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Gynandromorph in fall armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae)
Here we report the gynandromorph in
fall armyworm, Spodoptera frugiperda.
Gynandromorphism is a phenomenon in
which an individual develops with sexual
mosaic of male and female traits1. Gynandromorph is an individual in which
one part of the body is masculine and
other is feminine2. It is a rare phenomenon that has been reported in certain
group of organisms, viz. arthropods,
birds, reptiles, amphibians, mammals3. In
arthropods, gynandromorphs have been
described repeatedly in natural and laboratory populations. Gynandromorphs are
expressed generally in two ways, bilateral and non-bilateral (sexual mosaics).
The former is most frequent among insects where a prominent mid-boundary
line exists to distinguish between male
and female sexual traits. Whereas in
mosaics, both the sexual characteristics
are intermixed and irregularly distributed
over the body giving a patchy appearance4. In insects, bilateral gynandromorphs are most frequent, wherein left
and right halves are of different sexes5
and it is being reported from twelve
orders of class Insecta. In order Lepidoptera, gynandromorphism is reported from
17 families with highest cases from families Papilionidae, Pieridae and Saturniidae4.
Lepidopteran gynandromorphs have
been observed in the species with sexual
dimorphism where the male and female
have differences in morphological traits,
viz. wing pattern, antennae. The occurrence of gynandromorphism in Lepidoptera is at extremely low frequency, i.e.
0.000125% (one in 8000 reared insects),
which is being reported in Helicoverpa
armigera5. In Lepidoptera, gynandromorphism is majorly by double fertilization of a binucleate egg (ZW) by Z
sperms6, with one half of the body having ZZ sex chromosomes (male) while
other half possesses ZW sex chromosomes (female). These aberrations operate in preimaginal stage, leading to
development of both male and female
genitalia at the same time3. Other causal
factors are Wolbachia infection, mutation, genetic incompatibilities and temperature7.
Among the lepidopteran pests, fall
armyworm, Spodoptera frugiperda (JE
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Smith) is one of the important invasive
polyphagous pests causing economic loss
to more than 350 plant species including
maize, rice, sorghum, sugarcane, wheat,
cotton and vegetable crops8. This pest
accounts for annual crop loss of more
than US$ 500 million throughout the
South-East United States and the Atlantic
coast9. It is a pest native to tropical and
subtropical regions of America10, till
2015 this pest was endemic to America.
In early 2016, severe incidence of fall
armyworm (FAW) was reported from
African countries11 and by October 2017
it was present throughout sub-Saharan
Africa12. This invasive alien pest was
first reported in 2018 in southern parts of
Karnataka 13, India and it has now spread
to the remaining parts of India14. It has
also been recorded from Bangladesh,
Nepal, China, Myanmar, Sri Lanka,
Malaysia, Thailand, Indonesia, Vietnam,
Egypt and the Republic of Korea15.
As a routine, we were rearing the S.
frugiperda for reproductive physiology
experiments in insect physiology laboratory at Division of Entomology, ICARIndian Agricultural Research Institute
(IARI), New Delhi. While looking for
the adult emergence from pupae, serendipitously we observed an adult with an
uncertainty in wing morphology suggest-

Figure 1.

ing it to be a gynandromorph. So the
detailed examination of morphological
and anatomical structure of the first report of gynandromorph in S. frugiperda
was attempted.
Larvae of S. frugiperda were collected
from maize crop cultivated in the experimental fields of ICAR-IARI, New Delhi,
during July 2020. These collected larvae
were reared individually on chickpea
based semi-synthetic diet16 with modifications and maintained in insect rearing
laboratory at 27 ± 2°C, 65 ± 5% RH and
photoperiod of 14 : 10 (L : D) h. Incidentally, in F3 generation we observed a single specimen of gynandromorphic moth
in S. frugiperda. Genitalia studies were
carried out for gynandromorphic moth,
normal male and female17, the abdomen
was treated in 10% KOH for 10 to
20 min at 90°C using a Dry Block Heizgerat 2800, subsequently genitalia were
cleaned and permanent slides were made
using Euparal mountant media. Morphological and anatomical terminologies
were used according to descriptions18,
photographs were taken with a Leica
DFC425 digital camera mounted on a
Leica M205FA stereozoom microscope
and processed with automontage software. Photographs of adults were taken
using Sony DSLR-A700 digital camera.

Habitus of normal male (a and c), female (b and d) and gynandromorphy (e).
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Figure 2. Thorax and frenulum of normal male (a), female (b) and gynandromorphic moth
(c, d and e).

Figure 3.
morph.

Genitalia morphology of Spodoptera frugiperda: a, male; b, female; c, gynadro-
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Pinned voucher specimen and permanent
slides of genitalia are deposited in National Pusa Collection (NPC), Division
of Entomology, IARI, New Delhi, India.
Out of 845 reared larvae, a single specimen of gynandromorphic moth was observed. S. frugiperda is sexually
dimorphic with striking differences in
wing patterns of males and females,
forewing of male with brown ground
colour compared to dark brown in
female. In male forewing, prominent
longitudinal black dash at the base of Cu
vein, reniform spot indistinct with white
v-shaped mark at apex, small white
scaled patch at veins M3 and CuA1 (Figure 1 a) and in thorax, patagium light
brown with transverse greyish black
band (Figure 2 a). Contrastingly, in
female the longitudinal black dash is less
conspicuous, reniform spot absent and
represent by only few white scales, white
patch at veins M3 and CuA1 also absent
(Figure 1 b) and in thorax, patagia without any distinct grayish black band18
(Figure 2 b). In the present study, the
gynandromorph specimen showed a notable variation, wherein the wing pattern
of left and right resembled that of male
and female respectively (Figure 1 e) and
in thorax, patagium on left side was
prominent like male while on the right
side it was inconspicuous like female,
depicting the bilateral type (Figure 2 c).
In lepidopterans, the wing coupling mechanism is through jugum and frenulum.
In S. frugiperda, it shows sexual dimorphism in the number of frenulum, with
single frenulum in male and three in
female. In gynandromorphic moth, left
half consisted of single frenulum and
right half consisted of three frenulum
(Figure 2 d and e).
Dissection of gynandromorphic moth
genitalia revealed that genital structure is
asymmetrical with male genitalia structures observed on one half and female
genitalia structures on the other half,
male structures are well developed
representing, distinct uncus, valvae,
aedeagus, tegumen and ampulla as compared to the female. The right valvae also
partially developed with distinct ampulla. In female genitalia, the ovipositor
lobes, anterior apophysis, ventral plate of
ostium bursae, ductus bursae, appendix
bursae were well developed (Figure 3)
and corpus bursae was not distinct, based
on the genitalia coverage it could be said
the male and female proportion was in
the ratio of 60 : 40.
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In Lepidoptera, the first case of gyandromorph was observed in Smerinthus
ocellata and S. populi19 and the first bilateral type of gynandromorphism was
recorded in Yponomeuta cagnagellus20,
in which the right side was completely
masculine and the left side showed a
clear reduction of the male component
and presence of female structures, such
as anal papillae and apophyses. This
bilateral type of gyandromorphism has
also been observed in polyphagous insect
pest, Helicoverpa armigera5 with presence of both testis and ovary on the
trans-lateral positions of moth. Similarly,
this phenomenon is also reported in other
major insect pests, viz. Lymantria dispar21 and Agrotis ipsilon22. A number of
examples of gynandromorphism are reported in Lepidoptera exhibiting highly
diverse genitalia structure4. Occurrence
of natural gynandromorphs is a rare phenomenon, they usually do not reproduce,
even if they mate and lay eggs, the eggs
do not hatch22.
Looking into variations in wing pattern, patagium on thorax, frenulum number and genitalial morphology, it can be
concluded that this is the bilateral type of
gynandromorphism in S. frugiperda. To
the best of our knowledge, this is the first
report of gynandromorphism in fall
armyworm.
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