR AR R AR 2R, HE ST TR, ABHUNEY, R e B



FL(f P 4-e) o P. quadraticep i) BS £ £ 4 18.03 £ 0.27 um. % &£ 4 2.37 = 0.39 um, Blastophaga

sp.f BS KJF N 9.59+0.19 um. FEEEN 2.24 £0.07 um. P. quadraticep filiffi b BS K J& i 3%

%11 Blastophaga sp.(t=—22.85, df=22, P<<0.01), % FE{E Pk /NG 2 (813 123 2 7+ (+=-0.73,
df=22, P=0.48). P. quadraticeps filfi b FiT H BS #(& &% = T Blastophaga sp. (U=0, P<

0.0 (& 1; K 3).

227 ZFUHRAEE: (Multiporous placoid sensilla, MPS)

Z ALY RS IX IR AR A /NG ik £ b b5 o B L) HL A — SRS, B AR AT A
FIMRCIR 45 #) (Elongated multiporous placoid sensilla), {HAF R K. sMEZ MRS, £
[F) )b 28 7[R0 oA ) E e 2 TB) 3T BT ORI 22 5, B K PR RRAE 2 R T R A KBl B
B TR AT . MRSl FIEFEAF HES 720 TR CREHPD., T (£
EHESD, Houi 5 i AR R 7 B AR (5% ~25%, TRME 05 25% ~50%, M
fB 15 50% ~ 75%, WRAH 2). ZFUARBURIE R H AR KEMIL P EGT 750 3 5l M £,
& PR FPAE R His /N i £y 1 788 2 TV RR R KRR, 20 A T3 5 HE/NIT BOREETT, MPS A [l 4y
i H AR A EER (TS. BCPS. BS) (B 1) X FE R #5 /N MPS (1) 3 A RLES &
T MPS-E GETE 2 FLIRAUERES ), AMERAKSOR, ka5 50 M fik M 2 B4 5k I v T
P KT 2R o S A i O P AR AR — B IS Al A R AR B = AR, RN A=
AL CBR P -0~ o AR A AN [ R HE 51 7 R0 5 i Ay 0 Sl ) 40 BS AR BE RT 439 4 B : (1) MPS-EIO

(CHRJZHEA . mImbE ), AT P quadraticeps fili i1 55 — R PURTT, ML 2 i
Wt L v BB 46 v A (I 1-al. a2; PHIE 3-c. g: P 4D, KN 44.67 +3.57 pm,
PEPER 481 £0.56 um. (2) MPS-EIl CREHS|, BEZ2—F¥58), 54T P quadraticeps
il 56— A DUFR T A MITH, S Tl TR m ., PR, il 2 =R (& 1-al;
B 3-ds hy P 4-k), KJEEAN 61.84+2.66 um. BJE A 5.73 + 0.46 pm. (3) MPS-EI2 (i
EHS . B =02 08D, 94T P quadraticeps Rl f 55— 2 5 IO IS0, 4ME
5 MPS-EIl —£, {H5flfg 35t o SRR &, AR A A2 25% 5 EHEE (H
1-a2; P 3-es h; B 4-D; KN 65.40 £ 5.81 um. FEEN 6.10 + 0.42 ym. (4) MPS-EII0

(ZZHE . TS 25D, 04 T Blastophaga sp.fil f FIFREANRETT b, RS BARFAR T
il ff VSR, AN R BONRL NIRRT, B350 0 58 A — B, O TR It
5B REN B RSCHE & TR (& 1-b1, b2; K 3-a. by £ K 4-D,
KA 28.1+£0.52 um. FEEN 4.55+0.12 ume P. quadraticeps fil /i 1] MPS-EI0 K J¥ #% &
F =T Blastophaga sp.fliffi_ £ MPS-EII0 (t=—14.33, df=22, P<<0.01), TEJEEMIE/NEZ
BT EHER (t=-1.25, df=22, P=19.91); MPS-EIl £ (t=-36.32, df=22, P<<0.01) A%

(t=—6.64, df=22, P<<0.01) ¥JH .3 & T MPS-EII0; MPS-EI2 £ (t+=-21.23, df=22, P
<0.01) MFE (=-9.23, df=22, P<0.01) ¥J{E.E & T MPS-ENl0. P quadraticeps filiffi 3t
A4 3 FE ALY MPS-E (10, 11+ 12), Blastophaga sp.fill fi {NA7-7E—F MPS-EII0, Blastophaga
sp il I MPS B8 (123 +3) FLERMEMA (0.63+£0.014) BB E ST P quadraticeps fili
) MPS 30 (54 1) FURERMA (0.3+0.006) (U=36, P<<0.01) (ffi& 1. Mtk b
K&, MPS TR S E 5 HAUXR T TS (Blastophaga sp. N 22%; P. quadraticeps 79 26%),



J£H TS F1 MPS £ BT A 12y 2 0 5 LU ik 50%(Blastophaga sp.H 89.2%; P. quadraticeps
N 57%) (Bl 4), KGMETZ A0 B4 A K

wor *k [ | ERWER /NG Platyscapa quadraticeps
O Atk v /N Blastophaga sp.

350
~
150

AL H B Count number of sensilla
n >
o (=)

0
X DN E P DS ELELO Y
TEE YV OFE TSSO
$ FETs
JK2ERAY Sensilla types

B3 SEAEA AR AR i e SR AR R T R
Fig. 3 The types and numbers of antennal sensilla in the Blastophaga sp. and Platyscapa quadraticeps
7. KA Mann-Whitney U test #1TLLEL, NS, P>0.05; **, P<<0.01; EHBERERATFHIE + #7
MR E,; BB 5% 1 {#%F—%. Note: The comparison was performed using the Mann-Whitney U test,
NS, P>0.05; **, P<0.01; The black squares in the figure represented the mean + standard error; The

abbreviations for the sensilla are consistent with Table 1.

Il B8 I MPS-E10
I CHS-1 [ MPS-ET11
[ cHs-11 I MPS-E 12
B s [ MPS-EII0

TACHEAL R R /N TERERA R M /N oS [ BCPS-1
Blastophaga sp. Platyscapa quadraticeps @8BS EEEBCPS-I

6.5% 2.8% 1.9%

K4 oA iR s Mg 8 R RURE T 5 H 4
Fig. 4 The percentage of each sensilla type in the Blastophaga sp. and Platyscapa quadraticeps
T ERERESYES 53R 1 fRFF—%. Note: The abbreviations for the sensilla were consistent with Table 1.
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PP R /N fid B AT IR, EARTS L BEY . MY =890 4L, Blastophaga sp I
filif BE KT P. quadraticeps. PIFMERIE/NEMAEA 7 RB8%, Hhle: WIKEE.
BRURES . FIA RS R LIRS HEAYREY . 2 AU A LS A HE AR . KT
Tt i, BRYRSR S 2 FUIR AR R R i 2 I RIS . B ALK 2010 T A ik £
B, ZARAERIRE ST ATA N . R HER RS . HER IR ECE D L A A T
B IREE B AN TR AT . AR B ER Z . A TAE Y . i B AR
1t Blastophaga sp.fil /i FE &M />, N4 T, £ P quadraticeps filfi FHER %, o
AT R . BRI G — A, AU A6 T Blastophaga sp.fill f IR TS o

WIRETEMA DAW AR, YT RERAL, I EAT BRI R fk
fahr BAIUMREIZ S ) ThAE (Huang et al., 2018; Yangetal., 2018), f&—FhA{k/&2% (Elgar
etal., 2018), FRYKEE LEDAMLEMETT, FIREE —MHMERSE (Keil, 1999: Gao et al.,
2007; Van Baaren et al., 2007). RIRURIRSAAENTT . B 300, HomEE RS
flks A P, AT RETERS /NGB AL DR RYEVER (Lietal., 2009). HIBYEA8FIK KEE
A e S8R A /NEAE AT ORI R B R P B IR TRE U4 9% (Van Baaren et al., 2007).

il g b0 A 2 (KA 2 B L D) BRI R A, LR AR & AR R T B A L. B
Z AR RS . RHER LIRS HEAURA R I AR A AL, HEfmIse AR AHE. 2401
R SR 25 2 M B o o TR P M v R R, E RSO PR B R M R T OB E A (Van
Baaren et al., 2007). T HLAEEISLIGUE B 2 FLAR T B AR 2 — Pl B A L s, T HEIE
RATAEH RBUIRENRE S (Ochieng et al., 2000). /N () % FLIR AL 38 HAT 2 Fhar A,
HHILFEEK, W2, H5007 W70 SEEA RSN S (Ware and Compton,  1992;
ORUEEE, 2014), XA ] D m 52 Al R AR (Aldworth and Stopfer,
2012), fH5E 2SR5y T HE N fil A o AR HE 2 L9 IR AR 1) 9 LA IR 98 HLBE AT TMAL (Li et al.,
2009), 5 bAHEN B AR A M TIIRE ), MRS (Keil, 1999; Gao eral., 2007).
T Y 7L SRR A 1 ML 8 R R ) PT RE B LB I JEL R, T LUK BE O Ak 22 o B A i
(Silvaetal., 2010). HERUKIRZ i B PAT T, A S HEfh SBE, I N 045 M HRE 2 1L
EREMORE, TTREEAMGEIIRE (Lieral, 2009). HHEIFT b B R I 4 Y B2 & —Ff
BB ANAR R RIS R AL SV E B %% (Ochieng ef al., 2000; Gao et al., 2007),

A SRS B A ] BEAE /N HE N SR R s A2 48 45 Fr (Li et al., 2009; Yang et al.,
2018), MR/ INEIRFEE L F 1. i NGRS 8 55, HA KBRS
A BV EEIR, Xk 22 5 T BE 50 AR B i IR BB FE T 6 o AT A A EAR AR M i
ZINIE (R B S SRR AR AR /NI QB HEI SR FEAA B LR S R . Ak, AT
AT 5000 %) o TR 8 P 3 A T T -5 kA AR P S R 7 TR0 AE S, T R AT B0 S I )
EVEH, B AR /NS AR NI SR AEL 1978 (Weiblen, 2002).

gi b, AUFRISE RER, ok B AN EJE AR R /N iy 2 I SR DL R AR R L RS
FAIRN I3 AR o X FRARABLE S HFAR 2 BB e, A/ NS i 1 TR S PT RE R RRR B ARSE 1



WAk, MRS E 70, SR DU R B S5 R F ] Re s i N Al A TR A . HA, BB
FHEAS SFER 0 RSk BB VIS, T FAFAE 2 (B B A AR OGP, BRItk AN fi f 25
Fi T A H O A SRR R 1 Y 3 08 2 AR AR (il B8 R4t ARAD BiE,
TR HE R . A E KT N RGURE L 2 AL INER K, 50T RAK BB, BT
fitk £ SRS R RRAE AL 20 BT o RIS, S5 G R SR BRARRAE , KRR TS R R MUk A
S /NG 25 AR SRAT AT 255 20 AT, K BE IR N PR 8 WA A /N e f A T 28 UK
IR A R

Bt R g R g A X TAE A T BA SR EIUR AR ESE N LR KPR, B
WEETEESHE, BEREIEPOTY, BEEAERELESF S FinnKjel Iberg
%3 FE A B 05 BOA BRI A R 4 R B KT R

B 1 S dCRa RS IR ML A /N SR B A Al A I S A B

BB 1 SRR RIS R AR NG il ff T TS BRI RS AR AR

BB 2 PRGN R IR EE B AL . BAUREE . RIARES AR OE S

BEE 3 PRGN R BT S A ) 5 SRR

BB 4 PRRERGIE/NEAR A T PL OIS . HEAYRRER . BV . 2L SR BRI
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Supplementary Table 1 Abundances and distribution of sensilla on the antennae of Blastophaga sp. and Platyscapa quadraticeps

Fagellum
Sensilla Subtype Species Rd Sc Pe Total
An(F1,2,3) F4 F5 F6 F7 F8 F9 F10 F11
- Kradibia sp. 10.8+0.4 - 3 - - - - - - - - - 13.8+0.4
BB
- P. quadraticeps 13.8+0.4 - 3 - - - - - - - - - 16.8+0.4
- Kradibia sp. - 57.8+1.11 17.240.31 10.31£0.21 9 20+0.73 26.5+0.62 34.8+0.7 45.3+0.8 44.3+1.1 55.3+0.92 60.7+1.1 381+2.23
TS
- P. quadraticeps - 43.2+0.79 5.331£0.21 3 2 2 2 2 2 2 2 2 67.5+0.89
Kradibia sp. - 4.33+0.21 4.33+0.21
I -
P. quadraticeps 19.71£0.56 4.67£0.33 10.7+0.33 3540.78
CHS - - - - - - - -
Kradibia sp. 1 1
I - - -
P. quadraticeps - -
Kradibia sp. 32+0.73 32+0.73
(0N - - - - - - - - - - - -
P. quadraticeps 32.8+0.75 32.8+0.75
Kradibia sp. - - 1 1
BS - - - - - - - - - -
P. quadraticeps 1 1 4 6
Kradibia sp. 1 1 1 1 1 1 1 7
I
P. quadraticeps - - - 1 1 1 1 4
BCPS - - - - -
Kradibia sp. 4.67+0.33 4.67+0.33
I - - - - - -
P. quadraticeps - -
Kradibia sp. - - - -
0 - - - -
P. quadraticeps 4 4 5.67+0.33 13.7£0.33
Kradibia sp. - - - - -
I 1 - - - - - - - -
P. quadraticeps 4.17+0.31 5.5+0.22 6.17£0.65 5.5+0.34 21.3£1.05
MPS-E
Kradibia sp. - - - - -
2 - - -
P. quadraticeps 3.83+0.31 6.17£0.31 5.540.22 3.83£0.17 19.3£0.72
Kradibia sp. 19.240.7 21.5£0.72 19.7£1.05 21.3£0.96 15.2+0.65 15.240.6 13.2+0.31 12342.78
I - - - - -
P. quadraticeps - - - - - - - -
Kradibia sp. 568+4.17
Total
P. quadraticeps 216+1.26

vE: RPEEONIIEINPRHER, B KAl TS 5% 1 fREF—2; Note: Columns and bars represented mean + standard error. Sensilla and antennal segment abbreviation was consistent with Table 1.
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Supplementary Fig. 1 The Morphology of antennal segments including the radiculad, scape, pedicel and anellus,

as well as the distribution of various types of sensilla attaced to them, in the Blastophaga sp. and Platyscapa
quadraticeps
T SEFEARAA RN A A T L AT TR SRR (al) AT (a2) TN E SRR
NG R A RIEA T RARIE T (b1 K (b2) IMM; (o) TEFTARAENIFE /NG fih fy 4 55
FFRTIEI AR () ERM R/ NERTTE RES: A MANAOARBRRREHR: Bh45Y5
% 1 {#¥F—%. Note: The distribution of antennal sensilla in Blastophaga sp., along with the ventral view (al) and
dorsal views (a2) of the radicula, scape, pedicel, and anellus morphologies; The distribution of antennal sensilla in
P. quadraticeps, along with the ventral view (b1) and dorsal views (b2) of the radicula, scape, pedicel, and anellus
morphologies; (c) The ventral of the antennal scape and pedicel in Blastophaga sp., including the distribution of
sensilla; (d) The dorsal of the antennal pedicel in P. quadraticeps, including the distribution of sensilla; The white
line segment in the lower right corner serves as a scale bar; The abbreviations in the figure were consistent with

Table 1.
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Supplementary Fig. 2 The ultrastructural morphology of sensilla in Blastophaga sp. and Platyscapa quadraticeps,
including Bohm's bristles, Obscura sensilla, Trichodea sensilla, and Chaetica sensilla type |

e EFRW () FITEAEH (b) MR/ MR IRET; TN (o) MAEFEH (1) Hmia/ s m AR

EIW (o) FARFEMmIE /g () BAUKES: FIRW (o) MMM/ NME (h) RIRUKES 1 4.

HTAMNAEEBREFR R BH4EE 55K 1 fRFF—3. Note: The ultrastructural morphology of béhm's



bristles in P. quadraticeps (a) and Blastophaga sp. (b); The ultrastructural morphology of the obscura sensilla in P.
quadraticeps (¢) and Blastophaga sp. (d); (e) The ultrastructural morphology of the trichodea sensilla in P.
quadraticeps (¢) and Blastophaga sp. (f); The ultrastructural morphology of the chaetica sensilla type I in P.
quadraticeps (g) and Blastophaga sp. (h); The white lines segment in the lower right were scale bar; The

abbreviations in the figure were consistent with Table 1.
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Supplementary Fig. 3 The Morphology of antennal segments including the funicle, clava, and sensilla in the
Blastophaga sp. and Platyscapa quadraticeps

VE: a, Blastophaga sp. R HMM; b, Blastophaga sp.ZTEHM; ¢, P. quadraticeps RHIEHM; d, P.
quadraticeps #E T M e, P.quadraticeps BTETM; f, LML ZFREURAS 110 @BRIEE; g L
BZARBLEES 10 BHUES: h, EMEZFRAUES 112 BRUES: A MAAORBONLHIR,: Kh
455 5% 1 ££FF—5. Note: a, The dorsal view of the funicle segment in Blastophaga sp.; b, The ventral view of
the funicle segment in Blastophaga sp.; c, The ventral view of the funicle segment in P. quadraticeps; d, The
dorsal view of the clava segment in P. quadraticeps; e, The ventral view of the clava segment in P. quadraticeps;

f, The ultrastructure of Multiporous placoid sensilla type E Il 0; g, The ultrastructure of Multiporous placoid
sensilla type E 1 0; h, The ultrastructure of Multiporous placoid sensilla type E 1 1 and E I 2; The white line
segment in the lower right corner serves as a scale bar; The abbreviations in the figure were consistent with Table

1.
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Supplementary Fig. 4 The ultrastructural morphology of antennal sensilla in Blastophaga sp. and Platyscapa
quadraticeps, encompassing basiconic capitate peg sensilla, basiconica sensilla, trichodea sensilla, and
multiporous placoid sensilla
e oa, SEFEMEAOAR /NG AR A AR SRS s b, EARBIA AR /N Al AR SRS A s AR FERE
c SRR R R /NE d R HERL LIRS T AL o, SRSBARMERAR DIGHER RS f SEFBARIEm s Mg ie
HERIFLREEAS T MY, o, WA i/ METTYRES: h, SefEMoR i/ Mg R 2L 00RE 11 BRI
fLs i, AR /M2 FLAR RS E 110 RISl E Akt MEZ FUIR LKA ET0 (). ET1

(kv E12 (D Kmfgfl; A FAAOLBONHEIR,; BH45 5% 1 f#%F—2. Note: a, The distribution
of antennal sensilla and the terminal club segment in Blastophaga sp.; b, The distribution of antennal sensilla and
the terminal club segment in P. quadraticeps; c, The ultrastructural of Basiconic capitate peg sensilla type I in
Blastophaga sp.; d, The ultrastructural of Basiconic capitate peg sensilla type I in P. quadraticeps; e, The
ultrastructural of Basiconica sensilla in Blastophaga sp.; f, The ultrastructural of Basiconic capitate peg sensilla
type Il in Blastophaga sp.; g, The ultrastructural of Trichodea sensilla in Blastophaga sp.; h, The surface pores of
Basiconic capitate peg sensilla type Il in Blastophaga sp.; i, The surface pores of Multiporous placoid sensilla type
E II 0 in Blastophaga sp.; The surface pores of Multiporous placoid sensilla type EI0 (j), EI'1 (k), EI2 (1) in P.
quadraticeps; The white line segment in the lower right corner was scale bar; The abbreviations in the figure were

consistent with Table 1.
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