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Density-dependent phase polyphenism in the fall armyworm,
Spodoptera frugiperda
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Abstract [Objectives] To investigate phase polyphenism, an apparent morphological plasticity of insects in which the
expression of multiple phenotypic traits is directly regulated by population density, in the fall armyworm, Spodoptera
frugiperta. [Methods] Fall armyworms were reared at either high, or low, densities and cuticular melanin, developmental
duration, pupal weight and cannibalistic behavior, of individuals reared under different densities were compared. [Results]
Larvae reared at high densities had smaller body size, more cuticular melanin and lighter pupal weights, than those reared at
low densities. There was a higher incidence of cannibalism in larvae reared at low densities. [Conclusion] These results
suggest that S. frugiperda larvae undergo density-based adaptations to minimize intraspecific competition, thereby enhancing

individual survival. These findings further understanding of the population dynamics and outbreak characteristics of the fall
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armyworm, and the ecological consequences of cannibalism in this species.

Key words Spodoptera frugiperda; density-dependence effects; phase polyphenism; cannibalism; population fitness
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Fig. 1 Spodoptera frugiperda larva hatching (1 instar) to adult moth—an example of mor phology
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Fig. 2 Detection of melanization degree of dorsal epidermisin the 4th to 11th segments of
larval Spodoptera frugiperda under solitary (A) and crowd (B) rearing conditions

14 RFEMEHITHUE

TER AR ( B2 5cm, & 8.5cm)
HCE 2 H 4 88 DL R ST sk 2 L, e R R
KB IRV RABRUAR E A AR, 58 3 A3 (
H n=30, 3NEE ), sr5h 2 HEEEEFRNS)
M, 1 B REFRAYIR vs 1 HEUSEFRS)
M2 HEUS SR 4 B, SEERHr22 (] 24-48 h,
FI LTINS IO . ESFI L 53 H7 R b ] 77
B (%)= (Ehgl -  al R ) /54l gk x
1005 KAH-RITKE: ( Chi-square ) Z3AfrHlUs /&
TSN RS 4 L [RIZEAHTRA T B 52

15 HESH

s R H SPSS 20.0 #E 4T S8,
GraphPad Prism 7.0 #1722 &, £dls LIAF-2 80k
HEZEFTR o RPN 2 7 22 73 B LA WA AS [) 8 2
Xl HURHEE | B | [R)SEARBR AR AR B PR AR

52, % W Student t-test X BU{ELUEFT 23T,
P<0.05 £ HEBHEMEZER .

2 GBRE59H

21 THEEEX RS 4 BN ER R0

FRRES B2 X 4 R B i 252 e (4 13
t=2.17, df=58, P<0.05; 5 &1l t=2.43, df=58,
P<0.001; 6 ##1 t=2.57, df=58, P<0.001, & 3 ).,
TEAHFE LB BB T (4-6 i ), BURRFRL) AL
(AP 34 b 2 v TR R R SR A R, o, iU
TFEFMET 4-6 WL HRIKE S0 160, 290
1380 mg, M7ERFEIRFRAAMET 4-6 # 4 ik
MR 125, 210 1225 mg., KT 25047
SR, PR R f R e AN R B B 4 e
(R F=109.28, P<0.001; #EJE F=45.08,
P<0.05 ), AN L I 3552 ) T L b 57 73
YR,

T RE 22 T R e, 5 7 K 1 o o LA R
S (1=2.08, P<0.01; K 4), Hr, BUEmFR
AT 1 RAIEEN (131+28) mg, WEHH
FREEFRFEAM FAYE 1 REYIHE (102424 ) mg



6 1 BRSO RN 10 5 B R KA 22 SIS - 1737 -
500 . o ,
~5  asol O #E Solitary il g ; o ?gg O ﬁ?{% Solitary
téo ‘% 400 m BfE Crowd - i 5 S g 180 @ B/E Crowd *
p— Q B L — ] .&‘ —
%E‘@ 350+ %.5%0170 * —* i
€3 300] 85160
g S
22T 20t EE 510
S HE 5140
-5 % 200 873 130
ﬁfiwm §E%HO
< B —
BE 100} & g £ 110
i = 50 g2 100
4% Sl 61 i = 4 Sl 61l
4th instar 5th instar 6th instar 4th instar 5th instar 6th instar
#44 Instar #4 Instar

B3 MEHTENEMITHESREENZN
Fig. 3 Density affected larval weight of
Spodoptera frugiperda

B gt 3494 = SD ow, BUR/MEIE AL 4-6 i R4
n=30, & FARA*ERRTE P<0.05 KV FEFBE,
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CRABRZE 25877 LSD &5 ). R .

The larvae weight of S. frugiperda is expressed as mean +
SD, with n=30 each during the 4th-6th instars in solitary/crowd
group. Histograms with * indicate significant differences in
larval weight at the P<0.05 level, and *** indicates
significant differences in larval weight at the P<0.001 level
(One-way ANOVA and LSD test). The same below.
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Spodoptera frugiperda
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Fig. 5 Density affected larval cuticle melanization of
Spodoptera frugiperda

*1 EMAWHIRSAMNBETES
ERBKITHRIXER (n=30)
Tablel Relationship between population density of
4th instar larvae and cannibalism behavior (n=30)

2R (%)
Frequency of cannibalism
occurrence (%)

IR AR WREE MRS
Cannibalism type fisf i) ki
Same Same or
development similar
time weight
1340 vs1 3k 16.1 103
1 larva /vial vs 1 larva/vial ' ’
43/ vs4 3k 216 14.0
4 larvae/vial vs 4 larvae/vial ' ’
13KA vs4 S/ 18 18.6

1 larva/vial vs 4 larvae/vial

Bls /BRI R 4 W4 OB [R] & 7 ) ) SRE A (2
Rty —AEAS, n=30), SCHuHrLk 24-48 h ), 55
FARSR A (%) = CEgh R 80 /84 B
x 100, SEHr R 3 U, KRR IS A Rl AR 2R
X [ ZEARBR A A2

The 4th instar larvae of either solitary or crowd rearing
were taken from the same developmental time or similar
body weight (2 larvae were taken as one sample, n=30).
After the experiment lasted for 24-48 hours, the
cannibalistic ratio (%)= (total number of larvae-remaining
number of larvae)/total number of larvaex100. The
experiment was repeated three times, and the chi square
test was used to analyze the impact of different types of
cannibalism on the cannibalistic ratio of the same species.
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