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The predatory functional responses of Sycanus croceovittatus
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Abstract [Objectives] To evauate the potential of the assassin bug, Sycanus croceovittatus, as a biological control for
Spodoptera frugiperda. [Methods] The predatory functional responses of 3rd to 5th-instar nymphs and adults of Sy.
croceovittatus preying on 3rd and 4th instar Sp. frugiperda larvae were tested under laboratory conditions. The effect of
population density on the predatory behavior of Sy. Croceovittatus was also investigated. [Results] The predatory functional
responses of Sy. croceovittatus age classes fitted the Holling 1l disc equation. According to this model, 3rd to 5th instar
nymphs, and female and male adults, of Sy. croceovittatus consumed a daily maximum of 23.267, 18.252, 25.432, 59.559 and
51.894 3rd instar Sp. frugiperda larvae, respectively, and had a predation capacity of 10.321, 19.219, 21.251, 52.877 and
44.390, respectively. Daily maximum consumption of the above age classes was 5.886, 7.570, 8.584, 22.477 and 10.057,
respectively, and the predation capacity for 4th instar Sp. frugiperda larvae was 4.861, 7.023, 7.906, 26.410 and 14.402,
respectively. Adults females were the most efficient predators. Predation of Sy. croceovittatus on Sp. frugiperda was affected
by both prey and predator density. Predation rate was positively correlated with prey density, search duration was negatively
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correlated with prey density, and interference was positively correlated with predator density. [Conclusion] In general,

nymphs and adults of Sy. croceovittatus could partly control 3rd and 4th instar Sp. frugiperda larvae, but adults were more

efficient predators than nymphs.

Key words Spodoptera frugiperda; Sycanus croceovittatus; predatory functional response; searching effect; interference
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Fig. 1 Sycanus croceovittatus 3rd instar nymph (A)
and adult (B) consuming Spodoptera frugiperda larva
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Tablel Average daily preying number of Sycanus croceovittatus under
different prey densities of Spodoptera frugiperda

M
Drey  prey per box nymph nymph nymph Female adult Male adult
(ind./box)

34 5 2.500£0.167Cb  4.000+0.333Ca  3.900+0.379Ca  4.300+0.260Ea  3.500+0.373 Dab
|3;rc3/ianstar 10 4.400+£0.306 Bc  6.500+0.522 Bab  5.400+0.371 Cbhc 8.000+0.333Da  7.700+0.396 Ca
15 4.900+0.458 Bc ~ 8.100+0.482 Bb 9.100+0.348 Bab 11.100+0.605 Ca  10.700+0.633 Ba
20 5.400+0.600 Bc  10.800+0.327 Aab 10.100+0.623Bb  12.900+0.567 Ba  12.300+0.496 Ba
30 9.000+£0.447 Ac  11.100+0.482 Ab  12.500+0.477 Ab  18.700+0.367 Aa  17.300+0.597 Aa

415351 3 1.600+0.163Cc  2.000£0.258 Cbc  2.200+0.133 Cabc 2.800+0.133Ca  2.400+0.163 Cab
ﬁ;rhvgﬂar 6 2.900+0.233Bc ~ 3.000+0.298 BCbc 3.600+0.221 Babc 4.200+0.416 Cab  4.600+0.340 Ba
9 3.200+0.200ABc  4.100+0.379 ABc  3.600+0.306 Bc 8.400+0.427Ba  6.400+0.427 Ab
12 3.700+0.213ABc  4.800+0.249 Ac 5.100+0.315Ac 9.100+£0.547 ABa 6.600+0.340 Ab
18 4.200+0.490Ac  5.000£0.471Abc  5.700+0.423Abc 10.400+0.581Aa  6.700+0.496 Ab

FPEHE bR R RSB 5 bR A A RS TR AR AT 8IS 5 A A [N S S04 5 3R i) — i B IR 2
AN [E) 55 ) 5 B RN e — Sy BER R B s B R E 2557 W (P<0.05, Tukey'siEf: ).

Data in the table are mean + SE, and followed by the different uppercase letters in the same column or different lowercase
letters in the same row indicate significant differences in predacious quantity among different prey densities on the same
predator stage or different predator stages under the same prey density at the 0.05 level by Tukey’s test.
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Fig. 2 Predatory functional responses of Sycanus croceovittatusto 3rd instar (A) and
4th instar (B) larvae of Spodoptera frugiperda (Holling 1l )

R2 EHEBEXNEMARE MM 4R R RN R MER S (Holling 1)
Table2 Predatory functional response model equations of Sycanus croceovittatusto
3rd instar and 4th instar larvae of Spodoptera frugiperda ( Holling 1l )

ERLEC SN Ny Ty

2 W e b B ) P E R AR
i ‘j.& 5 ihe o 3 ¥ e
a? Stages of predator unctl uatigr?p Instantaneous Handling Daily maximum  predation (R?)
prey € attacking rate time cons_umptlon capacity
(ind.)
3 ﬂé'\@ﬁ 3 ﬂ@,ﬁﬁ N,= 0.444N/(1+0.019N) 0.444 0.043 23.267 10.321 0.811
3rdinstar 3rd instar nymph
larva A
4 @EE Nz= 1.053N/(1+0.058N) 1.053 0.055 18.252 19.219 0.899
4th instar nymph
5 @ﬁi Nz= 0.836N/(1+0.033N) 0.836 0.039 25.432 21.251 0.908
5th instar nymph
Henl Na= 0.888N/(1+0.015N) 0.888 0.017 59.559 52.877 0.957
Female adult
Hepl Na= 0.855N/(1+0.016N) 0.855 0.019 51.894 44.390 0.939
Male adult
4 @%E 3 ﬁ@ﬁﬁ N,= 0.826N/(1+0.140N) 0.826 0.170 5.886 4.861 0.761
4thinstar 3rd instar nymph
larva 4
4 @EE N,= 0.928N/(1+0.123N) 0.928 0.132 7.570 7.023 0.769
4th instar nymph
5 i
7_EE Nz= 0.921N/(1+0.107N) 0.921 0.117 8.584 7.906 0.823
5th instar nymph
s Na= 1.175N/(1+0.052N) 1.175 0.044 22.477 26.410 0.867
Female adult
Hen Na= 1.432N/(1+0.142N) 1.432 0.099 10.057 14.402 0.829

Male adult
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A (4.861); Mt HGT R b BT 4 ﬂ?“ZJJEEI’J
Difig AR 5 Holling 1T #4415 B fe ey
0.867, 3k Rk, i 0.761,
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B3 #WE

TR 3 R000; Y5 A ) R PR n T B AR
Hh S 3 WA A U KR B 30 S/ &, BT R
AU 3-5 A L L e AR R i R A AN
Wik 0.282. 0.386. 0.421. 0.613 F 0.572; FE%L
M DT 4 WA U K B 18 S/t 18 55K
N 435k 0.234, 0.289, 0.314. 0.605 A1 0.402,
Hor A a5 5 4 510 19.068 (4 #4451 ). 20.363
(5## L), 51.733 (MR ) 1 44.375 (I A%
W) SK/EE, A BRI T B S 3 i
4yt 38 SR8 BE R B 50%L AR KRR ; 5
B3R 4.657( 3 #A5 H), 6.959( 4 iy L ),
7.869 (5 ¥ #:d ), 25.961 (MR ) F1 13.126
(HERCH ) Sk/GmE, R Bl R i X 5 b 5
WK 4 14 B A8 S0V BEIA B 50%L) 1Y i
KR,

—— 3{3%7 B 3rd instar nymph
20 B -= 475 H 4th instar nymph
—— Si¥7#7 B Sth instar nymph
15 - M Female adult
—o— I 1t Male adult

1833503 Searching effect

5 10 15 20
BHEE (3k/&) Density (ind./box)

BESENEM AR 36 (A) 48 (B) 2y HAHE I

Fig. 3 Searching effect of Sycanus croceovittatusto 3rd instar (A) and 4th instar
(B) larvae of Spodoptera frugiperda

24 BEHEEBEREBEASTETHRE

M 3 HAT LI Y, Bk BT R 0
TRk 3N A W44l ) H S4B R Rl KL
WM, AW EEREEER

(P<0.05), vy FRAR i ik i s i) H -2 4
TR TEEAER R, HREEE R 1 k&R,
BT BRAG UG 3-5 It L | e G ORIV i X
TR 3 W4l R 40 o (5.400£0.678 ).

(10.800+0.490). (13.600+£0.510),

( 27.400+1.327 ) #i1 ( 23.200+0.800) 3%, {H K&
WER 5 Skigt, ST AR Y H O
BRI (3.400+£0.127 ), (2.760+0.417 ).

( 6.000£0.000 ). ( 6.040+0.591 ) 1 ( 5.000+£0.456 )
Sk MREEBE N 1 k/En, EWREE 3-5
U HHL OB S R o K B b BRI 4 R 4 T
R4 (3.600£0.400 ). (4.800+0.374 ).

(5.800£0.374), (13.800£1.319) i
(9.600£0.400) 3k, {HREZE N 5 k/&H],

HL S BT BRI 0 H S 2 0 B 4 N
(1.520+0.186 ). ( 1.760+0.147 ). ( 3.240+0.194 ).
(4.040+0.271) F1 ( 3.960+0.440) 3. Watt #i
RUT] DL R i 4 B T Re R ok AR D i B B
FEFAREN, A Watt BERIZER LN, B R
R A R O 3 R4 A BB T
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R3 TEZEEHEHFRBENEM ARG 3R 4R HMAFEHHREE
Table3 Average daily preying number of Sycanus croceovittatus at different densitiesto
3rd instar and 4th instar larvae of Spodoptera frugiperda

B WaERE REE Gk B H® e (3L/4) Density of predator (head/box)
Stages of Stages of ) Density of
prey predator  prey (ind./box) 1 2 3 4 5
3 @Zbi 3 @ﬁi 20 5.400+0.678 a 4.200+£0.583 ab 4.133+0.430ab 3.050+0.215b 3.400+0.127 b
3rdinstar  3rd instar nymph
larva 402
* 20 10.800+0.490 a 6.300+0.644 b 3.867+0.646 c 3.300+0.374c 2.760+0.417c
4th instar nymph
5 i He
) 30 13.600+£0.510 a 11.200+£0.464 b 9.400+0.400 ¢ 7.450+0.050d 6.000+0.000 d
5th instar nymph
HEni 40 27.400£1.327 a 19.100£0.245b 7.733+0.499 ¢ 7.650+0.281c 6.040+0.591 c
Female adult
TE R R
40 23.200+0.800 a 18.800+0.374 b 9.333+0.863c 8.950+0.509 ¢ 5.000+0.456 d
Male adult
4 W"\_@E 3 W"\_ﬁi 12 3.600+0.400a 2.400+0.187b 1.600+0.125b 1.450+0.094b 1.520+0.186 b
4dthinstar  3rd instar nymph
larva 4
* 12 4.800+0.374a 2.700£0.436 b 2.467+0.133b 1.750+0.112b 1.760+0.147 b
4th instar nymph
. gé'\_ﬁi 18 5.800+0.374a 4.100+0.332b 3.867+0.249b 3.700+0.094b 3.240+0.194 b
5th instar nymph
HEn 24 13.800+1.319 a 10.300+0.123 b 7.733£0.163 b 4.650+0.332c 4.040+0.271c
Female adult
TS H
Male adult 24 9.600£0.400 a 6.200+0.752b 6.133+0.170 b 5.500+0.137 bc 3.960+0.440 ¢
eadu

TR R bR R . AT R R A AN TR R ] — SR B P B4 Tukey's

YA I TE P<0.05 K FE 25 %,

Datain the table are mean + SE, and followed by the different lowercase letters in the same row indicate significant differences
in average daily preying number among different densities on the same stage of predator at 0.05 level by Tukey’s test.

ZECE I MR (0.905) >4 #4241 (0.862)
SHERLHL (0.744) >5 #8745 (0.439) >3 #45 H
(0.319); i B b BT Ak 4 W4 Uy F B2
T RECE B MR (0.670) >4 i F
(0.668) >3 {7701 (0.624) >HERHE (0.467)
>5 %47 H (10.349 ), HUHF R I X R Hb S0 3
BTN 4 % &)y A ) B AR B 1 (R R 22 00 i P >
S5 W45 >4 W35 SB IR AT L (£ 4),

3 itig

ABIFELRERMN, B R % 3-5 Wy L
W o RII R ol R RS e b DRI 3 1 D 4 i 240y PR
SR R 44 B R M ORI B R S R AR R

Fhias, HXT o 700 0k 3 4l B A J & o
T A AL, TR 25 5 b SR k4
(A PRI AR 1) %8 35 B3 B VARG, A3 LS A
Al AE S T A 3 Il RUIARER AN, B
BEGTEM R BRI E AR ET
T, A RURRE R Bt e, BT A
BB/,

A Holling 1T BERIGEAS 75 1 Ik Ay Mooy
AL BRI )X A B LR YRS, A
B UIRER A Holling 1T ShRER iR, 5
A D e AT R s 1 R T B R 4 SR AH
(s, 2019; EWSE, 2020), AHF5Y
SEIRHA | TR R E R RIS A doh 5 84
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x4 EEEREHEEMARE 3% 4 B4 A watt BRI FE
Table4 Watt model equations of Sycanus croceovittatusto 3rd instar and 4th instar larvae of Spodoptera frugiperda

5 =3 i ] ; iy > 3 < LI N [: i s
e o 1 2 wattpnrke R R g s g B
Stages of prey Stages of predator Watt model equation aximum preaation )y erference factor squ
capacity (ind.) (R

3k 3#4# M 3rd instar nymph  A=5.385p " 0319 5.385 0.319 0.899

Srdinstarlava. 4w i ath instar nymph  A=10.850P 0852 10.859 0.862 0.995

5 #4471 Sthinstar nymph  A=14.069pP 4% 14.069 0.439 0.935

W i Ht Female adult A=28.279p 9% 28.279 0.905 0.929

MR Bt Male adult A=24.439p 0744 24.439 0.744 0.883

45 4h 3#A# 0 3rd instar nymph  A=3.589P %624 3.589 0.624 0.972

Athinstar lava: e w1 ath instar nymph ~ A=4.726p 06 4726 0.668 0.975

5 #4#7 1 Sthinstar nymph ~ A=5.663P %34 5.663 0.349 0.952

I % HL Femal e adult A=14.337p 0670 14.337 0.670 0.933

R Male adult A=9.463p " 0467 9.463 0.467 0.929

Hu0F b BT 3 N 4 I 4l B il H AR KA
HEK, ATREE M T 5 A7 AR PIML, T2k
fEEZ Y mae s A K AR, b R
T g M 2 T SR ) H S8R R K, Tl e
KR ER R T P BN E AN R 2 E SR S HE
T TR AR LU, 0T R A s M i T e b £ 1A ik
bl ) H ¥R KA B R (59.559 3k ) Tk
LI RAEYE (47.619 3k ) Flzidh Picromerus lewis
MR L (58.824 3k ), {HIAIK T ilE (59.7 3k )
A DT s M B (59.88 3k ) ( Tafe%:, 2019;
PRUGHERSE , 20205 W N 245, 20205 JH 2515, 2020 ),
FEHCHT BRI B DT 4 R UM )
Al B I TR A A e H 38 A R B i e K
(22477 3% ), KT XfDith (49.260 3k ). zilh
(45.455 3 ) Frsg i e g . (23.400 3k ) X L
TR 44 R ( EHESE, 2019; A
F4E 20205 FEZEE, 2020 ), BREFICE R S A
BRI ] 2 b T R Al B RO s Ak RE
Rl &/ T (BB, & BH R EE FAE ks (J& 4
FIEH #%, 1986 ). TEMLHEIIRER N H, HEHF
JRR 5 A LT A 1 1A i 3 1R 4 0% 4 HL 4
FRAE BN 52.877 F1 26.410, i TFHEHRZE,
IR /IS AL 5 M 8 0 B ST R 1 iR 4
(1 15.853 FlI K £T R A% ek ok, He XoF B 1, B 75 1 3 1
i (34.143) MEFEREEFRALTHE RS,

(AT BT R i (fRREZ 55, 20205 fRIgHEESE
2020 ),

9 2500 SR A B A A A AR XA
d P —FPA T RN (YEPEAIAE, 2019 ), @it X
OSBRSS 0N BT ST R TR, T R A i AN
[) S 307 B, O A Rl i o) R b B M 3
H 4 W44y B3 S A000] 357 Bt A A s 1) 1 o i
REAR o B 3 d&47 HUXT B b 90 1 ik 3 A %)y Ly 48
TR T 50%F ], i 1t 43 B 1 R8N 25 SR A
RO BRI S R S M 3 IR A U A N £
FHAMALT 1: 19.068 (4 #4111 ). 1 : 20.363
(5% ), 1:51.733 (MR HL ) F1 1 : 44.375
(MR ) SR TR 4 154 = N 55
FEARNAR T 1: 4.657 (3 #3457 H ), 1:6.959 (4
A H ), 1 7.869 (5 H ), 1: 25.961 (i
ARHL) A1 : 13.126 (HERL A ), 7EIEIE B N o
JER 5 i o R b, A I )48 TR0 BB IR B 50%1A
I, HisFE WK, BiiaitEiei, PG sce
g S

223 (B A PR — 2 i, R R A
FER AT B % TR, T bl R &
A PRI AN [R) 2 BE %) B AH 40 R 43 e 58 4 4 3 5
Mg eE (9k2ene%:, 2007; AL, 2011).
FIFH Watt A5 75 BE %5 d- i sz e b 4l 2 3 9 T35k
INF, BT R U AN ] B0 LB AR
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FEIUE B O RO, SR B F B BT
Yo, HEHB®EBEBRA, THBK, A
B A B i B RO B A S I FRAIG . BRAR 55
(2015) Kefpufigss: (2020) FfH Hassell #i41
IS 7 s RN A 21 R A e 1) A 2 g E S
A IAGE IR o T R A b DAk 4 R
MERCRE H SR E TR T HERES, Mg
F TR 3 WA 4 #ah R R A B
0.905 F1 0.670, [FIAFA T 4 5 E JC R A 2 R AL
gk (0.664 ). F=A ik Spodoptera exigua 3 %
#h L (0.395) FI/NEIK Plutella xylostella 4 #5341
H(0.622) (FEZ G, 2020), FEBHEHE AL %
{5 1) T R . PR G AE R A )RR TEOR
B, AR A A I A BORE O B =X,
U KA T REX, DUIE R R PR R
AEIE R A RE , 5 B E U s A —
AR B A5 o

e FH AT R AR W Bl Ia B, B PR A i o 3
TR B AR R T 32 B % B R B B
FERMAL, 052 AR A TIRIREE | TR . H
AR — ST S AR, R R 4
B DT ROR I FVRE SN, TR0 R R A I
B BT, A RS BB I BB RUCR
R Iy RAER BB RRE, N iR By
JRA IR AN T ARDRE | BT R i R 7 A M R SR
BRI . DA T R s N A W Ak 25 B {4
NEFHECAR o HeAh, T R i o3 A A 3R I e
X, AT FARX AL, FEEE A TR
JICEE A RS i 1 — 20 R KT Rl B A K 1) B
W1
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