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Capacity of Chelonusformosanusto parasitize the eggs of Spodoptera
frugiperda, and the mor phology of the antennal sensilla of
C. formosanus as revealed by scanning electron microscopy
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Abstract [Aim] To assess the capacity of the wasp Chelonus formosanus to parasitize Spodoptera frugiperda eggs, and to
describe the basic antennal structure and sensilla of this species. [Methods] The search and the processing time of S.
frugiperda eggs by C. formosanus, with, and without, parasitic experience, were observed in an intelligent, artificial climate
chamber [(26£2) °C, RH 70+£10%, 12L : 12D] at different C. formosanus densities. The proportion of S. frugiperda eggs

parasitized was evaluated using the caging method. The antennal structure of adult, male and female C. formosanus was
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observed under digital, and scanning, electron microscopy. [Results] C. formosanus with prior oviposition experience
required less time to find S. frugiperda eggs than inexperienced individuals, and was also shorter at lower C. formosanus
densities. The most significant difference in search time was, however, between adult female C. formosanus with, and without,
previous oviposition experience (P < 0.05). The average time required by C. formosanus to process 100, 200 or 300 eggs S.
frugiperda eggs was (38.44+1.99), (75.99+3.24) and (103.71£6.21) min, respectively. The number of parasitized S. frugiperda
egg masses increased with increasing C. formosanus density, and there were significant differences in the number of egg
masses parasitized at densities of 1, 3 and 5 C. formosanus females (P < 0.05 ) . The antennal length of females was obviously
shorter than that of males (P < 0.05 ) , with the flagellum of females consisting of 22 or 23 subsections c.f. 24 to 27 subsections
in males. Ten morphologically distinct types of sensilla were observed on the antennae; sensilla trichodea, sensilla placodea,
sensilla basiconca, sensilla chaetica, sensilla squamiformia, sensilla coeloconica, sensilla campaniformia and sensilla cavity.
Bohm bristles, cuticular pores and sensilla trichoidea were the main sensory organs, being both the most abundant and widely
distributed, followed by the sensilla placodea. [Conclusion] Previous oviposition experience has a significant effect on the
time required by adult female C. formosanus to find host eggs. The time required to process eggs increases with host egg

density and the parasitism rate of a single egg mass of S. frugiperda can reach 100%. The antennae of C. formosanus have a

o B 3244 Chinese Journal of Applied Entomology 62 %

total of 10 sensory receptors.

Key words Chelonus formosanus; Spodoptera frugiperda; parasitic capacity; antennal sensilla
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PR 4 5 1) S A I [ 2 T 0 A A 2 D Y
W, HAR T2 [HBOR , M 22 5B 2 ( P<0.05),

WA L2 35 R 5 7 T e 5
Rt TE] (2 1)o

®1 FEZLMAERERENSIFEMERZNE
Tablel Theinfluence of parasitic experience on host search timein Chelonus formosanus

A # F-0$E] (min) Search time (min)
Device JoF 4 4 17 Without parasitic experience A %44 7 With parasitic experience
A 1.63+0.32 a 0.83+0.15b
B 22.00+4.71 a 7.44+£1.98 b
C 228.44+30.94 a 71.17£14.19b

R R Y EAR DR, FTERRE A R/NG FRERRZ R B3 (P<0.05, Mann-Whitney U £5% )

Data in the table are mean + SE, and followed by the different lowercase letters in the same row indicate significant

difference (P<0.05, Mann-Whitney U-test).
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Fig. 1 Thehandling time of Chelonus formosanus on
Spodoptera frugiperda eggs at different densities

B PR A bR EDR, A B NG FEhROR
2503 (P<0.05, Duncan’s Fi& 27 )
The data in the figure are mean+SE. Different lowercase

letters above bars indicate significant difference (P<0.05,
Duncan’s new multiple range test).
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BRABEZ G, ANTR] e {917 A= e 1) 7 A= B DR

SR (P<0.05) , {HOR[R] Ho B 2 A e o 75 2
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BT 90%, ME VS HE AR 3 F 5 Sk, 3
HeOp 1 ik i e AR A AT IR 100% (KR 2 ),

xR 2 AEILLHIE S RIEEEST
BRI I Kk
Table2 The parasitic ability of Chelonus
formosanus with different proportionsto
the eggs of Spodoptera frugiperda

W« Zpbgpbeg FRAEORELATY) BRI
Gp e Number of FHAEEK (%) FHEE (%)
Female parasitized Mean parasitism Parasitism rate
wasp:Egg €88 masses rate on parasitized per individual

masses egg masses (%) egg mass (%)
1:10 2.6£0.52¢  92.57+1.07a  71.77-97.92

3:10 7.9+0.28b 93.62+0.95a  76.47-100.00
5:10 9.7#0.15a  93.50£0.77a  52.63-100.00

TP B EEbR R, RS RING T b R 22
F i (P<0.05, Duncan’s FriEM21) .

The data in the table are mean+SE, and followed by the
different lowercase letters within the same column indicate
significant difference (P<0.05, Duncan’s new multiple
range test).
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WATHRE, HPLL 24 F1 27 WA EZ, B 25
5% 26 WY MERE AT (3 600.30+32.32)
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um, 52 T Y il A (4 078.64+71.09 )um
( P<0.001 ), AP H AWK E2ZFANEFE

BEYY 1-6 PP BII TS, DAk ff BIES A 1YY
TR, M MR R BB RS, HEE

(P>0.05) (3 3), Mweflfh m Tk, (HHE S3WTERE (E3).

A B

#H4T Pedicel

RN

Wi¥5 Scape  #EY Flagellum

1 000 pm 1 000 pm

B2 AZTHEREE. EREMARSIER
Fig. 2 Morphological comparison of the antennae between female and male adults of Chelonus formosanus
Al M HERUERL A AEALE ; B ME. HERUSERLA AL,

A. Antennal insertion sites in male and female adult wasps; B. Antennal types in male and female adult wasps.

R3 AEHEREE. ENEMBRE

Table3 Antennal length of female and male adult of Chelonus formosanus

fil 4 (um ) Antennal length (um) ¥ Female wasp THE#%E Male wasp t P
24K Total length 3 600.30+£32.32 4 078.64+£71.09 6.125 <0.001
115 Scape 393.42418.97 331.07+16.90 - 2.454 0.025
BT Pedicel 76.61+4.54 80.04+5.58 0.477 0.639
#FY5 Flagellum 3130.27+31.72 3 667.53+63.90 7.531 <0.001

P RAE B IERR , SRS AEA O 50 UM | e i e fph 1 B 22 S0 Horp, P<0.05 R 2253 .35, P<0.001
FREFR

The data in the table are mean+SE. Difference in antennal length between female and male adults was compared by
independent-samples t-test, with statistically significant difference defined as P<0.05 and extremely significant difference as
P<0.001.
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Fig. 3 Length of each antennal subsegment in female and male adults of Chelonus formosanus
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25.1 ERESE (Sensllatrichoidea, ST) EIE
TS R 3 T IR O il o KR e 2 L A i
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ALRR 3 RV, WAL T BREA TR, 5
FEET VA A O ARG, DA TR 0 38 T i e ofe
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5.56-19.78 um, HEFFE 0.57-0.97 um (K 4. A);
T TT 5580 T B AN (] 1 2 5630 M fike 3 2% 12
ARG rh i ok, E R RS, K
8.72-24.68 um, FEHBTE 0.93-1.18 um (& 4: B);
EAY 5 A 11 FE R348 AR A5, (BRI A
AR, TERBER TR, K 10.97-12.05 um,
HAFTE 1.35-1.58 um (& 4: C, D), MiEEIE
JEARECE W] I 22 T e, 280 S 8 WY I
I H RS 2 Wy by BRI 5110 %5 AR
TR TC T2 R i, I T TR B A Ml A v s e A
T, MEEEWAHR (Bl 4: E, F),

Fig. 4 Sensillatrichoidea (ST) on the antennae of Chelonus formosanus
A BIEEBTRAT (STI1); B. BIEESTAII (STI); C A1 D. BRELSTARM (ST
E. Mt filfl BIRRRAS /34 s F. M il AR B IR RES 430 o

A. Sensilla trichoidea types I (ST I ); B. Sensilla trichoidea types Il (STII); C and D. Sensilla trichoidea typeslll (STII);
E. Distribution of sensilla trichoidea on female antennae; F. Distribution of sensilla trichoidea on male antennae.
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T P R e e e fh A AT SRR N P ) 2 T b
¥ (E5: B, C)

253 #$#FBEE ( Sensillabasiconica, SB) 4
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A AR AT HEIE B 20 o 3 A AL, A |
FEFB 5 fih Ffy R R e B, 1/2 AN A S i i
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2 1 BRI 5 I S0 T b 5 A B 1) 2 A RE 0 B H ik SRR 1 i P UL - 455 -

A WA, K 4.52-6.12 um, $Ei/b,
MIEFEFF RS M Frist (K 6: A, B), #E

AR 2235 T Rl T A TR oK S, LA
Kz (K 6: C).

E5 ATHEREMAMNRTES (SP)
Fig. 5 Sensilla placodea (SP) on the antennae of Chelonus formosanus

A BB T AT (SP Tand SPIT ); B. MERE il iy AR RURAR 0 A 5 C. Ml SEE f ffy HR TR e A
A. Sensilla placodea types I and types Il ; B. Distribution of sensilla placodea on

female antennae; C. Distribution of sensilla placodea on male antennae.
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\ £ ! NS I‘ll
AEHEREMANER SR (SB)
Fig. 6 Sensilla basiconica (SB) on the antennae of Chelonus formosanus

A, FEOEEER R T M (SB 1and SBI ); B. HELEAGRIERL T (SBIL )5 C. fi 8 B3 A i S AR A 20 A1 o
A. Sensilla basiconica types | and typeslll (SB 1 and SBII ) ; B. Sensilla basiconica types Il (SBIl ) ;
C. The distribution of sensilla basiconica at the distal end of antennal flagellum.
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255 A REEE ( Sensilla squamiformia, SS)
I % A5 A T fi A S 7y 9 T R 4% I 15 ]
HAEAL B =R A, I IEER R i i aa A A
F M EA MBS il R RSSO ) — 3 B %
MRS A — e = R HE R — A PR 48
LR, iR 2 BRI E A
I3, 1K 2.12-6.97 um, $E 2.56-5.56 um (& 7 C ),
25.6 PEHERRLEE ( Sensilla coeloconica, SCo )
FEHE T IR A S AR, SR K, Tt
R TR RERIE R ST ARE R, 172 A%

Vi p R ENIRTATOE N RN ey A RS A AN ]
BB, SBR[ R . R T
i 7 T R A, AR e, £
WAL 1-5 4, g 1 64, Ar
2-4 oA EF, K 2.12-2.68 um, FEFRTE
0.98-1.54 um (&l 7: D, E).
25.7 $hHELSS ( Sensilla campaniformia, SCa )
R JER A T2 AT T ik A S 25 R
iy, BRI, AW REZ LI 24, T
IO, BRI R R R SR, R B L
R, EARN 7.85-10.23 pm, B de s —B i
R EFLRR (B 7: F),
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&7
Fig. 7 Morphological characteristics of various sensilla on the antennae of Chelonus formosanus
A PR Al AT AT 23 A s B, AIDERRE (SC); €. BHERER (SS);
D. E. [BHIEEST (SCo); F. #PJEEAR (SCa); G EIEEAR (SCav); H.Bshm £2E (BB); I £ L (CPo).
A. Distribution of sensilla chaetica on the scape and pedicel of antennae; B. Sensilla chaetica (SC);
C. Sensilla squamiformia ( SS) ; D, E. Sensilla coeloconica (SCo); F. Sensilla campaniformia (SCa);
G. Sensilla cavity (SCav); H. Bohm bristles (BB); I. Cuticular pore (CPo).
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Fo XHETAMTTE A AL D T AR IR g

Trichogramma evanescens ( ZE {3 FI X1 /T2,
2002 ) FIBEREE % Meteorus pulchricorni M #
(JAI A nAE, 2019 ) #8232 A a] B e J 10
AL A8 XIS (2024) BRI
A 2 T AN AL RE % 46 R % 7 4 i 1% Cotesia
marginiventris ## 575 £ fUEHE], A AEE S A
T2 (1) A O I 3G 0 QOMERE L, DI E T[]
FHZ A AT HE B IR I, W25 RE RO A AR 4
T3 VR, A4 e 18 5 2 = R[] T 2 5 2 B B 3
o — M, AR AR eI ] T R A
BEHe 45 B A a], DARG N5 7 = n bl 23
(ZERLf, 2021 ), ABFFERIL, A8 E T
o el 51 gk DT it Ak T (] [ O R A 84 i
K, X ATRE AR IIA K, EFERIT
BN, MEMEET G, 5758 fe SR e
R A A . X — G oA AR e
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FAUHGE, anfPA 25 i Diadegma semiclausum
( Wang and Keller, 2002 ), ik % Cotesia
plutellae ( Wang and Messing, 2003 ), B B 13
WY Fopius arisanus HIZE (A Ay Btk Ibalia
leucospoides ( Fischbein et al., 2012 ) 7EBEH{E
B I ) 127 2 32 450 i 3 g a4

A A RPN B A 0 A B AR 1 R R AR
Z—o AHIFEAE IR, BEIEN GV T AT
I ORI A A DN B ) A T A R R 90%
PLE, B ARk 100%. 5 A 25 A4 A
I, Figueiredo %5 (2015 ) BF5T & IRAE I a] BT
JE 45 R ¥ Trichogramma pretiosum, Z04& 274
R 79.2%; BB (2020 ) B ok 2 O i
Telenomus remus, & Pz 06 i 55 4 9% 7 Mk DIk 77
AN 84.39%; WTNFLAE (2022 ) 7RG TR A A
TR 0% B G e AR £ R IR % Trichogramma chilonis fY
FH &) BRRE 2T £ R0 301] 77.44%F11 73.64%, 503
TR IR 5 A WA LA, &)y U2 AR 0 B B 1
I 1 A5 A2 BB 7 AH X B, iR 2 i i
Microplitis pallidiped V-3 %4 3 ¥4 H 22.17
3k ), MRS 45 % Cotesia ruficrus ( SE2252E 2
B4 9.8 3k ) MZIE Sk A (FIEFA 2 184)
H156.10 3k )( E4 =%, 2020; fAABHSE, 2023;
XUA%SE, 2024 ), XFh2E 5 Al ResE B b 4 JUA Bl
AT R, BRSED), HARIHEORIE S0 A 8K
FU, [FEr s MBS TR, B AR A AR I
ME o BRI, 25 S H (1) Bl 53 730 A [] HU S TR
HRAEH IR ESHG ™5, 6L AT AR
FHOREF Az 16 RN &)y 25 28 e B 16 ST i, D4R
E BRI o

18 HH I e e | M b R S8 SR 22K Al
A TS . BT R = Aok, X 5280k
TH Bt LAY A e 1Y Sl £y 28 B ARG B — B0 (%%
4, 20165 U, 2016; ERESE, 2021 ),
ABFFE R IR, 575 I e e e fh ) ol 25 T
B, 30 559 R AU ) e e e fh £ 1, D Sk T O
tH—3 (Gao et al., 2007), it B4
Diachasmimorpha longicaudata /i 1 i £ B i
T, A 22 7R B E(JE—FR5, 2013 ),
ATFFE G R 5 78 H A M ME R A BT 22 B

23 WETL N, M P HE T B 24-27 ST ALK,
X5 Gupta 55 (2023 ) 3 fr) M i #0540 —
2, MHERERR 26 F1 27 WATHN, AHFTEIA & BLE
WEAEAE 24 F1 25 WY o 38 28 HUK O Hea i o3 2
WAL 2 A e it o TS B0 R A ) 2 A 0 fh A
TR 25 KR, AN EAWRT I ¥ Lysiphlebus
fabarum ¥R, G 11 75 (5 E5REE,
2010 ), MiFATE H ¥ A #E Aleiodes esenbeckii fit i
TEE N LIk 58 T (E XS, 2008), IEAh,
543 2 A e B YT P 15 A ST AR B, AT A
157 #% Microplitis croceipes, #2714 H 4
Microplitis prodeniae FlIHE #7545 A ¥ 16 IV
WY, (Ochieng et al., 2000; %%, 2016;
TR, 2023 ), SR, A A AR R HET
ANEDE T4, W s 2= 5% Aulacococentrum
confusum #i5 ky 42-46 WY (BEREE, 2016).,
EAF IR, (R 27 24 0 1) /S [R) b B e 7 7 ik
FOMETT B AR 22 5, WA S A A e (1
H44-45 AT (HFEWEE, 2012), KRR
HOWEREYT A 44-47 AT, KRR A SN H YT
1 49-50 ANMETT (VE—FRAE, 2013; HEBEESE,
2021), % 3 FhapAde it ol [RIFh Ay 2Rt Bk
LRSI BRI R EYA .

AN B o fih oy R R R AR AP A E 25 52 AR
WFE R, GVEH IR SO il M 2L 10 PSSR,
H i C 41 A e R} 27 A e fi Ay Rt S AR R A
HfE 5-7 FhZiE) CHRBTDTAE, 2004; JEEZEHR
5T, 2005; FHCE KA T, 2006; T SCFAE,
2008 ; ZFHI A, 2012 ), Horpr, I 45 Chelonus
sp. i B HR fis BRI AR AR B 3 Bl (S
F5F, 2021), Ti/hRikSE H % Cotesia plutellae
BG4 S 0 A e (S 2 A0 WAL IR SR PP iR 2
IRFN 11 A (B %, 20035 TS0, 2023 ),
AN [F) 2 25 K ] — ol 2 £ e il 7 JER 25 UL B2 25 R A7
S, WMINEWESE (2014 ) K BLIRE A
Aphidius gifuensis fillfi A 6 FUgkas, i [ W3 I 45
(2015 ) RBL 5 Fl, R AL s ; AL,
HOCE AT (2006 ) 7 E AT VA T g
Microplitis mediator filt /iy 5 Fpgkss, 2R
(2012) BELT 6, ZH 1 PR EAS
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JE S ZE A T 5 (2005 ) 78 Ak B 95 48 0 i
Cotesia chilonis fili /i HEE ] B BPTE RS, XA
FEKAE (2018 ) 765 WIS hoR B & B, 0
RMHZLT | s HEIE S , IR —J7 i nl fig
5 ESCHR BN RFE A BRI R B X, 5
b —J5 T W] 82 AN [ 2 35 76 I a2 R (1 R T
FHRIEASHR EA—3, 8037 A 1 AR 2
BEA2ER . IE—FR5% (2013 ) K 28008
R 00 B SR AR 50 S W [ RR AR H 2L ok o5 55
(2004 K74 H 8% Microplitis sp. HUIE A Fiik
IR A (2013 ) K BRI
RIEALIVHIEIE &S, )5 (2003 ) FIZE A i
S5 (2008 ) 1 Jis HETE AR R 32 I sl B
LIRS o AL, B R A S Cotesia
glomerata FEHEIE AR 1T 5 240 H HGE M BE
JH—3 (Bleeker etal., 2004 ), T Bohm 52
BB WAEXER, Schneider (1964 ) K5 H 1T
KR RS, R SR k) 74 FE B Microplitis
prodeniae ( “2%5, 2016 ), IR EMA ¥ ( Gao
et al., 2007 ) FIH Wk #% Opius dimidiatus
(BT 4%, 2009 ) S5t HA R JTE 8%ds o SR,
WoreE# A Bohm 2265l A Ja fg AR
T S, K ILD B —2 i (G
#i#% Fopius vandenboschi (14245, 2013 ), #%
M- 45 % Glyptapanteles liparidis( 1777 FilfH 2L
B, 2013) FHC R E A (FERESE, 2021 ),
AR SCARKs T S A Bohm 2270 T ik

618 IR SO R A o i HEE R Z T
HEIRIES, X GREEH WS FOE R A
W il A AR ) 25 SR — B BRI Ry d s DL Y
JRAR A WO BB AT A, WFOT R, 7R
WHR RS, BRERZSERE, SNk
il R o Ry S, 3R B AR AH ML AR Z R ik i D) g
( Ochieng et al., 2000; #%) 4, 2003 ). HJ¥ /g
T EBR B IE AR SN e 2 1 R, L e Al 7Y
JRAS B L 2 TR, 3 g MR 8 I ik A 1 Al
SR /A — 2 ( £33, 2023 ), Ochieng 55
(2000 ) i it EA200 i 3 SR ASC A5 H A PR D7 I 0E Y
RI, 1 AN ) F0E I AT 8% AZ 28 0 27 AR
WA 1) 2 I 22 B 591 e A8 N, 3% BH L LA 2k

Z YR BLAN, WFSTIL SR IAARIE B Tl g HL sz
2T AN S ARS8 Y T BE ( Richerson et al., 1972;
XTI )5, 2007 ). HETEIERAS W 2 A HLaR
JAZ | WL DA SR 4 22 B D) RE (IRZN A, 2008
HIGEAE, 2021 ), MRIEHIIE AR 19 73 A RRIE R
FELEA , L] BeAE AR AZ 3%, FH ORI
RO L il A i RS 3l A7 B A2 4K ( Ochieng
etal., 2000; FE CEAKH T, 2006; FFRHIISE,
2012; FXMHEE, 2021 ), WEIEIRES H A7 A%
h2F A 0 1 T RE v R DL ARG . 5T I A
W i T TR B 2 T R SUR IR AN ¥ e T
FEVE IR A, S PR AR AR A 1
AR A, KRR 2 4, &1
RS SR BT T R 2 T R B S A WFgE R
B, B IR ES A sz — Skt . 1R R AR fE AN
YR EDIRE (IBZANEE, 2008 ), BHIEIRANTE
H V5 H I A il BCE D, (R 20T BT
BorAi. BT, KT Ewmlfh DR D)
REF ST AR XT3/ | MR 5 280 FEC MG i A b P B S
i RRST STAY SIS T s G &
2023 ), FETEIRRARTE 5 V5 H I A 06 fi £ Jegte 25 7Y
TR IR /b, BIEFE AR IE H O SR R A B2
JRAS (EHERSE, 2023 ), Bohm [GEEE—F
JAZE TR, 2 R A8 B UAROR] BT
R 2% M e 7 AR FH 0, DA 42 ) o 467 T
AR (RFEEE, 2021 ), R ALEPRR Ao
LM AL, Rl &8 % (2006 ) A B MG /)N g
Tetrastichus sp. i 14 filt Ff AR 75 L A 5306 7 INFL 530
M5 S R Y A A Bl R Pl B
WG E S N N E IR, TS
VS F 6 X i B A I O P4 - | A 3L (] B
A AERE ST, 5 v I e T B) R ORI R T
—E PN KYE . (AAESERR I FE T, HH
JI§ B 25 A BB ) T RE A2 2 A AU IR T R A A
TEZHE R, I ot — 2057 HoAe M e 2%
AT R R b 5 1 M P 4 B ) B LA A A
WAL, 38 Ak XT3 5 P A M £ SRR A IS AR 1 Sk Tk
WLEE, T IR B G 2 A 0 LR 2 7R Lk A
HESA A, (HK SRR Y T BE A I B BT
HEATEIL T B AUl A B o R, 78 I
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