Elytral and PronotalPolymorphism in the Ladybird beetles (Coleoptera: Coccinellidae).

Abstract:

Polymorphism with respect to variation in elytra and pronotum inCheilomenes
sexmaculataFabricius,Hippodamia variegata Goeze and Propylea dissecta Mulsant of the
family,Coccinellidae, order, Coleoptera was studied during 2019-2020 in Hyderabad region
(Telangana, India).Adults collected by net sweeping and hand picking were identified based
on their morphological characters. A total of four different morphs of C. sexmaculata, seven
different morphs of H. variegataand eight different morphs of P. dissectawere observed and
identified. These species have different polymorphic forms, exhibiting variation in the elytral
and pronotum patterns, which could freely intermate with each other, as some of the morphs
were similar in their external morphology with Micraspis discolor Fabricius and Chilocorus
nigrita Fabriciuswhich could lead to misidentification of the species. Occurrence of these
many morphs of ladybird beetleswith different morphological characteristics within a
population might be due to the selection pressure over continuous or discontinuous
variations.

Keywords: Polymorphism, Ladybird beetle, Elytra, Pronotum, Coccinellidae, Coleoptera.
Introduction:

Polymorphism always refers to the variability within a population. Polymorphism is
the occurrence of two or more clearly different morphs or forms in the population of a
species, also referred to as alternative phenotypes. Many types of polymorphism can be seen
in the insectorderLepidoptera, Isoptera, Hymenoptera, Coleoptera, Orthoptera, Odonata etc
(Gullan and Cranston, 2004) which was due to selection over continuous or discontinuous
variations. Polymorphism can be seen not only between individuals in a population, but also
between the sexes as sexual dimorphism, between geographically separated populations as
geographical polymorphism and also between generations flying at different seasons of the
year as seasonal polymorphism.Polymorphism gives a fitness advantage to the organisms in
terms of feeding, mating, defending territories and escaping from predators (Singh et al.,
2016).

Among different types of polymorphism, colour polymorphism provides one of the
best characterized examples of functionally and ecologically important polymorphisms.
Many species of ladybird beetlesi.e., Harmonia axyridis, Adalia decempunctata and Adalia
bipunctatashowelytral colour polymorphism,which indicates geographical variation (Creed,
1975).In spite of that why elytral colour polymorphism occurs in a population and why it
varies along geographical gradients have not been fully understood. Geographical variation in
elytral colour polymorphism has been interpreted as an adaptation to varying thermal
environments and industrially polluted air. In Adalia bipunctatathere was reduction of non-
melanic types in the industrial areas of UK and Baltic Sea areas (Kawakami et al., 2013)
which was mentioned as industrial melanism.

Studies on polymorphism of ladybird beetles have occupied a special position which
is related to pattern of the dorsal surface of the head, elytra and pronotum (Blehman, 2007,
Rogers et al., 1971). The changes in the abiotic conditions provide an opportunity for the
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study of morphs, leading the melanic morphs adapting better to cold conditions than the non-
melanic forms.Therefore, the environmental changes and protection from predators explain
the difference in the melanic morphs (Halkka et al., 1975; Thompson, 1984; Capy et al.,
1988; Singh et al., 2016). As a result, polymorphism may explain the relation between
different environmental factors and characters of the living organisms. The study of available
literature revealed scanty information related to polymorphism in the coccinellid beetles viz.,
Cheilomenes  sexmaculata  Fabricius, Hippodamia  variegataGoezeandPropylea
dissectaMulsantin Telangana region, with no specific previous record of polymorphism in
ladybird beetles. Therefore, the present study intends to find polymorphism in ladybird
beetles.

Materials and methods:

Ladybird beetle samples were collected from the college campusof Professor
Jayashankar Telangana State Agricultural University, Hyderabad, Telangana, India, by net
sweeping and hand picking at fortnight intervals during Kharif 2019-2020. Intensive
collections were made in brown top millet, finger millet, maize, cotton, bitter gourd,
safflower, cabbage, brinjal, coconut and mulberry fields. After collection, the beetles killed
and were observed in the laboratory for various taxonomic characters under stereo-zoom
binocular microscope and photographed using TCapture software. Specimens were identified
to species level with the help of available literature and characteristics of male genitalia. The
variation in the spots and pattern of pronotum and elytra on the dorsal surface was used
fordifferentiating different morphs of the ladybird species.

Results and discussion:

In this study, the polymorphism of Chielomenes sexmaculataFabricius, Hippodamia
variegata Goeze and Propylea dissecta Mulsant was observed in the populations of predatory
ladybird beetles collected at Hyderabad, Telangana feeding on aphids, leafhoppers,
whiteflies, mealybugs, and scales. These species have different polymorphic forms, showing
variation in pronotum and elytral pattern. Some of the morphs of Cheilomenes
sexmaculatawere very similar in their external morphology with Micraspis discolor and
Chilocorus nigrita which could lead to misidentification of the species (Singh et al., 2016).As
the result, apart from external characters, the shape of the male genitalia was used to confirm
the species.Among the three species, four different morphs of C. sexmaculata, seven different
morphs of H. variegata and eight different morphs of P. dissecta were observed and
identified.

Polymorphism in Cheilomenes sexmaculataFabricius:

This species has different polymorphic forms, exhibiting variation in the elytral
pattern, which could freely intermate with each other. Among different specimens collected,
four morphs of C. sexmaculata were identified based on morphological characters like
ground colour, pronotum, spots and pattern of the elytra on the dorsal surface and possessing
definite morphology as typical C. sexmaculata like length and width of the pronotum and
markings on the pronotum (Plate 1).

The description of the important characters of the identified four morphs is as follows:

Morph-I:



It is a non-melanic kind of morph. The ground colour varied from yellow, light red to
orange with black marking on the posterior part of the head, six black patterns on the elytra,
including two black zigzag lines and a posterior black spot along with a narrow, black and
moderately broad sutural line. A ‘T’ shaped median marking connecting the broad black band
along the posterior margin of the pronotum is present. This is the most prominent form of
morph which is commonly called as zig-zag ladybird found throughout the year (Plate 1).

Morph-I1:

It is a non-melanic kind of morph.The ground colour was yellow without any spots on
the elytra with a broad black stripe as suture line and pronotum was of same type as seen in
the morph 1. This type of morph was seen rarely in the month of August and could be easily
confused with Propylea and Micraspis species (Plate 1).

Morph-I11:

It is a melanic type of morph. The ground colour was black except at margins of the
elytra. The posterior sides of both the elytra were having one brownish spot. Pronotum was
same as in other forms. The sutural line is indistinct due to the total black colour of the elytra.
It is a rare type of morph (Plate 1).

Morph-1V:

It is a melanic type of morph. The ground colour was black except at margins of the
elytra. In the middle of each elytron, a single zig-zag yellow band was present which
extended up to scutellum on the anterior side. The sutural line was indistinct due to the total
black colour of the elytra. The pronotum remained same as in other forms. It was said to be
another rare type of morph(Plate 1).

Kawakami et al., 2013 and 2019 recorded 20 different morphs in C. sexmaculataas a
result of geographical variation where light type morphs at lower latitudes and dark type
morphs at higher latitude were observed and variation might be an adaption to climatic
conditions. Dark morphs may have an advantage in winter due to their higher tolerance to
low temperatures compared to light morphs.Singh et al., 2016 recorded six different morphs
of C. sexmaculatacomprising of three melanic and three non-melanic forms.

Polymorphism in Hippodamia variegata Goeze:

H. variegata has variety of morphs which vary only in margins, size and number of spots on
the elytra and pronotum which differed from each other. About seven morphs of this ladybird
were recorded in Hyderabad region(Plate 2):

Morph-I:

The color of the elytra was reddish orange with 13 black spots appearing all over the body of
the insect. Each elytron has six black spots and one spot on the scutellum. The first three
spots on the top of elytra are arranged in a triangular fashion where the first spot being on the
top and in the corner, the second and third spots remaining parallel to each other, fourth and
fifth spots are located in the middle third of elytron and sixth spot on posterior end of the
elytron. The fourth spot is the largest on the elytron which is oval shaped. Pronotum mostly
black with white spots (Plate 2).



Morph-I1I:

The color of elytra was reddish orange with nine free black spots and two bands all over the
body of the insect. Each elytron has four black spots, one band and one spot on the scutellum.
The first three spots on the top of elytra are found in a triangular fashion, the first spot being
on the top and in the corner, the second and third spots remaining parallel to each other,
fourth spot on posterior end of the elytron and fused band in the middle of the elytra.
Pronotum has four black lines apically (Plate 2).

Morph-I111:

The color of elytra is reddish orange with nine black spots appear all over the body
of the insect. Each elytron has four black spots and one spot on the scutellum. The first one
was on the top of elytra, second and third spots are presented in the middle third of elytron
and fourth spot on posterior end of the elytron. Pronotum was mostly black with white spots
(Plate 2).

Morph-1V:

The color of the elytra was reddish orange with nine free black spots and two bands all over
the body of the insect. Each elytron has four black spots, one band and one spot on scutellum.
The first three spots on the top of elytra were found in a triangular fashion, the first spot
being on the top and in the corner, the second and third spots parallel to each other, fourth
spot on posterior end of the elytron and fused band in the middle of the elytra. The anterior
three spots were smaller in size and pronotum was mostly black with white spots (Plate 2).

Morph-V:

The color of elytra is reddish orange with three black spots and four lightly fused
bands all over the body. Each elytron has one black spot on posterior end of the elytron, one
spot on the scutellum, one band in the anterior end of the elytra formed by the fusion of the
three triangular spots and one band in the mid of the elytra formed by the fusion of two spots.
Pronotum is with four black lines apically (Plate 2).

Morph-VI:

Pronotum was mostly black with white spots. Color of elytra was reddish orange with two
black spots and four thickly fused bands all over the body of the insect. Each elytron has one
black spot on the posterior end, one band in the anterior end of the elytra formed by the
fusion of the three triangular spots along with the spot on the scutellum and one band in the
mid of the elytra formed by the fusion of two spots (Plate 2).

Morph-VII:

Pronotum was mostly black with white spots. The color of elytra was reddish orange with
two ‘C’ shaped and two incomplete ‘W’ shaped bands without any spots on the elytra. Each
elytron has one incomplete ‘W’ shaped band in the anterior end formed by the fusion of the
three triangular spots along with the spoton scutellum and one ‘C’ shaped band on lower half
of the elytron (Plate 2).

Honek et al., 2012 reported 22 different morphs of H. variegata in the middle part of
Europe and Slovakia. Similarly, Zare et al., 2013 reported four different morphs and



Biranvand and Shakarami, 2014 reported 18 different morphs of the species based on
morphological characteristics from Central region of Iran.

Polymorphism in Propylea dissecta

Propylea dissecta is a polymorphic species with typical (three black streaks on elytra),
intermediate (pale black elytral markings) and pale (scarlet without black elytral markings)
morphs. Among the different specimens collected, eight morphs of Propylea dissecta were
identified based on morphological characters like ground colour, pronotum, spots and pattern
of the elytra and pronotum on the dorsal surface (Plate 3).

The description of the important characters of the identified eight morphs is as
follows:

Morph-I:

Elytra is yellowish orange and spotless all over the body of the insect. Pronotum has
black patch restricted to the mid-dorsal distal end with creamy white pronotum having wavy
margin along its proximal end (Plate 3).

Morph-I1:

Elytra is yellowish orange and spotless all over the body of the insect. Pronotum has a black
patch extending all along mid-dorsal line from proximal to distal end with a bulging
appearance towards the distal end of the pronotum (Plate 3).

Morph-I11:

Elytra is yellowish orange with two pale yellow regions adjoining the elytral sutural
line and two black spots on the anterior margin of the elytra. Pronotum has black patch
restricted to the mid-dorsal distal end of the creamy white pronotum with a wavy margin
along its proximal end (Plate 3).

Morph-1V:

Elytra is yellowish orange with two black spots on the posterior margin. Pronotum has black
patch restricted to the mid-dorsal distal end of the creamy white pronotum with a wavy
margin along its proximal end (Plate 3).

Morph-V:

Elytra is yellowish orange with three black streaks all over the body of the insect. Pronotum
has a black patch extending all along mid-dorsal line from proximal to distal end with a
bulging appearance towards distal end of the pronotum (Plate 3).

Morph-VI:

Elytra is yellowish orange with three black streaks all over the body. Pronotum has black
patch restricted to the mid-dorsal distal end of the creamy white pronotum with a wavy
margin along the proximal end (Plate 3).

Morph-VII:



Elytra is yellowish orange with two black spots anteriorly and two black spots
posteriorly. Pronotum has a black patch extending all along mid-dorsal line from proximal to
distal end with a bulged appearance towards the distal end of the pronotum (Plate 3).

Morph-VIII:

Elytra is yellowish orange with two pale yellow regions adjoining the elytral sutural line with
two black spots anteriorly and two black spots posteriorly. Pronotum has a black patch
extending all along mid-dorsal line from proximal to distal end with bulged appearance
towards the distal end of the pronotum (Plate 3).

Conclusion:

The present study was an attempt made to document polymorphism among the
ladybird beetles i.e., C. sexmaculata,H. variegata and P. dissectain the Hyderabad region,
Telangana, India. The results of this study revealed four morphs of C. sexmaculata, seven
morphs of H. variegata and eight morphs of P. dissectawhich helped to explore, identify and
prepare inventory of ladybird beetles morphs in Hyderabad region.Species of these ladybird
beetles showed high variability with respect to pattern of the elytra and the pronotum.
Different morphs of the ladybird beetles have differences in the appearance of number of
spots, size, and distribution pattern on the elytra and the pronotum. Among the four different
morphs of C. sexmaculata, morph-listhe most prevalent and found throughout the year as the
most successful one in the studied area.The difference in the reproductive success in the
various morphs in polymorphism, lead to the success of one or two most suited morphs, in
comparison to the other morphs giving the fittest an adaptive advantage in the selection. The
darkermorphs were found during the cooler season which help to absorb more light and the
lighter morphs reduce the heat stress in hotter seasons. These morphs may create confusion in
identification on external basis, so for more confirmation, study of the male genitalia is
essential.

Variability amongthese morphs may be the outcome of their genetic constitution,
ordifferences in the environment to which they were exposed, or the combination of both.
Based on this study, it may be concluded that these ladybird beetles show variable elytral and
pronotal polymorphism with varied number of morphs in Hyderabad region. The findings of
this study will certainly update the present knowledge of ladybird beetles polymorphism in
Telangana, India.
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Plate 3: Different morphs of Propylea dissecta
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