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Comparison of the mor phological characteristics of Spodoptera
frugiperda pupae with those of five other lepidopteran pest species

YANG Ya-Jun  GUO Jia-Wen QIAN Jia-Ning XU Hong-Xing LU Zhong-Xian
(State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, Institute of
Plant Protection and Microbiology, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract [Objectives] The pupae of Spodoptera frugiferda are easily confused with those of other lepidoperan pests,
including S litura, S exigua, Mythimna separata, Helicoverpa armigera, and Ostrinia furnacalis. Documenting morphological
differences between the pupae of these species will therefore facilitate the accurate identification of lepidopteran pests in the
field. [Methods] The external morphological characteristics of S. frugiferda, S. litura, S. exigua, M. separata, H. armigera
and O. furnacalis pupae were observed under a microscope, and a key table and rapid discrimination table compiled to
distinguish those of S. frugiferda from those of the other species. [Results] The main diagnostic characteristics of S.
frugiferda pupae were the midleg extending beyond the end of the maxillae, the antenna reaching the end of the midleg, the
slightly straight front edge of the mesonotum, multiple lines of thick dots on the dorsal anterior edge of the 4th-7th abdominal

segment and a pair of terminal spines with a wide angle of separation at the tip of the abdomen. This difference between the
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terminal spines of S. frugiferda and those of S litura, S. exigua, M. separata, H. armigera, and O. furnacalis is the main
diagnostic feature distinguishing S. frugiferda from the other species. In addition, differences in the position of the external
grooves (sutures) between the tips of appendages, the slightly straight front edge of mesonotum and the presence of abdominal
spots are also diagnostic. S. litura differs from S. frugiferda in the shape of the front edge of mesonotum and the terminal
spines on the tip of abdomen. S. exigua differs from S. frugiferda in the position of the maxillae and midleg and the terminal
spines on the tip of abdomen. M. separata can be distinguished from S. frugiferda by the absence of abdominal spots and the
terminal spines on the tip of abdomen. H. armigera differs from S. frugiferda in the position of the end of the antennae and the
terminal spines on the tip of the abdomen. O. furnacalis differs from S. frugiferda in the structure of the abdominal legs and
the terminal spines on the tip of the abdomen. [Conclusion] The pupae of S. frugiferda, Slitura, S. exigua, M. separata, H.
armigera, and O. furnacalis can be distinguished on the basis of morphological characteristics.

Key words Spodoptera frugiferda; Spodoptera litura; Spodoptera exigua; Mythimna separata; Helicoverpa armigera;

Ostrinia furnacalis; pupae; morphological characteristics
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Fig. 1 Schematic diagram of structure of pupa of L epidoptera pests
A. BBIW; B. W, A. Dorsal view; B. Ventral view.
a: IE; b NEAG; o BIEMRY; d: BTR; e T9; £ HE; g flff; he W28 i FRE; j: H4EW;
k: BBSHE; 12 FHOMA; m: FT7H; n: AFASL; o FHSM; p: HIOM; q: ALIT; r: 510 B
s: BBt BOMEAR; ue PR v BTG we BB LY x: R0 y: B2 2z 3.

a: Labrum; b: Labial palp; c: Femur of foreleg; d: Foreleg; e: Maxillae; f: Midleg; g: Antenna; h: Wing buds; i: Hindleg;
j: The 4th abdominal segment; k: The 5th abdominal segment; 1: The 6th abdominal segment; m: The 7th abdominal
segment; n: Gential opening; o: The 8th abdominal segment; p: The 9th abdominal segment; q: Anal opening;

r: The 10th abdominal segment; s: Terminal spines; t: Pronotum; u: Mesonotum; v: Metanotum; w: The
1st abdominal segment; x: Spiracles; y: The 2nd abdominal segment; z: The 3rd abdominal segment.
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Fig. 2 Morphological characteristics of Spodoptera frugiperda pupa
A HEW; B, IR C. MIBG D BOERTFmOUL; E. BEGHIE AR F. AR I
G 1 5 4 AT H. AR
A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages; D. Thorax in

dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th abdominal
segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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Fig. 3 Morphological characteristics of Spodoptera litura pupa

A HHOW; B, BBHW; C. Miik; D. MIFE M, E. MUMEIREN; F i ;
G 1 2E 4WEm; H A B

A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages; D. Thorax in
dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th abdominal
segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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Fig.4 Morphological characteristics of Spodoptera exigua pupa
A BHEW; B. BEHEW; C. K D. MWEHEEW; E. MEWEEEE; FdEmIE g,
G 5 1 25 4 H. A
A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages; D. Thorax in

dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th abdominal
segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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B 5 #hARENESEE
Fig.5 Morphological characteristics of Mythimna separata pupa

A HWHEW; B, MEIEW; C. M D. MwEmul; E. MESHIE ST ; F. SR i i
G 2 1 5 4 AT H. AR

A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages;
D. Thorax in dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th
abdominal segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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Fig. 6 Morphological characteristics of Helicoverpa armigera pupa
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A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages;
D. Thorax in dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th
abdominal segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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Fig.7 Morphological characteristics of Ostrinia furnacalis pupa
A WEW:; B EEW; C. WS D. HiE m; E. ESFIE AR A s F. R I 0 I 5
G 2 1 B5H AW H R bR
A. Dorsal view; B. Ventral view; C. External grooves (sutures) between tip of rudiments of appendages; D. Thorax in

dorsal view; E. Female abdomen in ventral view; F. Male abdomen in ventral view; G. The 1st-4th abdominal
segment in dorsal view; H. Terminal spines at tips of abdomen in ventral view.
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Tablel Rapid classification characteristics of pupae among Spodoptera frugiperda and
other five species of L epidopteron pests
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RHU Hh ) BT Gk P T SRS . TR RS P T AR AT G L R PUAR R A\
Spodoptera litura  #RITAL AT [ 503 IF FIIF
TR ik A S £ ik $E*m2m%ﬁ%ﬁﬁﬂﬁ R R SR K SR i 2 A AR S A R T
Spodoptera exigua. AR S — X, FAR—XT RLEOERE, I PTAR RIS 2\ T 3 TT
Kl BN, RO TAE AR X, AW A S A IR TR, R R AR

Mythimna separata
—Xf

FEW O A, B O )RR G R\ TIEIT

1S T IC B IR B %)

557 MRS R —SIERI . B —

HIA R ) e R Bk

LiRaist
Helicoverpaarmigera Xf, L¥R40TF

VI T K 5 5-6 I ETAA 1 XTI &2 stk
Ostrinia furnacalis

ik fy A S IS ALY 4/5 Ak BRSO SR A —

R A S TR, AR A S A ) 5-8 AR

i £ A it BRI 2F 2 7/8 Kb M A S A T
RLEOERE, I PIAR RIS 5 5 T
JCME R 38

P8 A S A R T HEL ) R, R PP AR 0
VNS5 is

HRT, A7 JCHL b 571 Mk 4y HURI K A T SRR 4
WHER 2, ARG S TEE, SIESE
(2019) #53A 1 RLHL B MR AIE S HFAE, T
BT H SIS . RHSURE R, B4y BRI
1Y 22 5, Ay FH () 2t 5 30 ik g TR0 5 SR e B T
FEmth o WA (2020 ) Gk T TR AR
PRI S AR FITE S FRAE , T T H S5 R0 ik A
BRI A X 43 o SR, FH JR) 5 S ik 5 H
g H 3 AR A L AR, 3L TAE A ARG 1
AT A AR ME X 43 b 57 7% ik i 5 L s H
S, R A R R A S I T
HRIT, B 5 7R R M 1) T 25 AR A9 R DG
BORTE, Hik= 5 TSN B F fUig
AT (FLEESE%, 2019; #WIFFESE; 2019),
BN GOXE LURE 5 e AH I 0 8533 H i
X3 o ABIFFTLE R IR, b 7 7 0 A S o iy
B 5 5 FhE RIARAR A, Gl AR A
B MRS A 2 SRR ] LAVERACRE S R ik |
BRI . R AR L L Y EOR R S U
W IX 53T o RIS H o AR T 2 B RN L 1
55 R b B AT S FIESRRC T S R A
FIVE I i) 55 R b % 0 M A S 5 Al U S A 20
VR b 1 ) 55 e, B A S 5 A ik A 7

B R A s ) R 5 s b R MR S5 I
O MR AR 15308 R ) )5 e 5 PRI S
ABEFEARYE FE M RO . BRI . BRI |
R AR RS ORI I E ORI 6 ARt H 3 i
FRIE, gl 7RI, JFENL T R BRI S R
B S5 P 1 E U 22 R B DU X R R, ORA
B T JE AN G DR X 73 IR0 ) AN TR 3
OB, DR I B A . S A, KX iR
BIFFIER AL, AT AT S AR BB AR 4
A, HES R ST S E 5 Bl A T R
U g P 5

S& 30k (References)

Brévault T, Ndiaye A, Badiane D, Bal AM, Sembéne M, Silvie P,
Haran J, 2018. First records of the fall armyworm, Spodoptera
frugiperda (Lepidoptera: Noctuidae), in Senegal. Entomologia
Generalis, 37(2): 129-142.

CABI, 2019. Datasheet Spodoptera frugiperda (fall armyworm),
invasive species compendium, https://www.cabi.org/isc/datasheet/
29810#94987198-9£50-4173-8bbd-30bd93840e73?tdsourcetag=s
_pcqq_aiomsg.

Casmuze A, Juarez ML, SociasMG, Murtia MG, Prieto S, Medina S,
Willink E, Gastaminza G, 2010. Review of the host plants of fall
armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae).
Revista de la Sociedad Entomol 6gica Argentina, 69(3/4): 209-231.



33 W EZE45 Bl S RN B A Bl 3 R B TR A RRAE LA - 567 -

Cock MJW, Beseh PK, Buddie AG, Cafa G, Crozier J, 2017.
Molecular methods to detect Spodoptera frugiperda in Ghana,
and implications for monitoring the spread of invasive species in
developing countries. Scientific Reports, 7(1): 4103.

FAO, 2018. Fall armyworm keeps spreading and becomes more
destructive. http://www. fao.org/news/story/en/item/1142085/icode/.

FAO, 2019. First detection of fall armyworm in China. Rome, Italy:
FAO. https://www.ippc.int/fr/news/first-detection-of-fall-armyworm-
in-China/.

Feng B, Guo QS, Wang HJ, Pan LM, Du YJ, 2020. Accurate
identification of Spodoptera frugiperda (Smith). Chinese Journal
of Applied Entomology, 57(4): 877-888. [1hifk, BRI, Tk
A, WE, Ak, 2020, B STRMEIIMER S E. MR
H2Edf, 57(4): 877-888.]

Guo JF, Jing DP, Tai HK, Zhang AH, He KL, Wang ZY, 2019.
Morphological characteristics of Spodoptera frugiperda in
comparison with three other Lepidopteran species with similar
injury characteristics and morphology in corn fields. Plant
Protection, 45(2): 7-12. [$BIFIE, M, KL, TKZLL,
ek, E4RE, 2019, FHSTROIB SRR S 3 FhF oK H
N E R IEAE AT B F R B UL MR, 452):
7-12.]

Goergen G, Kumar PL, Sankung SB, Togola A, Tamo M, 2016. First
report of outbreaks of the fall armyworm Spodoptera frugiperda (JE
Smith) (Lepidoptera, Noctuidae), a new alien invasive pest in
west and central Africa. PLOSONE, 11(10): e0165632.

Jiang YY, Liu J, Zhu XM, 2019a. Occurrence and trend of
Soodoptera  frugiperda invasion in China. China Plant
Protection, 39(2): 33-35. [EEJE, XA, KB, 2019, Fiih
TR AL AT 1 & A B AR . RS T,
39(2): 33-35.]

Jiang YY, Liu J, Xie MC, Li YH, Yang JL, Zhang ML, Qiu K,
2019b. Observation on law of diffusion damage of Spodoptera
frugiperda in China in 2019. Plant Protection, 45(6): 10-19. [#
EIE, XK, WS, WL, BRA, ke, B, 2019b.
2019 AF3 [ 5 b 5T AR RO T RUHEIIN. A IR, 45(6):
10-19.]

Jiang YY, Liu J, Wu QL, Ciren ZG, Zeng J, 2021. Investigation on
winter breeding and overwintering areas of Spodoptera frugiperda
in China. Plant Protection, 47(1): 212-217. [Z 3, XA, =
R, WA, REAE, 2021, FRE R STROIRAL B X A4
XA, HEEY, 47(1): 212-217.]

Kong DY, Sun T, Teng SN, Ye J, 2019. Identification of fall
armyworm, Spodoptera frugiperda and the similar species in
morphology. Plant Quarantine, 33(4): 37-40. [fL1E3%, M,

JR /8, L, 2019, RO STRL M K HGEAURN A S . ARG
$E, 33(4): 37-40.]

Luginbill P, 1928. The Fall Army Worm. New York: USDA
Technology Bulletin. 34: 91.

Li YY, He KH, Yang QY, Wu AL, Wu JX, 2021. Comparison of
larval pinacula on back of eighth abdominal segment (a8) among
Spodoptera and four common Lepidopteron species in maize
field. Acta Agriculturae Boreali-occidentalis Snica, 30(2): 313-319.
[ZEYE, e, o, fER, (R, 2021 5 TRk
HEKEHAM 4 Fii LSEH F 2 RS 8 IEE T R A L
LA 2R, 30(2): 313-319.]

Montezano DG, Specht A, Sosa-Gomez DR, Roque-Specht VF,
Sousa-Silva JC, Paula-Moraes SV, Peterson JA, Hunt TE, 2018.
Host plants of Spodoptera frugiperda (Lepidoptera: Noctuidae)
in the Americas. African Entomology, 26(2): 286-300.

National Agro-Tech Extension and Service Center, 2019. Trends
with a heavy occurrence of Spodoptera frugiperda in 2020 in
China. South Pesticide, 23(6): 28-29. [£ AR FH AL k5
Hly, 2019. 2020 AFRFRRE TR MR, 23(6):
28-29.]

Sun XX, Hu CX, Jia HR, Wu QL, Shen XJ, Zhao SY, Jiang YY, Wu
KM, 2021. Case study on the first immigration of fall armyworm
Spodoptera frugiperda invading into China. Journal of Integrative
Agriculture, 20(3): 664—672.

Wei J, Wang YT, Yuan HZ, Zhang ML, Wang ZY, 2020. Identification
and morphological analysis of adult Spodoptera frugiperda and
its close related species using deep learning. Smart Agriculture,
2(3): 75-85. [BhuG, LRS-, WAL, KEE, TIRE, 2020.
FET IR > SRFIE AT WAL 7 125 B0 e 50 e S G 5 i
RS A, 2(3): 75-85.]

Wu QL, Jiang YY, Wu KM, 2019. Analysis of migration routes of
the fall armyworm Spodoptera frugiperda (J.E. Smith) from
Myanmar to China. Plant Protection, 45(2): 1-6. [=FkHk, ZE
I, ALH, 2019, EHBHTABRAR f) HUIBE A R B R AR AT
YR, 45(2): 1-6.]

Zhao SY, Luo QM, Sun XX, Yang XM, Jiang YY, Wu KM, 2019.
Comparison of morphological and biological characteristics
between Spodoptera frugiperda and Spodoptera litura. China
Plant Protection, 39(5): 26-35. [XI:FE, 2 5H, VNI, #
B, FEE, AW, 2019, B ZTRE S REBIR B
FRERAES 2 E I Mt TP EAELE R, 39(5): 26-35.]

Zhang TQ, Zhang L, Cheng YX, Jiang XF, 2021. Study on the cold
resistance of the fall armyworm, Spodoptera frugiperda. Plant
Protection, 47(1): 176-181. [3k[EI, K%, B, VLM,
2021. EHIFTRORTMIGERE BT, MR, 47(1): 176-181]



