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Parasitic behavior and functional responses of Chelonus formosanus

(Hymenoptera: Braconidae)
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Abstract: Chelonus formosanus Sonan (Braconidae) serves as a natural enemy of lepidopteran
pests in agricultural ecosystems. This study investigated the parasitic behavior of C. formosanus
on Spodoptera litura eggs under laboratory conditions (26£1°C, 75+5% RH, 14L:10D) and
evaluated its response to varying densities of S. litura and Spodoptera frugiperda eggs. The
observed parasitic behavior of C. formosanus comprised six distinct steps: searched, detected,
cleaned, probed, oviposited, and post-oviposition cleaned. The mean duration was 186.1 min per

egg mass. C. formosanus exhibited a Holling type II functional response model to the eggs of both

FETH KR IR R S5 7= S AUH] (2023YFD1400600); A8 F-E AW URE B 200 0% B0 7T 5 5 A (2022XM10)
e fifr: BRBREG, Lo, Wit, W77 ANAEYPIE, E-mail: chen.xiao.han@foxmail.com

“JEEH Author for correspondence: XM, Lo, WL, BIEIZ, WL )7 I A1EY)E A= Y)B5¥A , E-mail: haitianyiyan7611@163.com
Wk H 3 Received: 2024-07-26; 14181 H 3 Revision received: 2025-03-08; 5% H ] Accepted: 2025-03-10



pest species, with parasitism rates reaching a plateau at densities of up to 250 eggs. The functional
response parameters indicated a high instantaneous attack rate (a = 1.1846 vs. 1.1855 for S. litura
and S. frugiperda, respectively), high parasitism efficiency (Na(max): 538.45 and 564.52,
respectively), and short handling time (7;: 0.0019 and 0.0018, respectively). These findings
demonstrate the remarkable biocontrol potential of C. formosanus against both noctuid pests,
providing critical theoretical foundations for mass rearing programs and integrated pest
management strategies.

Key words: Chelonus formosanus; Spodoptera litura; Spodoptera frugiperda; parasitism behavior;
functional response

B Sk Spodoptera frugiperda J. E. Smith ARSIk Spodoptera litura Fabricius )&
T%3# H Lepidoptera %A} Noctuidae, Ayt FL94 53 A fF) W o 25 2255 1, M) R % B
2\ B USRS ISR A R E R ARAE ) A PR AR e A R T T E Y (R
RIS, 2019). HAT, WFEPiaREEZEN G, AMKHA G AR R Y 5 5
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B0l By B BRI R SURO K A ¥, SRR S A MR A A M R B A HE R
GUMTET ORBESE, 2019). Rl &M R B s n] DU A 55 b 5 SO R ARHSORO R 1 5 A1 %))
2, BIUHE ¥ Cyrtopeltis tenuis Reuter Wl Arma chinensis Fallou. X i it Eocanthecona
furcellata Wolf FI/NEW: Orius insidiosus Say. Orius similis Zheng %% (Ren et al., 2022). H
TR AT RBEEH W@ BCEM 5 T %, FAB M a2 0T, FAEE R
R L INIE Telenomus remus Nixon Sk I& Cotesia marginiventris Cresson. WE#% £ 4k
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20230 AEATY SR T B2 A 7 140 B8 i Ak A B ¥ B R R T AR T B v, R ORI 4

(Parra et al., 2019).

578 FIE HU% Chelonus formosanus Sonan J& T Jii# H Hymenoptera #1#%F} Braconidae,
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Fig. 1 The oviposition behavior of Chelonus formosanus

e T, #8510, AW 00 358 IV, RV, 7700 VI, 789J51Hi%. Note: I, Searched; II, Detected;
111, Cleaned; IV, Probed; V, Oviposited; VI, Post-oviposition cleaned.
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BRORANIRAG THE5 SRR, 578 IR e o 25 AR SO 3t 5 ROk R DL & 5 R v 2k 2R
(P BIRGE R D, wEENREREA 3 PR g, HIE S —E =
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Table | Maximum-likelihood estimates were obtained from logistic regressions of the proportion of Spodoptera

litura and Spodoptera frugiperda eggs parasitized by Chelonus formosanus

wE 28 e bR FIrfE PE

Host Parameters Estimate Standard error Chi-square* P value

RIS, S. litura Py 3.8971 0.5225 55.64 <0.0001
P —0.0206 0.0093 4.93 0.0264
P, 0.000083 0.000051 2.67 0.1021

Ps —1.64E7 8.59E%% 3.66 0.0557



B DT S. fiugiperda Py 3.0499 0.5088 35.94 <0.0001

P, —0.00089 0.00921 0.01 0.923
P> —0.00003 0.000051 0.41 0.5232
Ps 3.58E%% 8.64E%% 0.17 0.6788

V: PO. PI. P2 R P3Ap Rl BIE R A BRI IRREON IR REI R BRAE T o * RO (BN RUA LERR 3G 18, I T
EHEABRGSEH RFEER. Note: PO, P1, P2, and P3 were the maximum likelihood estimates of the intercept, linear, quadratic,
and cubic coefficients, respectively. *The chi-square was the test statistic for the likelihood ratio test to determine whether the coefficients

differ significantly from zero.
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Fig. 2 Parasitic functional response curves of Chelonus formosanus parasitizing on Spodoptera litura and
Spodoptera frugiperda

V5 FH I SO T T Fh R0 3 BT R B AR AR (3R 2D, R R SOOI A L b 5% 7 0k )
(B Bedi e, RbERR ] DA K 25 A S Re i . 1T 5 7 FR IO A BE B Hb DT A0 (T5,= 0.0018 &
0.0007 d) [ A]HG S T RI QUK (7,=0.0019 £ 0.0004 d), FAIRFIE] (1d) ARG
FH JIS A 6o 3 D 0 B s 77 AR BB (Na(max) = 564.52) .
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Table 2 Parasitic functional response parameters of Chelonus formosanus were studied on Spodoptera litura and

Spodoptera frugiperda

e N i 28 WS 2R () REERESTE] (T 274 LR Na(max) Vs RE (RD
@k
Host Holling’s Disc Equation of functional Maximum number of Coefticient of

Instantaneous attack rate ~ Handling time

response parasitized hosts determination
R

N=1.1846N,/ (1+0.0022Ny) 1.1846 £ 0.1307 0.0019 +0.0007 538.45 0.9919
S. litura
HH TR

7 Ne=1.1855Ny/ (1+0.0021Ny) 1.1855+0.1124 0.0018 + 0.0004 564.52 0.9940

S. frugiperda

AR 28 P T 25 PP L B T RO A 55 H 7 B B 8 15 B 77 B O
A . ISR R S SRR 1 50 B T4 4 SR 20 (1 3).
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Fig. 3 Relationship between the searching efficiency of Chelonus formosanus and the egg density of Spodoptera

litura and Spodoptera frugiperda was studied
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B E e AL A AR RS S R D R, RO TR SIS R A o R R R R R E
%L (Vinson, 1998). #F/EMEFHRAF L MHME A H A LRI LR, OFEEEERM
REGER Xuetal, 2014), BCEFIHZ ERCREEY), MR WY, CHPRERHA,
HEYE Chelonus insularis Cresson # 52 3| R 55 B4y B R 35 (1 FORMERR TS ], FF6f 52 ol
1 KW R a- IR A a- R 2 51 C insularis 5 1A E T E R K AL AW
(Ortiz-Carreon et al., 2019). Btz 4h, WEVE C. insularis BEWHYE 75 3 SHUR MHE K PEY) R
Fi 5l (Roque-Romero e al., 20200, AHWFFEEHIRIM, CAHAR™ IR &7 H G 24 2
H # MERETE 500 mL BEAR ot B S BRI RSO ¥ 200 KL 52 T8 6% 6 B RS BAT B )
WIEET), TRINKACHK 48.5s, LU ar EOIRAER 5| ar B ME SR, HEvImi
BVIEAAFREE . RILAT F A= O — 0, MR E RN . N5, MR A H il
FERTRORS Y AR B 75 S RIAE P SR . FRATTE I X &V R A B AR AT N R G,
SE MR T 25 AEAT N 6 AP IR AL, X5 ki s £ ~F i /Ni& Mesocomys trabalae
AHEAT IR —E (Wang et al., 2024). FELCZ5 A4 MR8 AT P2 O0AbR1C, S fE R — A0
FHHMTZ 00N, SECS AR EHEAE (FEESE, 2006).

— L H B A PN S TE NIRRT L — R B AL i, X L7 AT DAY
M R S FR) 2 A B B AT D, B2 D 8 2 0 SR L) A B AT D 1AM P o 5 B [
B, Trichogramma embryophagum R 68 25 AV 78 6 4 77 3 09 B 5l A5 78 o 31 1% 99 ki
(Tsankov, 1990). HR#EEEIEELRIARE, KA Spodoptera mauritia J&FH 19N H7E F 7]
PAor NASEI LR ). B, #AF R FRRIE Trichogramma dendrolimi Matsumura %78 T8¢ J5 (11T
o B b SRR ORI O R BT AR N 23.1%, IR AR LA E] 2% (Hou et al., 2022). #H3
IR Trichogramma chilonis Ishii X f SERCME N (1) 35 AEAT 9t R I H AU 7 6 200« 700k
LG IS BB AT TA AR RO T U B AR R 2K (Pomari et al., 2012), SRR,
T 0 S B S AN [F) 7 B R T ) A SRR o 0 b R B A A AL R (b R, 25 AR SR OR Az



Yo BRI, TEAFEZAIN b, SRRLEF AR 2R L0 50%, T SR H A5 AR 2 0] LLIA E] 100%.
MTEASCHAT R T R, AVS G S — BA 737 3, o es) 2 2o b, F
FJE ARG BN B ARG HR)E, JLPEARIN EWEE. X475 £
R BN G R A R B P2 AR R, X —AT N S LR A FHR N AT -

ThRe SR ) vz F T VAl /AR M R RO s I R, AR IR S AR B R
{3 R E I 7L (Zheng et al., 2017). ACFRR [A]Z IEFER A 2 LA M0 RIFH64R, [
NG T R ARSI YT 0 BB A] CAli ez al., 2011). FIFS%1E N 501k 2 OR g4 b
BRI ORI O T AT 57.0s, AR AR R TR0 U0 H 75 2 40.6 s (Shen et al.,
2023). AWFFLGEREY, G5 HE TR — R R SRR N R 7 6.8 s, 1T AbHE— K FLHL BT
BRI ML T 6.5 50 5ROk RGN IEAH L, V2 F ARG BT 46 2 RO BT RD B 8, X SR e o
RLIN ) N e Z5 AR SE 2 1 aF 200, T HL &7 R I B — A WA AR I 2000 R DL E ) FE PR
RGN, BRI A SRR SV RE . tbAh, BEE SRECRE G (A 50 31 300 ), — ki
AR i R G e 3 R T AR 1) Sk B AR U K A T 43.2~119.2 K2 [A] (Laminou et al., 2023).
T LEAR R A U RLECR AT T, 678 H IR ARG A R W] 27 A2 48.0~210.0 FL B0 I S AR O o =5 & 3] b
TR ) O R 22 57, 0 I A0 T R B Y ARSI AR B S AT 1 Mk i A1 35 A
A o [ I TE FH [RDRE 5 V25 I A2 o R SO MR Bt S O, BZ AR 7 IR %5 B
PR RIS VS PR SO, E T 240 BROAS 14 [ Bk 380 fg e PO 4% T AR

25 L RTIR, GV FR RO o A TR A R M B AR S B A VB R . 6V PR I O 1)
TS EONREBAT N R A . HTEANABE M S A, mTREXT 27 AR 6 (1 27 A2 AR
FRAEANRIREEE (R, DR A 208 B VR B bR 5 RN, 3 R e F R) O 1 g R A 4 H
LPRiEERE ST
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