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Abstract: The assassin bug Sycanus bifidus is widely distributed in southern China. To evaluate the ef-
fects of artificial diet feeding on its growth, development, propagation, and pest control abilities, vari-
ous biological parameters related to growth, development, and propagation of S. bifidus were examined
while feeding on different capsule artificial diets. The predatory functional responses and searching ef-
fects of 3rd—5th-instar nymphs of S. bifidus were investigated when fed on Spodoptera litura capsule ar-
tificial diets and living insect diets, targeting the 3rd-instar larvae of S. litura indoors. The results
showed that S. bifidus nymphs could complete an entire generation when feeding on S. litura capsule ar-
tificial diets, with an adult acquisition rate of 15.0%, a nymphal duration of 107.6 d, female and male
adult body weights of 113.8 mg and 84.7 mg, respectively, a pre-oviposition period of 31.3 d, fecundity
per female of 117.3, egg duration of 24.5 d, and an egg hatching rate of 90.8%. However, S. bifidus fed
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on Tenebrio molitor or a mixture of capsule artificial diets could not complete the entire generation. The

predatory functional responses of 3rd—5th-instar nymphs of S. bifidus fed on both S. litura capsule artifi-

cial diets and living insect diets fitted the Holling II and Holling III models. Furthermore, the predation

and searching effects of S. bifidus were not significantly affected by feeding on S. litura capsule artifi-

cial diets. These results indicated that this artificial diet could be applied for the artificial large-scale

propagation of S. bifidus.

Key words: Sycanus bifidus; Spodoptera litura; artificial diet; capsulation; large-scale feeding; biologi-

cal parameter; predatory functional response
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Table 1 Mortality and adult acquisition rates of Sycanus bifidus at different developmental stages under different

capsule artificial feeding conditions

# HFET -2 Mortality of nymph/%

T

WY Mortality during .
Inclusion 1% 2% 3 41 5 emergence Adult acquisition
Ist-instar ~ 2nd-instar 3rd-instar ~ 4th-instar  Sth-instar period/% rate/%
Ik Spodoptera litura 80.0£5.0a  3.3+3.3a 0.0£0.0a 1.7£1.7a  0.0+0.0 0.0£0.0 15.0£5.8 a
TN H Tenebrio molitor 45.0+10.0b 13.3+x1.7a 6.7#1.7a 283+£73b 6.7£3.3 / 0.0£0.0 b
IRA Mixture 86.7+4.4 a 83+1.7a 3.3+33a 1.7f1.7a / / 0.0£0.0 b

T R R AR DS . RPN [N SRR R R 4 Tukey ¥R 30 22 57 1 3% (P<0.05) o /FRIRAIRAF LB B 24U -

Data in the table are mean+SE. Different lowercase letters in the same column indicate significant difference by Tukey test (P<0.05). /

indicates the phase parameter value is not obtained.

2.1.3 AR FNBE W BRESAE N0
B AN [R) e 288 N T ARl B9 s R A s 1~3 07
HARE TR E 25 (L& df=2,177, F=0.002, P=
0.998; 2 ¥4 : df=2, 48, F=0.620 , P=0.542 ; 3 I : df=
2,35,F=2.951,P=0.065) , H:H U RIS A
T A 2 A R R ER R LA IR T e
LA, 3 e Hh 1 A i s A LA i 5 N T et
25, 5300 1.7 mg Fl1 4.1 mg ; BUE RMECROgIE3E N

TDRRZE ) 4 1 R0 S i HUUR R 1 2 v TR R
T N T ARl (4185 . dF=2,30, F=10.42,P<0.001;
545 1 df=11, =3.205, P=0.008) , 53 5l } 12.3 mg Fll
37.0 mg; WU RS M e B8 N\ T4 Ak 28 1l g
AR 43914 113.8 mg F184.7 mg(£3) .
2,14 3P BAEdE R R A A H AL A AP e ¥ra
T HCE 00y R N T A AR A e
AR 2 B Y PR AR PR 5 e B A, B e
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TR RSO e N T AP A iy R AR A A 2 0 R 54 26.0 d, 77 BT 31.3 d, S B
bR, o H L 77.8%  MERC IR A 431 d i S 11736, BRI 24.5 d, BISEAL K 90.8%
x2 FAEAREALALHIR TEFRERBBERNLEHE
Table 2 Nymphal developmental durations of Sycanus bifidus feeding on different capsule artificial diets
# & FH I Development duration of nymph/d

P 2 T
I:zlﬁstf?n Iﬁ% 2 ﬁ%\ 3 .ﬁ‘é\ 4@ 5 .ﬁ%\ Nyﬁp%;éfrﬂjion
1st-instar 2nd-instar 3rd-instar 4th-instar Sth-instar
RO ik Spodoptera litura — 23.8+1.6 a 17.4£1.6b  15.7£1.0b 19.8+1.7 34.1+0.9 107.6+3.6
ol . Tenebrio molitor 21.2+1.1a 19.9+1.0 b 21.0t1.3a 23.0£1.5 / /
R4 Mixture 18.0+1.9 a 30.7+7.1a 18.0+0.0 ab / / /

FeBAE N bR AR . R SR [F/INE T8 KR 2 Tukey BEAG I 22 5 2% (P<0.05) o /2R RIRTGIZ B BE S BUA -
Data in the table are mean+SE. Different lowercase letters in the same column indicate significant difference by Tukey test (P<0.05).

/ indicates the phase parameter value is not obtained.
RI3 FERBEATAMARTETRRBEERREMRNEE
Table 3 Body weights in each stage of Sycanus bifidus feeding on different capsule artificial diets
# HUAE Body weight of nymph/mg i A FE Body weight of adult/mg

A [ 2 M 3k 41 St BRI, R
Ist-instar ~ 2nd-instar ~ 3rd-instar ~ 4th-instar ~ Sth-instar Female adult Male adult
B K Spodoptera litura  0.6£0.0 a 1.740.1a  4.1x0.2a 123+0.8a 37.0+1.5" 113.8+4.7 84.7+8.2
W L Tenebrio molitor 0.6£0.0a 1.840.1a 3.5#0.1a 9.3+0.3b 28.1+2.4 / /
JRA Mixture 0.6+£0.0 a 1.9+0.1a  3.6£0.1a 11.1£0.0 ab / / /

TP EAE R T B BAR R . RS [R)/ING FREFRIR 4 Tukey K90 25 5 0.3 (P<0.05) 5 ** Fn [R5 AR 4 ¢ 50 124G 56
Z I (P<0.01) o /RARRPFAFILBISEE . Data in the table are mean+SE. Different lowercase letters in the same col-
umn indicate significant difference by Tukey test (P<0.05); ** indicates significant difference by ¢ test (P<0.01). / indicates the phase

parameter value is not obtained.

2.2 ERATARNES EBSEHE MR

BCEr RS0 8 e 4 N T A R 21 2 PR A i 3~
58 RO RSO ik 3 18 4 He ) H 23 & b
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RHAUR i 3 14l A H F- Y e s S Y L
AT, 45598 B R 30 S/ @l & ek,
k1 3.800 3k , AT FRAE U 4 5 W HLK) H SR A
Bt A % L T S e N S B A R e, SRS )
R 20 Sk/& B i 5 K, 430 DR 7.000 Sk Rl
9.200 3k ; AN [F] b i [R] #5 7y FRAE s 1) H SF- Y3 B w2y
B & HH B s om (R 4) . MIEWEE R
15 S/ G BT, BUE RSO I 3 N T Am) b4 s R
U 4 1 H ) H A i R IR Hu Ak
2H 40845 B (dF=2, 177, F=0.002, P=0.998 ) ; 2454
BERE N 5 S/ E I MU SR M e e N T ek 2 v
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I AU ZH S I ) 5 LA BUED RSO i e 5 N
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(£4),
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5 PR AE I 3~5 A O RHESCTR I 3 1 2 H % Bk A T4
R H AR KA o R T Ak e A Bl 2 0 B
RT3, Acb B (e D) B 2 66 BOH 198 184 o v 4 e, G
R IRCE R A N T ARDRMEE S I RO i H ) 20
34 HU Y Holling 11 ) 16 52 Iy AR 76 505 R S e e,
A BE 43501 K 78.24% 1 84.46% (25 - 1), W&
RO Mk i 38 N T ARDR LA B R A s 3~5 447 HL Y
i I 5 5 58 00 901N 1.045,1.241 Fi11.471, H ¥k
49k 7.194 . 11.628 F115.152 3%, ¥ =4 fie
A3 91R 7.518 . 14.430 F1 22.288 ; £ v H i e 2
5 R A U 3~5 WA B IR B I SR A o 1,126,
1.277 F11.324, H ) KA & & 3510 4.237.7.092
F112.346 3k, 15 FERLRE /3510 4.771..9.057 F116.346
(F5) 0 HUE e N T ARDRFEE B AN [) 5 30 ¥ iy B
0 11 2 e A B e R AR A R T T d)
Bl .
2.3.2 Holling ITI 2 7 25 A2 A L &-2OR

HUE RSO e 3 N T AR R AN e fa b4 B
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(7B A S

51%

DR B A e - T B B S Py 3 A
Ferp e N T AR A S i HORIRCRE T HL A A2
34 B Holling T D SRR S RICR IR 4
A FE 50 78.28% 1 84.42% (£ 6 1 2) . WL
NIRRT BRI 3~5 i B H 3 iR A&
HESMHH 6.580.10.327 F1 13.204 3k, e - $R 4

435914 4.089 .5.176 F15.315 Sk 5 BUE I H il ) 20 B
7R A U 3~5 W BUAY H BB KB = ok
4.068 . 6.648 Fl 11.111 3k , 5 £ T 8% B 43 51 K
2.660.3.579 F15.350 3k (£ 6) . HUE A T4k Y
NI4T BT R s 1) H S8 Al B i A e T 4R
PR T RS AR

R4 BRETEAMNEFERBEEFYHRE

Table 4 Average daily predacious quantities of Sycanus bifidus under different feedings conditions

i o 3 R H R 4R IR H I R R St U H R
SRR A . . . . . . . . .
N verage daily predacious quantity ~ Average daily predacious quantity ~ Average daily predacious quantity
Gk/£D) . . .
Density of pre of 3rd-instar nymph of 4yh-instar nymph of 5th-instar nymph
per bof Y Nk T JUE R N T Ak T HUERL N T Ak T R e
Artificial diet Natural diet Artificial diet Natural diet Artificial diet Natural diet
5 3.000+0.316 2.400+0.245 3.800+0.200 3.400+0.245 4.800+0.200" 3.200+0.374
10 4.200+0.735 3.200+0.200 5.400+0.872 4.200+0.583 7.400+0.872 7.400+0.812
15 4.800+0.860 3.200+0.200 7.800+0.970 4.800+0.583 8.800+0.970 7.400+1.166
20 5.800+1.393 3.600+0.400 8.800+1.356 7.000+0.548 11.000+1.095 9.200+1.594
30 5.600+1.435 3.800+0.374 8.000+0.316 5.200+1.200 10.800+£1.655 8.600+0.748
F PR T BRI . SRR AR AN BP0 BT BRI i H P 2 (A B 25 S

2 (P<0.05 F1 P<0.01) . Data in the table are mean+SE. * or ** indicates significant difference in average daily predacious quantity
of Sycanus bifidus feeding on artificial and natural diets by ¢ test (P<0.05 or P<0.01).
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Table 5 Holling III functional response models of Sycanus bifidus against the 3rd-instar larvae of Spodoptera litura

under different feeding conditions

sl > 4 , IR A FRA RO EEREE
FRRE e temmoyR DOER AR HRADGREE R
i s . Instantaneous Handling Daily maximum con- Predation
Type of Functional response . . Lo . Degree of
feed Stage of predator equation attacking rate time sumption individual  capacity fitting/%
(@ (T)/d (1IT,) (@/T)
ANThk 318 3rd-instar N =1.045N/(1+0.145N) 1.045 0.139 7.194 7.518 51.48
Artificial 4 4dth-instar  N.=1.241N/(1+0.107N) 1.241 0.086 11.628 14.430 75.68
diet 5% Sth-instar N, =1.471N/(1+0.097N) 1.471 0.066 15.152 22.288 78.24
WHdERE 334 3rd-instar  N;=1.126N/(1+0.266N) 1.126 0.236 4237 4.771 84.46
Natural 41 4th-instar ~ N=1.277N/(1+0.180N) 1.277 0.141 7.092 9.057 65.43
diet 544 Sth-instar N, =1.324N/(1+0.107N) 1.324 0.081 12.346 16.346 71.31
N ARG 8, N AW . N, is the amount of predator predation, and N is the density of prey.
—-3WAE R = AR - SRR
3rd-instar nymph 4th-instar nymph Sth-instar nymph
5 207 A 150 B
£
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‘i( o 13 10 F
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=
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- ] 5t
5
20 10 20 30 %0 10 20 30

under conditions of artificial (A) and natural (B) diets

FEWE B/ (3k/£) Density/(individuals/box)
B 1 B ATHERA) i REAR(B) ME T RIS TR SR 3 #5 4 B89 Holling 113 R TN #8E & KL

Fig. 1 Holling II predatory functional responses of Sycanus bifidus against 3rd-instar larvae of Spodoptera litura
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Table 6 Holling III functional response models of Sycanus bifidus against the 3rd-instar larvae of Spodoptera litura
under different feeding conditions
PR O BRI TR e REE DA

Type of feed Stage of predator unctional response Daily maximum con- Optimal sqarchmg Degree of
equation sumption individual density fitting/%

N TAasR)E 3447 1 3rd-instar nymph ~ N.=6.580EXP(—4.089/N)) 6.580 4.089 51.46

Artificial diet 4 %77 1 4th-instar nymph ~ N=10.327EXP(-5.176/N) 10.327 5.176 76.20

544 H Sth-instar nymph N =13.204EXP(-5.315/N) 13.204 5.315 78.28

T B AR 3 #4445 H 3rd-instar nymph N =4.068EXP(-2.660/N) 4.068 2.660 84.42

Natural diet 4445 H 4th-instar nymph N, =6.648EXP(-3.579/N) 6.648 3.579 65.45

5 #4771 Sth-instar nymph ~ N.=11.111EXP(-5.350/N) 11.111 5.350 72.81

N REAH &, N Y . N, is the amount of predator predation, and N is the density of prey.

—-3RE R =—4RFE R - SEE R
3rd-instar nymph 4th-instar nymph Sth-instar nymph
8 201A 15rB
i .= 10r
% 2 10t
o,
7= 50
B2 st
O o
&
a_') 0 1 1 ] 0 1 1 J
é 10 20 30 0 10 20 30

Y3 B /(& /£) Density/(individuals/box)
B2 | AT (A)FIE RAR(B) WETRIEET RIS 1% 3 #54h A9 Holling NI R I AE K 5L

Fig. 2 Holling III predatory functional responses of Sycanus bifidus against 3rd-instar larvae of Spodoptera litura

under conditions of artificial (A) and natural (B) diets

2.4 ERATEAMNEETREEENE SN
HUE AN [V RDR AN [R5 0 2t PR A s X RSO
1 3 9% 4y M4 SN SR B R R EOE R
(F3) . BUE AT AR, S RS0k ik 4l % B
5.10,15.20 F130 Sk/Ex 0], BT R 0 3 i 4 B
FRAE S0 43 31124 0.605 .0.426.0.329..0.268 F10.195,
4 % B 48 300 43 1 R 0.809.,0.600 ., 0.477
0.396 F10.295, 5 % #5 HL A 8 T340 52 4371 >4 0.990
0.746.0.599.,0.500 F10.376; ¥ H5 FRAE % 3~5 1445 1
X RS M 3 W 4h 48 TR0 BEIAF] 0.5 LA E 1Y
B R 491K 7.504 . 13.886 F1120.003 3k/4&5 5 2444
U Ik &t R B N 30 sk i, AT RS A R A
W A4 T80 AR B/ IR A 5 8 1 (4 08 L AT
3t L, Hor 5 i AR A0 A ) R
TR R, 3 WA R B RN (E3-A) . B
B BB D, RSO R A BB R 510,15,
20 1 30 Sk /&I, BT B AR I 3 I A48 SR8 43
74 0.484 .0.308.0.226.,0.178 F10.126, 4 #4745 HL (1)
RN 43R 0.672.0.456 ,0.345 .0.278 F10.199,
5% 5 B SR04 51 0.862,0.639.,0.508
0.421 F11 0.314 ; ¥ 47 R AT s 3~5 W77 HURH RHSUR gk

3 A&y 48 TR0 RE IR 5 0.5 LA I A de R 4y
WA 4.711.8.631 F115.367 3/ 8 s YRtk 4 o
£ 2R 30 e/ B, A () HR A ST R A i 1 4 2000
MR BN MR g 5 547 HL (4 5 HURN 3 0 e, H
T 4 1% T8 2800 B 0 % B RS N [
R, 3 R R RN (K1 3-B) .

3 iTig

RIS KB ALY BRI RAR A
Y, A R FH R BERE Ephestia kuehniella
EREA IR Plodia interpunctella F1 72 i Sitotroga cere-
alella 56530 H B 2 OP 54 UG B AR 25 320k 1
ARARFCN T BRI E SRR (Riddick,2009) . BEH
3 ws SR B, ¥E A Antheraea pernyi , 52 W8 Mus-
ca domestica FNHTFY WU I I 9 T PR & vEis 28
KRB IBAD BE BRI U R EOR YR =08
FRsE, T ARG T 48 35 A i 2R Wy 7 36 A B A
(AFTUHE , 2004 5 X =18 FNRE PR, 2013) o 43 Hudi]
B FEAL , 7T = iR R R BRAIR AR, i T sk
oAl BV R B DRk 0y B i, 7E— AR BT
FEAS A P sl EL IR Y, HAE TAEA RIS i, i At
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Fig. 3 Searching effects of Sycanus bifidus against 3rd-instar larvae of Spodoptera litura under conditions
of artificial (A) and natural (B) diets

AHFFE B U AE T B s v T R Ji e T ek
T35 25 R, B R A IO AR e S 5
kS 0 JE e N T ARk o] LS R AR & &, (HLHR
B LA SO — TR A SRR N A
TN TR RETE LT, HA RN T4
RIS HAE K R B IS B, B R
S W 5 3 2H ES PR s 1 AR R AR RN 15.0%,
TE A T FH A0 e 1 HR ] IEE 1) B AR AR R 69.9%
(BRIMAESE,2022) , FE R AR T 1l HAET R A
o, FTRESE 147 H T R 555 HL A /0N, i e 20
R H ARSIk A1 RO oy S s, S B E
PRIXE LG e AR K R BT T B 9%, il 2% R AR R 4
R FH TS UG R v U0 SR e N T 4
W HUE ARk SR I T N T DR ) T R A iy T
ST25107.6 d, CHF IR AT IZY 31.3 d, BRHHZY
24.5 d, B HUE RSO R NG HUA R ZH R B0 % B T
HERK YRR, 54 A i S LR S fm Rl X i s & B Y
SEMAARLL (B SC R, 20195 MRIMASE,2022) o EAM, L
RS I e N TRk f Sy A 0 e
1 H 43 5] 9 113.8 mg 1 84.7 mg, B MfE 7 B 42 44
117.3 %7, AT HUE 16 iRk, Bee AN TR
FEI AR /N AR SR R 00 ) R R
[ (47 AE (Saastamoinen et al., 2013 ; Xie et al., 2015;
Jaumann & Snell-Rood, 2019) . {H H M H1 b 3¢ K
(77.8%) , FE e (HE R R A w24 43.1 d, e L
29 26.0 d) H IRIFAL 2R 55 (90.8%) , R A N T 1)kt
X B 5 P4 R R 7 A ) 52 T A 5% /)N (Ardjs & De
Clercq,2004; (EFRMAE,2022) , Y& WE F B = 1T,
T B B G sh s , B R e e A A o)
(Vivan et al.,2003) .

FIBLA IR 35 0 R e = PR A v 2 B A A= )
BiG KIBIN B ZE R . AN TSR E g2
2 R T RHEFREYPG, I &
PRI bR B R B 72 N TARFRRCR AN
(14 fc 2B fE (Cohen, 2000 5 X1 F= 5 A MLZE, 2013) .
1 3 R RO e e 3 N T Ak R ek )
T R 3~5 W44 RO RS i 3 i 4l R &
ORI, U N TR A o R s H O R
IR T WO & duim ke, 5 H 34 & E S
B LT B NS BEAR AR A i ELAE 2 Fh
TRIFEEANE T B PRI I 3~5 W7 BN RHE i ik 3 %
oy (4 B D Re S 21455 Holling 11 %4 F1 Holling
T B ) 8 R WA TR | 35X 5 2R W /NAE Y Orius sauteri
XF W] Ly Echinothrips americanus W4 £ DI HE
BN G5 FRARL (AR5 45, 2015) o ANFVRFE AT 5
T ERAR I I B A SR AR, HECE AN TR R
B BRI ) H P S R R, R WIS i
N T ARDRNS 1 U R A B R A U5 X RS
W AR AR BV TG B 25 55, 0 L it R T g 2 A )
R EERETT T, N T ARDRME I3 0 K S Ao i &
Yy 2 BB P A TV AE Y A 0 e CF g
2018) o HUE RIS Mk 3 N T ARDR BT R A i
3~5 W RO AR Y0 H B KA B 2 s T IR T
PR, 10 P ECES RSO B e 5 N TR ) B
JER S 0 WA ) ) 9 RN B T IO T HUARDRR A
HESCR (2019) 5 FHFE AR i s 28 N\ T4l im) 57 g i
FEVPAL LA S A AR B i 25 SR AR L, R T
AL BT ) BT R s o 3 AT B 4
YER, XA e ) o i 3 5e i o 38 SR80 2 Hil
B TR B R O AR W Bk i — AT SR RN A
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BB B R/ N R E S5 4 S8 A —
FERF (T AR, 1994) o ABFFREEREH], A A
DAL A BT B AR U 3~5 8 X REESCTRO 48 %
o7 X583 WA s (R BE T 9 2L, 5 KR Chrysopa
pallens %) HAH B JH ¥ B\ Bemisia tabaci U1 . X f D5 %
AR B RSO M 4y H W s PR Bl A B A A
R USF () IR 45 AR BL (FRAK 55, 20155 FHR5E, 2016
RO SRAE,2021) , Horh 3 8 4 A8 SR 32 A )
JE (R SR B /0N , A8 P AR SO i Ji 3% N Tl el i) 77
A R A U XA A () T80 TG Y S

A5 38 3l TR S e e N T e} i) 77 B
RS, I L BOZ N T mpBL R I HUmDR R 35 1
TR e W AR A R OO, R B RSO
W J e N LA ] % BT R AR e ] DA o AR
B, BRI E N TR A7 AR
KRB MEIERE S W SE A — i 22 5% , RIESUR
SN TR R i BT RS XA AT A B i
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MR B BB R AL, BT
H AR R R B Y S 2% (B AE
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TN BT 7, LA JE el R AR i A K R AN
B E TR K, S S A TG R A B0 0 DL = B
FEARIBAL Y A s — 22D A RE IR, BH
05 241 AT RN L T Bk, LR A6 2 45 05 IO BT R A s
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