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B E [BHB] =HSHIK Spodoptera frugiperda (J.E. Smith)FIAR44 B Helicoverpa armigera (Hiibner)
EEAEMEEE S, WEA AMEERRITN, BAEEX Y Kz MBERITE S o FF5E R ST s AR 42
R N FIRR ] B0 FIBARAT g, S AR A HR R R IR RIS [ Ak ] EENARY&
BT, EEHTR I 4-6 B4 RIS E 4-6 #84H 15 MEABIA G, MEZPITNHBIMESR, Fid
S 20 min PN R ORI RIRR 44 UG B A A T R 2R R B 24 h R IE SR RAEE TSN, IR sl R
FET %, [ GER] M AN SE S RERIUNLCHAT R, 76 5 1R 6 \% e frat i i, Horh 5 4k
SRR B AT S A 6 2 HUR AT O I LR B B, i A% A SE AT O B 46.1%+3.1% il
51.0%+2.3%, F ST R0 SR AR ES HORR[R) 38 AT 030 R BERBUN AT R, [RIA 015 1 ST 080 ik 5 4 48 e 38
vy, 4 W B SRR AT O AR 2 TR L, 5 RS HU I A T O R B RO B e T
TSI, 0 6 #h4 AT N BRI T B 225 . AN FEE I E M SR IR AR SRR, 6 W4l
S ER AT A IR R T S R, (RIS S B R S RO S AR AR AT R A 25 57, RO
Uk 4-6 W) R G FARYCH 83.3%.86.6%.80.0% , Fit#% 1R 4-6 WA A7 350 76.7%.73.3%.63.3%.
ARG TG, 5 WFHL SR AN 5 W ARES R A TS R0 80.0%F1 56.7%, YWELT 6 WA
B IR 6 IR ST AN AR R (100% ) o [ 458 ] HEb Sxpaige AR RS Ha gl oRh [l s izl ) — i)
YT, FHTRIRSE PR L., M 5 #8006 i4 HTEPHT, 6 HH M STkl H AT E AR E R .
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Intra and inter specific competition in Spodoptera
frugiperda and Helicoverpa armigera

SHI Jian-Qin"~ WANG Zhen-Ying XIE Hai-Cui GUO Jing-Fei'

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,

Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract [Objectives] To investigate intra and interspecific attack and defensive behaviors of the fall armyworm,
Spodoptera frugiperda (J. E. Smith) and the corn earworm, Helicoverpa armigera (Hiibner), important maize pests that engage
in cannibalistic behavior and compete for food and habitat, and thereby further understanding of interspecific relationships
between these species in the field. [Methods] Under indoor food conditions, 15 instar combinations of 4-6 instar larvae of .
frugiperda and 4-6 instar larvae of H. armigera were set up, the frequency of competitive behavior was observed, and the types
and times of attack and defense behaviors of S. frugiperda and H. armigera were recorded within 20 min. [Results] Attack
behavior was the predominant form of intraspecific competition in H. armigera, and was more obvious in competition between
Sth and 6th instar larvae. The frequency of head touching in 5th instar larvae, and the frequency of strike behavior in 6th instar
larvae, were the highest, accounting for 46.1% =+ 3.1 % and 51.0% =+ 2.3%, respectively, of all competitive behaviors. Both
species displayed attack behavior during interspecific competition. The frequency of strike behavior was significantly higher,

and recoil behavior significantly lower, in 4th instar S. frugiperda larvae than in 4th instar H. armigera larvae. The frequency
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of head touching was significantly higher, and the frequency of recoil and retreat behavior significantly lower, in H. armigera

during competition between 5th instar S. frugiperda and 5th instar H. armigera larvae. There were no significant differences in

the frequencies of competitive behaviors between 6th instar S. frugiperda and H. armigera larvae. The frequency of head

touching was significantly higher in 6th instar larvae than in 5th instar larvae, but the frequency of recoil and retreat behavior

was significantly lower, both for S. frugiperda and H. armigera. Fourth to 6th instar larvae of S. frugiperda had similar survival

rates (83.3%, 86.6% and 80.0%, respectively) in competition with the same instar of H. armigera (76.7%, 73.3% and 63.3%,

respectively). Survival of Sth instar S. frugiperda and H. armigera larvae was 80% and 56.7%, respectively, which is

significantly lower than the survival of 6th instar larvae, which was 100% for both species. [Conclusion] Interspecific

competition between S. frugiperda and H. armigera can be intense. S. frugiperda had no obvious competitive advantage in

competition with H. armigera larvae of the same instar, but 6th instar S. frugiperda larvae were competitively superior to 5th

instar H. armigera larvae.

Key words Spodoptera frugiperda; Helicoverpa armigera; attack behavior; defensive behavior; survival rate

T O K Spodoptera frugiperda (J. E.
Smith) ( #§## H Lepidoptera, #Z##l Noctuidae )
F 2019 AF AR E IR, SEff R R T GAE
FREE3E IV AE 1 A B A e 0 SRR L, G B 3K
TR LT -2 R CIFIESE, 2019; BR
WESE, 20205 mtHMESE, 20205 FAFFGKER,
2020 ), HE4H Helicoverpa armigera (Hiibner),
JRASJEARAE b B H B E | AR R A BT T b
DX AR AR T AR A /L, 7E K A A TR AR IB AR
BT, O TEEN A FE R — (ERE
FIEBEMS , 2019 ), KL BRIk 4) iR B AR W]
FAKMERE | ZE AR AR, HAEE K
S EZELL 4 % K UL 1 101 40y e A v 7E iR I
hE (SRR, 2022), Wit HU7E FORMER
WA TEERE . (BRIESE, 2016), I 2
Pl BT BRI SR A LA (BRE S,
2020), TEAEAEZS B YRR FAAE SR EL A Fh
)5 4 o

7 1 el A R ] 5 4 O B8 2 R AN [ ) A
PR3 AT . FRRE R 2 AR O R
(Denno et al., 1995 ), T&fT FIN;E HAE
FhA] 55+ IR 58 T REGS IE T AATE . e KA H .
LR 2336 45 F — L2 X EE ( Ongaratto
etal., 2021 ), XT ARHFHLUL, LHAITES
FE 772 H BT AR I B 1) S5, R 1 BT R R AR
K EAZY B B W R TR R T S
RETT, 7E 2019-2020 4 XA B 322 EOKFAR X 1Y
A A e IR B b B A gk B CA R 3 b X R R K
PIPLHE B (RS, 2021 ), FEXTHHL BT

RN PN EKIE Ostrinia furnacalis (Guenée)3a
GrAT A TG ZE A9 rh A & B0l B 1 i
P H (ST, 2021 ). HHL ST AN
FigS dUER A A ARER A AP R 2178, A
b BRI 38 B[R AR Bl M AR A e, =K
IR SE AT A2 B AME? M EE b Pt

TR AR, — A FOKMERE - 2
1-2 S i B b, B A M SO 4% 4y ol (2R 0 52 46
2021 ), 82 il &) AR ] 58 44 7o ) i £ B
FEsem g MRS . I, ARFRAEE N
FT N EMRSE G AT R IIT T 3B K3
GG, Ay HH () 5L 1 5 30 R % e 4y e AR 5y
AR T SRR 52 pE R AR

1 #MR5HE

1.1 ik miR

A A B R FTR % AR 3R T b A
B BepE ) PR AP BE S T, WA HOR oK
MR RFE R 4-6 B4 BT T, B A&
R (28+1) °C, MR 75%+5%, JEJEAMA L ¢
D=16: 8,
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RIS — LB 4-12 h 5 1Y 4-6 4h HUtkF 7
W, RAER 1 CEARAHA S 1R
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20 min NWLEE 4 B s o MR AEA T A , B0t 1 B A
P PRERE IRER 2 AT IO R o B ULAL PR 4 K
B, BAER 5 WA, B4 iU
I 24 h JFIC AT AL R4 dAS AR
INEEAR—EL (R 3), FFREATHEAT 4 h PUHAL

1.3 HiEaE

F Microsoft Excel X5 5 4 B4 b1 74k
B, BRI A B RAICR = ( AN[EIAT R R BLR B/

ST RIRE) x100, 4558 FF4ME (Mean ) 5
#fER (SE) Sk3Kon . ARes dufh N 58 4 vh & 08 10
AR AT R B3R ] Tukey PR30
AT 25 BEVERL (P=0.05), FHLOTRIRS
A HOAS U JU3 A B2 5 1) o (B A B 4 Sy 0 BT
BRS¢ R T 22 5% W T . 4 A
KR FE L R (P=0.05), FdEsa it
AT IEAS VRIS TNy 22 55K 5 , BT A Geit o3 i
i SAS BT .

*1 EMAWHMBLAMARMEZSHFESGEE
Tablel Intraspecific and interspecific competitive combinations of Spodoptera frugiperda and Helicoverpa armigera

FRE I Cvs S L)

H. armigera (vs. H. armigera)

TR (vs ARER L)
S. frugiperda ( vs. H. armigera)

R B (v UL BTACIK )
H. armigera (vs. S. frugiperda)

49% (vs. 41%) 4th (vs. 4th)
5% (vs.5# ) 5th (vs. 5th)
6 1% (vs. 6 %) 6th (vs. 6th)
5% (vs. 6 1% ) 5th (vs. 6th)
6 1% (vs. 5 ) 6th (vs. 5th)

4% (vs. 41%) 4th (vs. 4th)
5% (vs.5# ) 5th (vs. 5th)
6% (vs. 6 %) 6th (vs. 6th)
5% (vs. 6 1% ) 5th (vs. 6th)
6% (vs. 5#) 6th (vs. 5th)

49% (vs. 41%) 4th (vs. 4th)
5% (vs.5# ) 5th (vs. 5th)
6% (vs. 6 ) 6th (vs. 6th)
5% (vs. 6 1% ) 5th (vs. 6th)
6% (vs. 5#) 6th (vs. 5th)

SRAN R PGS IML AT R

Record the behavior of the larvae outside parentheses in the list.

xR 2 EMARHENRERTH PGB EHE T AT
Table2 Behavioral characteristics of attack and defense in the competition between
Spodoptera frugiperda and Helicoverpa armigera

474 Behavior

FHEF A Behavior description

YWiifTh Attack
%Rk Head touching
Hhiti Strike

B5E1478 Defense

245 Recoil

EFF Move away

I 1 8 7 B R Sk SRR 2 R DR Y 1) — D s P2 Bl R S AT
I IR I T S e A oy, LA A AN S, S stk AN HE AT R

Ao TR0 o D7 et SR AR 23R B IR A WL iBE R N, R Sk B ATk
1 HUE T AT B TF R e 7 B My, 2 S B AT

Yech MBI 04T M EFIE 2% Bentivenha 45 (2016 4F ) Rt ZESE (2021 4F) (k.
Behavioral characteristics of attack and defense refer to the description of Bentivenha ef al. (2016) and Shi et al. (2021).

®3 EMARHEMBLRYRERNEE
Table3 Length and body weight of Spodoptera
frugiperda and Helicoverpa armigera larvae

it K (mm) AE (mg)
Instar Length (mm) Weight (mg)

Bk 408 4stage 11.0£0.49  14.0+0.01
S. frugiperda 5 g 5 stage  17.6+0.50  68.1+0.03

6% 6 stage  24.1£0.40  168.5+0.06
ik 4% 4 stage  14.84+0.57  13.2+0.03
H.armigera 54 5 stage  21.2440.61  65.1+0.03

6 #% 6 stage  28.28+1.33 156.3+0.04

2 GBRE59H

21 HMEHMAZTREHTARA

FR AL B P 58 4 A5 o0 B R B0 LS 3
fl AR o S AR R BT, Fo Sk R AT
IR AR AE S IR AL BRAH S P I B E R
(P>0.05), MGt ATE 6 8% (vs. 588 ) 4l
g R MR AL, HHSES AT AR 51.0%+
2.3%, HEZEETHAE 48 (vs. 48) A1 S
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(vs. 6 %) HILMMAE (F=27.93, P<0.001) 22 HRKRPEMFTRENRELBHETHT
(£ 4), WA RGBT IR ARE

K, TR R 16.8%+3.3% 1 14.0%+2.6%( % 4 ), I 100 50 5 7 S TG 45 o ) e 5 5
WA EAT, [FIRAhIMGESr, AT 25%-40% - — i ) S BB 17 ¢
MBI HGET:, AFRBIARGERRT, BRUY ey (| 1. A-C), fEBCEFT R, 4
SATLA 100% £, MBLRIILI AL SO%AETE iy w b 5 70 Mk 4 e 1 66 o5 47 R % ( 34.9%
(£4), 0.09% ) .2 & T IRl AR B8 d gl R A7 iR

R4 BEAYREMATEEBTAHES (%) REEE (%)
Table4 Percentage of intraspecific competition behaviors of Helicoverpa armigera larvae
and their survival rates (%)

W% 1014H & Stage combinations

1% Behavior 4l Cvs.4dtt) SHE (v SHE) 68 (v 66) SHE (vs 68) 616 (vs.5 1)
4th (vs.4th) 5th (vs.5th) 6th (vs. 6th) 5th (vs. 6th) 6th (vs. 5th)
3 #B Ml Head touching 35.2+5.9 aA 36.243.5 aA 38.8+3.5 aA 46.1£3.1 aA 39.2+1.2 aA
Miidi Strike 34.0+5.4 aB 414+34aAB  41.5t1.6aAB  38.7+3.5aB 51.0£2.3 bA
1245 Recoil 16.8+3.3 bA 13.8+2.0 bAB 9.4+1.5 bBC 7.842.2 bBC 5.5+1.2 cC
B JF Move away 14.0+£2.6 bA 8.6:2.6bAB  10.3%2.6 bAB 7.4+3.1 bAB 44+19 cB
FEIEZE (%) Survival rate (%) 75.0 72.5 60.0 50.0 100.0

F PR I EAR R, RISV R A AR NS P REROR 2R B3, R R AR A AR PR R 25 1

# (P<0.05, Tukey [KA:5% )o

Date in the table are mean £SE, and followed by the different uppercase letters in the same column indicate significant
differences, while followed by the different lowercase letters in the same raw indicate significant differences (P<0.05,
Tukey's test).

O #i4 W H. armigera )
o O H armigera ~ & B B AR ~3 O fs i | armigera
<< 100 B B SR w0 B fmg,-perda S0, ¢ B FHTRIR
— B S. frugiperda 2 o o S. frugiperda
&']'880 NS gip: %880 * ‘M‘ESO
& B K & 60 B & 60
R 60 *** Ry g @ é)
£ & = o 40 *»* = o 40
Ry 40 NS R 8, W %.9 20
. > >
el Zie ﬂ' K
€ N T N
K K> &
v@&é .& ’/é 0\\ 4&‘53 %@y&a {{;/& \ % > %@
S i R 4 o AL % =y B
S K 3 Q‘bb @
_%,3& R Had )ﬁz@‘b
< By S FHEH R
Behavior performanceime Behavior performanceime Behavior performanceime

1 HEGREEM R RENBR R RMEERITARN
Fig. 1 Behavior of inter specific competition between Spodoptera frugiperda and Helicoverpa
armigera larvae at the same instar
A 4IRS S 4 IR RO DTSR s B S AR LS S I R YA s C. 6 IR U 6 R R BRIk BE
E P AR B USFBEHAR R RN . F RS RIRE rtest Rl /A &M 25,
(* P<0.05, ** P<0.01, *** P<0.001 ), NS FK/REA WEZESR (P>0.05), TR,
A. 4th H. armigera vs 4th-S. frugiperda; B. Sth H. armigera vs 5th S. frugiperda; C. 6th H. armigera vs 6th S. frugiperda.

Data are mean+SE. Histograms with asterisk indicate significant differences (* P<0.05, ** P<0.01, *** P<0.001) by #-test,
while NS shows no significant difference. The same as below.
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(15.2%+0.11% ) (= - 5.92, P<0.001) , 5 {A%L

Hi 5T R 0K Ay LSk B il b B R (34.1%+
0.09% ) 5 E AT A AR 4% R &l oo S 4 ik 30
FIAIR (45.7%£0.1% ) (t=3.46, P<0.05) . 7¢
BAEAT R, 4 WS R 5 Rk 4 R 46 4 7o s 81
FIATE (2.6%+0.08% ) G 3 IK T M 4% HU Y 12 4
11 MR (12.5%+0.16% )( = - 5.92, P<0.001 ),
5 WL TR RS (15.4%+0.04% ) FIEFFAT
H(9.9%+0.03% ) H B AT I 25 =y T I P AP
TN R BB E (4. 7.4%=
0.06%, t=-4.23, P<0.01; BEH: 6.3%+0.06%,
=-2.65, P<0.01) . HABIHMPHEAT HIES
b AT E 2R (P>0.05) .

23 ARSBHEMFRFENRLRFHEZRT
ARM

AN [ JU0 P 0 e 3 A e R 48 U SE 4, —
HAS BRI A A T (E 2: A B ),
5 % b AR I 4y HR SR e AU T AT R LY
WA R (44.3%+0.07% ) F1 ( 36.3%+0.23% ),
B BT X AT R . ~ - 3.32,
P<0.05; fhiiifTh: ¢ =-3.30, P<0.05) 7£ 6 %
RS A IR (B 2: A) , 6 R
M BT I 40 Sk A Al AT Ol b B R
56.1%+0.34%, BE T 5 AR UL IR AT
S BB (1= - 3.30, P<0.05) , {HMEE1T

O H H armigera
A BEMHETERIK
S. frugiperda

N
.jl i
SO
@0

1

*

N AN O

TR BHIRE (%)
Behavior frequency (%)
5,0 S S S S S
\5

jg%
‘?0' ’\%‘g
{O: o\

fi B

Behavior performanceime

R IR A A ) 22 A B (P>0.05)
(Bl 2: B) o ZEWNSIAGT, KB4 mr
45 A7 o B R Y B T R 4 R
(P<0.05) (K2: A, B) .

24 EHFEEAMBLHERSENEEE

A 7] 47 19 119 R b £ 43 0 AR 42 L 1) o ]
T, 4-6 1Y) b BT R I 4 HOAE TR 530
9 83.3%. 86.6%F1 80.0%, 5[F—#AHIHH4L
HARLE, BB EES (P>0.05). ARIEYITE
Gt , 5 ISR ST MAATE R 80.0%, K
F 6 B RMAATE R (100% ) ( 1=16.6
P<0.01) , 5 BHR2 BUITETE RN 56.7%, Wi
FART 6 W ML 5T 1Y AF TR R (100% )
(*=6.67,P<0.01) (£5) .

3 itig

AR B BT B AN AS T HURR B A
Je e ] oK b A, IR KA R
e U U . AT FORBESR AR RN E
FORMERE, 2 N EZSHAIARMRIBO YR, T8 R LR b
[ 58 4, I AP (6] 5 4 B Y B0 ) 245 SRl 5 4 B
o 2019 4FFEZ RIA R Tk LAY A 45 R
IR, B TTRC R IR T TR B R
TR A AR AR HUAG AR ] 5C AR LA L HOE R 2 U
ik G R ERWNAYOE S S s

~3 O #i48 H H. armigera
S 5100 B W B SRR
M § 8o SS. Sfrugiperda
5 g 60
2 & 40 ’—| *
R & NS
HS 20
RS
Ea d, M R
(o e s (i
T S T
ANSE S
Bt w
TTARHR

Behavior performanceime

B2 ARHPEMITENBELAGAFEZTHITHRE
Fig. 2 Behavior of inter specific competition between Helicoverpa armigera and
Spodoptera frugiperda larvae at different instars

A. 6 IEHREY IS 5 I R ST IE S B 5 AR U 6 e F b ST BOKGE
A. 6th H. armigera vs 5th S. frugiperda; B. 5th H. armigera vs 6th S. frugiperda.
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RS METHFPEMIRBERERTFEE (%)

Table5 Survival rate (%) of Spodoptera frugiperda and Helicoverpa armigera in inter specific competition

15 H] Instar WL DT MK S, frugiperda M H. armigera 7 P
415 (vs. 448 ) 4th (vs. 4th) 83.3 76.7 0.42 0.52
S (vs. 5 ¥ ) Sth (vs. 5th) 86.6 73.3 1.66 0.19
6 I (vs. 6 %) 6th (vs. 6th) 80.0 63.3 2.05 0.15
5 (vs. 6 %% ) 5th (vs. 6th) 80.0 100.0 16.60 <0.01
6 1% (vs.5%% ) 6th (vs. 5th) 100.0 56.7 6.67 <0.01

TSN N BTROR, 55 B AR L

In the first column, the insect outside parentheses is S. frugiperda, and the insect in parenthesis is H. armigera.

T ST ORI AR S VAR B A AR R R R
Wb P (R4, 2006; TiEE4E, 2019),
PRI, 35 AH B B 1 5 AT A ARG H 4 255 B
B 23 ] L ) o8 U 28 DG EE %2, ARWF9E 4521 /s )
— U B0 %) B M T S A A SR R, U R
R SR ZL AT oA, AE A A R AT 3
F, G SR O H (K1, K 5), AEEE
ST %), B AR A% SR I, B i 4
P s X% . X5 Kakimoto %5 (2003 ) J
Kristensen 55 (2009 ) Wsx g R —2, B[R
WAL SRR, B AR R A X G2 T ) T
4 H, Bentivenha %% (2016) 7 2 WA 4 WY
O BT 5SS N AR A L Helicoverpa zea FIAR
BRI SE AT T R, R TR AR S5
[F] — % 109 1) B0 5 AR S0 1) SR AR A% L L A
BRTEG R R X SAR LS IR B o
( Bentivenha et al., 2017 ), #HF—AUilHE
TR BT b, 5K R 8 IS e AT Ry SR Y
K2 B2, B A AR 48 U7 T oK T R A=
B S R LA fe — 3 B A K Rk T R R e —
HImP AT NRIACHE, e kA, HAELRFER
A, LSS TESE G b S 4 AL #( Bentivenha
etal., 2016 ),
AW FEANAE IR BE 0] 5 1 = N 55 M sE 4
17 03X — B AR A 2 A B W T e
TR S R IR IR RIS 0 R, AR
AHIB BRI A B AT o (B S R —
T I MG, BMHE 5 i s 6 it
TR IS A, AR IRATIRA S0% A AT
VIFETE o IEAh, B o0 ik 5 A 48 B i b ) 5 4

KRR, 220 HF MY RIRE . K, 2
R ZRSMER TR, HIE 555275 % i Eid
ZRIMESZ IR N LR BT RTSE & , E— 2T —
A HI IR R E] S84 2R
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