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Abstract: To clarify the predation ability of the assassin bug Sycanus croceovittatus against Spodoptera
litura, the 3rd- to Sth-instar nymphs, and female and male adults of Sy. croceovittatus were tested for
their predatory functional responses to and searching effects on the 3rd- and 4th-instar larvae of Sp. litu-
ra as well as the effect of conspecific density on their predation success under laboratory conditions.
The results showed that the functional responses of Sy. croceovittatus at all developmental stages fitted
the Holling II and Holling III disc equations. In the Holling II model, the 3rd- to 5th-instar nymphs, and
female and male adults of Sy. croceovittatus had a daily maximum consumption of 2.78, 4.17, 4.35,
12.50 and 8.33, and a predatory capacity of 5.53, 6.54, 8.78, 14.75 and 10.42, respectively, against Sp. /i-
tura 3rd-instar larvae; a daily maximum consumption of 2.56, 2.86, 3.85, 3.57 and 4.35, and a predatory
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capacity of 2.23, 3.94, 4.54, 11.32 and 5.70 were observed against Sp. /itura 4th-instar larvae, respective-
ly, with the female adult showing the best pest control efficiency. According to the Holling III model, the
3rd- to 5Sth-instar nymphs, and female and male adults of Sy. croceovittatus had a daily maximum con-
sumption of 2.75, 4.10, 4.32, 10.76 and 7.41, and an optimal searching density of 1.19, 2.03, 1.73, 5.28
and 3.88 per box, respectively, against Sp. litura 3rd-instar larvae; there was a daily maximum consump-
tion of 2.38, 2.78, 3.55, 3.58 and 4.00, and an optimal searching density of 1.83, 1.50, 2.06, 0.95 and
2.10 per box, respectively, against Sp. litura 4th-instar larvae. The searching effect was negatively corre-
lated with the pest density. The intraspecific interference effect was positively correlated with the densi-
ty of predator. The results indicated that the predation ability of Sy. croceovittatus adults was stronger
than nymphs.

Key words: Sycanus croceovittatus; Spodoptera litura; predatory functional responses; biological control
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Table 1 Average daily consumption of Sycanus croceovittatus under different Spodoptera litura densities

5 2 ﬁiﬂﬁﬁ?%’fﬁ RIS Sy. croceovittatus
Instar of Densit;ft{ g’;) litura 3y 4l Sl i ek ek
Sp. litura per box 3rd-instar nymph 4th-instar nymph Sth-instar nymph  Female adult Male adult
31 5 2.20+0.13 Ab  2.80+0.20 Bb 3.10+£0.23 Bab  3.90+£0.35Ca  3.50+0.17 Ca
3rd-instar 10 2.40+0.16 Ad  3.20+£0.20 ABcd 3.60+£0.16 ABc  6.40+0.40 Ba  4.90+0.23 Bb
15 2.50+0.17Ad  3.60£0.16 ABc  3.80+0.25 ABc  7.10+0.28 ABa 5.70+0.15 ABb
20 2.60+0.16 Ad  3.70£0.21 Acd  3.90+0.18 Ac 8.30+0.47 Aa  6.10+0.35 Ab
30 2.70+0.21 Ad  3.90£0.23 Acd  4.20+0.13 Ac 9.30+0.47 Aa  6.60+0.37 Ab
4% 3 1.40+0.16 Bb 1.70+0.21 Bb 1.80+0.20 Bb 2.60+0.16 Ba  2.00+0.21 Cab
Ath-instar 1.60+0.16 Bc 2.20+0.13 ABbc  2.60+0.16 Aab ~ 3.10+0.18 ABa 2.80+0.13 Bab
9 1.90+0.10 ABc  2.30+0.21 ABbc 2.70+0.15 Aab  3.20+0.20 ABa 3.20+0.20 ABa
12 2.00+0.15 ABc  2.30+0.21 ABbc  2.90+0.23 Aab  3.30+0.15Aa  3.30+0.15 ABa
18 2.30+0.21 Ac 2.70+0.15 Abc 3.30+0.21 Aab  3.40+0.16 Aab  3.60+0.16 Aa

TR R . RIFAN RIS R R T ANRNG 750 31 2270 [ — I AN TR] A6 400 s A ) — Sy BE A
[RII4 28 Tukey 14056 2% 57+ i3 (P<0.05) . Data in the table are means+SE. Different uppercase letters in the same column or low-

ercase letters in the same row indicate significant difference in the same instar at different prey densities or different instars under the

same prey density by Tukey’s test (P<0.05).
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Table 2 Holling II-functional response models of Sycanus croceovittatus to the 3rd- and 4th-instar larvae of Spodoptera litura

O SRR S R S TIRERNVITRE  BRRGEAE ARBERTE) BRI E RS, EFESGE A
Instar of Stage of Functional response Instantaneous Handling Daily maximum con- Predatory &
Sp. litura Sy. croceovittatus equation attacking rate  time/d sumption/individuals capacity R*/%

3 3 #4747 1 3rd-instar nymph N, =1.99N/( 1+0.72N) 1.99 0.36 2.78 553 80.13
3rd-instar 41575 H 4th-instar nymph  N=1.57N/(1+0.38N) 1.57 0.24 4.17 6.54 8495
5445 L Sth-instar nymph  N,=2.02N/(1+0.46N) 2.02 0.23 4.35 8.78  87.39
IHfE ¥ HL Female adult N=1.18N/(1+0.09N) 1.18 0.08 12.50 14.75 88.59
T 7% HL Male adult N=1.25N/(1+0.15N) 1.25 0.12 8.33 1042 90.07
41 3 #4771 3rd-instar nymph N,=0.87N/( 1+0.34N) 0.87 0.39 2.56 223 72.86
4th-instar 41577 H 4th-instar nymph  N=1.38N/(1+0.48N) 1.38 0.35 2.86 3.94  73.89
5 #4445 H Sth-instar nymph N.=1.18N/(1+0.31N) 1.18 0.26 3.85 4.54 80.13
e H, Female adult N=3.17N/(1+0.89N) 3.17 0.28 3.57 11.32  86.34
T . Male adult N=1.31N/(1+0.30N) 1.31 0.23 435 570  86.59
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Fig. 1 Predatory functional responses of Sycanus croceovittatus to 3rd-instar larvae of Spodoptera litura (Holling II)
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Fig. 2 Predatory functional responses of Sycanus croceovittatus to 4th-instar larvae of Spodoptera litura (Holling II)
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Table 3 Holling III-functional response models of Sycanus croceovittatus to the 3rd- and 4th-instar larvae of Spodoptera litura

O SURORIGS B R U RER T HgmcRmiaER mETFEREE
Instar of Stage of Functional response Daily maximum con- Optimal searching 15 % R¥%
Sp. litura Sy. croceovittatus equation sumption/individuals density
3 3 #4745 1t 3rd-instar nymph ~ N,=2.75exp(-1.19/N) 2.75 1.19 80.11
3rd-instar 4 %45 1 4th-instar nymph ~ N,= 4.10exp(-2.03/N) 4.10 2.03 84.86
544 1L Sth-instar nymph ~ N.= 4.32exp(~1.73/N) 4.32 1.73 87.34
It B H, Female adult N,=10.76exp(-5.28/N) 10.76 5.28 88.37
JiE B, H Male adult N,="7.41exp(-3.88/N) 7.41 3.88 89.99
41 3434 H 3rd-instar nymph ~ N,= 2.38exp(-1.83/N) 2.38 1.83 72.37
4th-instar 41545 | 4th-instar nymph ~ N,= 2.78exp(-1.50/N) 2.78 1.50 73.81
55445 M Stheinstar nymph ~ N= 3.55exp(~2.06/N) 3.55 2.06 80.06
IHfE 1% Ht Female adult N,=3.58exp(-0.95/N) 3.58 0.95 86.36
JifE R H Male adult N=4.00exp(-2.10/N) 4.00 2.10 86.63
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Fig. 3 Predatory functional responses of Sycanus croceovittatus to 3rd-instar larvae of Spodoptera litura (Holling I1I)
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Fig. 4 Predatory functional responses of Sycanus croceovittatus to 4th-instar larvae of Spodoptera litura (Holling I1I)
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Fig. 5 Searching effects of Sycanus croceovittatus to 3rd-instar (A) and 4th-instar (B) larvae of Spodoptera litura
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Table 4 Average daily consumption of 3rd- and 4th-instar larvae of Spodoptera litura by Sycanus croceovittatus at different densities

BT RO RS TRYEBR/CRE) H -2 (3K ) Average daily consumption
Instar of Stage of Density of prey/ &% %/ (Sk/&) Density of predator /(head/box)
Sp. litura Sy. croceovittatus (head/box) 1 2 3 4 5
3% 3145 1 3rd-instar nymph 20 2.60+£0.24 a 2.50+0.16 a 2.20+0.08 a 2.05+0.05a 2.04+0.04 a

3rd-instar 4 %47 1 4th-instar nymph 20
5 %5 1 Sth-instar nymph 30
B H Female adult 40
T %t Male adult 40
4% 344 H 3rd-instar nymph 12
4th-instar 4155 H 4th-instar nymph 12
5147 I Sth-instar nymph 18
IHfE 1% Ht Female adult 24
JHE B H Male adult 24

3.70+0.21 a 3.10+0.10 ab 2.67+0.11b  2.65+0.06 b 2.60+0.06 b
4.20+0.13 a 3.90+0.10 ab 3.47+0.08 bc 3.25+0.08 ¢ 3.20+0.06 ¢
9.20+0.37 a 4.70+0.26 b 4.40+0.94b 4.35£0.30b 3.44+0.53 b
8.40+0.98 a 5.50+0.76 ab 5.20+0.31 ab 3.90+1.01 b 3.56+0.69 b
2.00+0.32 a 1.70+0.12 ab 1.3340.11 bc 1.10+0.06 be 1.00+0.06 ¢
2.30+0.21 a 1.80+0.12 ab 1.40+0.07b 1.30+0.05b 1.08+0.05b
3.30+0.21 a 2.90+0.10 ab 2.33+0.11 b 2.25+0.08 b 2.24+0.04 b
5.40+0.24 a 3.20+0.34b 2.93+0.19b 2.85+0.43b 2.76+0.38 b
4.80+0.80 a 2.90+0.19 ab 2.73+0.46 ab 2.40+0.40b 2.20+0.44 b

e R DR . AT R INE SR R R [ —
(P<0.05) .

U S AN [R5 B2 19 H PS4l B R 28 Tukey TG0 22 57 0

Data in the table are means+SE. Different lowercase letters in the same row indicate significant difference in the con-

sumptions of the same instar by different densities of predator by Tukey s test (P<0.05).

UG Watt A1 25 L i 7R | BT RIS Il B AL
TR 3 W 407 U 17 B %8 B T R B/ MR YR SRy ME B
1(0.63)>HERL A1 (0.52) >4 #4541 (0.24)>5 i #5 H
(0.18)>3 iy # HL (0.16) ; ¥y B U 3l & Rt 8 ik
1 4 U84 H Y [ B9 BE T R B IMRIR Ry I B
(0.50) > Mk il 1 (0.47) >4 #4257 41 (0.44) >3 J& 25
(0.42)>5 Jy#7 H(0.27) . 250, HEHF R A % 3~

5 A HORIHE i B X RESCR B 3 4 i 40 HUY ) B
B E S B YA Watt BERL 5 R, Horp iy R Al
s I i R AR ST ik 3 4l AR AL B B,
97.47% 3 #5445 WU AIK , 4 90.84% ; w547 R Al i 4 %
A1 HOS RIS Bk 4 95401 DL BE B e, M 98.41%
I S e AT, 2R 90.04% (6 5) 6

®5 EHEBEHARLIRE3 4604 R Watt R 712
Table 5 Watt Model equations of Sycanus croceovittatus aganst the 3rd- and 4th-instar larvae of Spodoptera litura
e SR I BT R I A " e KA . —
v J‘ijiljlstzjii:})tfﬂ{?\wj‘l FrﬁStEazz [ﬂffE Watt *%ﬂﬁ& Maxiﬂriitnﬁiitory A E TR WETE R/%
Sp. litura Sy croceovittatus Watt model equation capacity Interference factor
34 3 %47 H 3rd-instar nymph A=2.66P "¢ 2.66 0.16 90.84
3rd-instar 4 %47 1L 4th-instar nymph A=3.66P% 3.66 0.24 95.92
S #4445 H Sth-instar nymph A=426P " 426 0.18 96.15
JHE Y HL Female adult A=8.85P "% 8.85 0.63 92.08
JHERY H Male adult A=8.35P"* 8.35 0.52 97.47
4% 3 #4457 1 3rd-instar nymph A=2.06P"* 2.06 0.42 95.01
Ath-instar 41577 1L 4th-instar nymph A=2.33pP% 2.33 0.44 98.41
5445 1 Sth-instar nymph A=3.33P "7 3.33 0.27 94.60
Wi L Female adult A=5.16P"Y 5.16 0.47 90.04
HE R Male adult A=4.66P " 4.66 0.50 95.48
3 iTig JEE AR AR S b T8 {8 S i B2 B AR

ABIFFEAE SRR, wils PR 1 3~5 7 HUFIHE |
TE R R 3 |4 i 40y R Al B R B T

Tﬂﬁziﬁ JEE BTN 2 08 /)N, ELX R E0n i 3 I 4y 1
P JH s ey T 4 W 0 SR A R AT T R

ReE

TREAH RN 2ZR SRR LRSS A S8
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TR E VIR, RHSCR 3 W 1 R R /N BEas
B EME R MR AR AR EFN
T 2L, T 4 W] RUARFRE R H e asi PERSsR , JT LABE
AR A B RN

AN HZS 0 R A e X REECR 3 4 1 4y U
& YI6e R ¥ [FIRT 454 Holling 11F1 Holling 111
PO RE W ALY, 3X 5 AR W /INAEYE Orius sauteri Xf
SE M ] &y Echinothrips americanus V)3 & ) 6E
N 28 AL (R5E4,2015) . Holling 1T ZHE Sz b #5E
RVZE SRR AE 80 R s A s
4G B S A WA A W R 1% 38 i e A1, R
JHO ROk 3 i 4l U B S R R
(12.59 3k ) , 5 85056 R 25 s XL RHEOR Ik Al X TR
o7 (A0 5 SR — 3, IV s R 5 s M R KT AR SO
i 3 %4 ) H Y Kl B mE R T A RS H
BT PR R A H P AR AR I T M s
AU (13.699 3k ) a5t e 1 o (22,727 3% ) (5 28,
2020; 21545 ,2020) 5 i B3 B BRI il O
RO I 4 540 Y H BB AR (4.273k) .
Wk 2 o6 6 5 b B ) 22 b T R R Al e RO 5
AT, o/ T, (BB , 3R R HOG 35 Uy s il e
JHE (RAE T AR £4,1986) . FEAFSE T, B4
JR 58 0 ol X AR S P K 3 4 IR 4 HR R S R B
T HARE T, 23 900 h 14.91 F1111.48 g i ey, o
SRS ik 3 e 4l H1 (18.205) DL Ko K LT R A i Syca-
nus falleni W AT FC b 2 1k 3 15 4) HL (34.143) 1Y
i AL RE AR OL T FLA 6 199 (O 200855, 2020 ; {3606
UESE,2020) AN FERLRESEL o3BT , Bl R A o
S H P4 SR I T M 0 M S

Holling 11 MJBE S AR RIZE 5 7 | s R A i
Job £ B0 R SRR B 0 28 T S N S 2 T R K
REALG , a0y PR AR U 3~5 i HURIME | g X s ik
I 3 1% &)y WY BB SR K B & il ol 2.75.4.10,
4.32.,10.76 F17.41 3 , SRS Bk 4 #5 40 HUA H 1 5%
KA 435 K 2.38.2.78.3.55 . 3.58 F14.00 3k , 1
/N4 Holling TR B A AHE S EEE 0, 5
FLEE(2015) FESREE (2016) 7] B {1 2 FdvAse 70 (4 47l
T RE S I B9 4 RSB, 43 B HE R AT e
Holling TIT# R 7E Holling ITAR Y (Y LA | 2 58 T8t
Py %8 P ARG BT 1 38 X5 8 0 S g 2 32 B A 4 il A
FH, B Holling TR R ULA Hh ) H ) e KAl & 1
B/NXNFEAE 2011) o AR WS ) 1F 22 RHE0 IR
Gy H T PR 0 R BE S A 6 A BUEE TR
FER VAT PR MR AN TR SR T AW, BT B0 R A

AT R T M BT Y . AR AR
B, el B RS A B, KR B
TG A5 ) B R PR T BB B oy HXT AR P i Bt i (22
4, 2018) .

i 1A Holling 11A T GBS 15 H & BIR AN
P41 hb B () 3 2 AN R SO AR s R R
Holling AR AT 75 1 H #) f KAfi & 2 flie 4 5448
SR IR ECS R R iR L,
2 P R A — g R b T IAH B AN 7T, R Al F 2 Fif
TR T B o A b A TS (R SO S5: , 20045
BUAMNAE,2010) o YAEP AL BT RN ET , B R
I I H A2 B A P [m) Ak B P il 24 T
KA B . T Xy e v e A TR 2 R m A
LA 4R 5% B 4 b T LA il 2 i R i T35 43
AT A ST b NN WEOE N New O (EP ¥ i
R A LR RIS KA R T
28 P IS AR A L, TR, el R A 0 3~5 %
v ORI fl i R X AR S0 i 3 1 41 P ) 3 N 4
LT B R 20 )k 1:4.15~1:1.19 ,1:5.73~1:2.03 .
1:6.63~1:1.73.1:14.55~1:5.28 F11:9.67~1:3.88, %}
R ik 4 1 2y U 2 P 25 3 LU BRI R 290051k 1
2.17~1:1.83.1:3.66~1:1.50.1:4.36~1:2.06.1:6.10~
1:0.95 F11:5.26~1:2.10, 75 78 Bl PN B8 7 R A8 s Xo)
RIS A TR BEIRF 50% LA I, HAl i
15 TE LT R P 25 5 LB, Bl A s )R, Bida i
R

RN HEd T EAEHEE A S
AN N % B TR B e R BRSO 2 0%
27 A AN [ R A B ), B 48 K
o7 Bt il 3 JEE P i s D (BRAR 55, 2015) o Al
FH Watt B G55 4 b Sz B BT R i 1 B 8 B2 1Y
THRRL , A 7] 25 B A s A L AR SO e
WAFEARIN AL, B H B3 Rk, Tt
TR, ST HE i B ORI 1 38 i AR, S A D
W R LT R AR U R 21 R Bt A s S LA Al e Ay 26
AT (RBIEE S, 20125 BRIR S, 2015 ; (06
S, 2020) o BT ERAB B RSO I 3 .4 #4)
I ) 22 R R Y BB I RO T
H, FL R A RSB ARG TN, T R 0 M L
U B R TR R A TR A, REASE A RN
ik B A 0 o R R ) T BRI £, BT SR 0
ok HE X RE SR 3 W 4 A B R R T R K
(0.63) 4 T £ U Mt 1l HL (0.664) 1 i i e Jig H
(0.359) Z Ja] (JFF 2i4m, 2020 B 20545, 2020) . PRt
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